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FOREWORD

As the construction industry becomes more complex, the need for a higher
level of competency for construction supervisors and- inspectors is ap-
parent. More education is demanded of people entering the field. Up-
grading and retraining are required. The success of courses and programs
in ccnstruction supervision and inspection is largely dependent on the
availability of highly qualified instructors and appropriate instructional
materials.

This Air Conditioning, Heating, and Ventilating course of study is the
fourth to be developed in the Construction Supervision and Inspection
geries. The series will ultimately have six publications which will
cover all aspects of construction inspection. The series should provide
the basis of a significant Cammunity College program.

SIDNEY W. BROSSMAN, CHANCELLOR
CALIFORNIA COMMUNITY COLLEGES




PREFACE

This course of study was prepared for the purpose of emhodying in a
single publication the fundamentals basic to the practice of air con-
ditioning, heating, and ventilating inspection. It is essentially a
summary of fundamental inspection procedures and techniques normally
covered and obtained by researching several publications. ‘Useful infor-~
mation was assembled to provide the basis for a course in inspection

and to provide the inspector a reference to assist him in performing

his duties. Hopefully, the material brings some degree of uniformity
to a complex subject.

This publication is in draft form and will be refined after it has been

used and evaluated by instructors, students and practitioners. Instruc-
tors may find that all this material cannot be covered in one semester.

We welcome your comments and suggestions.

I wish to express my appreciation to the author, Mr. John D. Messer, to
the ad hoc committee that guided him, and to the staff at Cerritos College
for their involvement. .

LELAND P. BALDWIN

ASSISTANT CHANCELLOR
OCCUPATIONAL EDUCATION
CALIFORNIA COMMUNITY CCLLEGES
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Definitions

Boller horsepower:

The equivalent evaporation of 34.5 1bs of water from and at 212°
¥, equal to 33,475 btu per hour,

Brake horsepower:

The actual horsepower required to drive a piece of machinery;

or the actual horsepower delivered at the shaft of a prime mover.

Alr, standard conditions:

Air with a density of C.075 1lb per cu ft. Equivalent to dry air
at 70° F and 29.92" Hg, and 50% relative humidity.

Dew Point Temperature:

The temperature at which water vapor begins to condense when a

constant mixture af air and water vapor is cooled.

Atmospheric pressure:

The pressure due to the weight of the atmosphere. A standard

atmosphere is 14.696 psi or 22.92 in. of mercury at 32° F.

Dehumidification: ‘

The reduction of moisture in a given volume of eair.

Heat, latent::

The change of esnergy involved in a change of state; as steam

condsnsing to weter, or water freezing to ice,

Heat, sensible:

The change of anerqy involved in changing the temperature of a

substance, as heating or coolingc eir or water, etc.

xiii



Psychrometei:
Basically, a device that consists of a dry bulb thermometer and

a wet bulb thermometer for finding the humidity characteristics

of air by means of a psychrometric chart.

Steam tables:

A tabulation of the physical and thermodynamic properties of

water and steam at various pressures and temperatures.

Velocitx_gressure:

The impact pressure of a moving fluid upon a flat surface at

90° to the direction of flow, inches w.c.

Static pressure:

The pressure of a contained fluid upon the sides of the container,

inches w.cC.

Total pressure:

The sum of the impact and velocity pressure, inches w.c.

Air horsepower:

The horsepower needed to drive a fan.

HP = efm x L0157 x total pressure, (inches w.c.)
4 fan efficiency

Pump horsepower:
(gpm) x (8.33) x (head in feet)

(33000) x % pump eff. =x 100)

xiv



Cold Spring:

An initial separation br spreading of the legs of an expansion
U bend from the cold position such that the heated pipe will
return the legs to the cold position and beyond. Cold spring

generally equals 1/2 the thermal expansion.

Ordinate:
Vertical, parallel to the Y axis,

Absclssas

The horizontal ordinate, X axis.

Plenum:

An'enclosed,space in which the pressure 1s greater or less than

atmospheric pressure.

Xv



Abbreviations

psia....1b per sq in. sbsolute + gage pressure ; (14.7 - at sea
level )

psig....1lb per sq in. gage

btu.....British thermal unit - the heat required to raise the
temperature of one pound of water at 62° F, one degree
Fahrenheit.

cfm.....cubic feet per min

cfh.....cubic feet per hour

EDR.....equivelént direct radiation, 1 sq ft EDR = 240 Btu per
hour

Feeoooosdegrees Fahrenhelt

fpMm.....feet per minute

fps.....feet per second

in. Hg..incnes of mercury

in. we..inchr~s water column

.Mbh,...e.1000 British thermal units per hour

O0desescssoutside diameter

idececeeinside diameter

ips.e.eseiron pipe size

"NPT....oNational pipe thread

rpM,ess.revolutions per minute

bhp...;.brake Horsepower

QeessssocQuantity, cu ft per minute

VesssssovVelocity, fpm

Beseseesarea, sq ft or sq inch

ZPMesscefallons per minute

xvi
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I.

THE ROLE OF THZ MZCHANICAL INSPECTOR.

Responsibility

Like all other inspectors on construction projects, the mechan-
ical inspector is a representative of the Architect and Engineer.
The degree of his authority to make field declsions, approve
change orders, etc, is controlled by the Architect and Engineer.

‘The respensibility of seeing that the requirements of the con-

tract plans and specifications are followed is the inspector's.
Fe also has a responsibility to the contractor in maintaining a
co-operative attitude by acting promptly in getting answers and
solutions to everyday problems that arise, being on time to wit-
ness tests, and expedite approvals or similar paper work that
will cause a delay. '

At the start of the job the inspector should meet with the
mechanical contractor's representative, (particularly the super-
intendant and foreman wno will be in charge of the work) to re-
view the drawings and specifications., This is the time to ex-
plain what will be required and to clear up any questions or
discrevancies. Any matters that cannot be resolved at the field
level should be referred to the Architect-Engineer by the inspec-
tor, ' ' ) .

The mechanical work is usually subcontracted by the General Con-
tractor so all directives intended for the mechanical subcon-
tractor must be channeled through the General., “here the mechan-
ical work is a prime contract, take care to keep other contractors:
advised of any developments that will affect their work,

Guidance Documents

1, Plans and Specifications.

Complete familiarity with all the construction.drawings is
axiomatic. : :

2. Apvroved Submittals,

Material and equipment date sheets should be carefully
studied and filed for ready reference. MNameplate data on
equipment, dimensions, etc, should be checked on arrival at
the job. Check shop drawings of equipmernt for space require-
ments, connection locations, etc. Obtain an approval for
each piece of equipment to be installed. '

3, Tne manmufecturer's installation instructions,.

These should be obtained before the start of the job and
referred to wnile the work 1= in progress.,
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Industry standards adopted by the Specification (such as
SMACCNA).
Regulatory and Governmental Codes. -

Qe

Ce.

Uniform Mechanical Code (Volume II of the Uniform
Building Code). Published by the International

Association of Plumbing and Mechanical 0fficials,
5032 Alhambra Avenue, Los Angeles, Calif. 90032,

- State of California Administrative Code, Title 24, Part 4,

0ffice of Procurement, Document Section,
P.0. Box 20191,
Sacramento, California 95320

‘Code for Pressure Piping (Power) ANSI B31.1.0

American Society of Mechanical Engineers,
345 Bast 47th Street,
New York, New York 10017

Boiler and Fired Pressure Vessel Safety Orders,
State of California, Division of Industrial Safety,
P.0. Box 20191, '

Sacramento, California 95920

Code for Unfired Pressure Vessels
American Society of Mechanical Engineers
(same address as (c)).

National Fire Protection Association
60 Batterymarch Street,

"Boston, Massachusetts 02110

(see appendix for 1list of publications)
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PIPING

Types of piping

The various kinds of piping materials are specified by the

American Society of Testing Materials (ASTH

).

The following

grades of carbon-steel are most commonly used in air condition-
ing and heating work:

ASTH

Al20

Al34

pipe sizes service

1/8" - 24"  Ordinary
(steam,
water,
gas, etc.)

1/8 " oqn "

16" 0.D. and Ordinary

over, walls Service

to 3/4" thk.

type weld

tests
required, psi

Seamless,
furnac:z butt
welded, electric
resistance
welded.

4" and under,
seamless, butt
or electric
weld.

Over 4", seam-
less or electric
weld,

Alectric fusion
(are) welded

2,500 to 3"

2,300 over 3"

s = 0.60
yield
strength

s «GO TeSe

=0
2, 300 max.

The following is an excerpt from Table A-l (in the Aprendix) which
lists the dimensions and properties of steel pine.

COMMERCIAL WROUGHT STEEL PIPE DATA

Nate: 1: The lctiers “s™, “x*, and “xx™ in the column of Sched-
ule Numbers indicate Standard, Extra Strong and Double Extra
Strong Pipe. respectively,

Note 2: The values shown in square feet fer the Traneverse In.
ternal Area also represent the volume in cubic feet per fuot of

pipe length,

Tronsvirse Mement Weight ixternul Section
Outatde : Wall Ineide Aren Internal Area of Tnteriar Weight of Waier Surface Modulus
Nounina! oeietor  Bchedule  Thicktess -ianwter  of Metal See Note 2 n of Pipe Pounds Sy Feet 1
Pipe $ize an No. (L i) (#) Saunre Square Inches to Pounis per Foot per Foot - 2—)
Inches Inches  S«e Note ! Inches Tuches Sq luches Jnches TFeet 4th Power  per Foot ~ of Pipe iof Pipe D
1 0.403 405 NS .26 .0720 L0568 ~0n030 00106 T 244 .025 2106 00523
] 80x 095 .215 .0925 10364 .60025 00122 .314 016 .1ug 00602
¥ 0.540 403 L0588 364 .1250 L1041 .00072 .003831 .424 .45 L1410 .01227
80x .119 .302 L1574 0716 00050 00377 T .5833 .031 L2141 01395
3 0.675 40z 091 .403 L1670 .1910 -.00133 .00729 567 .083 178 .02160
80x 126 423 L2173 L1405 . 00098 00862 738 061 178 .02354
405 109 622 L2503 L3040 00211 .01709 830 .132 .280 .04069
i¢ 0.840 80x 147 - L5448 L3200 L2340 00163 02008 1.087 02 220 04780
., 160 (182 466 3835 L1700 .00118 02212 1.300 .074 220 05267
LooXX .294 232 L5048 050 L0035 L0242 1.714 022 .20 .05762
O

ERI!

BRI A i ext provided by ERIC
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Pipe is designated by "schedule" numbers, as schedule 40, 80, or
160. Schedule 40 is also known as "standard" weight and schedule
80 as "extra strong". Double extra strong (not too common) gen-
erally does not have a schedule designation, Note that for a
given nominal pipe size (also called "iron pipe size" or ips),

the outside diameter of the pipe is the same for all weight sched-
ules, That is, the.thicker the pipe wall, the smaller the inside
diameter,

The allowable working pressure of a piece of pipe may be found
from the_formula:-

P=2xtxc xBE where t wall thickness, inches
d

s = allowable fiber stress
of the metal, 1b per sq. in.

d = outside diameter of the pipe,
inches

E = jJoint efficiency
Allowable fiber stress of the metal can be found in the Code for
Pressure Piping or ASME Boiler Code Sectlion VIII. Steel pipe 1is
rarely stressed to the allowable in heating and ventlilating work.

2xample: Find the stress in a 6" ips schedule 40 A-53 steel pipe
filled with 125 psig steam,

P a 125 psig E x 1,00

d 6,625 1nches

t = 0,280 inches

sy = P xd
= (125) (6.625) (1)_1,480 1b per sq in., stress
(2] (.280)

(The Code allows 5,000 1b per sq in.)

Copper Tubing

ASTN. specification B-238 covers the material requirements for
coprner tubing used in heating and ventilating, types K, L, and
Itq [ ]

Table A-2 (arpendix) shows the phyéica] dimensions of types, K,
L, and ii conrer tubing, ' o

The allowable working stress for B-83 coprer tubing is 5,000 psi
1 F
(at 300° F.), and the worlking pressure can be calculated from:

Pa2xsxt (sy t, and 4 same as shown above)
d ) .

4



Example: Find the allowable working pressure of a plece of type
K copper tubing with a wall thickness of 0.083", and an outside

~digmeter of 2,125",

2) (0.083) (5,000
u 2.125 )_

|

388 psil, working pressure

However, the working pressure of copper tubing systems using
solder joints are governed by the strength of the joints, to be.
discussed later in this section, '

Plastic Piping -

Thermoplastic piping is used in chilled water systems and for
mIscellaneous services as drains, vents and cold water connec-
tions in the heating and ventilating plant. The most coumon type
is polyvinyl chloride (PVC) which is available in ips sizes,
schedulé 40 and S0. Type I is designated as a "normal impact"
grade and can be stressed to 2,000 1b per sq in. fiber stress,
Type II, "high impact grade" has a design fiber stress of 1,000
to 1600 1b per sq in., depending on the grade. The Type II has
a greater resistance to impact stresses, such as surges due to
water harmer, but has a lower design fiber stress. Table 2-1
gives the dimensions of PVC pipe and Table 2-2 shows the allow-
able water (73° F) pressure for threaded PVC. Unthreaded pipe
is rated at twice the pressures shown in Table 2-2.

Thermosetting plastic piping is a polyester or epoxy resin base
material reinforced with glass or asbestos fibers for strength.
Due to its resistance to many corrosive substances and high
temperature and pressure rating it is used for steam condensate,
which attacks ferrous pipe. This pipe utilizes glued slip-on
flanges and couplings for joint make-up and must be done in:
accordance with the manufacturer's instructions. .

Pipe Jointing and Fittings

Threaded Joiunts are cut on avtaper as shown in Table 2-3. The
diménsion L, called the thread engagement is important; 1if too
short the joint will not develop full ‘strength and may leak; 1f

too long the pipe will protrude too far into the fitting prevent- IRETENET:

‘ing it from being tightened and may interfere with the flow, The
‘dimensions of L, are shown for various pipe sizes'and should be -
obtained when the pipe is screwed into a fitting hand tight.

' Threads should be inspected for smooth, clean, sharp cuts, and

"the inside of the pipe checked for removal of burrs. Some form
“of thread compound is used to insure a tight joint end provide

. Jubrication when the joint 1is being made up. . . o

The following'compounds have been used with satisfactory results:.

» Refrigeration,and 0il Piping - Litharge and glycerin or
 Ewpando, or eauale oo o EUEEEE




Table 2-1 '

Commercial Sizes (IPS) and Weights of Polyvinyl Chloride (PYC)
Pipe (Abstracted from ATSM Spacification DI1785-64T)

: ) : oreti Calculated min
Nominal w0 wall oD D Th;mu bursting pressure,
- -size, Schedule |- - thick- in. i, weight,® . -psi

in. ... |ness,**in. T © lblft'

- ; S} Notel Note2

Y% 40 0.088 0.540 | 0364 | 0076 | 2490 .| 1950

80", | -0it9 |.o0.540 0302 |- 0.09 3,620 2,830

14 40 0.109 0.840 062 { 015 .| 1910 1,490

_ . 80 0.147 0.840 056 | 0195 | 2720 | 2120

3 4 | om3 | 1050 |. o824 | 0203 | 1,540 1,210

180 | o1ss 1050 | 0742 0.265 2200 1720

1 40 . 0133 |- 1315 | 1049 0.305 1,440 1,130

80 | 0179 1.315 | . 0957 0.385 2,020 1,580

1% 40 0.140 . | 1660 | 1380 | ‘0400 |: 1,180 920

80 0191 | 1.660 1.278 0.550 1,660 1,300

114 40 | o148 1.900 1.610 | 0489 | .1,060 830

80 0.200 1.900 1.500 | 0653 |- 1.510 1,180

2 4 | o154 | 2375 | 2067 | o640 890 690

80 - | 0218 | 2375 ] 1939 |.0810 | 1,2 1,010

3 40 |.0216 | 3500 | 3068 | 1380 840 660

. 80 0300 3.500 2900 |- 1.845 1,200 .| 940

4 a - | 0237 | as00 | 4026 .| 1965 70 | se0

80 0.337 4.500 3.826 2710 .| 1,040 310

Water-pressure Ratings at 23 C (73.4 F) for Class T Threaded
PVC Plastic Pipe (Commercial Standard C5256-63)

. Pressure ratings? for PVC plastic
Non_lina! pipe Dimer;sion pipe made from
Size, in. ratio PVC1120 PVC4116, PVC2110,

PVC1220, psi psi psi

¥ 4.15 630 500 315

W 4.15 630 500 315

A 4.15 630 500 315

14 5.0 500 400 250

u 6.0 400 315 200

1 6.0 400 314 200
144 7.3 315 250 160 -

11 9.0 250 200 : 125

2 11.0 200 : 160 100

214 11.0 200 . 160 100

3 13.5 . 160 1258 . 80

31¢ 13.5 160 125 80

4 170 125 100 . 63

5 : 17.0 125 100 63

6 21.0 100 80 50
8 26.0 - 80 63 NPR?
10 325 63 50 NPR?
12 41.0 50 NPR NPR?

! Pressure ratings shown for threaded pipe are one-half those calcufated in accordance with
28 . 2s _0OD
-I-,--SDR-—I or = - 1

where S = design stress, psi-
P = pressure rating, psi
OD = average outside diameter, in.
t = minimum wall thickness, in. .
SDR = standard thermoplastic pipe dimension ratio (OD/r for PVC pipe)
- Thus, pressure ratings for nonthreaded pipe in Class-T dimensions are twice those given in
this table. : .
3 NPR = not pressure-rated.

: Tables 2-1 and 2-2 are from "Piping

_ Tgble 2.2 Handbook' by Crocker and King.

S I : Copyright 1967, by McGraw-Hill, Inc.
ERIC . 5 Used with permission of McGraw-Hill

| EETEETI : o ' . Book Co. Lo ' o

.
i




N VAMERICAN STANDARD TAPER PIPE THREADS
(NPT) ' T11

Ly

L —N\ Incomplete Threads
B ’ R nea
: ’7////’ 0 Due to Lead of Die

f / Ry 7 s
NI T
‘.L"{p/gi/’;/;,'/{ / ‘_—‘—’I N ;
AN A A A AAAL LT Qs ' s
‘\\\\\\/\\XQ \V\X\;\\\\\\\\\\\ 4 25 L
AR IRITIIITIIIIINRRNAY < ' e L2
L / E D V7 t
. 7
0% 1300 i ¥ Flush by Hand g
Ee=D— (0.050D +11)p p = Pitch . o Tolerance on Product: Notch flush with face of fit.
Ev=E.+0.0625 L, Depth of thread = 0.80p One turn large or small from ting. If chamfered, notch flush .
Ly = (080D - 68)p Total Taper ¥-inch per Foot notch on plug gauge or face . with bottom of chamfer.-
of ring gauge. . ~
Dimensions in Inches '
D Ee T EN 17 Laf P
Normal
Pitch . Engagement by
) Outside Pltch Dinmeter Iand between Length Number
Nominsl - Dismeter Dinmeter at End of External & [} Piteh Depth of
Plpe aof : st Fnd af Internal . - Internal Efectlve of o Threads
8ize Pipe !;:;#:::3! Thread Threads ‘Thread Thread Thread Per Inch
1% 40! 0.36351 0.37476 .1 0,267 0.03704 0.02983 27
1 154 0.47739 0.4R980 2 0.40 0.05556 0,0444% 18
] .87 0.61201 0.62701 124 0.4 0,05558 0.04444 i8
% -840 . 75843 0.77843 %P 0,57 0.07143 0.057 4
b3 .08 NRTAR 0.0R887 1330 0,54 0.07143 105714 14
131 '213/3 23843 100 6 REAR 0 113
W ‘RE 55713 5338 1420 0.7 K696 057 111
% 00 70600 2234 -4 0.7 008696 057 11
. Az /A0 120627 4 % 08604 a 11
2y 287 1953 176218 X! 13 500 0 il
! '50 4062 I3RRS0 ‘7 2 500 00 8
3y 4,00 37! RRABT 183 2 500 00 8
F .50, 3438 38712 ‘8 1300 500 ann 8
158 9073 144920 03 4 500 a00 8
-62 4609 507 .58 5 500 000 8 )
‘62 843359 50003 067 N 500 ana 8 ~
1 10.75 1054531 10.620%4 21 ! 500 ono 8
H 12.75 12,5328 1 12.61781 36 11250 500 000 8
14 O.n. 14.00 13.77500 13.87262 1562 2 500 000 8
18 O.D. 16.00 15.76250 15.87575 8 14500 500 ano 8
18 O.D. 18.00 17.75000 17.87500 2,0 8500 500 000 1
20 O.D. 20,00 19.73750 19.87031 1 8500 500 000 8
24 0D, 24,000 23.7125¢ 23.86004 '376 .2500 500 000 8

fAiso pitch diameter at gauging notch.
§Also length of plug gauge.
$Also length of ring gauge, and length from gauging notch to small end of plug gauge.

AMERICAN STANDARD STRAIGHT PIPE THREADS -

b Soe *Straight pipe threads in couplings are gauged with American .Siandard Taper Pipe Th.l;ead plug

Cevuging
==
Sy gauges, the notch (P.D. = E) to come flush at bottom of chamfer with gauging tolerance of one
and one-half turns large or small. While this theoretically provides maximum and minimum pitch
2ol diameters as shown, the actual pitch diameters of the tapped hole will be slightly smaller than the
A O values given. ) o
D AAIAAAAIA e et o . ) . . . - . ‘
2 Y/, ¥Mechanical joint straight pipe threads are gauged with straight thread ganges.
LY s Ec Edq E¢ f . . . .
Dimensions in Inches
Straight Thread - .- .
Couplings® PITCH DIAMETER ~ .- -
(Inteenal Thread) . .
tor use wilh . A ) - Hirslght Thread (Loase Fitting)
Tapered Theead Stralght Thread (Free Fitting) Mechanieal Jalntxp -
Incrense Pipe for . Mechanienl Jointst . *. "Lockout Conncetlons
3 Number n . PPressure Tieht {NPEM) . (NPSL)
. - of Piteh Piten Julnta (NPRCY R N . _
Nominal Threads = of Diameter o e e 0 e —~ EXTERNAIL— = INTERNAL— —=EXTERNAl-~— ~—INTERNAL -
. Pipa . pee ‘Thrend per Max. Min, Mnx, Min. .- Max, Min. Muax, Min, Max.
‘Blse inch » Turn s ¥a - - EI E! Eb - Ee ®d Ee Ef
¥% 7 0.03704 0.00231 -0 03713 03745 - 03748 0.3782 AR0S 0384 0.3803 0.3898
i 8 0,05556 000337 ) 0.4R47 ‘ 0.4951 4NRG 0.5038 15077 0.5125
[+ 8 05556 0.00347 0. 0.6218 0.6322 . 16357 0.6400 Thd44 ).64110
oK 4. 00 000346 0 07717 0.7R51 ‘78O0 0.7963 R004 ‘K075
[+ 4 0.0 nO0ASR ) 0.0K22 0.9956 -onno 1.0067 K H
1 3136 0. 0.00543 1 1.2305 1.2454 252 12604 2749
I% 1y 0. 0.00543 1. 15752 1.5915 5070 1.6051 piR?
13§ 113 ) 0.00543 1. 1.R142 1.8305 BAGO . 1R441 6576
2 854 q. 0.011543 P 2,2881 2.3044 3009 2.31R0 RETS
: 23 d 0. 00IHT - 2, 2.7505 -2.7739 277817 275034 P R120
R | 0. 0.0n7H] - -3 2,378 34002 3.4081 34108 14303
NETRE: 171 hy 000781 3. 38771 30005 30084 3.9201 0300
: g o 0.00781 1 4.3754 13088 ~4067 44184 4.4379
oo B a. 0.007K1 5.4376 5.4810 -4688 54805 - 55001
8 0. 0.007K1 0.4943 6.5177 6.5258 /.5372 #.5307
8 0. < 0.00781 . \5198 9.5313 85608
0 0. 0.00781 16405 10,6522 1 10,8717
13 . 0 0.00761 - : ) 12,6374~ 12.0401 1 12.6688
Table 2-3°

ublished by permission of Crame Co.
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Plastic Piping - Teflon pipe compound or sealing tape.

Other Services - Armite Joint Seal Compound #250,
Commercial "Thred-Seal',
Baker 0il Tool Teflon "Bakerseal® or equal.

Compound should be smoothed on the male thread and not in the
fittings. '

Threaded fittings are available in the following materials and
~pressure rangess ‘

Cast iron 125 and 250 1lb, steam

Malleable iron 150 and 300 1b, steam
"Brass and copper 150 and 250 1b, steam
Forged steel 2,000, 3,000, and 6,000 1b, steam

Nelded joints and fittings are used for steam, hot water and
chilled water piping. The butt weld is used to join plpe ends,
pipe to flange, and pipe to fittings. The pipe ends are beveled
by grinding or oxygen-flame cut to an angle between 350 to 400, .
Fig. 2-1, and to a compound bevel for thicker wall pipes, Fig. 2-2.
Backing rings, or chill rings, are sometimes specifiled for butt
welds, Fig. 2-3. These prevent icicles and slag from forming on .
the inside of the pipe. 1In the smaller sizes of welded piping the .
use of socket end welding fittings eliminates this problem., Butt
weld fittings are forged steel and are classified by schedule '
_awiber (20, 40, 60, 80 and 160) and have the seme pressure and
temperature ratings as seamless steel pipe of the same schedule.
Socket weld fittings are available in sizes to 4", 3,000 and
6,000 psi ratings. Forged branch fittings welded directly to the
side of a pipe, as the "Weldolet", etc, Fig. 2-5, are sufficiently -
reinforced to meet the ASME requirements of replacing the metal
cut out for the branch opening. o

Inspection of welded joints is accomplished visually, by radio-
graphic methods, magnetic particle inspection, by use of dye T
penstrants, and ultrasonic testing. Some of the defects that

¢can be observed are shown in Figs. 2-6 to 2-8. '

Visual Inspection of Welds

The following procedures and visual inspection should be made of
welds whethar or not a radiographic inspection will be made,

Before Wyelding

1., ielders qualifications. . ;
2. Inspect base materials for seams, scale or delamination,
Check material for proper thickness. :



3;/:[‘: i
; |
FIRE END -7 4 S ow SIEE END— r !+ /
TJE -3T T/ -32
Fig. 2-1 Fig. 2-2

\
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N
\

I

~
[

BACAING RPING

Fig. 2-4
Fig, 2-3 SOAET ENC WELDING  FITTING
Weldolet; Sweepolet; Latrolet.
: : From "Piping Handbook' by Crocker .
1 _ : Fig. 2-5 and King. Copyright 1967, by
DY : L McGraw~Hill, Inc. Used with per=-
EJXQQ,- - . . mission of McGraw~Hill Book Co. .




3. After parts are assembled for welding, check:

a. weld preparation for dimensions and finish.

b, clearance dimensions of backing strips, rings or
backing filler metal.

c. alignment and fit up to the pieces being welded.

d. clean metal surfaces.

e. ©6lectrode specification and storage.

During welding, check:

l. 'Welding process (welding procedure specification if one
exists). :

2. Filler metal.

.3+ Cleaning of welds.

4, Penetration of successive passes.

5. Undercutting.

6. Surface uniformity.

7. Chipping, grinding or gouging.

8. Warpage.

After welding,vcheck for:

l, Cracks (not acceptable). ‘
2., Undercutting (not to exceed 1/32"™ in depth).
3. Weld reinforcement; not to exceed the following:

component thickness reinforcement thickness,
inches inches

1/2 and under | 1/8

over 1/2 through 1 5/32

over 1 3/16

Surface of the weld shall fair into the base metal with
no overlape.

4, Fillet weld dimensions (see Fig. 2-11 for acceptable
- divergences).
5. Acceptability of weld regarding appearance (surface
roughness, weld splatter, etec).

Radiogravhic methods employing X-ray or radioactive isotopes

are used both in shop and the field. Butt welds may be examlned
by placing the radiation source on one side of the pipe. Some
piping Codes require the use of a gage called a "penetrameter"
which 1s placed near the weld being radiographed. The purpose
of this gage 1s to »roduce a film sufficiently sensitive to show
the various holes on the penetrameter, as shown in Fig., 2-9.
‘Magnetic particles will show up surface and sub-surface discon-
tinuities in the path of a magnetic flux in a magnetic fleld
placed around ferro-magnetic metals, Dye penetrants are used to
Inspect pipe base materials and welds. The highly penetrating

10



SIZE

SIZE
L

L%

DESILARLE FILLET WELD PROFILES

CONVEXITY,C, NOT
¢ TOEXCEED VALUE
SPECIFIED

S }l
ACCEPTABLE FILLET WELD PROFILE

N

EXCESSIVE UNDERCUT OVERLAP INSUFFICIENT INSUFFICIENT
CONVEXITY

‘LEG THROAT
OEFECTIVE FILET WELD PROFILES

o

REINFORCEMENT, R,

NOT TO EXCEED VALUE
SPECIFIED ‘

V4
ACCEPTABLE PUTT WELD PROFILEL

-

— = 03 TSN

EXCESOIVL. CONVEXITY

UNDERCUT

OVERLAP
DES LCTIVE BUTT WELD PROFILES _
o ' | Fig. 2-6 |
ERIC ACCEDRTALL & DERECTI /. WELD KROFIL &
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‘/"

ROOT BEAD FUSED TO BQOTH
INSIDE SURFACES BUT CEN-~

TER OF ROOT PASS SLIGHTLY
BELOW INSIDE SURFACE OF PIPE

INADEQUATE PENETRATION DUE TO INTERNAL CONCAVITY

NOTE ABSENCE OF BOND AND THAT
DISCONTINUITY 1S SURFACE CONNECTED

INCOMPLETE FUSION AT ROGT OF BEAD OR TOP OF THE JOINT

D

/‘
COLD LAP BETWEEN ——— L-—-COLD LAP BETWEEN WELD

ADJACENT BEADS BEAD AND BASE HMETAL

NOTE: CCLD LAP S NOT SURFACE CONMECTED

IRZCH~LSTE FL3SICN BUS T0 ZIi0 LAF

Pig. 2-7 ‘
Figs. 2-7, 2-8, and 2-~9 used by permis-
“sion, Division of Transportation,
. American Petroleum Institute from APIL
Qo Std. 1104, STANDARD FOR WELDING PIPE
ERIC . 12 LINES AND RELATED FACILITIES, 1llth

Edition.




NO HIGH-LOW ) \— NOTE INCOMPLETE
AT ROOT FILLING AT ROOY

INADEQUATE PENETRATION OF WELD GROOVE

ONE OR BOTH BEVELS
HAY BE INADEOUATELY
FILLED AT INSIOE
SURFACE

NOTE HIGH~LOW
AT ROOT

NOTE INCOMPLETE FILLING
AT ROOT ON ONE SIDE ONLY

BOTH SIDES COMPLETELY
TIED-IN BY WELD METAL

INADEQUATE PENETRATION DUE TO HIGH-LOW

O

ERIC

RO A 1 7ex: Provided by ERIC

Fig. 2-8
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1

] =T ' 1 !

3/32“M'N‘| I‘- A

IDENTIFYING NUMBER.

T=PENETRAMETER THICKNESS
‘A DIAMETER=2T
B DIAMETER=1T
C DIAMETER=4T

EXCEPT THAT THE SMALLEST HOLE NEED NOT BE LESS. THAN 1/16" IN

DIAMETER,
" HOLES SHALL BE ROUND AND DRILLED PERPENDICUI.AR TO THE SURFACE.
HOLES SHALL B8E FREC OF BURRS BUT EDGES SHALL NOT BE CHAMFERED.

EACH PENETRAMETER SHALL CARRY A LEAD IDENTIFICATION NUMBER.

Penetrameter
" Thickness Identifying
Inches Number
Weld Thickness, Inches '

Up to % incl....... Crriesaas b
Over % through 3 7
Over i through 3 10
Over 3 through §.. 12
Over § through 2 15
Over 2 through 3 17
Over 3 through 1 X . 20
Over 1 through 13%......... 0.025 25
Over 1% through 1i........ 0.030 30
Over 13 through 200000000 0035 8

STANDARD PENETRAMETER

Fig, 2-9
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k'liquid is apnlied to the metal surface and left for 15 to 30

minutss. The welded area is then wiped clean and sprayed with

a fine white nowdor. Any dye which previously penetrated surface
discontinuities will be absorbed by the dried powder and be visi-
ble to the eye. The ultrasonic method of inspectlion transmits
mechanical vibrations at ultra-high frequencies through the test
specimen with little or no loss of energy if the material is ‘
homogeneous throughout. The vresence of a defect or flaw in the .
material will cause a2 reduction cor reflection of this energy,
thzreby providing a means of detection,

The various piping Codes, ASV“, ANSTI, etc, allow specific amounts -
of imperfections, <uc as glag inclusions, incomrlete penetration,
and porosity. Fig. -10 shows alloadble-maxlnnm distribution of
gas pockets (porosity).

Certitication of YJelders

All welding of riping installed under the r quirementc of the Code
for Fressure erl 5, Power Piping, ANSI 251.1.,0, and the ASHE
Boilar and Frecsurce Vescel Codz (Section IX) require that welders
be gualificd under the requiremants cof these Codes. Sach employer
is rﬁcﬂonsiblc for the welding done by the personnel of his organ-
{zation and shall conduct th2 required qualification test (or havs
1t done by a certified testing ;abo”atory) The Code for Fressure
Piping requirementc are the came as the ASME Fressurc Vessel Code
except that under ths forier welders.gualified by ons employer
may be accepted by ancther employer on riping using ths samne or
equivalent procedure where the esser* ol variables arc within Lhe
limits of Sectien IX of the ASIE Codtl.! The new employer assumes
resgponsibility for ths welds. Under boi' Codes, welders are
quallfied as connetont to weld in one or all of the p0°itions
designated as 1:, 2z, ete, all as described in the Sectlon IX
of the ASKE Code ac fcllows

1% Plpe axis horizcental, weld sroove herizontal
2G Pipe axic vertical, weld axls horizental
5% Fipe axis horizontal, weld groove varileal

Thess nociticns ars chomm on rage - (Fig. 127.%.4) of the FPressure
Piping Codae? Note that qualificaticn for these peositions on pipe
also qualify for comparabls rositicns for plate grocve and fillet
welds. : ' ‘

Ccuncng are cut from welded sections and sub Leu to Laznsion snd
] L

benélno tests to determine the tene

goundnecs and. dact11ityﬂoﬁwthn wald

. ERI

P , 15

gl Dt
graphizd and secticnaliznd to wrove soun_ness.
The rerort of the :or1 armancs qvwllllca‘ion test includes tha
ASTL. speeificaticn of ihe material weldsd, c¢r the P-Number,
whiich various stc:lg are clussed in Seceticn IX as followss

min tensile

n

F~1 Carbon Steslse, 40,200 to 73,0
F-~3 Low alloy steels, not ove: 2: al



Porosity Charts

Dimension No. of Pores
A0 031 0195} o v e Tt e 0 T O L 1 15 | 35
1Y . . - L] : . .. ¢ ! ) e * . " bd * L2 ) .
ASSORTED
.10 ~ o 4
. ® *
LARGE
.031 .. .. [] o ... ‘ . -« ® L " N [ 28 . ] 40
MEDIUM
0195 R TR T 1

TYPICAL NUMBER AND SIZF PERMITTED
IN ANY SIN INCH LENGTH OF WELD
QM HALF INCH WELD THICKNESS

TOT AL PORE AREN PERMITTED 1S .030 5Q. IN.

1
Figo 2-10 (a}
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Porosity Charts

Dimensioﬂ . _\_(_) of Pores
024 _ . 35
34 - 3 3 a 19
125 . . ) 1
ASSORTED
125 4
» P
e
o
LARGE
.034 L L. . . . L3
MEDIUM
024 1. . . . 99
FINE

TYPICAL NUMBER AND SIZE PERMITTED
. IN ANY SIX INCH LENGTH OF WELD
THREE QUARTER INCH WELD THICKNESS

TOTAL PORE AREA PERMITTED 1S .045 SQ. IN.

1
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Porosity Charts

No. of Pores

~TYPICAL NUMBER AND SIZE PERMITTED
IN ANY SIX INCH LENGTH OF WELD
. ONE INCH WELD THICKNESS
T(TAL PORE AREA PERMITTED 1S .060 SQ. IN

Dimension
0275 o . . 38
o |oa, L e L T
125 . T DRCERE S B!
' l ASSORTED ]
125 Ls |
o - P &
®
LARGE
.039 . Lo . 50
. ‘ ) . 4 hd d .
4 . ‘ L4 ‘e . - . .
L4 o". . . . . .. o:.. v .‘ . .
MEDIUM
025 ) .2l Cot e e e . . 101
| FINE

| 1
Flg. 2-10 (c)

18




USA STANDARD CODE FOR PRESSURE PIPING

SURTACE OF VERTICAL ERDMERD ! ,
_-—— COMVEX PRLET WILD comeave

— )
[ 1Y - BRFACE OF
weLp HORIZOATAL MIMPENS

- TMEORETICAL THROAT.
EQUAL LEG FILLET WELD woo

NOTE: THE "SIZE" OF AN EQUAL LEG FILLET WELD 1S THE LEI‘TN oF TN! LARGEST
'WSSCRIECD RIGHT (SOSCELES TRIANGLE

THEORETICAL THROAT+0.7 X SIZE

" SURPACE OF VERTICAL MEMOCRS
CONVEX FILLEY WELD

RFACE OF ————\
MIZO“TAL U!“RS

N} THEORETICAL THROAT

UNEQUAL LEG FILLET WELD

MOTE: FOR UNEQUAL LEG FILLET WELDS, THE Sll! OF THE WELD IS THE LEG LENGTNS
OF TNE L-sﬁfgtcﬂrlﬁcﬂ“ TRIANGLE WHICH CAN BE INSCRIGED WITHIN THE FILLET

FIG I2T4.4A FILLET WELD 31ZE

<, O V4 ImcH wwCHEVER -1,-.—"-“ I BEFORE WEZLONN -

NFMT AND BACK WELD O)IIAQ AND BACK WELD (0} m‘l WELDING FLANGE

1 SNOKINAL PIPE WALL TMICKNESS
X RML*L41, G THICKNESS OF THE WA, WICHEVER IS SMALLER B3UT NoT LESS THAN /8 INCH

FBIRT4.40 WELCSIG DETAILS FOR ﬂ.l? ON AXD SOCKET-WELDING FLANGE
€OMZ ACCEPTADLE TYPES OF FLARGE ATTACHMINT WEILDS s

§ WO PIPE WALL TIOCKMESS

J"‘l"}""" MU' BEFORE WLDMS

N\
e,mi o wr- zm—uu—mn

FISIL26.4C MINIMUR WELDING DINENSICOS
KEGIAED FCR SOCKET WELDING GO CRSENTS
OTRER THAN FLASSES

Fig, 2-11
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RECOMMENDED FORM Q-1 MANUFACTURER’S RECORD OF WELDING PROCEDURE
QUALIFICATION TESTS

Specification No. ) Date
- Welding Process Manual or Machine
Material Specification to of P-No. : - to P-No.

Thickness (if pipe, diameter and wal! thickness)
Thickness Range this test qualifies

Filler Metal Group No. F- FLUX OR ATMOSPHERE
Weld Metal Analysis No. A- i Flux Trade Name or Comgosition
Describe Filler Metal if not included in Table Q-11.2  Inert Gas Composition
or QN-11.2 ‘ ' Trade Name Flow Rate
For oxyacetyiene welding—State if Filler Meta!l is sil- Is Bécking Seeip used?
icon or aluminum killed. Preheat Temperature Range

WELDING PROCEDURE Interpass Temperature Range
Single or Multiple Pass Postheat Treatment

Single or Multiple Arc

Position of Groove (See Pars. & Figs. Q-2 & Q-3, or QN-2 & QN-3)
(Flat, horizontal, vertical, or overhead; if vertical, state whether uwpward or downward)

FOR INFORMATION ONLY

Filler Wire—Diameter WELDING TECHNIQUES
Trade Name _ . : - Joint Dimensions Accord with

Type of Backing amps voles inches per min.
Forehand or Backhand Current - Polarity

REDUCED SECTION TENSILE TEST (Figs. Q-6 and QN-6) -

: : Dimensions Ulumate Ultimate Unit Charac:cr of Failure
Specimen No. Width | Thickness Area Lc;l;(:l'ﬂb. Stress, psi - and Location

GUIDED BEND TESTS(Figs. Q-7.1, Q-7.2, QN-7.1, QN-7.2, QN-7.3)

Type and Type and
Fi;ure No. ‘ Resulc Figure No. : Result

Resules of Filletweld Tests, Fig. Q-9(¢c)-

Welder’s Name . Clock No. Stamp No.
Zho by virtue of these tests meets welder performance requirements.
Test Conducted by . Laboratory—Test No.

per ’

We certify thar the statements in this record are correct and that the test welds were prepared, welded and

tested in accordance with the requirements of Scction 1X of the ASME Code.

Signed _

(Manufacturer)

Date Ry
(Detail of record of tests are illustrative only and may be modified to conform to the type and number of tests

‘ 'lequiu'd by the Code. Recommended Form Q-1 is available for purchase at ASMI: lleadquarters.)
NOTE: Any essential variables in addition to thoseabove shall be recorded.

1
Fig, 2-12

Q : A
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USA STANDARD CODE FOR PRESSURE PIPING

Chapter V
FABRICATION, ASSEMBLY AND ERECTION

127 WELDING

127.1 General

The following applies essentially to the weld-
ing of ferrous materials. The welding of aluminum,
copper, etc., requires different preparations and
procedures. ’

127.2 Material.
127.2.1 Filler Metal.

All filler metal shall comply with the re-
quirements of Section IX, ASME Boiler and Pres-
sure Vessel Code. A new filler metal not yet in-
incorporated in Section IX, and which is neces-
sary for the development of the science of weld-

ing, may be used if a procedure qualification test.

is first successfully made.
127.2.2 Backing Rings.

When backing rings are used they shall be
made from material of weldable quality compatible
with the base metal or be of a removable type.
Backing rings may be of the consumable insert
type, removable ceramic type, or solid or split
band type. A ferrous backing ring which becomes
a permanent part of the weld shall not exceed
0.05 per cent sulphur.

If two abutting surfaces are to be welded to a
third member used ‘as a backing ring and one or
two of the three members are ferritic and the other
. .member or members are austenitic, the satisfac-
tory use sof such materials shall be determined by
procedure qualification.

127.3 Preparation..
127.3.1 Butt Welds.
(a) End Preparation.

1. Oxygen or arc cutting is acceptable
only if the cut is reasonably smooth and true, and
all slag is cleaned from the flame cut surfaces.
Discoloration which may remain on the flame cut
surface is not considered to be detrimental
oxidation,

2. Butt-welding end preparation dimen-
sions coatained in USAS B16.25 or any other
end preparation which meets the procedure qual-
ification are acceptable.

3. If piping component ends are bored

such-boring shall not result in the finished wall

thickness after welding less than the minimum de-
sign thickness, Where necessary, weld metal of
the appropriate analysis may be deposited on the
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inside of the piping component to provide suf-
ficient material for. machining to insure satis-
factory fitting of rings. '

4. If the piping component ends are upset
they may be bored to allow for a completely
recessed backing ring, provided the remaining net
thickness of the finished ends is not less than
the minimum design thickness.

(b) Cleaning.

Surfaces for welding shail be clean and shall
be free from paint, oil, rust, scale, or other ma-
terial which is detrimental to welding.

(c) Alignment.

The .ends of piping components to be joined
shall te aligned as accurately as is practicable
within existing commercial tolerances on diam-
eters, wall thicknesses, and out-of-roundness.
Alignment shall be preserved during welding.

Where ends are to be joined and the internal mis- =~

alignment exceeds 1/16 in., it is prefetred that
the component with the wall extending intemally
be intemally trimmed (see Fig. 127.3.1) so that
adjoining internal surfaces are approximately
flush. However, this trimming shall not result in
a piping component wall thickness less than the
minimum design thickness and the change in con-

tour shali not be so abrupt as to cause a stress -

concentration, Inert gas metal arc welding may re-
quire more accurate alignment than specified
above.

(d) Spacing.

The root opening of the joint shall be as
given in the procedure specifications,

A4
L :i/:€ in. or iess

(_ greater than 1/iZ in,

FIIG. 127.3.1. BUTT WELDING OF PIPING COMPONENTS

WITH INTERNAL MISALIGNMENT.

(From ANSI B31. 1.02)
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127.3.2 Fillet Welds.

Piping components which are to be joined in
a manner which includes fillet welding shall be
prepared in accordance with applicable provisions
and requirements of Par. 127.3.1. For typical de-
tails see Fig. 127.4.4A, B and C.

127.4 Procedure.

127.4.1 General.

(a) Qualification of the welding procedures
to be used, and of the performance of welders and
operators, is required, and shall comply with the
requirements of the ASME Boiler and Pressure
Vessel Code (Section IX) except as modified by
Par. 127.5. : .

(b) No welding shall be done if there is
impingement of rain, snow, sleet or high wind on
the weld area. - :

127.4.2 Girth Butt Welds. :

(a) Girth butt welds may be made with a
single vee, double vee, or other suitable type of
groove, with or without backing rings or consum-
able inserts.

(b) Tack welds shall be made by a qualified

~—rrmewelder.._Tack__welds made by an unqualified

welder shall be removed. Tack welds which—are—-

not removed shall be made with an electrode
which is the same as or equivalent to the elec-
trode to be used for the first pass. Tack welds
which have cracked shall be removed.

(c) When components of different outside
diameters are welded together, there shall be a
gradual transition in the weld between the ‘two
surfaces. If the difference in surfaces exc :eds
1/4 in., the outside surface of the component
having the larger diameter shall be tapered at an
angle not to exceed thirty degrees with the axis
of the pipe. -

(d) The finished surface of the weld shall
metge smoothly into the component surface at the
weld toe. The thickness o? weld reinforcement
shall not exceed the following, considering the
thickness of the thinner component being joined.

Component Reinforcement
Thickness Thickness, Max
Up to 1/2 in. 1/16 in.
Over 1/2 wo'l in. 3/32 in.
Over 1 to 2 in. 1/8 in.
Over 2 in. 5/32 in.

This reinforcement need not be removed ex-
cept in the case where a joint is to be radio-
graphed; then excessive ridges which may inter-
fere with proper interpretation of a radiograph
shall be removed.

For double-welded joints, this limitation on
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reinforcement shall apply to each surface of the
weld separately. _

(e) Girth butt welds may be examined by any
or all of the methods stated in Table 127.4.6. The -
types and extent of examination required are
specified in Par. 136.5.

Sections of welds that are shown by radio-
graphy or other examination to have any of the
following types of imperfections shall be judged
unacceptable and shall be repaired as provided
in Par. 127.4.7. :

1. Any type of crack ot zone of incomplete
fusion or penetration.

2. Any slag inclusion or porosity. greater
in extent than those specified as acceptable by
the radiographic methods of examination set forth
in Par. 136.4.3(b) and (c).

3. Uadercuts in the extemal surfaces of
butt welds .which are more than 1/32 in. deep.

4. Concavity on the root side of full pene-
tration girth butt welds where the resulting weld
thickness is less than the minimum pipe wall
thickness required by this Code. Weld reinforce-
ment up to a maximum of 1/32 in. thickness may
be considered as pipe wall thickness in such
cases. ‘

127.4.3 Longitudinal Butt Welds.

—Longitudinal-butt-welds_in_piping components
not made in accordance with the standards anc

specifications listed in Table 126.1 may be ex-

amined by any or all of the methods stated in
Table 127.4.6.. Imperfections shall not exceed
the limits established for girth butt welds except
that no undetcutting shall be permitted in longi-
tudinal butt welds.

127.4.4 Fillet Welds.

* Fillet welds may vary coavex to concave.
The size of a fillet weld is determined as shown
in Fig. 127.4.4A. Typical minimum fillet weld
details for slip-on flanges and socket-welding
components ate shown in Fig. 127.4.4B and
127.4.4C. ' .

The limitations on cracks and undercutting
set forth in Par. 127.4.2(e) for girth welds are
also applicable to fillet welds, _ '

127.4.5 Seal Welds.

Where seal welding of threaded joints is
performed, threads shall be entirely covered by
the seal weld. Seal welding shall be done by
qualified welders. ‘

The limitations on.cracks and undercutting
set forth in Par. 127.4.2(e) for girth ‘welds are
also applicable to seal welds.

127.4.7 Weld Defect Repairs.

All defects in welds requiring repair shall

(From ANSI B31.1.0%)
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Table 127.4.6.

Methods of Examination of Welds
Liquid

Examina- Magnetic Ultra- Radio= Penes X
tion for Visual Particle sonic graphy trant  Ray
Crack X X X BN X
Incomplete

Penetration X

. Weld

Undercutting X . X
Weld Rein-

forcement. X

Porosity X X X

Slag

Inclusions . X X X
l.ack of
Fuston X X X X

be 1emoved by flame or arc gouging, grinding,

chipping, or machining. Repair welds shall be

made in accordance with the same procedure used
for original welds, recognizing thac the cavity
to be repaired may differ in contour and dimen.
-sions-from..the_original joint. The types, extent

and method of examination and limits of “im="""~

petfections of repair welds shall be the same as
for the original weld. -

' Preheating may be required for flame-gouging
or arc-gouging on certain alloy materiais of the

checking or cracking adjacent to the flame or arc-
gouged surface.

127.4.8 Welded Branch Connections.

(a) Fig. 127.4.8A, 127.4.8B and 127.4.8C
show typical details of branch connections with
and without added reinforcement. However, no
attempt has been made to show all acceptable
“types of construction and thc fact that a certain
. type of construction is illustrated does not in-
dicate that it is recommended over other types
not illustrated.

(b) Fig. 127.4.8D shows basic types of weld
attachments used in the fabrication of branch
connections. The location and minimum size of
these attachment welds shall conform to the re-
quirements of Par. 127.4.8. Welds shall be cal-
cilated in accordance with Par. 104.3.1 bac shall
not be less than the sizes shown in Fig. 127.4.8D,

The notations and svmbois used in cthis para-
graph andin Fig. 127.4.8D a:z as follows:

!y = nominal thickness of branch wall less
cosrosion’ allowarnce, inches.
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t. =the smaller of 1/4 inch or 0.7 t,

t, =nominal thickness of reinforcing element
(ring or saddle), inches. (¢, = 0 if there
is no added reinforcement).

tmin = the smaller of t; or ..

(c) Branch connections (including specially-
made integrally reinforced branch coannection
fittings) which abut the outside surface of the
run wall, or which are inserted through an open-
ing cut in the run wall, shall have opening and
branch contour to provide a good fit and shall be
attached by means of full penetration groove
welds. The full penetration groove welds shall
be finished with cover fillet welds having a mini-
mum throat dimension not less than ¢.. The limita-
tion as to imperfection of these groove welds shall
be as set forth in Par. 127.4.2(e) for girth welds.

(d) In branch connections having reinforce-
ment pads or saddles, the reinforcement shall be
attached by welds at the outer edge and at the
branch periphery as follows:

1. If the weld joining the added reinforce-

ment to the branch is a full penetration groove
weld, it shall be finished with-a cover fillet weld
having-a minimum throat dimension not less than
t.; ihe weld at the outer =dge, joining rhe added
reinforcement to the run, shall be a fillet weld
with a minimum throat dimension of 0.5 t,. .
“ -2, 1f the weld joining the added teinforce-
ment to the branch is a fillet weld, the throat
dimension shall not be less than 0.7 t,;,. The
weld at the outer edge joining the outer reinforce-
ment to the run shall also be a fillet weld with a
minimum throat dimension of 0.5 ¢,. '

(e) When rings or saddles are used, a vent
hole shali be provided (at the side and not at the
crotch) in the ring or saddle to reveal leakage in
the weld between branch and main run and to pro-
vide venting during welding and heat treating
operations. Rings or saddles inay be made in
more than one piece if the joints between the
pieces have strength equivalent to ring or 'sad- -
dle parest metal and if each piece is provided
with a vent hole. A good fit shall be provided
between reinfotcing rings or saddles and the
parts to which they are a“tached.

127.4.9 Heat Treatment.
Heat treatment for welds 'shall be in accord-
ance with Par. 131,

127.5 Qualification.

127.5.1 General.

Qualificaticn of the welding procedures to be
used, and of the performance of welders and
welding operators, is requirsd, and shall comply
with the requirements of the ASME Boiler and

(From ANSI B31.1.0 2)



Pressure Vesse]l Code (Section IX) except as
modified by this Par. 127.5,

127.5.2 Welding Responsibility.

. Each employer is responsible for the welding
done by personnel of his organization, and shall
conduct the required qualificarion tesrs to qualify
the welding procedures, and the welders or weld-
ing operators.

127.5.3 Qualification by Others.

To avoid duplicaiion of qualification tests of
welders or welding operators, the welders or
welding operators qualified as required above by
one employer may be accepted by another em-
ployer (subject to the approvshof the owner) on
piping using the same or an equivalent procedure
wherein the essential variables are within the
limits established in Section IX, ASME Boiler
and Pressure Vessel Code. An employer accept-
ing such qualification tests by another employer
shall obtain a copy (from the previous employer)
of the performance qualification -test record,
showing the name of the employer by whom the
welders or welding operators were qualified, the
dates of such qualification, and the date the
welder last welded pressure piping components
under such qualification. The employer shall then
prepare and sign the record required in Par. 127.6,
accepting responsibility for the ability of the
welder or welding operator.

127.5.4 Test Joint.

(a) Test joints for both procedure qualifica-
tion and performance qualification shall be made
as groove welds in pipe in one or more of the
specified basic qualification test positions.

(b) Both procedure and perfomance qualifi- .

" cation on groove welds in pipe in a given posi.
tion shall also qualify for groove welds in plate
and fillet welds in pipe or plate, for equivalent
welding positions as shown in Section IX, ASME
Boiler and Pressure Vessel Code, and Fig. 127.5.4.

(c) Qualification in Position 1G qualifies
for welds in that position only. Qualification in
either Position 2G or 5G qualifies for welds in
those respective positions; and also for welds
covered by Position 1G. Qualification in both
Positions 2G and 5G qualifies for weids to be
made in any position regardless of the orienta-
tion of the weld or of the pipe axis, and regard-
less of whether the pipe is rolled.

127.5.6 Performance Requalification.
Renewal of performance qualification is re-
quired under cither of the following conditions:
(1) A welder has not used tne specific
process within the essential variables

POWER PIPING
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gven in Section IX, ASME Boiler and
Pressure Vessel Code, to weld either
ferrous or nonferrous pressure piping ma-
terials for a period of three months, or

(2) If there is reason to question his ability
to make welds that meet the performance
qualification requirements.

Renewal of qualification under condition (1)
need be made in only a single pipe wall thick-
ness and may bs made by ejther a test weld or a
production weld checked on the basis of accept-
able radiography.

127.6 Qualification Records.

The employer shall maintain a record, certified
by him, and available to the purchaser or his
agent and the inspector, of the procedures used
and the welders or welding operators employed
by him, showing the date and results of procedure
and perfomance qualifications, and the identifica-
tion symbol assigned to each performance qual-
ification. The identification symbo! shall be used
to identify the work performed by the welder or
welding operaror, and after completing a welded
joint, he shall identify it as his work by applying
his assigned symbol for permanent record in a
manner specified by his employer.

128 BRAZING
128.1 Materials.
128.1.1 Filler Metal.

The filler metal used in brazing shall be
a nonferrous metal or alloy having a melting
point above 800 F and below that of the metal
being joined. The filler metal shall melt and
flow freely within the desired temperature range
and, in conjunction with a suitable flux or con-
trolled atmosphere, shall wet and adhere to the
surfaces to be joined.

128.1.2 Flux.

Fluxes that are fluid and chemically active
at the brazing temperature shall be used when
necessary to prevent oxidation of the filler metal
and the surfaces to be joined and to promote free
flowing of the filler metal.

128.2 Preparation and Procedure.

128.2.1 Surface Preparation,

The surfaces to be brazed shall be clean and
free from grease, oxides, paint, scale, and dirt of
any kind. Any suitable chemical or mechanical
cleaning method may be used to provide a clean
wettable surface for brazing.

128.2.2 Joint Clearance.

The clearance between surfaces to be joined
shall be no larger than is necessary to insure
complete capillary distribution of the filler metal. -

(From ANSI B31.1.02)
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F1G, 127.5.4. TEST JOINT POSITIONS.

For Qualification of Welding Procedure and Welder Petformance

8ASIC QuALISICATION TEsT: |

ALSO QUALIFIES FOR:

SWLET WELDS In

GROOVE WELDS i €RA0OVE WELDS
N PIPE | " PLATE ®.PE PLATE
PIPE ~HOMZONTAL S
weLO PLAT OoLEO FLar ROLLED z LAY
~ ﬂ
., sLar
. FLAT
AoLLEO .
PIPE - VERTICAL F'XED
WELD - HORIZONTAL HORIZONTAL
MORIZONTAL HORIZONTAL
7~ ﬂ D—
U
FLar
VERTICAL
& U .
PIPE ~HORIZONTAL FIXEO
WELD - FLAT, VERTICAL oven VEATICAL | momiZonTaL. @ @
v A
AND OVERHEAD MEAD AND OVER-EAD HOR.ZONTAL OVERNEAD

128.2.3 Heating.

The joint shall be brought to brazing tem-
perature in as shott a time as possible to minimize
oxidation.

128.2.4 Brazing Qualification.

The qualification of the brazing procedure,
and of the performance of brazers and brazing
operators, shall be in accordance with the require-
ments of Part C, Section IX, ASME Boiler and
Pressure Vessel Code.

129 BENDING AND FORMING

129.1 Bending.

Pipe may be bent by any hot or cold method
and to any radius which will result in a bend
surface free of cracks, as determined by a method
of inspection specified in the design, and sub-
stantially free of buckles. Such bends shall mecet
the design requirements of Par. 102.4.5 and Par.
104.2.1. This shall not ptohibit the use of bends
designed as creased or corrugated. |

129.2 Forming.

Piping components may be formed, (swedging.
lapping, or upsetting of pipe ends, extrusion of
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necks, etc.), by any suitable hot or cold working
method, provided such processes result in formed
surfaces which are uniform and free of cracks
or other defects, as determined by methods of
inspection specified in the design.

129.3 Heat Treatment of Bends and Formed
Components.

129.3.1 Carbon steel piping which has been
heated tv 1650 F or higher for bending or other
forming operations shall requite no subsequent
heat treatment. )

129.3.2 Feritic alloy sicel piping which
has been heated for bending or other forming opera-
tions shall receive a stress relieving trcatment,
a full anneal, or a normalize and temper treatment,
as specified by the design. -

129.3.3 Cold bending and forming of catbon
steel having a wall thickness of ¥ in. and heavier,
and all ferritic alloy pipe in nominal pipe sizes

of 4 in. and larger, ot 4 in., wall thickness or
heavier, shall require a stress relieving treatment.

129.3.4 Cold bending of carbon and ferritic
alloy steel pipe in sizes and wall thicknesses
less than specified in Par. 129.3.3 may be used
without a postheat treatment.

(From ANSI B31.1. 02)



P-4 Alloy steels, not over 2 3/4% alloy
P=-5 to P-8 alloy steels (not pertiment to this text)

The grouping of materials in this Section of the Code as to "P"

‘numbers is made on the basis of hardenability characteristics to

reduce the number of welding procedure qualifications required.

Fig, 2-12 is the recommended form (Q-l) for the manufacturer's
record of a welding qualification test. It will be noted that
the specification of the metal is to be reported and also the .
weld position, 1G, 2G or 5G. Similar forms of certifications
should contain the same information; namely, weld position,
material welded, date certified, etc.

Pages 21 to25 are from the Code for Pressure Piping regarding
welder qualification and should be studied closely. '

Flanged Joints

Flanges used in heating and ventilating piping systems are mostly
cast iron and forged steel. They are preferred over screwed
joints in sizes sbove 2" ips. They are made in the following
pressure standards: _

Cast iron Steel
125 1b 150, 300, 400, 600
250 1b 900, 1500, 2500 1b

Cast iron flanges are tapped for standard pipe threads (when used
for steel pipe), and steel flanges are produced for screwed or
welded connections. Stesl welding flanges are furnished for slip-
on and fillet welded, or with a welding neck which is butt welded.
The 125 1b cast iron flange has a flat machined face, all others
have raised faces. A flat face should never be bolted to a
raised face for fear of breaking the former. The outside diame-
ters, bolt circle, number of bolts, etc, for a given pipe size
conform to the ANSI Flange Standards, but reducing flanges can

be obtained that permit 2 size reduction from one line to another.
Attention should be paid to the bolt and nuts specification.

Bolts with higher tenslile strength than commercial steel have
distinctive markings on the head, as do nuts.

Solder Filttings and Joints

The different styles of solder fittings are shown in Fig. 2-13.
Some are soldered at all connections while others have male or
female National Pipe thread outlets. The tubing end(s) of
fittings go by the 0.D. size of copper tubing, not by nominal
size. Thus, the nominal size may be 1", but the fitting (and
tubing) is designated as 1 1/8" 0.D. 1In Fig. 2-13 the threaded
ends are designated "I"™ for internal and "E" for external., The
bore of the soldered end is held to a small clearance between it
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Table 4. Pressure Ratings of Solder Joints (ASA B16.18-1963)
Maximum working pressure, psi

Solder Working Ly L L oa .
used in temperatures, Yl in, 1’".‘"2] Al 2"’?‘4' n, -8 ;'}
joints . F incl, incl. incl. incl.
50-50, 100 200 175 150 135
tin-iead? 150 150 125 100 90
200 100 20 s 70
250 85 75 50 45
95-5, 100 500 400 300 270
tin-antimony 150 400 3so 275 250
200 300 250 200 180
250 200 175 150 135
Solders melting | 350 270 [ 190 155 140
at or above :
1100 F |- !
1

1 Standard water tuhe sizes.
2 ASTM B32-60aT Aoy Grade S0A.

Table 2-5

Fig. 2-13 and Table 2-5 are from
"Piping Handbook' by Crocker and
Q : King. Copyright 1967, by McGraw-
«lERJ(j. e , o .27 _Hill, Inc. Used with permission of
' McGraw-Hill Book Co.



and the tubing so that the melted solder is drawn into the
socket by capillary action. Some fittings have a pre-inserted
ring of silver solder which is melted and flows around the tubing.

Table 2-5 gives the allowable maximum working pressures at dif-
ferent temperatures for various pipe sizes for 50-50 solder,
95-5 and silver solder.

Soldering is a joining process where tube and fitting are bonded
together by suitable heating (below 800° F) with a non-ferrous
filler metal having a melting temperature below those of the base
metals. The steps of the soldering process are shown in Fig. 2-14
for solder with low melting points.

Tin-lead and tin-antimony solders are used for piping systems in
heating work, Tin-lead solders come in a variety of tin-to-lead
proportions but 50% tin and 50% lead is sultable for Joining
copper tubing. It is a solid at 361° F and a liquid at 421" F.
Tin-lead solder is unsatisfactory for use under sustained loads
above 3000 F, Tin (95%) - antimony (5%), known as "95-5", has
higher strength at moderately higher temperatures. This material

‘i1s a solid at 452° F and liquid at 464° F. Silver solder, or

brazing alloys have the following composition:

£ £ & '
g 2 o ; 5% s
o 5 & 5 3% 53
a 3 Q 8 2 & e A
WY
Easy-Flow 45 45 15 16 24 Cadmium 1125°F 1145°F
Sil-Fos 15 80 0 5 Phosphorus 1185°F 1300°F

Fig. 2-15 shows the procedures for silver soldering fittings with
pre-inserted solder, and hand fed solder. Care must be taken to
prevent overheating of the pipe, fittings and valves.

Soldering flux is used to remove and exclude oxides and other
impurities from the joint. An efficient flux removes tarnish
films and oxides and prevents reoxidation of the surfaces when .
heated. T

Grooved Pipe Comnections (victaulic, and similar)

This joint type is used for steel and cast iron pipe in which
grooves are cut in the plpe ends (see Fig. 2-16) and held to-
gether with a clamp-type coupling that fits into the grooves. A
U-shaped gasket prevents leakage. The clearances used permit
some angular displacement and movement due to the expansion and
contraction. In the case of thin walled pipe, the groove is
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COPPER WATER TUBE
Making a Joint with Solder Type F‘“‘ﬂ?’, -

. : . i
1. Remore burrs iwith file.nr scra,er. 5 Apply a thin, ‘eren. coal of non-
e : corrosive soldering paste o fitling.

Slip pipe into fitting until it is

2. Clean pipe well wilh steel wonl. / J
tightly seated againsi stop. .

Be sure that-all (races vy oxidation are
remorved.  Parls should be Inight copper
color.

. A i . g
3. Appiv.a thin, eren coat of any. good . Apply heat.  When fnx hoils, toch

non-cerrosive soldering paste 1o pipe. edge of dilting with solder. . Feed il
solder dvips from nlting.

. L d ) R . . AR
1. ean sitting eith steed ool ta 8. Wipe jornt icith rag. Rewmove dis-
vomore all [races of oxidmtion, coloration by yiubbing with steel wonl.

.



AlLLOY fLUX
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CLEARANCE AREA IS FILLED WITH FLUX
(HANDY FLUX)

HEAT PIPE AT A" TO SWELLIT UP

AND BRING SURFACE IN CONTACT

WITH INSIDE SURFACE OF FITTING.
CLEARANCE AREA CLOSES.

TWO INCH SECTION OF HITING IS
HEATED BY WIPING FLAME FROM
*3" TO "A." SECTION STRETCHES, ALLOY
AND REMAINING FLUX FLOW OUT,

HOLD TORCH OFF THE WORK ALLOWING
FITTING TO UNSTRETCH AND FORCE ALLOY
TO EDGE OF FITTING. (IF NO ALLOY SHOWS
AT EDGE OF FNTING REPEAT PROCEOURE.)

CLEARANCE AREA IS FILLED WITH RUX
{HANDY FLUX)

| Wn

HEAT PIPE AT "A" TO SWELLIT UP

AND BRING SURFACE IN CONTACT

WITH INSIDE SURFACE OF FTTING.
CLEARANCE AREA CLOSES.

FITTING HEATED FROM "B" TO "C,” CLEAR-
ANCE AREA OPENS UP ‘AND ALLOY -AP-
PLIED AT EDGE AS FLUX FLOWS OUT.

.
HEATING CONTINUED AT "8,"
CAUSES ALLOY TO FLOW IN.-

ENTIRE JOINT HEATED AT ’'A"-"8"."C”
TO COMPLETE BOND BETWEEN PIPE
AND FITING, MAKING SMOOTH FILLET
AT THE EDGE.

Q

ERIC

Aruitoxt provided by Eric

Alloy method of siiver brazing.

Fig., 2-15




IN‘STRUCTIONS FOB BRAZING FITTINGS TO PIPE AND TUBING |
' WITH [Hl -] HANDY & HARMAN BRAZING ALLOYS

For strong, long-lasting, teak-tight, corrosionéresistant, vibration-proof joints on
] similar and dissimilar metals such as copper, brass, steel, stainless steel, etc.

Q USE ADEQUATE VENTILATION

BRAZE SAFELY!

QENTILATING FAN

EXHAUST HOOD

® DON’

AIR SUPPLIED
RESPIRATOR

T OVERH
\‘ﬁ ..."-l G

EAT ® AVOID HOT SPOTS

”‘ 1 eep he ToncHﬂ;‘ MOTION \ |
=/ .
il

e

Welding and brazing fumes may cause sickness and, in some cases, could prove fatal, if not handled properly. Particular care

ouvld be exercised with materials containing cadmium (cadmium plating should be removed), beryllium, tellurium, lead, mer-
ry, antimony, arsenic, bismuth and their compounds, and Huorides. Vapors from cleaning compounds containing chlorinated
drocarbons should not be allowed in the brazing area. (See USA Standard Z49.1 Safety in Welding and Culting published

the American Welding Society, 347 E. 47th St., New York, N.Y.}. @Overheating increases the amount of toxic fumes, particu-
rly from cadmium. Use HANDY FLUX as temperature indicator (see “HEATING" below). (& Localized overheating increases
ming and interferes with good brazing. Apply more heat to the better conducting and the heavier of the sections being joined.

SIX STEPS TO EFFICIENT BRAZING

Fig. 1

Fig. 2 tmﬁ

A.

RADIAL CLEARANCE —.002 TO .005 IN.

DEPTH OF INSERT “A" SHOULD BE
3 TIMES TUBE WALL THICKNESS
(MINIMUM) GENERALLY MORE FOR
ALIGNMENT PURPOSES.

Fig. 4

- Harman

Fig. 3
— .
( - l "
SCRIBE LINE -]
Fig.5

31
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a.

o

CUTTING AND FITTING

Cut pipe or tubing to length. Make sure ends are cut
square. Use of a square-end sawing vise or cutter is .
recommended, Fig. 1. .

. Remove burrs with a reamer or haH-round file.
. Try pipe or tubing end in the fitting to be sure it has

the proper close f{it. Clearance should not be more
than .005”, Fig. 2, except on large piping where
greater clearances are necessary for ease of
assembly. :

. Clearance should be uniform all around. Where nec-

essary, round out pipe or tubing with a sizing tool.

. On large piping, scribe a line on pipe at a distance

from the cut end equal to the depth of fitting socket
plus 1”. This line serves as a check to make sure pipe
is inserted full depth when assembled in the fitting,
Fig. 3.

CLEANING ]
Surfaces to be joined must be free of oil, grease, rust
or oxides. Clean them as follows:

. Practically all fittings have a coating of oil or grease.

The liberal application of an effective solvent with a
brush or by dipping of fittings and pipe ends can be
used. :

. Subsequently, clean socket of fitting and end of pipe

thoroughly with emery cloth to remove rust and ox-
ides, Figs. 4 and 5, and remove residue. Grey cdst
iron fittings require special treatment 'to remove free
surface graphite and sand inclusions,

. Do not handle surfaces after cleaning.



Fig.13 Fig. 14

BLUE FLAME
GREEN FEATHER'

EKC.ourtesy, Hanuy & Herman Co, 32

~ at once. Use of multiflame heating tips, Fig. 11, an

. Immediately after cleaning, apply Handy Flux evenl

. Avoid leaving flux inside of pipe or fittmg In the cas

. Assemble pipe into fitting immediately after ﬂuxln
. Where possible, revolve fitting once or twice on ptp

. Make scribe line check, Fig. 3, to see that pipe is i"

. SUPPORTING THE ASSEMBLY e
. Before brazing, assembly should be carefully allgne

. Arrange supports so that expansion and contraetio

. Sae that no strain is placed on the joints durtng br{'}_

. HEATING AND FLOWING THE ‘ALLOY

‘1100°F.
. Use a low velocity bulbous ﬂame of sumclent stzet

. If possible torch should be fitted with a soft copp

FLUXING

with a brush to each joint surface, Figs.6 and 7. Whe
using Sil-Fos on copper-to-copper joints, Handy Flu
can be omitted, but brass and bronze must have flu
If flux leaves bare spots, metal is dirty and will n
join properly.

of refrigeration joints, do not flux the inside of the fi
ting. Just fiux the pipe back from the end and push
into the fitting. On 5/ and smaller tubing, flux applie
only to the outside of the joint is often adequat'
Fig. 8.
Flux inclusions can be minimized by placing a br. ‘
ing alloy ring at the bottom of the joint, Fig. 2, so th
it will flow outward, pushing the flux out ahead of.i
This also insures that a sound ‘joint has been mad
if the alloy appears uniformly at the socket edge.

to spread flux uniformiy.

serted full depth in socket.

Brush flux back over entire end of fitting all aroun‘
Fig. 8. This prevents oxidation of the end :

and adequately supported, Figs. 9 and 10.°
will not be restricted.

ing and cooling.

Whenever possible, the entire joint should be braze

multiple-tipped torches, Fig. 12, heip in fast, eve
heating, particularly with preplaced alloy rings, Fig
13. Do not heat brazing alloy directly. Watch th
Handy Flux: when it turns clear, the parts are ¢

permit rapid and even heating. The flame should
soft enough to wrap itself around the small diamet
pipe or fitting, except on ETP copper where a neutr

or slightly oxidizing flame should be used. '

Adjust torch for a slightly reducing flame, Fig. 14, .

extension tube about 10” long, so tip can be bant t
direct flame where desired when working in tlg
quarters. ‘



N}

’/f,l n\‘

Fig. 15
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FITTING §
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APPLY
ALLOY
HERE

Fig. 16

FITTING

APPLY
ALLOY
HERE

" f: He Co.
OEKCy’ Handy arman Zo

. Start heating pipe or tube about ¥2” to 1” away from

end of fitting, Fig. 15. Heat evenly all around to get
uniform expansion of pipe and to carry the heat uni-
formly to the end inside the fitting.

. When flux on pipe adjacent to joint has melted to a

milky liquid, transfer heat to fitting, Fig. 16.
Sweep flame steadily back and forth from fitting to

. pipe, keeping it pointed toward pipe, Fig. 16. The ob-

ject is to bring fitting and pipe up to an equal heat
together for application of the silver brazing alloy.
Avoid holding the flame at one location on the fitting

as this can cause localized overheating.

. When flux is a clear, fluid liquid on both fitting and

pipe, pull flame back a little and apply alloy firmly
against pipe at junction between pipe and fitting, Fig.
16. With proper heating, alloy will flow freely into the
joint. One final pass with the torch at the base of the
joint and, when possible, rotating the fitting while
the alloy is molten will help expel entrapped gases
and flux.

Making Vertical Down Joints

In joining fittings to 3" pipe or smaller, the entire
joint can be brazed in one simultaneous heating op-
eration as described in the preceding section.

. When pipe and fittings are larger than 3", sectiorial_ '

heating is necessary. This is done as follows:
1.—Always start with a preliminary heating of pipe
and fitting according to section 5d above. Bring pipe .
and fitting to a black heat only.

2.—After preliminary heating, select a 2” segment
and bring pipe and fitting to brazing temperature by -
wiping flame from back of bead of fitting toward pipe,
Fig. 17. When segment is up to temperature, as indi- :
cated by clear, very fluid state of flux, apply silver
brazing alloy and sweat it in. _
3.—Then do an adjacent segment and proceed around
the pipe, being sure to overlap the braze from seg-
ment to segment. ‘

Making Vertical Up Joints

o

Start with preliminary heating of pipe as before.
When flux is liquid and milky, transfer heat to fitting
and sweep back. and forth from fitting to pipe, Fig. 18. -
Do this all around. Be careful not to overheat pipe
below fitting as this will cause alloy to run down pipe -
and out of the joint.

. When brazing temperature is reached, as mdlcated

by flux, touch alloy to joint with heat aimed on wall
of fitting to pull alloy up into the entire joint area.

Making Horizontal Joints

If the entire joint can be made in one operation,
apply the alioy at the top of the joint, so it can run
down each side of the tube by capillarity and gravity.
Apply the torch to the bottom of the fitting to puil the.
alloy into the joint. Make sure there is alloy showing



FITTING

1

Fig. 19

OVERLAP

BRAZE

around the fitting; if the top is void, add more alloﬁ
- The excess will collect at the bottom.
If the joint is too large to be brazed at one time:

a. Start by preheating pipe until it shows a black heﬁ
around its entire circumfarence. Duplicate this pr
cedure on fitting.

b. Now, select a segment on top of pipe and bring it u
to brazing temperature by sweeping flame back an
forth between fitting and pipe. Then apply alloy, Fi
19 (1), after which, remove heat and allow alloy to s

¢. Then do one side starting below center, Fig. 19 (2

OVERLAP BRAZE

Be sure to overlap top segment.

d. Next do the other side, Fig. 19 (3), again being su
to overlap top segment.

e. When both sides are done there will be a globule
alloy on each side at the bottom of the brazed se
ment, Fig. 19 (3). Apply heat on bottom of fitting
back of bead and with the usual back and forth m
tion toward pipe, draw the alloy into the bottom joi
segment. Do not be fooled by a large fillet along t
bottom. It may have flowed down over relatively col
metal. Always heat bottom of fitting to pult this all
into the joint.

D

L

I. Finally, again check the top side of the joint to be su
the brazing alloy did not drain out. If necessary, r
heat and touch more alloy to this area to form a sligl
fillet.

Joining Valves
Valve packings, seats and diaphragms can be da
aged by excessive heat. Packings may have to be re
moved or water-cooted during brazing. Seats can
protected by suspension inside the valve, Fig. 2

APPROXIMATE AMOUNTS OF SILVER ALLOY
FOR BRAZING DIFFERENT SIZES OF PIPE AND TUBING

INTHES OF WIRE PER JOINT
Pipe & Tube Easy-Flo alloys for Stee Sil-Fos for
Size o brans 155, Fiimgs. Nommal Firos
1/18 Wirs~ 3/32'* Wire 050" x 1/8" x 20
‘/4“ . %u FA
%H ‘H ‘ll
V' 27 1 Ta*
3 [ VA" 2
T rg I A%
14" 5 22" 4"
14" [ vz* 44
134" 5" 5
2" &2 [H
2vy" 9Va' 12"
3 142" 16
V" 17 20"
I 20" 24"
5“ 25“ 35”
6“ 36‘" ‘5“
(& 46" 57"

]: KCJ N U.S.A./3/1972

wll Toxt Provided by ERIC

'tesy, Handy & Harman Co.

by closing valve % turn from fully open, and min
mizing the heating time. Follow any of the above pr
cedures but point the flame away from the valve boc
and use a low-melting and free-flowing brazing all
such as Easy-Flo 45. Apply a wet rag or swab to t
valve body immediately after the alloy sets, Fig. 2

CLEANING AFTER BRAZING ,
Immediately after brazing alloy has set, apply a w
brush or swab to joint, Fig. 22, to crack and wash
flux. Flux can be removed from inside of pipes
flushing with water, preferably hot. All flux must
removed for inspection and pressure testmg Use
wire brush if necessary.

WARRANTY CLAUSE:

Handy & Harman believes the information contained herein
to be reliable. However, the technical information is given by
Handy & Harman without charge and the user shall employ
such information at its own discretion and risk, and Handy
& Harman assumes no responsibility for results obtained or
damages incurred from the use of such information in whole
or in part.

H.__\I:Il:l HANDY & HARMAN 850 THIRD AVENUE NEW YORK, N.Y. 100
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- most versatile piping method available. It is five fimes

GROOVED
PIPING
METHOD

ictaulic

The Victaulic method of joining grooved pipe is the

faster than welding; easier and more reliable than
threaded or flanged methods. Assures long life, leak
tight security and lower installed cost than competitive
methods.

The Victaulic method has the versatility of a piping sys-

tem which provides expansion, flexibility znd vibration

" reduction with a union at each joint. Victaulic can be
- applied to black or galvanized steel, stainless, alumi-

. num, wrought iron, plastic—almost any pipe of IPS
dimensions. A single coupling size fits most types and
wall thickness of pipe in its size. (And Victaulic has
couplings for cast iron sizes, too.)

The Victaulic grooved piping line is the most complete
available. With a variety of couplings in 3;" through 30"
sizes. A complete line of fittings. Butterfly valves. Plus
the unique Vic-Flange, Outlet Couplings and other prod-
ucts available only from Victaulic. Portable groovers
for on-site grooving. A nation wide stocking distributor
organization, backed by elght Victaulic warehouses
across the country.

The Victaulic method is simple yet effective. Based on
a groove machined in the pipe end, the system is joined
by ductile or malleable iron housings which lock into
the grooves enclosing a synthetic gasket to create
the seal.

3—BOLTS/NUTS—The steel oval neck track bolts seat
in the housing slots permitting assembly with a
single wrench.

1—HOUSING—The housing segments are precisely
cast of ductile or maileable iron. The housing key
engages the grooves in the pipe around the entire
circumierence securely joining the pipes.

2—GASKET—The gasket is designed to seal under
pressure or vacuum. Molded of varied synthetic
elastomers, the gasket is designed to provide long
life for the intended service.

4—GROOVE—The groove permits joining of the pipes
together without clamping. This provides the con-
trolled flexibility and permits rapid assembly. Pipe
is available from mills or distributors grooved for
Victaulic couplings. A complete line of portable
tools adds versatility for easy on-site grooving,

THE METHOD . . . The unique design features of the
Victaulic grooved piping method offer many advantages

not available with other methods. Victaulic offers the -

versatility of a wide variety of coupling styles and sizes

Fast, simple A permanent
assembly joint

Expansion and
contraction allowance

Fig. 2-16

plus a complete line of fittings, grooving tools and ac-
cessories. Quality and reliability are assured by more
than 45 years of experience in grooved pipe joining.

Union Easy
at each |omt alignment

Working pressures listed are based on hydrostatic tests with no external load using standard weight steel
pipe through 20-inch (XS above 20-inch), square cut grooved to Victaulic standard specifications.

Field test pressures shall not exceed 115, times rated the working pressure including external loads,
"o assure the maximum life for a particular service, refer to Victaulic Gasket Selection Guide and always

specify gasket grade when ordering.
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rolled into the metal. Grooved fittings as shown ére used to
complete the system, which is used for chilled water and con-
densing water piping in heating and ventilating work.

. Compression-sleeve Couplings (Dresser)

This joint forms a water tight connection between two plain ended
pleces of pipe by clamping two rubber gaskets around each plece.
There 1s no nrovision to kesp the pipe ends together, therefore
thrust bloeks, anchors or other restraints nust be used to keep
the joint from pulling apart. (Fig. 2-16)

Installation of Piping

Good piping systems don't just happen - - they are planned. The
piping drawings usually show a schematlic arrangement indicating
the general location of the various lines, but it is usually the
job of the contractor's layout man to locate them to miss duet
work, lighting fixtures and structural obstacles with the minimum
amount of labor and fittings.

The following pointers are some of the things that make a good
pilping system: |

1., General Arrangement:

Pipes to be installed parallel to walls, arranged to present
a neat appearance as to grouping and workmanship.

No interference of pilping with light fixtures, passirg over
access openings, or blocking passageways.

Sufficient distance between pipes to allow proper installation
of insulation and painting. o

Pipes installed high enough above passageways to allow 6'-9"
clear headroomn.

Pressure gages and thermometers installed for easy visibility
from the working level.

Sufficient unioﬁé or flanges installed to permit disassembly
" of pilping for access to equipment, -

2. Pipe Support Systems,

A hanger should be placed within 1 foot of the elbow where
there i1s a change of direction in either the horizontal or-
vertical plane. '

Hangers should be placed near the connections to équipment
such as pump, -compressors, etc..so that no weight is trans-
mitted to the equipment. A hanger should be placed elose to
a union especially if it is next to a heavy valve.
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Hangers which support moving pipe should have a hinged joint
at the point of support from the building, otherwise the rod

will fatigue and fail.

Piping subject to surges, water hammer, or pump action require
braces at changes of direction, : ‘

The following is a good schedule for hanger spacing:

: 3/4" Size 1" Thru 1-1/2" Size
Type of Pipe or Smaller 1-1/4" Sigze or Larger
#Steel Pipe | gr-o" _ 10'-0" s:10'-0"
Copper Tubing 5r-0" g1-0" 10t-0"
IPS Brass Pipe - 8t-o" g1.o" 10'-0"
Plastic (PVC) 31-0" 5o 710"
Plastic 12 Times 8 Times 8 Times
(Polyethylene) Pipe 0,D, Pipe 0.D. Pipe 0.D.
2% Hangers for steel gas lines shall be spaced on centers

of 6'-0" for 1/2" sizes, 8'-0" for 3/4" and 1" sizes
and 10'-0" for all other larger sizes.

%%  Spacing may be 16'-0" for sizes 6" and larger (steel
pipe only).

Where compression type joints are used, similar to the Dresser
coupling, or O -ring joints, thrust anchors must be used at
changes of directions. For buried lines, the size of the thrust
block depends on the bearing strength of the soll, the pipe
diameter, the angle of direction change and the pressure in the
pipe. The load on the anchor is found as follows:

Load s internal pressure x internal area of pipe x fitting
factor.

Where load = 1lbs

Internal pressure = 1lb per sq in.
Internal area z square inches
Fitting factor: .

90° ell = 1l.41
Caps, plugs, tees = 1.00

450 ell = 0.77
2240 ell = 0.39
111° ell 3 0.20
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The following bearing loads are for horizontal thrusts when the
depth of cover over the pipe is 2 feet or greater:

Muck, peat, etCeccceccccsscacas O 1b per sq ft.
SOft ClAYeesccecocaccncssssasee - 1,000 1b per sq ft.
Sand.....;..................... 2,000 1b per sq ft.
Sand and gravel.cecccsccsscccce 3,000 1b per sq ft.
Sand and gravel with clafececeos 4,000 1b per sq ft.
Hard Shaleseeceecsesssssssscsscce 10,000 1b per sq ft.

The anchor block of concrete must be poured up against undisturbed
earth, with no form lumber between the two; the bearing area
equal to or greater than the amount calculated from the above for-
mulas. See Fig. 2-17 for typical thrust block arrangements.

Allowance must be made for the expansion and contraction of pipe
subject to temperature change. Expansion can be provided for by
means of "U bends" or offsets fabricated from pipe and welding
elbows, by packed slip joints, corrugated bellows, and ball
joints. Expansion bends do not require any maintenance but may
require more room than is available. Guldes esre needed to re-
strain the pipe movement along its axis and to keep the pipe from
raising off its supports. The slip joint requires some mainte-
nance and needs guides, as does the bellows type.

Expansion loops are fabricated from welding fittings and pipe in

U shapes (where space permits) for high temperature steam and water.
They require anchors and guides to restrain the pipe and keep it
from raising or moving sideways off the supports.

Fig. 2-19 shows corrugated bellows; (a) the restrained type for
high pressures and (b) suitable for 30 psi. Fig. 2-19 1s a
typical layout using bellows showing gulde and anchor arrangements.
This joint cannot be subjected to lateral offset and the pipe must
be gulded squarely into the joint. Figs. 2-21 and 2-22 show &
packed slip joint, anchor and guide layouts for a typicsl arrange-
ment. Fige. 2-24 1s an expansion U bend, and an offset constructed
of pipe and welded fittings with the recommended gulde locations.
"Cold springing" an expansion loop is done to get more flexure
from the loop. It can be seen that by spreading the legs apart
(before connecting the pipe) an amount equal to 1/2 the expected
thermal expansion, the expanded pipe will close the loop together
only 1/2 of what it would without cold spring. This permits the
use of smaller loops for a given expansion. It is very important
that the loop be cold sprung to the figure shown on the design
drawings, otherwise the pipe will be overstressed.

See Appendix Table A-4 & Fig. 2-20 for exﬁansion'of piping, and
copper expansion loops. '
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Thrust Blocks at Fittings

LOCATION OF THRUST BLOCKS

The location of thrust blocks depcends on direction of
thrust and type of fitting as shown below.

1 thrusts, duc to high pressure, ore At vertical bends, anchor to resist
expecicd, anchor valves as chove  outward thrusts—see page 65.
{see also poge 67). .

Fig. 2-17
Courtesy, Johns-Manville Transite
Pipe Division
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X

1

i P

TR . : With Standord Flanges

guyins 20D
Fig. 2-18 (a) Fige 2-18 (b)
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USE JOINT WITH  USE JOINT WITH

Typical Installation | | EXPANSION JOINTS

Example of Joint Selodion.

A is Main Anchor
B is intermediate Anchor
C is Guide

EXPANSION CALCULATIONS

EXAMPLE:

DATA—Pressure 75 P.S.I.
Pipe Size—8 in. Steel Pipe
Length of Pipe—175 Feet
Temperature (Operating) 340°F.
Temperature (Installed) 60°F.

%/&
L%
& %
ﬁ&
/
USE JOINT WiTH
<« 236" TRAVERSE _,

EXPANSION TO BE CARED FOR:

Maximum Temperature 340°F. — Expansion per 100 Ft. 2.862"
Installed Temperawmre 60°F. — Expansion per 100 Ft. .593"

[EN]

1]

& 175’

¢>: ™ 2.269" X mew—m= 3,97" Total Expansion

o ‘|‘ 100 '

,— B
Sf For this installation use Controlled-Flexing Joint with 434" Traverse. -
o

‘ C PRESSURE REDUCING INTERMEDIATE
VALVE 75 TO 25 PSI ANCHOR

_ETL‘% — i

ol TR, >

1-%" TRAVERSE

- - 0'—u|¢—83’ 2 OF et

MAIN ANCHOR ‘ C
. A ‘
— 7. ——————=
SELECT JOINT WITH 4-34" TRAVERSE
Fige. 2-19

In order to insure the proper functioning of corrugated expansion point, suitable guides should be provided within two feet of
joints it is highly important that all pipe lines in which expansion each end of the expansion joint to prevent lateral or hucklin

joints are located be suitably anchored, guided and supported. force on the joint. &ote intermediate anchors "B” in diagram,

oper anchoring, guiding and supporting will insure a con- . L . .
trolled motion of tlﬂnexpmsion joint and pipe line, fred from Where two or more joints are required in & straight run of pipe,
lateral stresses. place intermediate anchors between them. This insures that each

' expansion joint will properly absorb its rated share of the total

* Whenever possible, the exEnnsion joint should be located near motion involved. (Note intermediate anchors **B” in diagram.)
the anchor point, preferably within two feet of the anchor.
{Note maiz anchors at points A in diagram.) When it is neces- An expansion joint should be installed with each directional
_sary to install the joint midway between anchors, or at another - change of the pipe line unless designed for combination motions.

IToxt Provided by ERI

. L
:  | : | 40 - (Flexon Co.)

2.269"



SATURATED STeAM PRESSURE .
VACUUM-INCHES MERCURY GAGY PRESSURE - POUNDS PER SQUARE INCH
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Fig. 2-20
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140’ ! 220’ 210’ {
ANCHORED : ANCHORED
SINGLE-END . SINGLE-END

JOINT ‘ JOINT \
«
s |
LI , _F
A GUIDES
T ANCHORED f
B : DOUBLE-END )
~~— ANCHORED ELBOW JOINT -

J  euioes
=4 UNANCHORED
SINGLE-END
l JOINT GUIDES D GUIDES
l 0 0 0 0 gm [j.' 0 0 S— l
y T \d 1 oI L O T
] AP < ancHoReD ELBow . ANCHORED ELBOW—" 1,1
’/ \\
’ oy
Yarway Co.
Fig. 2"22
RECOMMENDED SPACING FOR GUIDES AND SUPPORTS (Dimensions in feet)
""Neminal pipe sizes (inches) 1%] 2 12%] 3 j3n 4 -] [] s}|10} 12 141 16 18 20 24
Distance betwsen joint and slwofnjr2f13|wafis|re|re|20]21]22] 23| 24| 25| 26

first alignment guide

Distance between 150psi| 12}16122 )28 |30 |34 |42 |51 |65]82] 949|107 ] 116 |125] 141

alignment guides 300psi| 12| 14]18 | 22|26 (29 |36 |42 |53 66| 7576 84 | 90 | 96 [ 107
Maximum distance between sjwf1n 12|13 14|15 |16[18[20] 21| 22| 23| 24 | 25 | 26
pipe supports
Fig. 2-23 Yarway Co.
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Provision should be made for venting air from a system which will
be hydrostatically tested and also for completely draining it
afterwards. Sufficient drains are also needed to completely flush
the lines during the cleaning operation. '

Pipe and fittings should bs inspected for obstructions such as
shipping material, rags, constructicn dirt, etc, prior to closing
up, and temporarily capped up when hung in place. Jater should
not be allowed to stand in open viping. :

Yfhen pipes pass through floors and walls of buildings there

should be a clear space left around the pipe sufficiently large
for movement caused by expansion of the pipe and movement of the
building from settling or earthquakes., Never grout around a pipe.

Special provision must be made for underground pilping passing
through subgrade walls to seal off ground water from entering
around the pipe opening, without sacrificing flexibility between
the pipe and wall. '

Piping systems should be tested hydrostatically, the exception
being refrigeration piping. The system must be completely filled
with water, and completely rid of air. The test pressure is then
applied with a positive displacement (plunger) pump, hand or motor
driven. ‘hen the test pressure has been reached, the pump should
be valved off or disconnected, and the gage observed during the
test period. A minute leak will ceouse a largcé pressure reduction,
which is the advantage of ths hydrostatic over an air pressure
test. If the line is subject to temp:rature changes, thc amount
of water bled off and then added to keep the pressure at the vre-
scribed level during a 24-hour test period should be recorded and
the net leakaze determined, if any. ‘Velds should be carefully
inspected during the test for weeps, and renaired as required.

Pipe Cleaning

Some specifications contain reguirements for.cleaning the piping
as follows: ™"Drain and flush »iping to razmove grease and foreign
matter, Blow out oil, air, vacuum and gas piping with compressed
air®, To effectively move debris through a pipe by flushing or
blowing requires a lurge volwme of wa'a» or alr, and geuerously
sized drain or blowoffs at all the low points to gat rid of the
dirt. The results are usually lecs bthan sctisfactoiry.

YMost construction dirt can be ix
cribs above the ground and kesep
be swabbed out free of welding =
The rust, scale and oils that adh
best remnved b chamicsl cleanling
difficuit. Trisodium Fhosrhat> (&
fifty gellons of -—sotan in the syebeun
temporaturs is a good cicaner. This io ¢!
then completely draincd, and the crstrs
(if 2 hot or chillecd water syslneii)e Comne

le Larger pipes should
ecatlicn proceeds.
gide of the rire arc
1 : ;ither cxransive or
) mixed cene pound for each
, ona weated  to the operating
lebed Do few hours,
1 with ciean water
aning firms
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are alsc available to perform thic service.

Valve Lynes

The morce comuon valve tyres and s-me detw

.arg chovis:

HANDWHEEL
(RISES WITH STEM)

RISING STEM—.

(INSIDE SCREW)

PACKING NUT
WITHOUT GLAND

SCREWED
THREADED BONNET

SCREWED .

NARROW SEAT DISC ENDS

[CONVENTIONAL)

.
Flf.'_,. Ert;

An:le Valve

HAND WHEEL - ~
{RISES WITH STEM)

RISING STEM
{INSIDE SCREW)

PACKING NUT
WITH GLAND

SCREWED UNION
RING BONNET

PLUG TYPE DISC

/SCREWED
ENDS

O

ERIC

- : 44
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=
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This angle volve hoe o rising
stem and threaded bennet, as
noted, 4angle vslves can be

used for throttling (adjusting)

the flow -rithout seal damage.

. The plobe valve chewn has a

risin; ztcn, and a scrawed union

bonnet, -hieh iz a more rugged

conctraction than th> thrasgded

chowm, Mich zives it 00d

o

R LI R -
cinapueLarlouics, ana

Figs. 2-25 to 2-31 Courtesy
of Crane Co.



RISING STEM
{OUTSIDE SCREW

SOLID WEDGE
DIsC

L

- HANDWHEEL
( DOES NOT RISE
WITH STEM)

_~BOLTED
BONNET

Gate Valve

Rising Stem

- |

HANDWHEEL ~
{DOES NOT RISE}

SOLID WEDGE
DISC -~

FLOW =

Gate

BOLTED GLAND

- NON-RISING STEM
{INSIDE SCREW)

SCREWED ENDS

Valve

llon-rising stem

ERIC

Aruitoxt provided by Eic:
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The gate valve of Fig. 2-27 has
a rising stem (but fixed hand-

wheel) and a bolted bonnet, and

“is also called on outside screw

and yoke (0SY). It requires more
room because of the emergent stem,
the threads of which are not in
contact with the fluid. The
position of the stem indicates
whether the valve is‘open 6r
closed. Tle disc is a solid
wedge. All gate valves must be

full open or full closed,.

This gate valve has a non-rising

stem and handwheel, The screw

is insid: the bolted bonnet. The

disc is a solid wedge. Solid-

e

wedges are the most common type
of gate 'valves, but are subject
to sticking where there is a

change of temperatwre.
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Fig. 2-29

\-HANDWHEEL
{DOES NOT RISE
WITH STEM)

RISING STEM
(OUTSIDE SCREW)

Double Disc Parallel Seat

(Gate Valve)

BOLTED
BONNET ———

Fig. 2-30
Swing Check Valve

=
il

H
i

Fig. 2-31
Lift Check Valve

FLANGED
ENDS

COMPOSITION
DISC

SCREWED UNION
RING BONNET

COMPOSITION DISC

SCREWED END

This style'of gate valve (nonp'
rising stem) has a double disc‘
seat and utilizes an internal
wedge to force the double discs
againét the seat, This valve is
less likely to stick because of

a temperature change.,

R

‘Check valves permit flow in one

direction only., The sﬁing check
can be installed vertically o

horizontally.

The 1ift check can be installed

' in a horizontal position only.

Its composition seat will make

" a tight shut-off.
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Stem

Body/ \.

Ball valve in closed positien.

PRESSURE-TEVIPERATURE RATINGS

SERVICE BL-301 BUNA-N BL-301TF TEFLON
WATER 400 psig @ 100°F 400 psig @ 100°F
0OiL OR 300 psig @ 125°F 300 psig @ 200°F
GAS 200 psig @ 150°F 250 psig @ 300°F

100 psig @ 220°F 200 psig' @ 4009F
STEAM 150 psig ~ Saturated Steam

NOTE: BL-301 with Buna-N trim is Underwriters Laboratories ap-
proved for use on Liquefied Petroleum Gas at maximum pressure
of 250 psig.

TESTS

Hydrostatic Shell — 600 Lbs. psig -
Air under Water — 250 Lbs. psig

MATERIALS

BODY. Forged brass. ASTM B 283,
. CAP. Forged brass. ASTM B 283.

. SEAT. BL-301: Buna-N, brass insert.
BL-301TF: Teflon.

. STEM. Nava! brass. ASTM B21 Alioy C.

BALL. 4" thru 1*: Naval brass. ASTM B 21 Alloy C.
14" thru 2": Forged brass ASTM B 283.

. HAMDLE. Carbon steel, cadmium plated.

. GRIP. BL-301: Bfack vinyl.
BL-301TF: White vinyl.

8. SCREW. Carbon steel, cadmium plated.

9, Q-RING. BL-301: Buna-N.
8t.-301TF: Viton rubber Teflon.

10. 0-RING. BL-301: Buna-N.
BL-301TF: Tetion.

41. SHAKEPROOF NUT: Carbon steel, cadmium plated.

Np O 0n WRR

R-P-C Valve Co.

Fig. 2-32 Ball valves turn'frow full i
2 i closed te full oren in

one-quarter turn and can be usad for steam d rvi

The valve stems are sealed with O-rings.a and water service.

ERIC am

Aruitoxt provided by Eic:

Fig. 2-32A

Butterfly valves are used
for tight shut off and
throttling ligquids and
zases. The disc seats
against a Buna-I boect for
tight closure. Th» valve

is locked in varicus rosi-
tionz by means of a ratchet
ar gshomm. - Year crerators
ar: uased Ter the larger
siz:s. Discs and liners are
available in many different
materials and should be
checked against the specifi-
cations. :

Centerline Co.



Valves are usually basically rated in terms of allowable steam
pressure, as 125, 150, 200, 300, etc, but also carry a rating
for OWG (oil, water, gas, non-shock) of much higher pressures.
Thus, a certain 125 1b valve is good for 125 1b steam and 200 1b
WOG, etc. The pressure ratings are cast on the body.

Bibliography

Footnote 1. Extracted from the ASME Boiler and Pressure Vessel
Code (Section IX), with the permission of the publisher, The
Americcn Society of Mechanical Engineers, United Engineering Center,
- 345 Rast 47th Street, New York, N.Y., 10017,

Footnote 2. Extracted from the ANSI Standard Code for Pressure

Piping, Power Piping, ANSIB 31.1l.0 with the permission of the
publisher, The American Society of Mechanical Engineers,
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3. PIPING SYSTEMS

This section will deal with good piping practices to be observed
for the various types of systems used In air conditioning, heating
and ventilating plants,

Steam and Condensate Returns

The steam vroduced by steam heating boilers is usually at the
saturation temperature of the boilsr rressure (no superheat) and
starts to form condensatec as soon as it leaves the boiler outlet.
The steam mains and branches must be graded "downhill" to pockets
or "“drip legs" where the condensed steam pzsses through a steam
trap and flows throuch a drain collecting system and eventually
back to the boiler. The steam travels at a high velocity and
sweeps the condensats slons with it. If the line 1s nct properly
graded and kept frec of condensate the steam will pick it up and
throw it against the snd of the main with a tremendous force. The
main, and any steam line in which the ccndensate travels the same
direction of the steam, should pitch down 1/2" per foot if practi-
cable. The exception to the agbove is branch comnections to heaters
(Fig. 3-1-(e)) where the steam flows upwards and th: condensate
flows counter-currently back to the main. In thic case the branch
is pitched up 1" in 10' and made one size larger than the riser it
services. Steam branches chould always be talen off the top of
the main, either 90° or 45C€,

In ccnnecting a steam surply to a temperature control or similaer
open-closed device ths piping should be arranzed so as to prevent
an accumulation of condensate against the closed valve. (Fig. 3-2)

The condensate build-up will damage the seat of the temperature
control valve in time and also cause ercsion of the heat exchange
coils or tubes., The "wrong" method could be corrected by install-
ing a steam trap ahsad of the control valve.

Drip legs (also called dirt legs) should be the full line size and’
long enough to kesr the line well drained,

Steam traps are automatic devices that discharge condensate from
‘a steam filled space but vrevent the steam from leavinz. The gen-
eral tynes are float, bucket, and thermostatic in heating aprlica-
tions. The float and bucket tynes are orened and closed by the
ccndensate level in the body. The thermostatic type is opened and
closed by the temperature of the steam (or ccndensate) acting on
the heat actuated clement. The caracity of a trap is rated in
pounds ~f hour of condensate discharged. (Refer to Apvendix

page A-5 for trap descriptions and operation)

The capecity is determined b:- the =size of the disciharge orifice
and the pressure differential available to force the water through
the orifice. For example, 2 bucket trap used tc drain a 125 nsi
steam and discharging into a gravity condensate return system will
have over a 100 psi ‘differential pressure and requires a small
orifice. On the other hand, the steam pressure inside a heat
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exchanger may be 3 or 4 psi, or even a vacuum at times due to the
condensing effect of the steam, and requires a large orificed
trap. If condensate is allowed to collect inside the shell of a

" heat exchanger, the energy given up by incoming steam as it con-
denses on the water surface will rupture the tubes in time. For
this reason it is mandatory that steam traps be generously sized
to allow discharge of the condensate, and that the discharge piping
always be lower than the lowest point of the heat exchange appara-
tus. The discharge piping must never rise above the drain outlet,
The condensate flows through the "return" system to a condensate
return receiver and is pumped back into the boller feed system.
High pressure and low pressure returns (from high and low pressure
steam lines) should be run separately to the condensate recelver
or considerable water hammer and pipe movement and possibly pipe
failure will result.

Vacuum systems have a pump that maintains a vacuum in the return
line and returns condensate to the boiler. Lift fittings are used
to ‘elevate the condensatc as shown in Fige. 3-1 (e). Lift fittings
will operate under a vacuum only.

Hot Water Supply and Return

There are three general types of hot water heating piping systems:
the one pipe, the 2 pipe direct, and the 2 pipe reverse return
(Fig. 3-3). The one pipe has a single main which is the same size
throughout and handles the supply and return to and from each
heater. A special fitting is used to divert a certain amount of
water to each heating unit. In the two pipe direct system, a loop
is formed by the supply and return lines, the return from each
unit returning directly to the boiler by the most direct route.

* It can be seen that the first unit nearest the boiler has a greater
pressure difference between its supply and return connections than
the one at the end of the loop, which make it difficult to obtain
an equal flow of water through all heaters. This is ovsrcome by
the two pipe reversed asrrangement which takes more pipe but is
practically self-balancing. :

The trapping and elimination of unwanted air in a hot water system
is necessary for the system to operate properly. Ailr will collect
~at the high points of piping and heating coils and prevert flow of
water and heat transfer. Theoretically, a hot water system is-
closed and completely full of water, However, air does emter with
~make up water, through automatic air vents (if used) and around

pump packed glands. Some of the methods and special fittings to
eliminate ailr problems are listed below.

Pipe is graded upwards in the direction of flow at the rate of
1/4" . 10 Test to high point snd released by means of manually
operated bleed off valves.  Any reducers used are eccentric,
with the flat side on top. ‘

Msnual vents are uscd instesad of automatic (ball float operated)
Vents, as the latter will open and admit air if the water level
should fall,

~ Alr collecting fittings are used on the outlets of boilers and in
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the hot water discharge piping from heat exchangers (Fig. 3-4).
The air outlels are piped directly from the air collecting devices
to the expansiun tank, and any horizontal sections are graded up
not less than 1" in 5 feet. (Fig. 3-7) An "Airtrol" fitting, or
equal, 1Is installed in ths bottom of ths expansion tank, The air
breather tube permits ths tank to be quickly drained periodically,
which is necessary to replenish the air cushion. The air in an
expansion tank is gradually absorbed by the water and the tank 1s
recharged by completely emptying it and refilling. The pressure
reducing valve should supply enough nressure to fill the system

to the highest point plus a few pounds extra. Any vrescure

higher than this requirement will reduce' the capacity of the ex-
pansion tank unnecessarily. In order to ve able tc¢ drain the tank
it will have to be 1isolated from the rest of the system with a
-shut-off valve which preferably should be z rising stem type
locked open during normal operation. Also note in Fig, 3-7 that
the make-up water connection is connected into the side of the
vertical riser to the expansion tank, as the pressure at this
point 1s not affected by the pump.

Chilled ‘Water Systems

The same general remarks and precautions discussed above also
apply to chilled water supply and return systems,
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TYPICAL AIRTROL BOILER FITTING INSTALLATION DETAILS

‘Yo B&G System Pump

"When necessary, reduce
at this point
ey

To B&G Compression
Tank and Airtrol Tank

Fitting - l -
1 .o l Use full size close nipple
A S ! ; '

To B&G System Pum To B&G Compression
y P Tank and Airtrol Tank
Fitting

" When necessary, reduce
at this point

Use full size close nipple

To B&G System Pump

When necessary, reduce
at this point

To B&G Compression =——————u

Tank and Airtrol Tank
Fitting -

—————

’Th

1
i r4—- Use full size close nipple
. |
]
| |
| mmgp e
| |
| |
L/

Fig. 3-4 ‘
| - ‘Courtésy,'ITT—Bell_
54 .. . -and Gossett Co.




CHAPTER 6
AIR SEPARATORS

BOILER DIP TUBES

The most common and often one of the most effec-
tive air separators available to design engineers is the
conventional hot water heating boiler. In boilers hav-
ing large internal water passages, water velocity is
usually quite low and free air released in heating can
readily rise to a convenient high point. From this col-
lecting point, air can then rise into the compression
tank. To prevent free air collected at the top of the
boiler from being circulated out into the system and

into the radiation, boiler dip tubes, either top outlet
or side outlet, are available. Some boiler manufac-
turers furnish these dip tubes as standard equipment.
B&G offers a complete line of boiler dip tubes for -
practically all sizes and style of boilers. Figure 14

illustrates some typical piping arrangements where dip
- tubes can be installed in boilers to create an air sepa-

rating point. Boiler dip tubes should always be in-
stalled so that the dip tube is pushed into the boiler
as far as possible, well below the top of a top outlet
boiler or well into a side outlet boiler.

TO SYSTEM 10 SYSTEM
TANK'
H '
b FROM SYSTEM i) FROM SYSTEM
AN g
BOILER DIP TUBES FOR
TOP OUTLET BOIWERS
TO SYSTEM
TANK
bt
. Yy
FROM SYSTEM 7t
BOILER DIP TUBES FOR
SIDE OUTLET BOILERS
FROM SYSTEM
FROM SYSTEM :
TANK
TANK :
T0 Svsrem abe
=3 i TO SYSTEM
A :
, _j
BOILER DIP TUBES FOR
REVERSE FLOW BOILERS

Plg, 3-5

O ‘. ) 55
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TO COMPRESSION TANK

OPTIONAL
DRAIN VALVE
CONNECTION

(a)

In-Line Asr Separator.

IAF AIR SEPARATORS

Often, however, a boiler is not available or useable
as the point of air separation. Another low velocity
area must be provided in the system as the air separat-
ing point.

Figure a illustrates an effective low velocity air
separating tank which'is equipped with a dip tube to
create a reversal of flow. Tests have shown that water
velocity must be reduced to at least six inches per
second for effective separation of free air from a pip-
ing circuit. However, a straight-through tank for air
separation, even though sized for low water velocity,
is apt to develop short circuiting channels or water
streams where air bubbles will remain entrained. The
vertical distance and velocity of water travel in a
separator is directly related to the percentage of free
air that will be separated. The dip tube air separator
{B&G IAF model) also serves as an effective settling
point for sediment and other debris common to new
piping systems. '

B A .1 70x provided by ERIC

TO AIRTROL TANK HTTING
BOILER

FROM
CHILLER OR CONVERYOR

TO PUMP SUCTION

STEEL STRAINER
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BLOWDOWN CONNECTION
Rolasrtrol air separator with removeable sys-

(b)

tem strainer.

. ROLAIRTROL AIR SEPARATORS

Another effective air separator now available (the
B&G Rolairtrol} utilizes a different principle for sepa-
ration rather than low velocity alone. (See Fig. b)
Inlet and outlet openings on the Rolairtrol are in-
stalled tangentially. Circulation through the Rolair-
trol creates a vortex or whirlpool in the center where
entrained air, being lighter, can collect and- rise into
a compression tank installed above. Instead of relying
entirely on low velocity separation, the action of cen-
trifugal force sends heavier air-free water to the outer
portion of the tank, allowing lighter air-water mixture
to move into the lower velocity center. An air col-
lecting screen located in the vortex aids in developing
a low velocity area in the center where air can collect.
The Rolairtrol offers the advantage of achieving effi-
cient separation in a much smaller size of tank.

Courtesy, ITT-Bell and Gossett Co.

Fig. 3-6
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19.

Restrainer bolts are installed on flexible connectors to'
prevent them from blowing apart when pressurized.

Hangers are adjusted for equal load. Clevis hangers bolted
to hanger rod with two nuts; above and below upper strap.

Steam strainers blow off to a safe place.

Strainsr baskets can be withdrawn without interference.

- Strainer blow off velve same size as connection on strainer

bOdy.

‘Relief valves discharge to a safe place, and drained in the

case of a vertical riser so water will not collect against
the top of the seat.

.Vents from natural gas pressure regulators arc piped to a

safe place (to a vented firebox, or to atmosphere).
Shut-off valves located for easy accessability.
Gas shut-off valve located outside the building.
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4. AIR MOVERS

Alr movers, popularly called "fans", are the workhorses of venti-
lating systems. They come in a great variety of shapes and sigzes,
rast. be carefully selected for the job they are to do, and need
to be installed with near-ideal inlet and outlet conditions to
produce the expected performance. The most useful tool in estab-
lishing fan output is the fan curve which will be discussed as
well as the various types of alr movers.

The Air Moving and Conditioning Association (AMCA) has standard-
ized fan types as shown in Fig. 4-1. The familliar propeller fan
has a propeller or disc type wheel mounted in a ring or shroud,
and is generally used for free delivery, or against a low resis-
tance. The tubeaxial fan consists of an axial flow wheel inside
a cylindrical housing, in addition to which the vaneaxial fan
_uses guide vanes before or after the wheel. The centrifugal fan
consists of a fan rotor or wheel within a scroll shaped housing.

The following terms are used in specifying and evaluating fan
performance and are as defined by the AMCA: ’

l. Volume handled by a fan is the number of cubic feet of
alr per minute expressed at fan outlet conditions (namely,
air pressure and temperature).

2. Total pressure of a fan is the rise of pressure from fan
inlet to fan outlat, that is, the net pressure produced
by the fan. '

3. Velocity pressure of a fan is the pressufe corresponding
To the average velocity determination from the volume of
air flow at the fan outlet area. -

4, Static pressure of a fan is the total pressure diminished
by the Tan velocity pressure.

5. Power outrut of a fan 'is expressed in horsepower and 1is.
based on fan volume and the fan total pressure.

6. Power Input to a fan 1s expressed in horsepower and is
measured horsepower delivered to the fan shaft.

7. lechanical efficiency of a fan is the ratio of power out-
put to power input. : '

8. Fan outlet area is the inside area of the fan outlet.

Furthsr explahation and application of these terms will be
covered later in this seection,

0f the four general types of fans described above, the centrifugal
.fan is most commonly used for ventilating systems and is further
classified by type of blades: (1) forward curved, (curved in the
direction of rotation), (2) straight radial blades and (3) back-
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Figo 4.2

Fig. 4-3
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. wardly inclined blades, There are many variations of these basic
blade types, but ell centrifugal fans fall into one of these
groups, The radial blade fan (Fig. 4- 2) was the first style de-
veloped but nowadays 1s used mostly for pneumatic conveying sys-
tems, as sawdust and shavings, and for high vressure blowers.
It is not used in ventilating systems, The mext fan developed
was the forward curved blade design, (Fig. 4-3) which consists of
narrow cup shaped blades which rotate in a direction seemingly to
scoop up the air, while the backwardly inclined bladed fan
(Fig. 4-4) appears to "wipe" the alr. The effect of these dif- '
ferently shaped blades on the fan characteristics is shown by
the fan curves such as those shown below in Fig. 4-5 and Fig. 4-6.
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However, before proceeding with this comparison, we will discuss
fan curves in general. Referring to Fig. 4-5, note that there
are 3 curves shown, labeled "static pressure", "brake horsepower"
and "mechanical efficiency", and that there are values corres-
pondingly marked in graduations on the vertical (ordinate) sides
of the graph. "Cfm" is similarly scaled off on the horizontal
(abscissa) edge. This particular fan was selected to produce
20,000 cubic feet per minute of air against a static pressure of
6 inches which is what the designer figured he needed to do a
certain ventilation job. So, when the fan is conrected up to
the ventilation system and all dampers have been adjusted, the
fan will deliver 20,000 cfm if the static pressure is 6", If
the static pressure developed by the fan is, say 5", because of
an error in estimating thz pressure, the fan will deliver 27,500
cfm. The point is, that the fan delivery depends on what static
pressure it works against, and this is called the system resis-
tance. :

Referring again-to Fig. 4-5, at 6" sp, the braké horsepower is
32, and the mechanical efficiency is 68%.

Fig. 4-6 shows a set of curves for a backwardly inclined blade
fan, also sclected for 20,000 cfm delivery against a 6" statlc
pressure head. The curves are similar to a degree but closer
study shows significant differences in performance. The forward
curved fan has a constantly rising horsepower curve, while the
backwardly inclined blade fan has a horsepower curve that rises
to a maximum and then levels off or decreases slightly with in-
creased cfm. This points out the main disadvantage of the for-
ward curve bladed fan; that is, if the system pressure was .cal-

- culated too high or the system changed so as to reduce the pressure,
the horsepowsr becomes excessive and overloads the motor. The back-
wardly inclined blads fan has a self-limiting horsepower .curve and
cammot be overloaded under any conditions at a given speed. It
will be noted that the static pressure - cfm curve of Fig. 4-5 is
about 7" at 0 cfm, dips to 5 3/4", then reaches a maximum of 8",
The portion of the curve to the left of the 6" peak is an area of
unstable operation, and this 1is another disadvantage of the for-
ward curve fan should a design error result in operation to the
left of the penk, The forward curve fan has another disadvantege
of being less efficient than its backward inclined blade counter-
pert, as shown by the mechanical efficiency curves. The advan-
tages of the forward curved fan is that 1t turns at lower aspeeds
than other types, runs quieter and is smaller than the backwardly
inclined fan to vroduce equal c¢fm and head. The backwardly in-
clined blade fan has the advantages of higher efficiency which
can save power costs for large continuous operation applications,
and a limited horsepower requirement which permits economical
motor sizing. Another advantage is its steeper static pressure
vs c¢fm curve, which means that a2 variation in the system pressure
will result in a2 smaller variation in air delivery than with a
forward curved fan.

For example, Fig. 4-5 (forward curve) at 6" static pressure, the
delivery is 20,000 cfm. At 5" static pressure, delivery is
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27,500 c¢fm. Fig. 4-6 (backwardly inclined) shows that at 6n
static pressure, the output is 20,000 cfm, and at 5" it is
22,000 cfm.,

An important variation of the backward inclined fan is the air
foil shaped blade (Fig. 4-7) shaped like an zirplane wing, and
is designed to ellow air flow through the wheel with less tur-
bulence than the conventional baclkward inclined flat blade. The
advantage of this is to produce quieter operation, and to oper-
ate without surging or pulsation throughout the entire range.
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SW - Single Width DW - Double Width
Sl - Single Inlet DI < Double Inlet

Arrangements 1, 3, 7 and 8 are also available with bearings
mounted on pedestals or base set independent of the fan housing.

For designation of rotation and discharge, Bee AS 2406.

For motor position, belt or chain drive, see AS 2407, A.ll. 1 swsl For belt drive or
. direct connection. Impeiler
. For designation of position of inlet boxes, see AS 2405, overhung., Two bearings on base,

= | Eb =

"
J - d
ARR. 2 SWS! For belt drive or ARR. 3 SWSI For belt drive ARR. 3 DWD1 For belt drive
direct connectinn. Impeller or direct connection, One bearing or direct connection.One bearing
overhung. Bearings in bracket on each side and supported by on each side and supported by
* supported by fan housing. fan housing. Not recommended fan housing.

in sizes 27 - inch diameter
impeller and smaller.

ARR. 4 SWSI For belt drive. ARR. 7 SWSI  For hel: drive or ARR. 7 DWDI For belt drive or

impeller -overhung on prime direct connection. Arrangement direct connection, | Arrangement
mover shaft. No bearings on fan. 3 plus base for prime mover. Not 3 plus base for prime mover.
"Prime mover base mounted or recommended in sizes 27-inch

integrally directly connected. diameter impeller and smaller.

I=

ARR. 8 SWSt For belt drive or ARR. 9 SWSI For helt drive. ARR. 10 SWSI For beit drive.

direct connection. Arrangement. Impeller overhung, two bearings, Impelier overhung, two bearings,
1 plus extended base for prime with prime mover outside base, with prime mover inside base,
mover.
':,':,‘ . AMCA STANDARD
DRIVE ARRANGEMENTS FOR CENTRIFUGAL FANS
— R _ 2404-66
Q

ERIC - " Fig. 4-9°
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\/

Clockwise Clockwise Clockwise Clockwise
Top Horizontal

Top Angular Down Down Blast Bottom Angular Down

Clockwise Clockwise Clockwise Clockwise
Top Angular Up Up Blast Bottom Angular Up Bottom Horizontal
Counterclockwise Counterclockwise Counfarclockwnse Counterclockwise -
Top Horizontal Top ANSU ar Up Blast Bottom Angular Up
Counterclockwise Counterclockwise CounleMlockwnse Counterclockwise
Top Angular Down Down Blast Bottom Angular Down Bottom Horizontal

Direction of rotation is determined from drive side of fan.
On single inlet fans, drive side is always considered as the side opposite fan inlet.
On double inlet fans with drives on both sides, drive side is that with the higher powered drive unit.
Direction of discharge is determined in accordance with diagrams. Angle of dis¢harge is referred

to the horizontal axis of fan and designated in degrees above or below such standard reference axis.
For fan inverted for ceiling suspension, or side wall mounting, direction of rotation and discharge is

determined when fan is resting on floor.

e DESIGNATIONS FOR ROTATION AND DISCHARGE AMCA STANDARD
el , OF CENTRIFUGAL FANS 2406-66

b \‘L
: 2
- ERIC - Fig. 4-10
- - | - 67



Fan Arrangements

Fan arrangements refers to the relation of wheels and bearings,
and whether the fan has one wheel (single width, SW) or two
wheels (double width, DW) and single inlet (SI) or double inlet
(DI).

Fig. 4-8 is an elevation view looking at the discharges of a
single width, and a double width fan each having the same outlet
area and giving the same pzrformance. The single width 1s 30%
taller, but only 70% as wide as the double width. The single
width is best for a duct inlet connection, while the double
width is best for installation in a plenum. Cost also governs
the choice of single or double width fan., ‘When the fan outlet
arca is about 8 sq feet, the two cost about the same; Dbelow this
size, the single width is less expensive and above it the double
width is cheaper. First cost and space requirements largely
determine which fan arrangement to use.

The various arrangements as designated by AMCA are shown in
Fig. 4-9. It will be noted that there are 4 basic hearing ar-
rangements. Arrangement 1 consists of 2 bearings resting on a
metal base, surnorting the shaft and wheel, independent of the
fan housing. Arrangement 2 uses a single bearirg housing (con-
taining 2 spaced bearings or a single sleeve) mounted on a
bracket supported by the fan housing. Arrangement 3 has one
bsaring mounted on cach side and supported by the fan housinge.:

Note that this arrangement is not recommended by manufacturers
for whecl diameters of 27" and less because the bearing blocks
the air passage to the fan inlet. In Arrangement 4, the motor
supports the wheel on a long shaft with no bearings on the fan.
The balance of the arrangements designate drive arrangements and
bases. Arrangement 3 is the most common in ventilation work
beecause of cost and srace cavinge realized without the fan bear-
ing support platform.

Direction of rotation and discharge is designated by the AliCA
2s shown in PFig. 4-10.

Classes of Fans

Fans are constructed in three strength classes as set by the
AWNCA for operation in the following pressure ranges:

Class I up thrcush 3 1/4 inches of total water pressure,
Class II up through 6 3/4 inches of total water pressure.
Class III up through 12 1/4 inches of total water pressure,

AI.CA does not contrel the metal gages, bracing or design, but
specifies that the fans shall be sultable for jpressures chown.
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f—The“Air“Mbving“andmcanditioning“ﬁssoctation;"Inc.

"The AMCA 1is a non-profit Association composed of the majority
of air moving equipment manmufacturers in the United States and
Canada, The main technical effort of the Association is almed
at the development of accurate and rcliabl: testing procedures
which are adopted as standard test codes and ar: used as a basls
for rating the industry's products. :

The AMCA Laboratory is specifically designed to check test the
air performance and sound ratings of air moving equipment 1li-
censed to use the AMCA Certified Ratings Seal. Each mamfac-
turer participating in the AMCA Certified Ratings Program agrees
that the Staff shall, at random intervals, obtain a production
sample of each licensed product for the purpose of checking its
actual performance against published catalog ratings. Failure to
perform within the specified tolerance results in the loss of the
license to use the AMCA Seal on the entire product line."

The above is excerpted from a AMCA publication and describes the
function of this Association, and the significance of the rating
seal., A line of fans (by model number) that have been tested by
AMCA are authorized to bear the seal: :

« AIR MOVING AND CONDITIONING -
ASSOCIAJION, INC. © Coe




Fan Drives

The most common types of fan drives for ventilation applications
are v-belts, They require careful selection and installation,
and frequently need to be checked for proper application by the
mechanical inspector.

V-belts are of rubber, or of synthetic rubber and cotton, rein-
forced with cord or finely stranded steel cables. - They are shaped
like a trapezoid, and made in six standard cross-sections; FHP,
Ay, By C, D and E and to the dimensions shown in Fig. 4-12. V-
velts are made in standard lengths, called pitch lengths; the
“length, and the type (A, B, etc), are imprinted on the outer
periphery of the belt. The pitch diameter of a pulley is the
outside diameter less twice one half the thickness of the type of
v-belt that it is made for, or more simply, the outside dlameter
less the thickness of the belt. ‘The pitch length of a belt may
be calculated as shown in Fig. 4-11.

- Since the tightness of belts is adjusted'by moving the motor
closer or away from the driven pulley by means of jacking bolts
on the motor base, be sure there 1is sufficient "slot" length to
move the base elther way, and also that the belts will not rub
agalnst the belt guard. : '
The load on belts is determined by the following factors.

1. {orsepouer of the driver.

2. Service factor of the driver equipment, NS ';_;fiﬁ

5. DBelt speed. _ .
4, Angie of contact of the belts with the sheave.
The adequacv of a2 belt drive system can. be checked as follows.~
1. Read the motor nameplate horsepower and multiply it by T
the service factor (from table 4< 2) for application and-fp
type of motor: used. : ST

2. Find the belt speed from‘-x"
5 14 x a (ft) x rpm

S v

.262 x d (inches) x rpm, feet per minute =

3. From Table 4o 4 find the nominal horsepower rating per
belt, L’nom.nrr the pitco dla. of the secLion,~:!.

4, Flnd the arc of contect on the small sheave by the'
Lo formula._~ G e e R T




o 0{1 C = center éo' cen{er ("lS‘f‘amr-:'
L= 2¢ +1.57 (m—d) + (B-;—z——) D= pulley F"Ld“. diawiet-er
' ' B c( = skeavep;‘f'ch didmetes

Fig. 4-11

s V-belt
14

1 V-belts are made in five standard cross-sections, dosignated A,‘.B, C, D and E.
2 Sheove grooves are practically samo size as bolts, but cut about 3/16 in. docper
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Table 4.1 CSimansions of V-Delis and Sheaves

Desig- . V-Belt Dimen- . Sheave Dimensions, Inches
nation | sions, Inches ! Min. Pitch Diameters Available Add to I.D.
of Width| Depth  Groove! Rerom- to Obtain
ﬁCrO_SS _at or ':Spucing! meaded Stock Non-Stock Outside
section| Top { Thickness !Pltch Dia. , Diamecter
; : 3.0t0 6.4 in 0.2 in. in- | 3.0 to 36.0in 1 in. in- _ :
A |5 e 1Y 2.6 crements; 7.0, 8.2,9.0, | crements; 38.0 and 3
i 10.6, 12.0, 15.0, 18.0 40.0
| 5.0 to 7.0in 0.2 in. in- | 7.0 to 36.0in 1 in. in-
_ ! crements; 7.4, 8.6,9.4, | crements; 38.0to60.0
B | 24 o 34 5.0 11.0, 11.4, 13.6, 15.4, | in 2 in. increments %4
| 16.0, 18.4, 20.0, 25.0,
: ] i 30.0, 38.0
! ' i g.otoro.zino.2in.in- | 11.0to36.0in 1 in. in-
., 17 ; crements; 10.6, 13.0, | crements and 38.0 to 3
C ix Ve I 7.0 16.0, 20.0, 24.0, 30.0, [ 72.0 in 2 in. incre- .A
36.0, 44.0, 50.0 . ments
13.0 t0 15.4 in 0.4 in. | 14.0; 16.0 to 36.0 in
1 3 7 increments; 18.0, 22.0, { 1in. increments; 38.0 7,
D |14 A Ae 12.0 27.0, 33-0, 40.0, 48.0 .to 96.0 in 2 in. incre- 78 .
ments
None 20.0 to 36.0 in 1 in.
increments; 38.0 to
0 1/ 3 . ', 9T
E 4 I 14 20.0 96.0 in 2 in. incre- 1%
' | ments
Table 4-2 Sorvice Factors for Various V-Beit Applications g
| Type of Motor .
Siuarel Cage ! Syuchronous Single Phase -
i ) [
. | Normal | D.C.
Application 30“’“_“1‘ Torque | yigh |Wound Repulsion! Shunt
‘ : Torque|Compen- Torque! Rotor [Normai, High !and Split | Capac-iyound
Line | sator ' Phase | itor
Start Start

L Servic: *actor (Multiplier)

Conriiug D ina 1.2 | 1.2 — I.4 - - = — 1.2

Citropelier fan i 1.4 2.0 1.6 - 2.0 It - —_ 1.4
induced drait fan 1.2 | 1.2 — | 1.4 - — — — I.4

! Pasitive blower 1.6 | 1.6 2.0 2.0 2.¢ —_— e —

i Ceato o w0 compressor .2 ) I.2 — “I1.4 1.4 — _— — 1.2
WY 1 ressar _ Al i.2 1.4 1.4 —_ 1.2 1.2 I.2
Reciprociiing compressor | _ .

{3 or more cyl.) [ e e 1.4 1.4 — - — 1.2
! Reciprocating compressor | ' 1
{r or 2 cyl) 1 14 1 = I'T1g 1.5 — - - 1.2
Centrifugal pu. .2 .2 | 1.4 1.4 — — 1.2 | 1.2 —
Tables on pages 72 and 73 reproduced

by permission of the publishers of -
"Buildings Systems Design,' successor
to "Heating and Ventilating."




SELECTION OF V-BELT DRIVES

- V-Belt Sizes for Varicys Loads

l : : Horsepower
RPM of | I ! | | — ;
Smaller l Yoogor 42 i3 5 | waoy 10 13 | 20 30
Pulley ; Section Designation
L 4000 A A ; A : A , A 1 oA A A A B
D 1A bAoA A A | Ap | aB | AB | aAB | B
! 3000 A A A A A " AB AB A3 ! AB B
2500 A A A 1 A ! A . AB AB AB | AB BC
2000 A A A | A AB AB AB AB [ -BC C
! 17350 A A A A AB AB A3 3 c Co
"o1300 A A i A AB AB AB AB | BC BC Cb
1250 A A A . A3 | AD A3 AB 3C BC CD
1000 A A A | A3 ! AB AB BC BC C CD .
goo 1 - A A | A | aB AB AB 3C BC CD CD
" 8o A A AB @ AB AB B BC C CD CD -
700 A A AB AB AB BC BC -C Cb CD
6oo A AB AB AB B BC BC C : CD CD
500 A AB AB AB BC BC C Ch-; CD DE
Table 4-3
_ Nominal Horsepower Ratings per 2clt
_ Section Designation .
© Belt A | B - c "D E
' v;f“;i;y.’ - Pitch Diameter, Small Pulley, Inches ’
min. .26 3.4 ‘4.2|30!l5.0 5.8’:6.6' 7.029.0 11.0 ‘ 12.0 | 140 | 16,0 | 21.0 | 23.0 | 25.0 { 27.0

Nominal Horsepower per Beit

) ' . , ]

1000 | .5{ .8] .9 x.olx.3 1.5{1.7 2.olz.8 34 4351 36 6.5§ 851 94 102 100
i

IS0  Slnrtigjnsindizalzg 2.9:14.2) 30§ 63| 82} 90125139151 | 16.1
2000 1.oj1.5 1.8 2.0'2.4 2.8!31137:55; 6.5 8.4 ;107 | 125162 181 ] 196 21.0
2500 |rrfrgl21i2.4 i 2813313714566 ! 8.0 101 | 12,9 | 15.1 | 10.6 | 21.9 | 23.90 | 25.3
3000 — 20i24¢2.7132!38]|43'50; 17.0° 0.2 | 114 | 14.9 | 17.5 | 22.7 1 25.3 | 27.6 1 20.6 }
3500 —_— 2.7 33.053.4 S ;u., 10.3 | 12.4 | 10,5 | 19.5 | 24.0 § 28.1 | 30.8 1 33.1
4000 —|—128!3.3i35144;50;—100] 12| — | 17.6 | 21.0 | 26.6 | 30.3 | 33.4 | 36.0
4500 | —[—|— 3.4i3.5 4450 —— |8} — t — le2x| — |31.71352]382
5000 — = |—134[33|43|51| —|—| 122 | — — 226 — ] — 1 36.2 | 39.5
Table 4-4

Coriec i Fadicr for Shcuvo Arc of Contact

Arc . Juntact i " 180° i 170 100 i Ise P ; 130 { 120 110
Multiplier ) | 1.00 ! .98 .05 f .92 l .89 | .86 l .83 .79
. . Table 4-5

L -




5,

7.

Arc of contact

Find the correction factor for the aﬁgie of contact from
Any angle less than 180° arc of contact will
reduce the horsepower transferred by the factor shown.,

Table 4-5,

Multiply'horsepoﬁer rer belt by the facﬁor, which gives '

D

d

C = center distance, inches

pulley dia., inches

sheave dia., inches

-180° - 60 (D-d) degrees
-—c

the corrected horsepower per belt,

required,

Example:

A 1 hp motor 1750 rpm normal torque line start squirrel
cage motor drives a centrifugal fan at 400 rpm.
one A section belt, 97.1 inches long.
is 3.4 inches in diameter, the fan pulley diameter is
14,2 inches and center to center distance is 33.7 inches.
Find if the single A belt is sufficient to drive the fan.

1.

. B

4,

Se

6.

from Table 4-2 the service factor is 1.2

]..Ol p < 1.2 -
belt speed =

from Table 4-4 hp = 1.1 (for 180° contact)

1.2 hp required .

find arc of contact

1800 - 60 (14,9 - 3.4)

3!).7

.262 X 3.4 x 1750

= 159.5°

from Tablc 4-5, correction factor O 95

corrected hp tran mitted

(1 1). (O 95)
1. 05 hp"

. Dividing the corrected horsepower, 1st step, by the
horsepower rating per belt will give the number of belts

There 1s
The motor pulley

This is 12.5% less than the requlred 1 20 hn, so two
hould be us ed.', : .

'.A sectlon belts




Table 4-2 lists the nominal horsepower ratings of v-belts gener-
ally. For exact solutions, use the manufacturer's rating tables.

Inspect
1.

2

Se

4.

V-belt drives for the following:

The sheave, or motor pulley, should not be undersized,
otherwlse excessive tension will be required to prevent
slipping causing undue binding stresses, overheating and
breaskdown of the belt. The minimum sheave sizes are:

Belt Section "~ lin. Sheave
Pitch dia., inches

FHP e © @ e o o o o o o o 200

A L [ ] L L L L [ ] [ ] .. [ ] L 3.0

B e o o o o o o o o o o 5.0
C e o o o o o o o o o & 7.0
D c o o o o o o o o o o 12.0
E e o o o o o o o e o o 20.0

Multiple V-belts for a given drive should be a matched
set, otherwise the shorter ones will carry all the load.
If it is necessary to replace a belt the whole set
should be replaced. _ A s _

Belts should not be operated over 5,000 fpm.

Check for sufficient take up. New belts have to be re-
tightened after running awhile.

Make sure the V-belts and grocves match. Oversize grooves
will cause the belts to ride low (they must never ride on
the bottom of the groove) and undersized grooves will
cause the belt to ride high. The top of the belt should

" be apvroximately flush with the top of the groove with

7

.8.”'

approximately 1/8" to 3/16" clearance at the bottom.

Check shafts and pulleys for élignment.'.A straightedge
layed along the sides of ths pulley and sheave should
contact the entire surface of each,

Check belts for proper tension. Overtightening causes
internal heating of the belt and overloads motor bearings.
Undertensioning will cause excessive sliprage and danger-
ous heating of the belts. Follow the manufacturer's
instructions for applying proper tension.

‘Do not permit anyone to nry V-belts out or across the

sheave face. Th2 driver should be slaclied off so that
belts can be easily moved. ‘ ’

75
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9. The belt guard should be sufficiently open to permit
ventilation around the belts, but must be totally enclosed.
(State Safety Orders.) Metal screen with small openings
may be used. _
Fan Capacity Controls

In ventilation work fan capacities ere varied by changing the
 speed, or by use of dampers., In sizes up through 10 or 20 hp,
ad justable pitch diameter sheaves are used. Above 20 hp and

- where more than 2 belts must be used varigble pitch sheaves are
expensive. If only one speed change needs to be made 1t may be
more economical to install a new sheave. When capacity must be
Increased or decreased to suit a changing condition inlet or
"outlet dampers (Figs. 4-13, 4-14, and 4-15) may be used. The
variable inlet vaned damper reduces the horsepower required as
the capaclty is reduced and its higher cost 1s Justlfied if

the fan 1is to operate for long perlods at low output.

Fig. 4<16 shows the mechanices of an inlet vane damper. If a
damper is needed for just short periods, the outlet damper
would be a better selection.

Elimination of Vibration

A fan has six rotating parts.thot can cause vibration: the wheel,
shaft, sheave, pullﬁy, belts and motor. The various parts vere
nrobably b 1hnced at: the factory but the assenbled fan and drive
vibratecs moewhere betwesn "accertable" to "exceseive". Or,
V1brqt:on cau be caused by turbulent air flow into the fan inlet.
A fan oparated with a throttlad discharge may operats on an un-
stable part of the curve and nulsate end surge. Tals can be .
verified by allowing the fan to move more alr (by opening a plenum
door on the dischargc slde) and observing if the vibration de-
CreascsSe ) '

Some of the causes of vibration which can be checlked are:.

Causesv Checl
l. Sprung shaft Steady-rest a reference point near the

pully face, and also near the outside

circumference of. the pully to :just touch =~

and obzerve any movement belwreen the
referance r01nt and the pulley.

R. ‘Pulley mis- Chec) 7ith a =tra1‘ht edge alono the
ralligment ~ovulley 1des.

3, Dirt in . @Grooves smst be gmeeoth and concentric,.
mullaey greoves o - “} I

4. Divt c¢r Jumps 4 Defsctive belts will "wve rough joint,

or V-belt

5. Dirty fan whesls
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'PARALLEL BLADE - OPPOSED BLADE " INLET DAMPER
OUTLET DAMPER OUTLET DAMPER '

-

Fig. 4-13 Figs 4-14 - Fig, 4-15
: o ' Figs. 4-13 to 4-15, New York Biowef‘ Co.

PARTS LIST

No. ' Part Name

1 Blade

2 Rod

3 Bevel Pinion

4 |Outer Bearing
5° |Center Hub
]

7

8

9

Drive Gear .

Gear Retainer - Ring - Arr. No. 1,3, & 7
Gear Retainer - Disc. - Arr. No. 1,2, 4, & &
Operating Rod :

10° |Gear Cover Back

11° {Gear Cover Front

12 Operating Lever

13 Operating Bracket

14° |Lever Bracket

15 Control Quadrant

16 Center Stud - Das. No. 1 Y
16A° |Center Shaft - Des. No. 3 .
16B° |Spacer - Des. No. 3 .

A FullToxt Provided by ERIC




Caucses Check

6. Unbalanced motor Remove Vebelt or disconnect coupling
or motor pulleys and run motor to check for motor

vibration.

7. Loose set screws
on fan wheel or
pulleys -

5« Lcose foundation
bolts

9« Loocse bearing bolts

10, Bearinss loose on
chaft

1l. Dameged wheel

The vibration nroduced by a fan can bs prevented from effecting
the urroundlnU structure by absorbing it with a massive founde-
tion, such as a block of concrete, 2 or 3 times the weight ol the
machinery. In severe cases or where extra precautions are neces-
sary, the block is mounted on an isolation base. The isolation
clements commonly used are rubber-in-shear, cork and steel springs,
and are available iIn the following forms:

1. Pads of rubber-in-shear with a base plate for bolting to
a fixed base, with attached stud for seciuring the equip-
ment, Fig. 4-17., Pads are also made of rubber and cork
sandw1ches with ribbed bottoms, Fig. 4-18. The latter
are also used for hzavy machinery that must not be bolted
rigidly because of expansion and contraction.

2. Bases or rails mounted on rubber or springs, Figs. 4-19
and 4-20, to hold the fan and motor in place while
isolating them from the floor. This base keeps the
motor and fan from drawing together because of belt
tension.

3 Rainforced concrete incrtia pad set onfindividual spring
mouﬂts, Fiz, 4-21. PFig. 4-23 shows a well designed base
on spring rails. The snubber nuts are only "finger
tight" to permit vertical movement of the assembly.

- Springs must be desifned and selccted by the manufacturer for the = =

2oad and rotating speed of the equipment and the distribution of
the load on the bgse° 4 location plan is usually sent with the
springs vhich ars color coded. then loaded the springs must not
“be closed solid but should have at ‘least enourh space to insert
" a calling card between ths coil : _

1F1exib1e connectors at the fan connections are reQuired to'isolatev'i
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24 Bars 8"0.C. cach way
G" High Concrete Rase-
Sized as required.
8"« 2"x ¥4 Anchor Studs
wa.\d¢d to channel 16"0.C.
C4 x 3"« %" Plate at set screws
: 2- Set Screws per rail

E-qu\pme.n'l' Anchor Bolt

&" High -1l Gza We(ded
chgnnal

Snubbe.r BRolt with
rubber grommets- )
shub Fonger"hgh{-

Finish Floor -

Y2'® Anchor Bolts \/\KSprmg lsolation Rails with
_ angle Tlips. Si1z2, type ard

nomber of lscla-l-ton Rails
as recommended b_y mFr.A

INERTIA  ANTI-VIBRATION BAer:

\)v ) . Fig. 4-23 . .
RIC - ' S California State Office of

. Architecture’ and Construction . -



any vibration being transfered to the duct work. A neoprene
coated glass fabric is generally used and is av .llable rolled
into strips with sheetmetal bands on both sides for attachment
to the duct. The ducts should be checked at these points for
proper support and stiffening so as to not "hang" on the flex-
ible joint and tear it or partially close the fan inlet or out-
let. The wiring to the motor should be run in flexible conduit.
(See Fig. 4-24)

Duct Connections

The manner in which air enters and leaves a fan has a profound
effect on iths »erf-rrsnec. At 5hy inlet the air should fill the
eye of the 1mpeller equally without crowding on one side and
without turbulence or spin. The outlet discharge duct is not

as sensitive as-the inlet, but will reduce the fan performance
if it does not permit the full development of the fan pressure.
Yhen fans are tested in a laboratory with duct connections as a
test requirement, the ducts are designed to provide uniform
straight flow tc the fan inlet, and the outlet connection is
equal iIn area to the fan discharge and straight for at least ,
10 diameters. These conditions usually cannot be duplicated in
the installation due to space limitations, and the performance
will be corresnondingly reduced. However, avolding some of the
common errors shown hbelow will allow the fan to produce the air
quantit1e° needed and cost less to operate, The designer has
the prime responsibility to produce the optimum configurations
and these should be followed as closely as field conditions

. permit, _ .

Pig., 4-25 illustrates the air flow with straight duct, and an
elbow connection to a fan inlet. On the latter, air is crowded
to one side of the impeller suction, and because even flow
through the wheel does not occur, the total air flow is reduced
by 5 to 10%. Fig. 4-26 illustrates spinning caused by a poorly
designed 1n1et box which can be alleviated by turning vanes,

Pig. 4-27. Fig. 4-23 is an all too common method of connecting
to‘exhaust fans with the results, and a method of correcting :
them in Fig. 4-29. 1In Fig. 4-30, it would be better to introduce
the é&r utralgnt into the inlet; otherwise, the distance between
fan inlet ard plenum wall should not be less than one wheel di-
ameter, The remaining figures show poor and preferred methods

of connection and recommended corrections where space limlitations
exist. Figs. 4-31-33 show more examples of "best, good and fair"
ways to connect fan discharges, and the proper clearances and
contraction angles to be observed for fan inlets. :

Construction Details

Fig. 4-33a illustrates the basic parts of a typical arrangement -
2 single width fan, The base and drive 1s not shown.. The hous-.
ing consists of an outer wrapper called the scroll plate; and
two side plates. The scroll is in the shape of a volute which
converts the velocity pressure developed by the Impeller wheel -
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L strip wlrapped arcund ducl wit.
15" 217X Mo. 12 gauge 6-/nch minjmum over/ap. Use
galvanized sfee) angles double thickness for Algh velocily
for all sgvar » qucts and ' ducts.

round . clucts .o-and fargeri—

[-Dodé/e Neoprene coated gless Fatric

1%"%/2 Ga. galv, sreel-
band ror smaller dia.
round ducts 194#
f'/ess- P e

Sheet me)‘w — Ends of auers
at 4% o.c: douwble crimped.

Z"Min _JI L

FLEXIBLE DUCT CONNECT/ON

Dowtble neoprene coared /" Pocket slip
(7 air tight.

g/ass fabric 5//'/,0,‘—\ (Government Clip)

/

7

Prefab Flexjbre ; Min, 24 gauge galv. mertal
connector. —— Double fock seam. ,

OPTIONAL . PREFAB FLEXIBLE DUCT CONNECTION

Fig. 4-24

California State Office of =
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to the fan,
Flse 4-25

Fig e 4-26

Inlot box with-
out vanes has loss of
40% of CFM; requires
180% extra SP seloc-
tion to bring fan to de-
sirod capacity. With up-
stroam vanes, loss s
17%; SP noeds 45%
increase. With both sots
of vanes, loss Is 11%;
SP needs 25% Incréase,

/
r?.--
f

:\§s~j
NpeeoaT
5.\'~..._J

Fig, 4=27

Courtesy, New York Blower Co!l
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inlet hex causing
occantric flow. .

Fig. 4-28

Inlet plenum causing eccentric flow.

Fig. 4-30

\\/

Fan exhausting from cyclone. Tho loss depencds
upon the proportion of cyclono and could be as much
as 40% of desired CFM. At upper right is simple
remedy: an egg-crute stralghtener Is put in the duet,

Fig. 4.31
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Pig. 4-32
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into static pressure. The lower edge of the scroll terminates
with a section called the "cut-off" which is positioned as close
to the rotating impeller as is practical. Its purpose 1s to
prevent air in the high pressure area of the discharge from
short-circuiting back to the suction side which reduce capacity
and waste power, The side plate on the right supports the inlet
cone which is faired and shaped with a bell mouth inlet to lead
the air into the impeller eye with a minimum of turbulence,
Since this is a single inlet fan, all of the air enters through
the right side cone, the left side plate being solid except for
running clearance around the shaft. The overmung impeller is
suprorted by a pillow block with a bearing at each end, the
pillow block being rigidly supported from the fan frame. The
position of the impeller with respect to the inlet is very
important and should be checked for asgreement with the manu-
facturer's instructions. Double width wheels should be centered
betwveen the inlets. Single width wheels are generally desligned
with an inside diameter slightly larger than ths cone outside
diameter, in which case the whesl should overlap the cone with
a minimum of running clearance. Fig. 4-34 shows the degree of
overlap as specified by one manufacturer, and Fig. 4-35 shows
various configurations and clearances used by another firm,

HYero again, the purpose of restricting this space to the mini-
mun is to prevent short circuiting the air from the high pressure
araa to tho suction side of the impeller,

It is not uncommon to find a fan rotating backward and occasion-
ally find a clockwise fan fitted with a counter-clock wise im=-
roller, A simple rule to dstermine the correct rotation is to
think of a rarticle of air as starting at tho cut-off and travel-
ing sround the spiral of the scroll to the discharge. This will
be the Airection of rotation for all impellers regardless of the
tyn: of blade, As mentioned mreviously, Lhe forward curve bl ade
will appear to be "scooping®™ the uir and the backward inclined
type will lay back agjainst the air but never scoop it. Radial
bludes nroject straizht out and may be machined or swfaced on
ths leading face. ~

viother assembled on the job or at the factory, fens should be
checked for the fcllowing points and in conformance with the
mamufacturer 'z inctallatton instructions:

l. On arrival at th: Job site insrect th: hcusing for dents
or any damage to the bere cr bearin; suprorts. If 1t 1s
necessary tc gtore It in the weather it cshould be covered
with a rair rroef ccver and set on tlmbers. Bearirgs
shiould be covered and g2alad «iti tore dict’er inside or
out %o keer out ecenstiruction dirt. Shaft ghocuid be pro-
tected with rust rrevertive comround., A4s 2 =afoty rre-
caution, th: lmyeller :thieuld be rastralined froa turning
by "ind m111ing" in the wind,

2¢ After the fan ic cet on the permanent foundation check
the shaft for level, A =iaall deflacilen of Lhe shaft vlll
occur due tc the weight of the impeller. The shult is
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Aslal Overiap Setween Wheel And Inlet Cone.

Fig. 4-34 Trane Co.

NOTE — Whee! rim should overlap inlet cone. Allow adequate

running cleorance between wheel back plate and housing.

HOUSING ',, INLET CONE

WHCEL
BACK PLATE

CENTERLINE

Type O Single Inlet Fans.

Fig. 4-35 (a) Zurn-Clarage
o
m{‘ \ é’/m
Pl
ue'!"uull‘( l [ 1
A" i =
~ !
| i
i “A" DIM. '
! FANSIZE I 000 SERIES
| 68 a3
) ! 73 64
, (r-[:} :
|
|

* Dimension A" should be measured at 4 points
approximately 90 degrees apart.
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level when the same amount of slope at each bearing is
indicateds The centerline of the shaft at each bearing
migt be at the same elevation.

3¢ Check doublc wheel impellers for being centered between
the inlet cones, and single wheels for overlap with the
cone, ‘.

4, Check impellers for concentricity with the inlet cones,
while slowly rotating the impeller.

5¢ " ack shaft size, bearings, motor and drive detalls
¢_.inst the specifications and aprrovals for compliance.

Fan Testing

After a fan and the system it serves has besn installed the fan
should be tested for performance. The value of this test 1s to
determine what the fan produces and vhere the data gathered
falls on the fan curve; and to record the actual power load,
speed, and static prressure., Field tests can rarely be made with
the accuracy of a laboratory test; however, reasonable accuracy
can be attained if care is taken, If it develops that the fan
‘delivers substantially more or less air than anticipated, the
data gathered by the test will be used by the designer and the
manmifacturer in adjustments of the fan speed or system resistance.
After such changes ere made the test should be repeated.

The data to be gathered are:
1, Static pressure (at inlet and outlet).
2. Cubic feet per minute (determined by multiplying the

velocity through the duct connected to the fan discharge
by the area of the duct, or

Q=axvV Q = -cubic ft of air per min
a = area, sq It
v = velocity, fpm

3. Fan speed.
4., Power input to the fan,
5. Temperature of the air at the fan inlet.

The instruments used for obtaining the above are simple, un-
complicated and dependable. Similarly, ths calculations used
in arriving at the test report results involve simple arithmetlce.

The devices used for finding static pressure and velocity of the
air streart are the manometer and the Pitot tube (pronounced

p8’ - t8). Fig. 4-36 illustrates a manometer, also called a "U"
tube, which consists of glass or plastic tubing of uniform bore,
formed in a "U" shape and filled with water. W¥ith equal pressure

20
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on both legs (assume atmospheric) the water in each leg will be
at the same level. The scale in the middle is ad justed up or
down so that "0"™ lines up with the liquid levels. ihen the tube
on the left is connected to a pressurized duct the alr, pressure
displaces the liquid until the hoight of the water on the right
exactly balances the duct pressure. Thus, the reading is the
measurement between the two liquid levels in inches of water,
which 18 the unit of pressure used in ventilation work., Simi.
larly, if the duct pressure is negative, the atmospheric pressure
will force the 1iquid column down. For roeading low air pressures
(as 0.1 inch water) an inclined manometer is used (Fig. 4-37)
which has the effect of magnifying the vertical movemont of the
liquid interface. A standerd Fitot tube 1s shown in Filg. 4-33.
The horizontal gortion is constructed to the standard dimen-
sions shown, but the vertical leg is availeble in different
lengths depending on the width of the duct to be probed. The
total pressure in the duct is transmitted through the imnor tube,
while the static pressure is sensed through the openings around
the guter tube (Section A-A) and transmitted to the "static pres-
sure" tap.

The function of the Pitot tube is to measure the velocity of the
air, the principle of its action being shown in Fig. 4-35. A,
B and C are manometers registering static pressure, total pres-
sure, and velocity pressure.

The reason why the Pitot tube is able to measure velocity pressure
from which tho flow velocity of the air stream is found can be
explained as follows:

Referring to Fig. 4-38, it is obvious that the pressure P,
must be greater than the pressure Py, in order to move the
air through the duct. The pressure P; imparts a velocity to
the air stream, called velocity head; and P} also overcomes
the friction loss or head caused by the air flowing along the
sides of the duct. Not all of the pressure P; is used up for
velocity and friction heads, and the balance remaining is the
static pressure existing in the duct. Yhen moving air strikes
or impinges on a2 surface at right angles to the direction of
flow its velocity head it converted to mressure head. Thus)
when the nmoving air impinges on the tip of the tube faced into
the air stream (B) fhe velocity hsad, or pressure, is regis-
tered directly on the manometer. However, the reading ob-
tained at (B) also includes the static pressure in the duct
at that point, so the static 4s subtracted from the total
pressure by connecting the left leg of the manometer to the
gide of the duct. This additional duct tap is not necessary
with tho Pitot tube as it is constructed with a static pres-
sure connection (Fig. 4-39). After the velocity head has
been determined, the velocity of tho alr stroom is calculated
from the formula

Va 1036.5.*, P where V « fmm
w P s head, or messure,
inches water
w

_ weight of air,
o ‘ 1b por cubic foot
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For standard air conditions, (at 70° F and 29.,92" barometric
pressure) W » 0,0749 1b per cu ft, and 1s substituted in the
equation, which reduces to

V- 40054/ p

Thus, if p = L veloclty preussure,

V = 4005 7}/ 1" or 4005 fpm.
If p = 4", velocity = 4005-\/ 4" or 8,000 fpm, etc.

Berfore proceeding with the velocity readings, the best possible
spot in the duct work rmst be chosen, which shculd be from 7 1/2
to 10 duct diameters downstream from the fan, and ghead of any
transitions, fittings or dampers that could cause turbulence or
unequal flow patterns. The air veloclity in a duct varies because
of friction drag along the sides, therefore, it is nccessary to
hypothetically divide th: duct crossection into equal areas and
find the velocity pressure in that particular area, then take

the square root of each velocity pressure, and find the aversage.
From this, calculate the veloclity from:

V = 4005 x average'\/ h

The probe points for a rectangular duct are as shown in Fig. 4-40,
which divides the area into 16 equal reciangular parts. The
probes for a round duct are spaced as shown in Fig. 4-40, which
divides the circle 1nto five equal concentric areas.

Yhen the average velocity has been determined the air volume is
found from:

cfm 4 velocity (fpm) x area (sq ft).

Yhere the area is the net inside area (taking the.duct lining
into account),

The above method is as prescribed by the AMCA. If the duct
arrangement is such that it is impossible to take readings 7 io
10 duct diameters downstream of the fan amd free of disturbi:ig
influences, a rough check may be made with on anemometer by
measuring the air flow through the filter bank on the suection
side. The techniques of using the anemometer will be discussed
in the section on belancing.

Having determined the quantity of «ir flow being delivered by

the fan, the next step of the test is to measure the static pres-
sure against which the fan 1s working., Referring to Fig. 4-41,
fans are cormonly installed in a plenum, drawving alr through an
outside air louver, gutomatic dzmper and a filter bank, all of
which have a mocasurasble vressure drop. The designed pressure
loss through the filters can b2 obtained from the specifications
or the manufacturer, The loss through the outside air louvers
should not excsed £,1" -vater column. Th: inlct pressure, which
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will be nogative, cun Y3 measured with a Fitot tube or a plece
of rubbar tubing inserted into the plenum, and facing downstream
8o as tc not pick up any velocity pressure. The fan discharge
static pressure is similarly measured in Lhe plenum between fan
and colls taking care to keep the nrobe out of turbulent air.
The totel static precssure is the arithmetic sum of the two
readings, say 0,75" negative pressure plus 2,15" positive pres-
sure = 2.90" total static pressure. If ths colls aré on the
suction side of the fan the method of taking the static pres-
sures are the same; in the inlet and cutlet plenunms,

The speed of the fan is the next nart of ths test tc be deter-
nined, and can be taken with a sliple ravelution ccunter or a
chronometric tachometer, The speced reading should be accurcte
within 5 rpm.

The brake horsepow:r needed to drive a fan is a good indicator
of its performance when used in ccnjunction with the manufac-
turer's curves. A reasonably accurate method of finding the
brake horsepower it to measure the amperes drawn by the motor
and aprplying the following formula to find brale horsepower:

brake horsepower z volts x amps x 1,73 x P.F. X efficiengy
746

Volts - the voltage across the motor terminals,

Amps - the average of the curréent drawn by each of the
three "legs" supplying the motor (3 phase).

1,73 1s a constant ( =</ 3 )o (For three phase only.)
P.F. is the power factor.
Efficiency is the motor efficiency.

The following table may be used for finding power factor and
efficiency:

motor

nameplate hp 1l 5 20
power factor o789 .88 . .91
efficiency 73 .82 : .84

Finally, the alr temporature at the fan inlet should be re-
corded, as well as the barometric nrescure, to correct for the
air density if different than that specified on the fan data

sheet,

Three essential picces of information have now been obtained,
which, when marked on their respsctive curves, should show some
agreement on the air quantity being produced. Fig., 4-42 shows
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PROBABLE EFFECTS OF YARIOUS INLET CONNECTIONS

(These losses do not include friction losses)

% LOSS IN % INCREASE
DESCRIPTION CFM IF NOT NEEDED IN FAN
CORRECTED SP TO COMPENSATE
3 piece elbow R/ip = .8 IZ ?(3)
—-r i.0
2.0 S "
D 6.0 5 "
/4 2
4 piece elbow /p = 1.0 6 13
2.0 4 9
L4 Pc R 8-0 b 9
Elbow / 5 i R/ 1.0 5 i
or more piece o =1.
elbow 2.0 4 9
8.0 L 9
O Mitered elbow 16 L2
Square Ducts with Vanes
= < -
- \' ~ ) —\\
oy - N WD No Vanes 17 LS
‘|‘ ‘I ‘I \ ‘I A 8 18
8 6 13
c 5 1t
B C D b i :
.:\
N
: Round to Square to Round 8 18
Rectangular Elbows without Vanes*
*In all cases use of 3
— long, equally spaced
EE \ ~ vanes will reduce loss
— ) and needed sp increase
. I_L "‘-FR to 1/3 the values for
unvaned elbows.
FW+
HL [ ] S B. 25,88 s 7 15
1.0 Y 9
The maximum included angie of any el- 2.0 4 9
ement of the transition should never m
exceed 30".  If It does, additional Ha1.00,8R. .5 12 30
losses will occur. |f angle is less W ¥ 1.0 B 1 n
than 30%nd L is not longer than the 2.0 b 9
fan inlet diameter,the effect of the m R
transition may be ignored. |If it |s W" 4.00, & i .6 15 39
longer,it will be beneficial because . 1.0 8 18
elbow will be farther from the fan. 2.0 4 9
Each 2% diameters of straight duct between fan and élbow
or inlet box will reduce the adverse effect approximately
20%. For example, if an elbow that would cause a loss
,E xD of 10% in CFM or an increase of 23% in fan SP, if on the
ol fan inlet,is separated from the fan by straight duct the
effect of the duct may be tabulated thus:
o L — Y
Noduct . . . . . . + . . . Loss = 10X - SP needed = 23%
L/p=2% .. ...+ ....LoSsS = B% - SP needed = 19%
—< 5 ¢« it v e v v s . . Loss = 6% - SP needed = 13%
7%. . .« .« .o .. Loss = L4X - SP needed = 9X
- 10 . ....0....Lloss = 2% - SP needed = 4%
Flg. 4-44 Courtesy, New York Blower Co.
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an example of plotting the results of the velocity probes, horse-
power and static pressure on the corresponding curves furnished
by the manufacturer, A range of cfm of this magnitude may be
considered acceptable as it is due to errors in measurement if
th§ installation is a good one, but if there is a wide diver-
gehce of data from predicted performance further investigation
should be made, As stated mnreviously, the inlet conditions to
the fan have a large effect on its performance, If it appears
this might be a contributing factor, a Pitot tube probe should
be made on the horizontal and vertical axes of the round duct
connection at the inlet. Non-uniform velocities at correspond-
ing reference points will indicate turbulence and spinning.
Such conditions can be corrected by revising the duct work or
installing straightening vanes. Fig. 4-44 shows the probable
losses that will occur with various inlet connections,

Adjustments to Meet Design Requirements

If the fan test data shows agreement with the fan curve but the
delivery is below (or above) the desired design figure, some

ad justments ore necessary: (1) decreasing the system resistance
or (2) changing the fan speed. A given duct system develops a
resistance that varies with the square of the air volume, as
shown in Fig., 4-45, _

The point of intersection of the system resistance, 0S:, with
the fan curve F, F, determines the static pressure of the duct
system and the dir“quantity. Assuming the design point is at
cfmy, it can be seen that the system has balanced out at a o
hig er static pressure and a lower cfm than originally predicted.
If the systéem pressure loss can be reduced so that its resistance -
curve looks like 0S, the design cfm can be obtained, Accordingly, -
ths frirtion loss must be reduced by SPy - SP s based on the flow
at cfm. The system will then operate a% stat c pressure SP, and
cfmg, the design volume. o I

.Another anproach to increase (or decrease) the air delivery is -

to change the fan speed up or down, Fig. 4-47 shows a family of f:
fan curves at different speeds. o

2
11 .

s/ | i Z
LIS - ...__.L J ) i .____~i_‘ e s
O CFM,  CFM, .0 cEM,  crta,
CFM . Chm
Fig, 4-45 ' Fig. 4-46

100 . .



SYsSTEM RESISTANCE

\\\\ - SURNVE
©
Ve

N
<
TN
AN
N
o
,_'.‘ OO,‘O _//“
ii ?€J<Z '
w| & °
e —
% / - //8 00/9
- G?")—.‘
CFEM

Fan Laws

Fans (and pumps) follow what are commonly called the "Fan Laws",
For a given fan handling the gas or weight of air, and with the
speed varying: )

1, Cfm varies as the speed

cfm, rpm,

2. Static pressure varies as the square of the'speed
8P, (rpmz>2
SPI r-pm |

3. Brake horsepower varies as the cube of the spéed

bhp, /rpmi>5

‘bhp, - | K\.rpmI

Txample: A fan was selected to deliver 10,550 cfm at 1 1/2" sp,
and toc run at 953 rpm, requiring 3,95 bhp. - After installation.

it was found that thes system devzloped 2.CG" sp, delivered 9,800

~cfm, and used 4.15 bhp. “ithat should the speed bs increased to,
what static pressure should have been designed for, and what
brake horsepower is required? S
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Solution:

Specified
conditions

10’850 cfm
1.5 8p
953 rpm

Actual
condition

9,820 cfm
2,0 sp
953 rpm

Fan law 1, cfm varlecs as the speed:

3,820

repm, cfm,

rrm, cfm,

rpm, =z 953 cfm,

rom, = ? cfm

rpm, g 2583 x 10,850
= 1’055 rmm

e

rpm, = rpm

9,800

10,850

Final conditions
after speed change

10,857
?
?

?

cfm 2

cfm,

Fan law 2, stalic pressure variss as Lhe square of the speed:s

Sp.. ropm,, z
= < 3- H Sp, = Sp, b d
sP, rom ,/ '
sp, = 2eC rpm, = 1,055
Sp. = 7 rpm, = 253
Sk, = 2o} x 10535

¢ AN
2ot EDo

'rpmxz,

rym '

ran law S, Lip varizss as bthe cube of the spe=d:

b

bhp : rpm L)i
rom,

bhp,

102

bhp = bhr
Tl . )

rom 2

rem,




bhp, = 4.15 rom, = 1,055
bhp, = ? rpm, = 953

bhp = 4.15 x 15055

- 5.60 bhp

Bibliography

Footnote 1. Reproduced by permission of New York Blower Co.,
from "Engineering Letters™ by Mr. Jack Trickler, Vice President

. and General Manager of La Porte Operations for the New York
‘Blower Company. - :

Footnote 2, AMCA Standards, reproduced by permission of the
Alr Moving and Conditioning Association.




Fan Check-Points

Verify that:

1.

2

Se

4,

Se

6o

7

wie

9.

10.

11,

12,

13,

Fans are the size, model, drive arrangement and rotation
approved by.the designer.

Fans have not been damaged in shipment.

Bearings and shaft are protected from the weather and dirt
before and after being «et in place,

Motor is the correct voltage, hp, phase and speed.

Impeller 1s set for the correct clearance with the inlet
cones (per manufacturer'!s instructions),

Impeller is the correct blade type as approved and is to
the correct hand.

Proper belt guards to meet State Safety Orders are supplied,
glso screen guard over fan inlet,

Shaft diameter and bearings are as specified.
Fans have AMCA label if called for in ths Specifications.

Bearings have been greased prior to operation and that greasé'
points are easily reached after installation, :

The fan shaft 1s level.

All mamfacturer's installation instructions havs been
complied with, :

Aprroved vibration mounts have been installed in correct
locations.,

Direction of rotation is correct.

V belt drives have been installed per this section,
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5. BOILERS

Pressure Classificetions

Boilers, more properly called heat generators, are commonly used
for furnishing steam or hot water to heating and ventilating
systems, They are usually in the low pressure category which,
as defined by the A.S.H.Z., is 15 psi maximum steam pressure,

or 160 psi water and 250° water temperature for a hot water
boiler. The sectional cast iron boiler is used for 15 psl steam
or 30 psil hot water working pressures., These are avallable in
sizes from 60,000 to 3,430,000 btuh, gas or oil fired. Cast
iron boilers (Figs. 5-1 and 5-2) are assembled 1n sections, the
number being determined by the cspacity desired. "Push nipples"
connect the sections together, the whole acsembly beins drawn
together with tie rods. The burners are cast iron sections of
"beds" of small gas jets which are supplied with a mixture of low
pressure (2" to 5" pressure) gas and air through a venturi mixing
nozzle. The burner bed covers the entire base of thec combustion
chamber and the burned gas circulates by natural draft past the
cast Iron heating sectlons and on out through the flue. Gas
Tired bollers depending on natural draft to remove the products
are fitted with a back draft hood which prevents a back draft
coming down the flue from blowlng out the burner flame. O0il
fired bollers similar to Fig. 5-2, use forced draft, hence do

- not require a back dralft hood.

Steel tube bollers most generally used in heating worl. are
firetube, that is, the hot combustion gas flow through the tubes
which are surrounded by wgter (Figs. 5-3 to 5-5). The gases may
make anywhere from two to five passes throuzh the boller depend-
ing on the mamifacture. All firetube bollers are forced draft
because of the long path the gases must travel, and are available
in sizes from 520 to 20,000 mbtuh, oil or gas fired,

Bollers are classed as high pressure if operated over 15 psi
steam and 160 psi water.,

Ratings:

Boiler horsepower 1s a historical and obsoclete method of rating
a boller's output that was adopted in 1882 but is still 1listed

by some mamufacturers (along with modern ratings). One boiler

horsepower 1is equivalent to evaporating 34,5 1bs of weter from

and at 2120 F feedwater tempsrature.

EDR. Heatling boilers are sometimes rated in terms of square
Teet of Equivalent Direct Radiestion, namely, 240 Btu/hour,
which represents th= heat Tiven ur by the stcam condensed by

1 88uare foot of cast iron radiation, at a steam tsmperature of
215° F and room temporature of 70° F.

SBI and JBR. The Steel Eoiler Institute and the Institute of
Boller and Radiator Manufacturers have developed methods of
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1-Flue Canopy ~-Forms a gas tight connection between
flue passages and drafthood. It is completely enclosed by
boiler jacket.

2-Orafthood ~Locations for maximum fiue flexibility. A
conventional overhang rear drafthood for low over-atl
height—and an optiona! top outlet drafthood.

3.Low Water Cutoff (Steam Boilers).Located outside
jacket. Electrically shuts off main gas valve if boiler water
falls to low point.

4- Base Frame ~Consists of cast iron panels that are in-
terchangeable front and back for assembly fiexibility.

5.Gas Control Train-A.G.A. design certified, automatic
diaphragm valve is standard. Special FM, FIA, IRM gas
trains available.

6-Manifold -Designed for use with natural or propane
gas. Availtable for right hand or left hand connection.

7-Jacket _Sturdy steel with distinctive brown and beige
finish. Includes front cleanout door for easy access and

expanded metal air inlet opening for combustion. Lined
with glass fiber insulation to prevent heat loss and keep
jacket temperature down. Jacket covers both canopy and
manifold for modern “packaged” appearance.

- @-Cast lron Sections_Modular design with precision

ground joints for flat, even draw-up. Multiple pin flue
surface for higher sectional output. The 8%2" offset nipple
provides excellent sectional communication for smooth
flow and preferred steam quality. Special tankless coil
center sections available, Tested for 50 psi (80 psi when
specified) water working pressure.

9— Jombustion Area —A unique base construction
has made possible the design of a single combustion
chamber for the complete boiler, reducing the number
of supervised pilot burners.

10Cast !ron Burners With stainless steel ribbon inserts.
Feature smooth ignition and extinction, resistance to
flashback and easy flame adjustment for natural and pro-
pane gases. Oniy one burner per flue needed.

Courtesy, American Standard Co.”

Fige. 5«1
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The PFA-3 is the ultimate heating unit for application wet base design; no separste base or combustion cham.
in smaller apartment or commercial buildings. Designed ben; and the provision for tankiess heater i

specifically for light oil, forced draft firing this cast iron and water boilers. The boiler also features a high effi-
sectional unit is available either as a steam or hot ciency burner and the use of an elastic sealsnt com.
water boiler and attains an efficiency of over 80%. pound for sealing.

Forced draft boilers in addition to increased operating :

efficiencies require much less space than conventional The PFA-3 is manufactured in four sizes ranging from
boilers of comparable size and eliminate the need for 300 to 526 MBH gross output and is available as a
external draft devices such as a high chimney or me- factory assembled standard unit, a split assembly or
chanical draft equipment—-the PFA-3 features: compact completely disassembled unit.

£
i

1-Controls mounted on front of boiler for
ease of maintenance and adjustment.

2.Vster Wir, -large, copper coil tankless
type. 1=W=r rated. Inserted into upper
5” nipple port on forced water boilers;
lower nipple port on steam boiler.

3. C.le Sections -factory assembled,
sealed and water pressure tested.

A.  Cleancut Panel -permitsclean-
ing of all flue surfaces from right side with-
out dismantling jacket or disturbing burner,
controls or accessories.

S-Insulated Jacket heavy glass fiber in-
sulation prevents wasteful heat loss, keeps
jacket cool. .

8- Sealant ~effectivelysealssections.

7- ~wet base be-
comes primary heating surface.
8- Wet Base ~provides extra

heat-absorbing wet base. Waterways com- v
ple_tely surround combustion space. s

9 - 0i1 Burner- equipped with a high effi.
ciency flame retention burner head. i

10— Jacket Extension’

-matches jacket 4ud itas removaoie
front panel for ready access to burner and
control; arch-type openings to provide am- -
ple air for combustion and circulation,

elastic sealant — it is impera-

elastic
tive that forced draft boilers be . 'sealant
absolutely gas tight, This qual- - compound.

. ity is attained with the PFA-3
. -by sealing all section joints
' and canopy connections with
elastic compound. (Covered by
- Patent No. 3,533,379.) The elas- *
tic sealant requires less instal- . -
lation time than other gasket.
ing methods and provides a
superior airtight seal, which
will maintain its integrity over D

‘assembled sections - @

~ help speed installa. - B

tion time making the

-, PFA-3 ideal as a re- -}
- placement boiler.: !

Ry

- the years,

Fige 5.2  Courtesy, .Axﬁeriéén"Standard Co. .
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Courtesy, Cleaver Brooks Co.
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rating to ald the designer in choosing the correct size boiler,
Table 5-1 shows a part table of "S.,B.I." ratings for steel
boilers with the various headings. Table 5-2 shows a sample

"l 2 B = R" rating, . ‘

Btu's per hour output. This states the actual heat, in btu's
That has been added to the steam or hot water leaving the boiler
in one hour of operation,

Lbs steam per hour. The heat required to evaporate one pound
ol water at 2120 F 1s 970 btu, and is called the latent heat of
the steam, The btu per hoir output of rating expressed in lbs
of steam psr hour can be found by multiplying by 970 btu.

-Hot water boilers ars rated in btu per hour. The actual heat
absorbed by the water is found from the following formulas

Btu/hr = gpm x tout - tiyn x 8.33 x sp ht of water (.1 0) x 60
Since the heat generator efficiency is about 80% due to heat

losses in the flue gas and radiation losses, the heat input. to
the boiler is annroximately

Btu input/hour = Btu output per"hour
0.80

Btu input per hour is measurable in cubic feet of gas per houp, T
or gallons of fuel oil per hour, whichever method of firing is
used. |

Testing Boiler Output and Efficiency.

Bullding heating bollers are not usually tested-for thermal
efficiency and output to the degree of accuracy nseded for large -
central steam plants, but warrant sufficient checking to prove
that the specifications have beecn met; namely (1) output

(2) overall efficiency and (3) combustion efficiency. The output
of a steam boiler can be obtained by collecting or otherwise
measurins the condensate returnsd to the boiler, or by metering
or weishing the feed water being delivered to the boller during
the test run., The flow through a hot water heat generator can
be gotbtten by m:ans of flowmeters installed in the various '
branches cr main, or by reading the pressure gages at the inlet
and cutlet of the hot weter circulating pump_and finding the gpm.
vrnm the ,umpccurVa1-Tne*Tﬂmpernturc of the water at inlet =nd
ountlat 1=z than ta'aen, and the formule (shown above) is used

for finding the btu output. (2) Overall efficicency is the ratio
of heat output te lzat input:

fricisncy = haat output  x  10C
heat input
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Mechanicolly-Fired

ERIC

A i Tex: provided by enic [N

. Ad o
_ ’ Heating
SB1 Rating 58! Net Rating Sai Mirfi‘::mm Miv(\:zlum Surface
g‘ ';:‘:, Furnace | Furnace | 54 F
SqF Sq Ft Sq Ft Sq Ft Volume | Height
Steam Water MBh Steam | Water MBh MBh Cu Ft In,
m (2) (3) {4) - 8) {8} (7) {8) 9 {10}
2,100 | 3,500 0 526 ] 1,500 2,8% 412 648 | 15.7 1 26 129
2,68 | 4,250 643 | 2,201 3,520 528 2] 102 | 2% 158
3,160 | 5,050 758 1 2,000 | 4,160 624 936 | 22,6 | 29771 186
3630 1 A0, ST6 1 B000 | 48500 T2 1,080 | 26.1 | 2093 25
4,250 | 6,800 | 1,020 3.500 ) 5,600 R0 1,260 | 30.4 1 30 250
4,860 | 7,770 1,166 | 4,000 | 6,400 060 4 1,40 | 348 1 3013 R
5470 | 8,750 | 1,313 | 4500 7,200 1,08 | 1,620 3.1 | 31'f 322
6,0 1 0720 | 1,450 [ 5,000 1 8,000 1,200 | 1,800 | 43.5 | 313§ 358
7200 J1L660 | 1,750 | 6,000 | 9,600 1 1,430 1 2,160 1 520 | 3293 420
8,300 113,600 | 2,040 | 7,000 [ 11,200 | 1,680 | 2,520 | 60.8 | 34 500
10,530 116,250 1 2,479 ] 8,500 | 13,600 | 2,040 | 3,000 ] 73.8 | 354y H08
12,150 1L410 | 2,016 | 10,000 | 16,000 | 2,406 | 3,600 | #6.8 | 3713 713
15,180 ¢ 20,250 1 3,463 | 12,500 [ 20,000 | 3.000 | 4,500 | 108.5 | 401¢ Sl S
15,220 20,150 4Jﬁ$'15ﬂNM1“ﬁ;mnr“ﬂkWMY““&4MP“1mk2'“1‘“““l(F“ —
2,25 lilnn)! 3,100 717,500 2,000 § 4,200 5 6,500 ) 1518 | 46 1,250
i
24,200 1 35,860 | 5,830 1 20,000 1 32,000 | 4,800 [ 7,200 | 173.5 | 4635 | 1,420
30,360 ¢ 4“"“'i TO386 1 25,000 1 40,000 1 6,900 1 9,000 | 216.9 | 545 | 1,786 .
36,450 38,2801 8,742 30,000 48,000 | 7,200 1 10,800 1 260.3 | 'z | 2,43 Table 5.1
42,50 Ih\JuK), 10,200 135,000 56,000 1 8,400 § 12,600 ) 303.6 | 66 ; 2,500
Avtomatic-Fired b
| L
. Pi d
i =Bx= ping an
Gross ! Net 1=B=R Rating i Pickup Factor " M
| = . int axi
B=R ! ! S'uckh Allowah!z
~ A
Cuiput Wu'er; Steam ll water | Steam Areo Draft Loss
| ; |
MBh | MBh  MBE | SqFt ! Sqin.  |in. W.G.b
8.1 9 Lol 13 14 15
87 0 26 20 . 100f 1.333 | 1.500 | 50 | 0.04¢
M6 | Ho oo 98 l 400 1333 [, o2a 50 0.058
231 1188 168 | 700 1333 5 | 0.072
352 | 2064 1 200 | w0 | 1333 52 1 0.084
451 a3k 312 l:m()' 1.333 73 0.0496
AT A0S 600 L8 95 1.108
642 0 482 7 456 1000 ' 1,333 140% 15 | 0.118
36 852 . BUN 1 2200 ¢ 1433 1.304 135 0.130
82 622 6o ¢ 2500 ¢ 1,393 | 1.382 135 0.141
4 |60 : 672 L 200 1833 | 1360 1 173 | 0,152
01E 1 758 1 TM [ 3100 | 1333 | 10350 192 0.162
1101 i 826 l SO, 000 1088 | 1399 | enn 0.172
e i e e e e
118D (b2 RN BT 1933 13301 230 | 0,183
1278 | 960 G0 000§ 131 il 249 0,192
1394 0 1056 5 156 Lo b opineg Lol 0 97y 0.206
P500 11182 1152 N0 E L3I0 | 180 |27 e
16224 RS IE 12 L SR . ) I B VI mmi, 318
T 10 B A600 - Loy oo | 330
IS38 10 10 600 T 1o 1200 | 350
WES 0 OIA36 1536 . GHN ¢ 198 )98 | 5TT
20020632 L 632 LGN 1UISS U988 ! 395
2164 I680 16N T T LR ass | 403
AT INGD- IS TR LSS, L8N 426
HE20 01020 800 1 L2sS 1288 | 436

" Table 5.2




The heat input to a boiler is found by metering the gas or oil

for the period of the test run and applying the heating value

of the fuel., The exact heating value of the gas (which fluctu=

ates) may be obtained from the supplying utility company and

the o0il hesting value from the supplier. It 1s usually accurate
enough to use 1,000 btu per cubic ft for the gas at standard
conditions and l45 000 btu per gallon for No. 2 fuel oil. When

gas consumption is read from the utility company's meter it must -

be corrected to standard conditions for the purposé of the test.

The utility company will furnish the meter constant, or it can

be easily calculated: Find the inlet gas pressure ghead of the .
meter with an accurate gage. Assume it reads 5 psl gage.. Since . .
the volume of a gas varies inversely with the absolute pressure

or

V2 = P or Vz = P W v = cubic feet E

P = absolutevpressure

We must use the absolute pressurss, which is gage pressure plus o

atmospheric pressure (14,7 1b per sq in. at sea level). Then,

the volume of gas entering the boiler, corrected to standard
—————pressure, is

Volume = (5 + 14,7) x volume (read from meter)
14,7 ' :

"= 1e34 x Volume (read from meter)

The volume of a gas also Varies directly with the absolute v
temperature but this may be neglected for these calculations.

Yo now have enough information to complete the formula as
follows: _

% efficiency = heat generator output, btupper hour
(cubic ft per hour of gas) (heat content)

The calculation used for oil burning boilers is similar:

% efficiency = _heat generator output, btu per hour K
gallons oil per hour x heat content per gallon .

(3) Combustion efficliency.

If a boiler was found to have an overall efficlency of som, most

" of the heat represented by the lost 20% went up the stack, spent
in heating the products of combustion, The exact amount of heat
thus lost depends on the pounds of flue gas moved and .its exit
temperature. Each cubic foot of gas or pound of fuel oil, de- .
pending on the carbon and hydrogen content, requires a given
weight of air for combustion, Under perfect combustion conditions

" all of the carbon and hydrogen will be completely burned, and the
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products of combustion will consist principally of carbon
dioxide (COy) and the inert gases, such as nitrogen, that make
up the atmosphere, However, more air than just the theoretical
value is supplied.to insure complete combustion. Unburned com-
bustibles present a loss of hecat, but more important, cause
dangerous explosions and flare backs in the combustion aresas.
The amount of excecs air being supplied to the firebox can be
found by sempling the flue gas for carbon dioxide (CO2) and
oxygen (0p) content, and using a chart similer to Fig. 5-€ and
Fig. 5.7, drawn up for the carbon and hydrozen analysis of the
fuel being used. As an example, assume an Orsat analysis shows
the €O content to be 37, and the Oy content to be 5.33%, when
burning the fuel shown on Fiz,. 5.0, The CO» line intersects
the hypotermuse of the dl""rdﬁ at 30 excess air as does the
5¢3% Og line, Thus, if the theoretical amount of air needed

is 10, cu ft per cu ft of gas, the tcal air at 30;: excess is
1.3C x 10 g 13.0 cu ft per cu ft of gar., The actual loss in
the flue gas can be found from Fig. 5-8, knowling the stack
temperature at the boiler outlet and the psrcentace COp. The
stack temperature is talian with an inscrtion tyre mercury or
accurate bi-metallic therrmometer in the center of the flue gas
streanm close to the brea:cning conrzction, The above figures
show the percent cverall thermal cfficiency, or :

Thermal efficiency a 100 x total heat input - stack losses
total heat input

then, stack lossess (100 - effic) (heat input), btu/hr

The stack losses sliould bs close to the losses figured b the
overall efficiency, Figs. 5-2 and 5«3, allowing for sucll radla-
tion losses,

A COp analysis w3111 bLe mude by the boller supplicr vhen the unit
is agjusted far firinsz, or may be taken Ly Lhoe utility company
upon request, If the specificat10n° quuirn the boiler to pro-
duce ratsd load ai a certain C0s, siacit tempurature and efficicncy,
the contractor will ath“r and submit this data,

Operating and Safety Controls and Trim

Bollers have certain safety requirements and devices that are
required by the State Division of Industrial Zafety, Those cre
contained in "Boiler Safety Orders" available from the Office
of Procurement, Documents Section, P.0. Box 2C171, Sacramento
25820, for a nominal sum, The orders adopt the "ASKE Ccde for
Fressure Boilers"™, availatle at techrical l'ook storss, and both
of there publicationc should He availadls to anyon: ccncerned
w#ith the construetion inzmection of beilers,

Safety Rellef Valves, mounted direcily on the main drum of a
heal generator, are the ultimate, "last ditch" protective de-
vices preventing an explosion from overpressure. Their require-
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e FLUE GAS ANALYSIS CHART FOR DETERMINING
THE AMOUNT OF AIR EMPLOYED "

PERCENTAGES OF CQ,, 0., AND CO ON DRY BASIS AS GIVEN BY ORSAT ANALYSIS. _
BASED UPON THE CONDITIONS THAT FLUE GAS GONTAINS NO RAW GAS, H,, OR FREE CARBON
TWO OF THE CONSTITUENTS, C0,, CO, AND O, NEED ONLY BE KNOWN. THE CHART SERVES

TO CHECK THE ACCURACY OF AN ANALYSIS WHERE THREE CONSTITUENTS ARE DETERMINED.

" CHART DRAWN FOR OUT-OF-STATE
NATURAL GAS - .-

/

 REPRESENTATIVE COMBUSTION ANALYSIS
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FLUE GAS ANALYSIS CHART FCR DETERWNING Triz
AMOUNT CF AIR EMPLOYED -FUEL CiL.

{ CALIFORNIA SAMPLE )

FLRCINTAGES OF €0,,0.. AND CO ON CRY BASIS AS GIVEN BY ORSAT ANALYSS.
EASTD UPON THE CONDITION TRAT FUEL OL 1S BURNED TO CO, AMD/CR CC AO
waiCh VAPOR. TWO OF THE CONSTITUENTS, €O, CO AND O, NEED GNLY EE ANGWN.
THE CHART SERVES TO CHECK THE ACCURACY OF AN ANALYSIS WHERE THREE

0 CONSTITUENTS ARE DETERMNED.

OL ANALYSIS Bf /EIGHT
CARZON £6.70%
HYCRCGEN — 10.84
NITROGEN 0.2%
SULPHUR 0.94

ASH 0.05
OXYGEN 0.88
WATER 0.20
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ments as to design and manufacture are specified in the ASME

- Code for Power Bollers. The heat relieving capacity of the
valve 1s also stamped on the body and this must be equal to or
greater than the maximum heat input to the boller, which may be
found on the boiler's nameplate. Safety rellef valves are ocone
nected directly to the boiler, without reducers or increasers,
and never eny type of shut off valve in between, The outlet
plping 1s lead to a safe point of discharge, and supported so
-as8 to not place any strain on the valve.

-Safety rellef valves for steam service as regulated by the ASME
Code are the pop safety type which open fully at the set relilef
pressure, and then snap shut after blowing down not more than

4 per cent (but not less than 2 lbs) of the set pressure. The
set and closing pressures are adjusted by the manufacturer and
sealed, Fig. 5-10 shows a steam pop safety rellef valve.

Safety relief valves for hot water bolilers (Fig. 5-11) open an
amount directly proportional to the pressure and are not subject
to any blowdown requirements.
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1 Fipe 5-11 (=2) Courtesy, McDonnell &
;E}&U; Miller’Co.
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All ASIT? aprroved safety valves have a lifting lever for mane
-ually opening the valve, '

A drain muct be provided to pr:vent water from lying ajainst
the discharge face of the poppot. s

Low water cut-offs (Figs. 5-16 and 5-17) are float operated
electric switches that interrupt the circuil holding open the
fuel valve should the water level fzll below the safe oparating
level. The State Boller Safety Orders require~a second "backe
up" low water cut-off, which operatss a second gas valve in
series with the first. The second cut-off float chamber 1s
mounted lower on the boiler than the first and has a manual re-
set switch. The first cut-off will shut down the boiler 1if the
water level falls to a below-normal level (within limits) but
will allow it to start up again if the level is restored., The
second cut-off will act to cut off the fire, if for any reason
the first fails, and the weter falls to an unsafe lsvel. The
second cut-off has to be re-set by en attendant -—ho will inves-
tigate the cause of the low water before re-lighting the boller,
Sec Figs. 5-12 to 5-15 for piping comnections to and details of
low water controllers.%® ‘.

OEErGtigﬁ pressure (or temperature) controllers are pressure or
emperature sensing devices which star stop, or modulate
ths fuel input to maintain ths set pressure or temperature which
1s desired.

Should they fail to respond to conditions higher than their.set:
points a high pressurs or temperature safety comtroller, with a
higher seEEEng, will shut oIt %Ee Tuel Inpu%.

High and low pressure fuel safety shut-offs close the fuel valve
n event ol abnormally high or low pressures in the fuel
supply.

A well constructed, accurate nressure e 1s mounted on the
boiler and is connected directIy to the m, These should have
a calibrotion screw, and s tee and valva should be provided
alongside in the gage piping for commecting an inspector's gage.

A water column is installed on the boller so thal the middle of
the glass colncides with the design water level., The latter will
be marked on the boiler. The water column is provided with try-
cocks at 3 levels for verifying the water level, and should be

--operable from the working platform or level., (See Addendum =
rages A-1la. (a) & (b) for Code requirements).

A combustion safety supervisory control system is one that assures
that sale conditions exlcst In a Iirebox belore fuel is introduced,
and monitors the ignition period so that if the main flame is not

1it in a predetermined number of seconds the fuel valve will be
actuated to close. ‘then tho main flane has been established

Q
5 3fer to addendum page A-2] , for Section 763 of the California
Eﬂ&g;bate Boiler Safety Orders. ’

122

IToxt Provided by ERI



!
i
. " Plg. 5-12 _
Combination feed water pump controller and
low water cut-off.

Fig. 5=13
Tow weter cut-off.

_Courtesy, McDonnell'&ﬂﬁiiier 06}  f;
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MCDONNELL SAFETY CONTROLS
FOR HOT WATER SPACE HEATING BOILERS

To Comply with 1967 State of California
Boiler Safety Orders

All safety controls equalizing piping and blow-off valves 1” size.

Install all No. 63M Cut-offs at lggst 1” below Feeder Cut-offs.

Install air vents at top of all equalizing biping.

o ASME Pressure Relief Valves should be selected with capacity
ratings, expressed in BTU per hour, equal to or greater than
the gross output rating of the heating boiler.

MCDONNELL & MILLER, Inc., 3500 N. Spaulding Ave., Chicago, ilinois 60618
Doy P g .

Mo v

Drawing No. CAL-DFCO o Printed in U.S.A.
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COMPRESSION TANK

SWING CHECK
VALVE

[ F—CITY WATER SUPPLY

WATER FILL VALVE
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safely, ths combustion will contimis to meonitc the flanme.

Jigh water and low water slarauc are provided on -vater columns
Tor hIgh pressure stoan bollurs. <“haes gre whistles, or float-
operated switch:e bthot coxund clovm bells.

Boiler Installation

Typically, the hesi senerabtor used ior building heabirng systoms
is a packaged, self suprortsd unit, with trls and rnost acces-
sories mounted at the factory. It preferable shculd be set on
a level concrete pad for zeood househesping reasons and to pre-
vent rusting of the mounts. The Goller Safety Orders require
hold down bolts sufficient to withstand 2 ceismic slidcwise force
equal to 0.1 the weight of the filled boiler. In locating the
boiler in a room, sufficiént srace must be allowed to replace
tubes, which, in the case of a Scotch firetube boiler, would be
a tube length, measured from the front tube sheet, This sjace
must not be blocked by any pipes, lights, ducts, or the like,
that would interfare with tube removal or repair. Dc not prer-
mit conduits, pipes, etc, to be placed over or near access open-
ings. into the boiler or handhole covsr plates.

Floor Trenches and Drains

Unless the piping drawings were made to suit an exact manufac-
turer's model, therz will be some changes necessary in the

piping arrangement. A new piping arrangement should bs prepared

by the contractor for the designer's approval prior to the con-
struction of the boiler room; as. the placement of electrical
conduits, piping trenches, floor drains, fuel risers, etc, will
be affected. Blowdown valves are installed on the lowest part
of the boiler and the blowdown discharge piping is placed in a
trench (covered with floor plates) to avoid a tripping hazard,
The trench, therefore, should be laid out to suit the location °
of the blowdown valve. Similarly, floor drains, hopper drains,
etc, should be located around the boiler to sult the equlpment,
~such as dreins from the low water cut-off chambers and drip-pan
elbows., It should be remembered that such drains cannot be con-
"nected directly to the drainage system but must discharge to an
open funnel. Pipe trenches at the front of the boiler contain-
ing fuel, boiler feed water and air services will also be lo-
caged to suit the piping arrangements and connections at the
boiler,

Piping

The steam or hot water lezd connected to the boiler outlet must
be sufliciently supported on spring hangers so as to not impose
any loads due to weight or expansion on the boiler, lormally,
the boiler lead will be designed for flexibility bhaetweon the
boiler and main header, so any changes brouzht about by a change
in outlet connections will have to rrovide equal flexibility.
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Another consideration is the length of straight pipe required
ahead of fiow meter orifice flanges; which, if not available,
will require- the use of straightening vanes. (See "Instru-
mentation® section). Steam leads should rise vertically from
the boiler outlet to an elbow or large radius bend, and once in
the horizontal position, should slope or pitch down away from
the boiler to remove condensed steam, The fabrication, testing
- and inspection of high pressure boiler leads (the section
between the outlet and header valve) is under the cognizance
of the ASKI Code for Pressure Boilers, and must be done 1in pipe
fabricating shops certified by the Natlonal Board of Boller and
Pressure Vessell Inspectors. “hen delivered to the job, such
piping will bear a pormanently attached -metal tag showing the
name of the manufacturer and the code stamp. This
same requirement holds for boiler feed water and
boiler blowdown piping.

ASME CODE STAMP '
The ASKE Code for Power. Bollers® requirements for steam valves

and boiler feed water valves are as follows:
Section 59.5.1 - Steam Valves

Bach discharge outlet, except safety valve, or safety relief
valvss, shall bs fitted with a stop valve located at an ac-
. cessible point in the steam-delivery line and as near the
boiler nozzle as is convenient and practicable., ‘then such
valves are over 2 inch pipe size the valve or valves used

on the connection shall be of the outside screw-and-yoke
‘rising spindle typCececccesss

Section 59.,5.1.3

“hen bollers are connected to a common header, the connection
from =zach boiler having a manhole opening shall be fitted
with two stop valves having an ample free-blow drain between
them., The dischargze of thle drain shall be visible to the
operator while manlpulatlng the valve. The stop valves shall
consist preferrably of one automatic non-return valve (set

next to the boiler) and a second valve of the outside screw
and'yoke type, or two valves of the outside screw and yoke
type chall be used, '

Section 5%.5.2.1 - Feedwater Valves

eeessses the fead pipe shall be provided with a check valve
necr th2 boiler and a valve or cock hetween the check valve
and hoiler., ‘Yhen two or more beilers are fed from a comnon
source thers shall also be a globe or regulating wvalve on
the branch to 2ach boller located between the check valve
and the gcurce of supply. (See Fige 5-17)

3 Fublished by the American Society of Mechanical Zngineers,
545 @, 47th Street, N.Y., N.Y.
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_The Code requires that globe valves shall be installed so
that the bcller fesd pressure is under the seat, the reason
being that if the stem should fail or the disc become dis-
engaged from the stem, the pressure will hold the disc off
the seat and continue to supply water to the boller.

Fuel Piping consists of interruptible and firm gas, and fuel
o supply and return.

Interruptible gas 1s used when it is avallable, but it is sub-
Ject to %é!ng shut off when supplies are low during the heat-
ing season, Firm inon-interruntibleé gas 1s used for the pilot
light, and fuel o s used as standby fuel for gas, or
full time in localities where natural gas is not avallable.
Natural gas is supplied to the boiler room from the utility
company's meter installation. A gas shut-off cock must be
installed in th2 incoming lines, outside the btuilding and
eesily accessible for securing the boiler room in case of an
emergency. The gas lines are led to the boller, supported
from the cverhead, or layed in a pipe trench on supports, but
never buried under the floor slab, 'The interruptible gas piping
arrangement at the boiler front includes a series of valves and
safety controls as shown in Fig. 5-19%. The pressure of the in.
coming gas and pressure required at the boiler will depend en-
tirely on the pressure drop in the piping and the burner re-
quirement, The firm gas it independent of the imterruptible,
and has a sepnarate shut-off cock and pressure reducling regu-
lator to suit the nilot flame requiremsnts., Low pressure gas
regulators have large diaphragms, the chamber above the dia-
phragm being vented to allow it to "breathe". 1In case the
diarhragm should break, high pressure gas would escape from

the vent cansins a dangerous comdition. TFor this reason, the
vent ccmnsctions have an intzrnal tepring for connecting and
runniny a emall tirs or tubing te atmosrhere. On bollers, the
tut: may be 13d into the firebox, which 1s vented to the at-

mosTthire,

Fuel ofl =urnly and raturn is usually pumped from an under-
sround sur~l7 Tanil outsiIde the boiler room by a small gear

type rwnp intesral vith the burner, Any c¢il not used by the
aodulatin~ t:-re fuecl valv: ic byrsesced baek to the storaje tank.
fwere there 1s a lor:s Aifference in clevation batweor tank and
bdlar, 1 hooegt r ruap ney 22 uce,

-odt » feed retor 0 oads v orrineinglily of condensed returned
sUSt oviar 6 e2viein - sunt o f makeeur vntire 41l cheam con-
denr-d It the haet exehan-~» and coilg, and coll-ehed ab varicus
trap sets fu th:z ballding, 2o sstud Lhoogh ths condencate

st LFFA Bulletiu 777 Deaconrrinan.ne
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TO IGNITION SYSTEM (SEE FIG.AS)
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MAIN GAS CONTROL VALVE

BY-PASS GAS PRESSURE REGULATOR
CONSTANT GAS PRESSURE REGULATOR
SAFETY PRESSURE RELIEF

CLEANER OR STRAINER

HIGH SUPPLY PRESSURE TRIP SWITCH

LOQW SUPPLY PRESSURE TRIiP SWITCH
PRESSURE GAUGE

MANUAL SHUTOFF

MANUAL SHUTOFF, SUPERVISORY

LOW BURNER HEADER PRESSURE TRIP SWITCH

(PERMANENTLY
2 INSTALLED)

—D<t—

Ta -
L p—r

Typical Fuel Supply System for Natural Gas-Fired Multiple Burner Boiler-

Fumnce; ~— Manual,

Reproduced with Permission
Fig. 5«19 of the N.F.P.A.
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system to a ccndensate receiver, This 1s replenished with
treated water as required and pumped back into the boiler, or
to a feed water heater, then tc the boiler, depending on the
size of the plant, As mentioned previously, for high pressure
boilsrs, that vart of the feed water piping between the boiler
fzed water header, or main, and the boiler comes under the
cognizance of the ASKR Boiler Code for High Pressure Bollers,
The Code also requires a secondary source of feed water to be
_pzrmanently connected to the beiler in the event of failure
of the beiler feed pump.

Pilrsbox Ins-ection

Prior te firing, an inspection should be made of the firebox
for shinying damage to the refractory. After tests required by
the contraoet have bsen completed, the boiler. shculd be cooled
down and the firebox re-inspected for signs of flame impinge-
ment or any signs of preomature failure,

Cleaning
Roilars need to he "boiled out" with a cleaning solution to clean

out oil, mill scale and cther impurities., Each company has its
cwr: fermila and vreocedure which should be followed.,

B3¢cilr 7ater Treatment

A program for treatmsnt of the boller water should be sterted
immediataly following the cleaning procedure. liany times it is
overlcoked in the combtract as to who is responsible for treat-
nant, so this should be settled before the boiler is filled the
first time. It must never be left standing cold any period of
time partly filled with water as corrosion will start to work
at the watzsr line. If the boller is neseded for temporary heat
by the contractor, this should be agreed to by the owner and
architect, If it is te lie idle after the tests and initial
firing, it can be layed up "wet" (full of water) with treat-
ment added to I rwrtar as recommsnded by a consultant.

Uniform Mechanical Code Reference

Section 507 - Labeling of Gas Appliances
Table S5a- Installation Clearances -
Section 601 - 607 - Combustion Air Requirements

Footnote 1. Reproduced by permission of McDomnell and Miller, Inc,
Chicago, Illinois. ' ¢
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6. HEAT EXCHANGIRS

Heat exchangers in heating and ventilating work are used to

heat water with steam, heat or (cool) water with water, cool
water with refrigerant, and as refrigerant condensers. They

are manufactured with U-shaped tubes or stralght tubes; the
latter with fixed or floating tube sheets. Heat exchangers

are also arranged for 1, 2, 4 or 6 passes, that 1s, the number

of times a particle of liquid moving through the tubes travels
the length of the exchanger. The number, length and dismeter of
the tubes, and the number of passes is dictated by the heat trans-
fer rate required. Baffles are sometimes used in the steam inlet
to prevent impingement of moisture on the tubes.

Construction Details

Fig. 6-1 shows a U-tube exchanger used for heating water with
steam, Steam enters through the large flanged nozzle at the top
and follows a zig-zag path through the bundle to the outlet at -
the opposite end in the bottom. The connection on the horizontal
centerline at the drain end is for a vacuum breaker or thermoc-
statically operated air vent.

The half-moon segments (refer to Fig. 6-2) hold the tubes on the
proper centers and also act as steam baffles to force the steam
to flow across the tubes as it travels towards the outlet. Of
course, the steam is condensing as it gives up its latent heat
to the cold tubes, and the baffle plates are cut away on the
bottom to permit movement of the condensate. The baffle tube
supports are held in place with tie rods (Fig. 6-2). The open
end of the.tubes are rolled into the tube sheet which is held in
place between the shell flange and the head. Fig. 6-3 shows a
straight tube, fixed tube sheet design. The tube bundle cannot
be withdrawn, so tubes are cut out and removed individually for
replacement as required. The tubes can be cleaned by rodding
out, but this style cannot be used for wide tempsrature differ-
ences. PFig. 6-4 shows a straight tube design with floating head,
which can be rodded out, and the tube bundle can be withdrawn.

Heat exchangers come under the ASME Code for Unfired Pressure
Vessels, and nmust bear the Code Stamp: « The following
are good installation instructions, ,

. prepared by Bell and Gossett Company.

1. Provide sufficient clearance at the stationary tube sheet
end of the unit to permit removal of tube bundles from
shells. On the packed floating tube shset end, a space of
3 or 4 feet should be provided to permit the removal of the
rear head, packing and retainer rings.,

2. Provide valves and by-passes in the piping system so that
' both the shells and tvbe bundles may be by-passed to permit
cutting out the unit for inspection or repairs. '

3. Provide thermometer wells and pressure gauge comnection in

L%



‘0D 3398809 pue [13g-III ‘£se3anon

1-9 313

Q
1C
PAFulText provided by ERIC

E




CASING AND TUSE
BUNDLE ASSEMBLY

FRONT NAME.
MEAD PLATE
GASKET

CROSS SECTIONAL VIEW OF
SHADED AREA SHOWNG
HXED TUBE CONSTRUCTION

Q
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4.
Se

6.

8.

9.

10,

11,

12,

all piping to and from the unit and located as near the unit
as possible, : .

- Provide convenient means for frequently cleaning the unit,

Provide necessary air vent cocks for units so they can be
purged to mrevent or relieve vapor or gas binding of either
the tube or the shell sides.,

Foundations must be adequate so that exchargers will not
settle and cause piping strains. Foundation bolts should
be set to allow for setting inaccuracies. In concrete

. footings, pipe sleeves at least one size larger than bolt

diameter glipped over the bolt and cast in place are best
for this purpose, as they allow the bolt center to be ad-
justed after the foundation 1s set, :

Loosen foundation bolts at one end of unit to allow free
expansion of shells. Oval holes in foundation brackets are
provided for this purpose,

Set exchangers level and square so that plipe connections
may be made without forcing. '

Inspect all openings in exchanger for foreign material.
Remove all wooden plugs and shipping pads just before in-
stalling. Do not expose units to the elements with pads or
other covers removed from nozzles or other openings since
rain water may enter the unit and cause severe damage due
to freezing. : '

Be sure entire system 1is clean before starting operatibn
to prevent plugging of tubes with sand or refuse. The use
of strainers in settling tanks in pipe lines leading to the

"unit is recommended.,

Drain connections should not be piped to a common closed
manifold. ’

Steam hammer can cause serious damage to the tubes of any
heat exchanger, A careful consideration of the following
points before an installation is made can prevent costly
repairs which may be caused by steam hammer,

a. A vacuum breaker and/or vent, should be used in accord-
ance with the type of steam system installed.

b. The proper trap for the steam system installed should
be used. ‘

ce The trap and the condensate return line to the trap
should be properly sized for the total capacity of the
convertor,

de The trap should be sized for the pressure at the trap,
not the inlet pressure to the steam controller,
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The rate of water flow should be checked for agreement with the
design, but should not exceed 7.5 feet per second tube velocity,
as higher velocities will cause tube erosion and vibration,

Tube velocity can be found from Table 6-1 which shows the veloc-
ity obtained with 1 gpm of flow through various sizes and welights
of tubes, The velocity varies directly with the gpm through the
individual tubes. An excessively high steam velocity entering
through the nozzle will also cause vibration of the tubes between
the tube spacers and wear a hole at the point of contact between
the tube and spacers. Fig. 6-5 shows the allowable steam veloc-
ities at various pressures at the steam inlet., The velocity can
be calculated from the formula:

Q=AxV; V-Q
X

Where Q z lbs of steam per sec x sp volume of steam at inlet
rressure
A = area of nozzle, sq ft.
V = velocity. fps

Excessive steam flow can result if the control valve is over-
sized and there 1s a heavy dsmand on the exchanger. The steam
line supnrlying the condenser should be the same size as the noz-
zle comnection to reduce the steam velocity and reduce erosion
from entrained moisture. The condensate outlet also must be
piped full size to the trap to allow unrestricted flow, with the
trap located well below the shell, At times of low or no steam
flow, a slight vacuum is formed in the shell, holding up the
condensate, This can be detrimental to the tubes (see page

and is prevented by use of a vacuum breaker connected to the
shell, A thermostatic air vent valve is also connected to iLhe
shell for getting rid of air and ncncondensible gases,

% from the steam tables (in appendix)
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“Tubing Characteristics |
' Surface Ex- : Length in | Water-GPM

0.D.o ' o luside . lernal, Sq. i Ft.forl1 : atlFt
Tubt'ugf BwG i Thickuess Diameter Ft. Per Lin-  Sq. Ft. Sur- |  Per Sec.
_ | : car Foot | face i Pelocity
% 16 | 065 . 495 166 ez | &
17 .058 509 1636 1 6112 63
18 ! 049 527 1636 ¢ 6112 | 68
20 . | 033 555 1636 0 el2 75 .
we | 18 1 065 620 1963 - 5094 ¢ ! 94
_ 7 .08 634 1963 - 5094 98
[ |- 049 652 . 1963 ¢ 5094 | 1.04
20 035 680 1963 5094 113
% ! 16 065 - 745 2291 4367 ' 136 .
L7 038 759 2291 4367 ' 141
. 1B 049 777 2291 4367 1.48
|20 035 803 2291 4367 ;159
1" ' 16 . 065 870 2618 3817 1.8
L 17 058 884 2618 3.817 191
| 18 049 902 2618 387 ! 1.99
b2 0 035 930 2618 3817 | 212
Table 6-1
/50 ¢
/25
W w0
%
A
Y 75 ]
N
a
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Q
q
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o e e w e b e——— o PR
g ' _
o 50 100 /50 200 50

STEAM VELOCITY, Fas

Fig, 6-5
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7. COOLING AND HEATING COILS

General

The air in air conditioning systems is heated, cooled and de-
humidified by passing it through coils consisting of rows of
tubes bonded to aluminum or copper fins, Hot or cold water,
steam, or a refrigerant circulates through the tubes. The
tubing elements (the primary surface), are usually 5/8" od
copper tubing, and the fins (the secondary surface), are usually
spaced not more than 12 to the inch. The fins may be flat or
ripple shaped and are formed to fit tightly around the tubes.
Fig. 7-1 shows gcneral views of various coll types. Fig. 7-2 (a)
shows the details of fin construction and attachment to the coil
header and Fig. 7-2 (b), a section of a removable header which
permits access to be tubes for cleaning water passages. Coils
are manufactured in many different arrangements of the number of
rows deep and the arrangement of the clrcults. Fige. 7-3 shows
coil circuiting diagrams for water coils, and Fig. 7-4, for
direct expansion coils. Approved submittals for colls often
state the circuiting as "half serpentine", "double serpentine™,.
etc, and should be checked by the inspector before installing.

Water Coil Connections

Another important point to check is the supply and return piping
connections with regard to the air flow for water coils. Coils
are constructed as right or left hand; the hand being determined
b facing the direction which the air is flowing and designating
the coil connections as either left or right hand. This is
illustrated in Fig, 7-5 for even and odd numbers of rows. In
order to develop the designed hsaiing or cooling capaclty ihwe
incoming hot or cold water must be comnected on the air leaving
side of the coil, .and the return. water on the air entering side
of the coil. Since the inlst is always on the bottom and the
outlet is on the top, the coil ends will look like Fig. 7-6 for
right hand and left hand styles. If the wrong hand coll is
ordered and delivered to the job it will have to be turned end-
for-end which will cause problems in relocating piping, control
valves, etc. Some coils are furnished with two sets of connec-
tions on one end in which case this difficulty will not arise.
Tach coil should have a means of venting air from the top, and
have soms provision for completely draining it.

Cooling Coil Condensate Removal

Cooling coils extract copious amounts of water from the air

during the coolinz and dehumidification process and provision

for collecting and disposing of the condensate must be considered.
Cooling coils stacked on top of each other should have a gutter

at the botsom of each ccil to prevent loading the lower coils.
Coll face velocities are usually designed for 500-600 fpm to pre-
vent carryover of condensate past the coil face, The bottom coil
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should be mounted in a drain pan extending approximately 12"
from the coil face, unless the cold plermum floor is water tight
and has a floor drain, Chilled water piping penetrations of the
plemum surrounding the coil need to be air tight to prevent con-
densate from being blown out into the fan room. o

~ Steam Heating Coils

Steam coils are constructed and specified with the two arrange-
ments for introducing steam and removing the condensate shown
schematically on Fig., 7-7. In Fig., 7-7 (a), steam enters one
end and is distributed to the various rows through a common
header, The rows are pitched down to the opposite end for the
condensate to run out, 1In Fig. 7-7 (b), a tube-within-a-tube
is used where the steam flows through the inside tube, which is
perforated at intervals, to the far end. The steam and conden-
sate then flows back to the condensate outlet. . Regardless of
the tube construction the steam inlet is always at the mid point
of the coll and the return is always on the bottom.

Piping Connections for Steam Coils

Figs., 7-8 and 7-9 give application recommendations and piping
- hook-ups for different coil positions and arrangements by one
manufacturer®, but are generally standard for the industry.

The coil numbers refer to the designs shownin Fig. 7-7,.

Pressure Tests and Ratings

 Water and direct expansion coils are factory pressure tested
and are suitable for 250 psig working pressure. Steam colls
are rated up to 150 psil for standard coils. (These figures may
vary with different manufacturers). It is not advisable to
include coils (or any other equipment or valves) in a piping
pressure test,

The Air Conditioning and Refrigeration Institute (ARI) has set
up standards for rating and testing coils (Standard 410-64).
Fige. 7-1 (c) shows the ARI certification seal. :

Refer to Uniform Mechanical Code, Section 510, for cooling coil
condensate waste requirements,
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WATER COOLING COILS

Fig, 7-1

1. HEADERS . Extra heavy seamless copper
tubing. Tube holes are intruded to provide
the maximum brazing surface for added
strength. Header end caps are heavy gauge
die formed copper. Cupro-nickel headers
and Monel end caps are available for special
applications.

2. CONNECTIONS - Top and bottom con-
nections provided on headers permit coil
to be used for either right or left hand air
flow. ‘

a. Water Coil Conn. Steel male pipe supply
and return connections (Other matcrials
available on request).

b. Evaporator Coil Conn. Maie Sweat type.
Liquid connections are brass and suction
connections are copper.

3. BRAZING- All joints are brazed with

copper brazing alloys.

4. PRIMARY SURFACE. 5/8" 0.D. round
seamless copper tiibes on 1-1/2" centers.
Cupro-nickel tubes are recommended for
applications where high acid or sand con-
tent tends to be corrosive or erosive.

5. SECONDARY SURFACE .- HI-F rippled
aluminum or copper die formed plate type
fins. 5a Fin collars are full drawn to com-

Inc.

pletely cover the tubes for maximum heat
transfer and to provide accurate control of
finspacing.

6. CASING - Die formed heavy gauge con-
tinuous galvanized steel with reinforced
mounting flanges (Other materials available’
on request.) Tie bars and fin angles brace
and position the core assembly to prevent
damage in shipment.

7.REMOVABLE HEAD AND WATER BAF=~
FLES — The removable head, formed from
1/4" thick hot rolled steel, is bolted to the
tube sheet by 9/16" bolts. Four tapped holes
are provided in the flanges for jack screws
which facilitate removing the head.

8. TUBE SHEET- 1/2” thick hot rolled car-
bon steel. Tube holes are drilled and reamed
to provide a smooth surface for the tube.

9.TUBE SHEET TO TUBE JOINTTubes
are rolled tight into the tube sheet withou
the use of ferrules which prevent proper
draining and cleaning.

. "10.GASKETS — Composition cork and neo-

_prene gasket around the perimeter of the
head ‘and a neoprene gasket between the
water baffles and the tube sheet provide
positive sealing and long life.




COIL CIRCUITING DIAGRAMS—WATER COILS

STANDARD
SERPENTINE

The number of
water circuits is
the number of
tubes contained
in the width of
the coil.

AlL WATEI COILS ARE COMPLETELY DRAINABLE BY GRAVITY THROUGH THE DRAIN PLUG IN
THE SUPPLY CONNECTION. THE DIAGRAMS ON THIS PAGE SHOW THIS DESIRABLE FEATURE.

2

6o c 0o 0 0 ©

£
A

oA
1 ROW

3 ROWS

5 ROWS

HEADERS OPPOSITE END

ant
A
[
ShAIN
2 ROWS

HALF
SERPENTINE

The number of
water circuits is
one-half the num-
ber of tubes con-
tained in width

of the coil. Used to increase water velocity when
it becomes less than 0.5 ft. per second with stand-

1 ROV’

40

3 ROWS

5 ROWS

HEADERS SAME END

ard

"RAIN
. 2R0WS
HEADERS SAME END

number of circuits. Increasing water. velocity

increases heat transfer capacity.

DOUBLE SERPENTINE

The number of water circuits is
twice the number of tubes con-
tained in the width of the coil
Used when the water velocity ex-
ceeds the value which may result
in an excessive pressure drop

(head).

A ARG

HEADERS SAME END

Flg. 7-3
144

6 ROWS
HEADERS OPPOSITE END

8 ROWS .
HEADERS SAME END




COIL CIRCUITING DIAGRAMS—Direct Expansion Colls

DIRECT EXPANSION COILS ARE CIRCUITED FOR THE REFRIGERANT TYPE SPECIFIED,
CIRCUITING ARRANGEMENTS SHOWN ARE FOR REFRIGERANT 12 ONLY.

STANDARD

o2 A
SERPENTINE = ~
Any number of $ :’z
tubes wide. $ ~‘\:§
Number of cir- .
cuits is the same Sl ~%'$
as number of 4 ROWS DEEP 5 ROWS DEEP 6 ROWS DEEP 7 ROWS DEEP B ROWS DEEP
tubes wide.
HALF SERPENTINE g g f&"'\"&
Any even number of tubes wide. rN’N v ’\‘\’N t
Number of circuits is one-half ’N,\ . : (vf'\ﬂ (N .
the number of tubes wide. ? ~” .@ \Ml .;‘?f
N~ b S & &j@
4 ROWS DEEP 5 ROWS DEEP 6 ROWS DEEP 8 ROWS DEEP
Fzz ]
; I G ’ ®
/e Zn T o
l&-.’ ::; FACE CONTROL is con- 1° DEPTH CONTROL iscon-
\": = = trol of separate portions : trol with two or more
' ,,.;;_’ of the coil with two or - » expansion valves in depth.
2 ™ more thermal expansion N Used to shorten the circuit
:’: L AL valves, Advantages are : length of a Coil and, there-
‘-,,‘_" - better control and more b by, reduce the refrigerant
< pressure drop.

dehumidifying of the air
at low loads. Sometimes used instead of face and
.by-pass dampers on air conditioning units.

- Any coil may be circuited for face control regard-
less of the number of tubes wide or rows deep.

Anycoil may be circuited for depth control re-
gardless of the number of rows deep. The
Percentage of Total Load Table on page 33 shows
how the load will be divided.

Fig. 7-4"-
— e T SUPPLY = SUPPLYILCD ~
HAND d— i d—— I
ARRANGEMENT d—— ——_— —"""F e E—— —pe
R e T TR
' 1 ‘ ' ' 1 ' r DIRECTION OF AIR FLOW
DIRECTION OF AIR FLOW

6 ROW Coil hand is determined by fac- 5 oW For coils with opposite end con-
RIGHT HAND ing the ditection which the air RIGHT HAND - .nections, Coil hand is determined
WATER COIL is flowing and designating Coil WATER COILS by the return header location.

. connections as either right or : .

" left hand.
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Select McQUAY HI-F 5 and HI-F 8 Steam Coils from
three different circuiting arrangements: the general
purpose 5SA and 55B coils, and two jet tube steam
distributing styles — the 5JA and 8JA and the 5RA
and 8RA coils ~ intended for both general and special
purpose heating. While each of these arrangements has
been carefully designed to serve a particular area in

The McQUAY 55A and 55B steam coils are specifical-

ly designed for economical general purpose heating.
Featuring high quality and high capacity, they are an
ideal choice for all regular steam applications — heat-
- ing, reheating, booster and process use.

The sectional diagram illustrates the steam cir-
cuiting of this single tube design. A perfordted plate
type steam baffle directly behind the supply connec-
tion ensures even steam pressure across the entire
header length. Inlet tube orifices meter a uniform flow
of steam into each tube.

The SRA and 8RA jet tube steam distributing coils
are very similar in design and operation to the ‘‘JA"
coils except that supply and return connecflons are
located on opposite ends. :

The directional orifices properly meter steam along
the entire tube length to ossure a consistant tempera-
ture rise across the full coil face and accelerate con-
densate removal. This important feature is standard
on all McQUAY jet tube steam distributing coils.

55A & 55B GENERAL PURPOSE STEAM COILS

steam coil opplication, sufficient similarities are
present in design and performance to render them in-
terchangeable in many cases.

McQUAY steam coils provide a higher performing
heat transfer surface together with o host of exclusive
McQUAY features that assure extended coil life.

{ e { [XERELLLLLL

s lnmmmnn;nmmmmsmm;mm-

; lmmlmxtmmmmunumumxmml

..‘_,; gwylm;s;imn;snmmmmsmmmumml

5JA & BJA JET TUBE DISTRIBUTING COILS

~-5RA & 8RA JET TUBE DISTRIBUTING COILS

' ,sguum!!t!nummmmmmmtm:mm.
) i!;smmsmmﬂmmumsmmmmmm !

m 1T C

(a)

The McQUAY 5JA and 8JA jet tube steam distributing
cails are excellent for any general purpose hedting
applications. With the superior freeze resistance pro-
vided by the tube-within-a-tube construction, they are
idea] for low temperature preheohng ond specucl pro-
cess application.

The construction, as illustrated, features directional
orificed inner tubes, a unique eliptical supply header
located inside the heavy duty return header and a cir-
cuiting arrangement which provides both supply and
return connechons at the same end of the coil.

TS
T i i
) ;.".“ : l‘ ) T3 g s $ m{s—-“-"!‘.

1} H u) 33333100000,

(c)

Fige 7=7
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PIPING DATA

A. GENERAL
1.

2.

APPLICATION RECOMMENDATIONS

Sotisfactory operation and service life are best ensured when coils
are installed with praper piping, trap, and support arrangement. The

Provide separate supports and hangers for the coil
and for the piping.

Be certcin that adequate piping flexibility is pro-
vided. Stresses resulting from expansion of closely
coupled piping and coil arrengement can cause
serious damoge.

. McQUAY standard coils are pitched in the casing

when installed for horizontal air flow. The install-
ation should be checked to ensure that the casing
is level.

On vertical air flow applications, the coils must be
pitched when installed.

. Do not reduce pipe size at the coil return connec-

tian. Carry return connection size through the dirt
pocket, making the reduction at the branch leading
to the trap. :

. 1t is recommended that vacuum breckers be install-

ed on all opplications to prevent retaining conden-

_ sate in the coil. Generally the vacuum brecker is to

~N O

-

be connected between the coil inlet and the return
main, as shown. However, for a system with a
flooded return main, the vacuum breaker should be
ofen to the atmosphere and the trap design should
allow venting of large quantities of air.

. Do not drip: supply mains through the coil.
. Do not attempt to lift condensate when using mod-

ulating or on - off control.
TRAPS

. Size traps in accordance with manufacturers’ recom-

mendations. Be certain that the required pressure
differenticl will always be available. Do not under-
size.

. Float and thermostatic or bucket trops are recom-

mended for low pressure steam. On high pressure
systems, bucket traps are normally recommended.
Thermostatic traps should be used only fcr air
venting.

. Bucket traps are recommended for use with on - off

control only.

. Locate traps at leost 12 inches below the coil re-

turn connection.

. Multiple coil installations:

a. Each coil or group of coils that is individually
controlled must be individually trapped.

—pla—

GATE VALVE

CONTROL VALVE. MODULATING
TWO POSINITN

deme

ations.

stollotion, the

© #5JA or 8JA Coil installed with %
tubes werticel. The =<sit supply
s

yee.

*5RA, BRA, 55A or 553 Coil installed
for vertical oir flow. installer must
pitch coil toward the return con-
nection on verticol air flow instali-

For horizor:al air flow in-

ressired pitch

built into the casing.

*NOTE: Roting data is AR} Certified only for

the stondard ARI Coil Orientation, i.e.

horizontal tubes, vertical rni! foce ond
horizontol oir flow.

Figo '7"8
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. On

following notes and diagrams are recommended:

b. Coils in series — separote traps are required for
each coil, or bank of coils, in series.

c. Coils in paraltel - a single trap may generally
be used but an individual trap for each coil is
preferred.

CONTROL

. With coils orranged for series air flow, a separate

control is required on eoch bank, or coil, in the
direction of air flow.

. On high pressure installations, a two position steam

valve with o face and bypass arrangement is pre-
ferred where modulating control is required.

. Modulating valves must be sized properly — Do not

oversize. :

FREEZING CONDITIONS
(Entering Air Temperature Below 35F).

. 5JA,8JA, 5RA and 8RA Coils are definitely recom-

mended.

. 5 psi steam must be supplied to coils ot all times.
. Modulating valves are not recommended. Control

shauld be by means af tace and bypass dampers.

. Consideration should be given to the use af two or

three coils in series with two position steem con-
trol valves onthat coit or coils which will be handl-
ing 35F, or calder, air. The desired degree of con-
trol can be attained with a modulating valve on the
downstream coil. : :

. Provision should alwoys be made to thoroughly ‘mix

fresh air and return air before it enters coil. Also,
temperature control elements must be properly lo-
cated to obtain true air mixture temperatures.

. As additional protection against freeze-up, the trap

should be installed sufficiently for below coil to
provide an adequote hydrostatic head to ensure
removal of condensate during an interrupticn in the
steam pressure. Estimate 3 feet for each 1 psi of
trap differential required.

sigit up, admit steam to coil.ten minutes before
admitting outdoor air.

8. Provision must be made to close fresh air dampers

SYMBOLS FOR PIPING ARRANGEMENTS

_N__

CHECA .%.4%

LOW PRESSURE (TO 25 PSI)

piping must be dripped ochead of
the coil on an instollation of this “lta

if steam supply pressure falls below minimum
specified.

—{_F-

__FLOAT- AND__
THERLOSTATIC TRAP

—h—

STRAINER

s

Ay

is

"fim

2% .

McQuay, Inc.



PIPING DATA

LOW PRESSURE (YO 25 PSI)

s

€A% MAIN

S5JA or BJA Coil installed in
series. Note thot eoch coil myst
hove o seporote contral volve
ond trop.

* - SSA or 558 Coils
instolled with tubes verticol.
Diogrom shows single trop, how-
ever, it is olways preferoble to
trop eoch coil individually.

SRA, 8RA, 5SA or 55B Coils
bonked three high by three deep.
Individuo! tropping of each coil
os shown is preferred. Note thot
it is necessary to provide a
seporote contral volve for eoch
bank in the direction of air flow.

* NOTE:

Roting doto is AR! Certified only
forthe stondord ARl Coil Orientation,
i.e. horizental tubes, vertical coil
foce ond horizontol air flow,

%4~ PETCOCK
CONTINUOUS
VINTING

5GA or 8GA Coils. Note the od-
dition of o vocuum breaker to
permit the cail to droin during HIGH PRESSURL
shutdown. . BUCKET THRP

Fige. 7=9 5TA, 8TA, SHA or SHB Cails.
Condensate is lifted to overheod

EMC } 149 . return main,
" McQuay, Inc.



Cooling and Heating Coil Pointers:

l. Protect finned coils with plywood during construction.
2. Never run air through coils without filtsrs in place,
3. Tight closure between the coil frame and plermum.

4, Tight closure between the hot and cold plenum so air cannot
be exchanged between the two,

5. Colls plumb and level,

6. Alr vent valves and drain valves are installed.

7. Piping connected for counterflow.

8. Damaged fins to be straightened with a "comb".

9. Tight air seal around piping entering plenum.

10. Piping supported sc that no load 1s imposed on coils.

11, Unions or flanges are installed in piping to allow discone
nection for coil removal.,

12, Coil ends protruding from plenum to be insulated, with vapor
barrier,

150




8es PUMPS

This section will discuss th: various types of designs of pumps
associated with heating and ventilating plants; some of the
details of their construction; proper installation methods,
and testing procedures. '

Pump Types

The pump types used the most in heating and ventilating work

are the centrifugal, regenerative, axial flow, and rotary de-
signs. The centrifugal pump is produced with a volute shaped
casing which converts velocity head to pressure he ad, or the

diffuser type which uses diffusion vanes around the impeller

to make the conversion.,

Drawing Fic. 8-1 is.a schematic diagram of the volute centrif-
ugal, which is not unlike a backward inclined bladed fan,
Water enters through the eye of the impeller and is thrown by
centrifugal force at a high velocity around the annular space
between the impeller and casing and out through the discharge.
A section of a diffuser-type centrifugal pump is shown in
Fig. 8-2, where the water 1s thrown through the diffusion ring
and around the casing to the discharge. Note the difference
in the exterior shapes of the casing; volute vs concentric.
Axial flow, mixed flow and radial flow pumps are used for low
nead, hi;h flow applications such as moving condensing water
throush cecling towers and refrigeration condensers. These
are vertically mounted and take suction from a basin or sumg.
Fige 8-4 shows th> impeller shapes and salient features and
Vi* 8-5 the general arrangement of a mixed flow pump, which
is typical for all three styles. PFig. 8-3 illustrates the re-
enerative type, in which the liquid is acted on by the impel-
i er for necurly a full revolution as 1t circulates in and out of
th: impeller vanes. The rotary type pumps are various arrange-
mints of casings containing gears, vanes, pistong, cams, seg-
ments or ccrews.

Tyrical rump cur ves for centrifugal, regenerative, and rotary
(cear) types are shown in Figs, 8-7, 3-8 and 8<%,  As an
example of an actual apvlication for the centrifucal pump,
Fig. 23-7, "A" is the shut-off condition of hlrncst head and
no-flow; ovoint "B" is a throttled flow condition, point "C"
the desizn comdition where the system friction curve crosses,
and “01nt "D", a condition where the friction head has been
1P"st1ca11v reduced (as a line break).

liechanical Festures

Sincs puwnrs opsrate at high €reds, high pressures and tempera-
tures, and have cloce woriidng clearance the better pumps are
fitted with certain replaceable parts that extend their useful

Q
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STANDARDS OF HYDRAULIC INSTITUTE
ROTARY PUMP SECTION

s D -,

NN 747 m—
& NN Ehiy b
!\:\\\/\« S & \v:}.: e
N o (I e e N 5%

N N\
NN

STEAM JACKETED
CAM & PISTON TYPE

HELICAL GEAR TYPE

-\d\.‘i‘ 1_1 = 3
Sucrion i|-|;::‘|‘_ll I'
sy #—2 g o

=

SWINGING VANE TYPE SPECIAL VANE TYPE k INTERNAL GEAR TYPE

Fige 8-6 peprinted from HYDRAULIC INSTITUTE
STANDARDS, 12th Edition, Copyright

- 1969, by Hydraulic Institute, 122

154 Eas% 42nd Street, New York, New York.
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life and incredse their efficisncy., Filg. 3-10 is a crossection
of a sinzle stage volute centrifugsl pump where the encircled
Zone "AY" shows where the impeller turns inside the casing.
There. necessarily, must.be .a very small clearance between the
two, ctherwise the high nressure fluid would leak through to

the low pressure side. When this clearance has increased past
the allowable ‘1imit because of erosion, abrasion, etc, a new
wearing ring (piece 7) can be installed, restoring the original
close clearance, The impeller can also be furnished with wear-
ing rings as shown in the enlarged detell. As shown in Fig. 8-10,
many rows of packing are used at each end of the basing to pre--
vent water from leaking out around the shaft. This arrangement
is called a "stuffing box", A gland is drawn inward by bolts
attached to the pump housing and compresses the packirng to ob-
tain the desired tightness around the shaft.

If the packing is tightened too much, it will cut grooves in

the shaft, which causes more leakage as well as increasing the
load on the motor., If not tightened sufficiently, leakage will
be excessive, though some flow (40-60 drops/minute) 1s neces-
sary to lubricate and cool the packing., Experience and skill
on the part of the operator in choosing the proper packing and
ad justing it is important. Replaceable sleeves over pump shafts
are used to protect them from packing wear as well as general
erosion and corrosion. The mechanical shaft seal (Fig. 8-10 (B))
is a popular type of seal that does not use soft packing or re-
quire any adjustment once installed., Basically, 1t consists of .
two smooth polished surfaces held against each other by COM=
pressed springs, forming a closely fitting interface., A small
amount of moisture seeps in between the faces (onz fixed, one
rotating) which is needed to lubricate and cool the surfaces,

A properly operating mechanical seal will not thréow liquid while
turning, Some of the materials used are monel, stainless steel,
carbon, and porcelain, depending on th: aprlication., Mechanical
seals are damaged by rust, mill scale or abrasive dirt usually
encountered in new piping systems. They are also affected by
the pH of the water, Packed seals and mechanical seals are
easily distinguishable on a pump; the former has 2 stud bolts
and the gland for "squeegzing" th: packing, whereas the mechani-
- cal seal has a solid plate around the shaft with cap screws
which hold the seal in place, _ -

If a pump is operating on a sucticon 1ift, water under nressure
is injected into the stuffing box by means c¢f lantern ring or
. water sezl cage (Fige. 8-10) which seals the chamber and prevents
air from,leai?ns into the pump. There are alco arrlications in
heating systems wheérs pumps hondle woter over 250° ¥ whars en
outside source of cocling watsr is riped inte tho stufling box,
keepiny tha vaclkin: lubricatet snd ccol, iz, C-11 shows ei-
larged details of a soch-nical se«l and & raclkzd gland,

Pump Foundations

»Pumps are usually =zet on concrete pads and bolted down'b; i
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Zone A—Alternate impeller .
ring subassembly

DETAIL MAT shaft seal subassembly
‘BEARING LOCKNUT 63 STUFFING BOX BUSHlNG
IMPELLER NUT 65 MECHANlCAl. SEAI. STATIONARY ELEMENT
- LANTERN RING 68 SHAFT COLLA
BEARING HOUSING : 695 BEARING lUCKWASHER
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"Fig. 8-10
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. Zone B—Alternate mechanical ’

17 GLAND -
" 178 GLAND BOLT

DETAIL '"B"

1A LOWER CASING

1B UPPER CASING

2 IMPELLER

6 SHAFT

7 CASING RING

8 IMPELLER RING
PACKING

14 SHAFT SLEEVE
16 BEARING

18 OUTBOARD BEARING
20 SHAFT SLEEVE NUT

- Peerless Pump Division, FMC.
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'Peeriess Pump Division, FMC,lvi.
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sheped anchors., These are set imside pipe sleeves placed in
the pad form prior to being filled with concrete. Separated
pumps and motor units are mounted on a case iron or structural
steel bed plate designed to be filled with grout, introduced
throuzh War'e grout holes. This base is set on wedges high
enouth to ~erm1t a grout base of 1" to 2" thick and bolted to
the pad. Jith the flex*ble coupling in the drive shaft dis-
connecta2d, the pump ic connected to its plping, then the mctor
is rositioned so that the flexible coupling is aligned. A
form ig then placed arcund the pump base tec retain the soft
grout which 1z a non-shrinking type and ig pumped in and rodded
to £111 all voids. Refore the grout has completely hardened,
the form iz removad and the wedges dug cut sufficiently for -
later removals Aftsr the pump has operated at its normal tem-
perature, final aligmment is checked again and the pump and
motor dcweled in place. This is the procedure rceccommended by
ths “fydraulic Standards Institute, but the manufacturer's
instructions should be followed in case of conflict.

Piping Connections

Onz of the biggest factors in the performance of a pumping sys-
tem is the manner in which the pump suction and discharge piping
has been designed and installed. A single line drawing or a
schematic diagram of the piping layout sometimes leaves consider-
able latitude and judgement up to the installer, which can lead
to problems if certain principles are not observed,

s with fans, the suction piping to pumps is critical not only
from the standpoint of striving for non-turbulent flow at the
inlet but also keeplnﬁ the suction free of air or other vapors.
Since the suction piping size is usually 1 or 2 sizes greater
(and nover smaller) than the pump connection, a redvcer 1s
necessary. Connections using a reducing tee or concentric re-
ducer similar to Figs. 8-13 and 8-14, will form air pockets and.
cause the pump to lose its prime,. and also act to-reduce the
~effective cross sectional area of the pipe. Figs. 3-15 and
.8=1C show the recommended connections using eccentric reducers.
Alsc, if the suction line 1s generally horizontal, it should
slope upwards to the pump and not have a high p01nt or hump
between ths source and the pump. In order to avoid a turbulent
flow of the fluid at the pump inlet, a connection using a.lorng
radius elbow (rather than a short radius) in the vertical plane
"is the preferred method (Fig. 8-17)s Sucticn piping led into
the pump in-the horizontal plane should also have the long
-~ radius elbow and a straightening section at least 2 diameters
long to shtraishten out the streamline, Fig. 8-18). This is
particularly important for double suction pumps, to assure equal
flow Lo both cides of the impeller and equal loads on the thrust
bearings. Fig. 3~19 depicts an incorrect arrangement.

- The pump suction inlets in basins or sumns, as in cooling towers
~..or hot wells, are critical regcrding the shape of the inlet and
- the location with respect to the bottom and walls of the sunp.

Q
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Other factors are the proximity of multiple suction lines and
the velocity and direction of the incoming water supplying the
sump. The submerged intake should be fitted with a bell-
mouthed inlet to reduce the intakec suction loss and provide a
full crossectional area flow of water to the impeller inlet.
It has been found that disturbing vortices and eddy currents
around the suction pipe inlet. can be avoided by proper design
of the sump enclosure, and by holdin; the heizht of the intake
bell within certain limits. Fig. 8-20 shows a design for a
single pump suction. The height of the bell intake is the most
critical (1/2 to 1/3 of the diameter); a higher location will
reduce pump efficizanecys The ydraulic Institute ‘Standards
(Fig. 8-22) shows recommended sump arrangensnts as well as
designs not reconmmendsd,

The size of the suction and dischorge piping is not necessarily
the size of the pumr connections; in fact, 1t is usually 1 or 2
pipe sizes larger. However, the valves, strainsrs and fittings
directly connected to the pump may be either size, so the plping
drawing should be very carefully checked. The desizner may
specify the valves and fittings to be the same size ac the pump
connections for raasons -© economy; 1 which case the assembly
should be closed coupled and compact, without unnecessarily
long runs of comnoccting piping in between componsnts, which add
considerably to the friction loss. If an increaser is shown
directly at the pump suction and discharge, the velves and fit-
tings are intended to be full line size. As stated before, the
suction piping should be connected to the pump with a long radius
elbow with at least 2 diameters of straight pipe in hetween,
Never use the outlet of a tee instead of an elbow for the direc-
tion change. Pressure gaze connections must be made somewhere
between the pump conncctions and the first valve, on suction

and discharge. Do not use the air vent connection on top of the
volute casing, nor any of the varlous plugged connections scmé-
times found around the volute. Some manufecturers provide gage
connections directly on the suctiocn and discharge nozzles of the
pump, which are satisfsctory. Provide gage shut-off valves and
syphons for hot water service, and make sure the gage can be
screwed off and on -=rithout interference. A small recertor is
provided under nacksd stuffing boxes 2nd mechanical seals,
tappred for a small pipe to drain off leakage¢ to a hoprer drain,
and a similar tarring will be found on pump bed plates to drain
any drips or spills. In making up the pipe connections, suf-
ficiz>nt flanges or unions should be provided for dismantling thse
plping in order to remove the pump head for repairs., Some close-
soupled pumps are designed for withdrawing the impeller and pump
base from the rear of the casing, leaving 2ll pipin; undisturbed.
It is imperative that the suction and discharze piping be sup-
ported and anchored in such a way as to not impose any loads on
the pump casing from dead weight or expansion of niping. A
dovmward thrust on the end of a close-coupled rump causes the
shaft and housing to deflect and can cause bearing problems, -

Probably the worst thing that harpens to a new pump is running
dirty water through it at the initial start unr and operation.
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MULTIPLE PUMP PITS
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“—t Add wall thickness
-§_to ¢ distonce.
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-
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Nl 7 tess
Ssi¥2 10 20
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L opprox. B/3 p'efe,f‘ed < : 72'
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NOTE : Figures opply to sumps for cleor liquid. For fluid- salids
mintures refer to the pump manufacturer.

Hydraulic Tnstitute Stanclards show recommended sump arrangements s well
as arrangements that are specifically not recommended. (Hvdvaadic astitutr.)

Fig. 8-22

Reprinted from HYDRAULIC INSTITUTE

| STANDARDS, 12th Editionm, Copyright

QL ‘ 1969, by Hydraulic Institute, 122
~ERIC : 164 East 42nd Street, New York, New York,




Welding slag, rust, mill scale and construction dirt must be
removed from the system before the pump is turrned over, or
damage to the shaft seals and pump internal parts 1s inevi-
table. Chemical cleaning of piping (see Section on Piping)
will remove such things as mill scale and rust, tut diligence
on the part of the inspector will prevent sand, pebbles, slag,
etc, from being left in the piping at the time of installation.

Testin; Pump Performance

It is nccessary to find out how much fluld the pump 1s deliver-
ing in corder to evaluate the performance of the entire heating
and ventilating system. The pump is the "prime mover™ of a hot
water or chilled water system and the variocus heat exchangers
and colls cannot be expected to produce the desired heat trans-
fer if insufficient water is being circulated. Over-pumping st
excessive rates also occur if the head calculations are off,
and tiaic can cause noisy operation, premature heat exchanger
failurcs and uneconomical operation., The following data, uced
with the pump mamfacturert!s pump curve, is needed to make a
fileld test:

l. Pump head, in feet of water.

2. Tlow through the pump, gallons per minute.
. llotor load, brake horsepower.

4, Pump speed, rpm.

Pump head is found by installing accurate gages on the pump at
Tocations described in "Piping Connections®™. If the pump suc-
tion operctes at a vacuum, a compound gage will be necessary.
The guses selected should have a range such that the pressure
readins vill be approximately at mid-scale. The total head
prodiicad by the pump may be taken as the difference of the

two rrescure gage readings, '

Gallons per minute is found from rlow meters or displacement
meters 1 Installed as part of the piping system. If not, ihe
veloclty cun be measured with a Collin's guge tube which warks
on th~ same principle of the Pitot tube., Frovision must be
mad> in th: niplng dowvnstream of tha pump for inserting the
tube. TIf none of the above methods are available, the pump
enrve may he used, entering it with the head and brake horse-
TO"2T, ‘

Brale horserower can be estimated from the formula shown on
razc97 In the section on Fans, '

Punp speed is taken with s revolution center or tachometer,
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For direct drive pumps, the motor speed can be taken at the
motor end of the shaft, and should be within 5 or 10 rpm of
the figure shown on the pump curve or data sheet.

A "fix" on the gpm may now be made by plottinz the "hecad" and
"obrake horsepower™ on the aprropriate curves (see Fig. 8-23).

If the two indicate the same gpm within a reasonable limit, this
may be taken as the estimated flow point (H & BH)., If there is
a wide dissgreement, check the "shut-off" head (for centrifugal
pumps only) by slowly closing the dischargs valve with the pump
running, and read the total heads and horsepower load, I the
head is substantially lower or higher than the curve at zero
flow, the pump should be checked further, Additional points may
be obtained by opening the discharge valve in increments and
plotting a test curve for H vs flow and brake horsepower if a
flowmetear or other volume measuring device is available. The
direction of rotation ay be wrong, or the wrong diameter of
impeller may be instalied. The pump may be air-bound, or the
impellsr may be on backwards (double suction type). Inordin-
ately high heads and low horsepower requirements indicate un-
accounted-for friction loszes, Low head and maximum horsepower
requirements indicate that the pump is working against a lower
head than anticipated., Excessive flows can damage the pump in
time, as well as cause the other undesirable effects discussed
above. The pump's performance curve can be altered by increas-
ing or decreasing the impeller diumeter within certain limits,
and this is preferred to throttling the discharge to reduce
excessive flow. Thls change should be made only by the manufac-
turer,

There 1s a popular misconception that closing the discharge valve
of a centrifugal pump completely while the pump is running will
build up a dangerously high pressure in the casing ard break it.
It can be seen from Fig. 8-23 that at no-flow conditions, i.e.,
with the discharge valve closed, the pressure will huild up to
the smv-off figure shown and go no higher., However, the heat
caused by the Impeller churning the fluid will build up in time
sufficiently to cause damage to the impeller. Where pumps are
required to run at near-shut-off conditions due to control
processes, a bleed limne is installed to permit a flow through the
pump sufficient to keep it cool.

1t must also be recognized that the shut.off head adds to the
static pressure imposed on the pump by the system IT serves and
that the pump casing and seals must be designed for he total of
these two heads.

Fig. 8-24 shows the form in which pump curves aprear in manu-
facturers!' cataloges For a gilven size pump, a family of curves
for different diameter impellers are shown, and the horsepowsr
requirements and efficiencies are also given for the entire size
range.
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The pump effinity law:c are similar to the fan laws:

gpm y rrmo H 5 head, ft
- rom = revs per minute
grm, rpm
Spm = gallons per mimate

o \ I’pm 1

b)‘lp L < rpm 7_)3

bhp rpm,

Bibliography

Footnote 1. FMC Corporation, Pump Division,
Indianapolis/Los Angeles, U.S.A. '
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Pump Check-Points

Verify that:

1.

2.
S
4.

Se
6.
e

8.

e

10.

11,

12,

13,

14.

15,

16,

17,

Pumps with separate drives are aligned by a millwright or
mamifacturer's representative,

Pumps are never opersted without casing beirng full of water.
Pumps are rotating in the correct direction,

The nameplate data ccrresponds with the submittal amd the
pump curve data sheet,

The seal is packed or mechanical, whichever is specified,
Provision 1s made for draining the bed plate,
Proper vibration mounts are installed 1f specified,

Suction and discharge piping is instelled in accordance with
"zood" practice as discussed in this section.

If furnished =ith a packed 3land, the mut is loose cnough to
permit a slight leakage.

‘Yater moves throuch the pumr at all times it is operating,

Pump opcrates quietly. A hard, metallic rattling nolse
indicates a cavitating condition, which, if allowed to
contimie, will ruin the impcller,

The flexible couplinz operates quietly; iIf not, misalign-
ma2nt is indicated,

The suction line ill always be full of water (for
centrifugal puars),

The piping systenm is fres of dirt, slag and scale, bafors
operating the pumnp.

Clean water from an external source (at a higher prescure
than the pump dischar;e) is commected Lo the sealing con-
nection, if Nirniched,

No molsture other than a negligible weer anrears arourd
the mechaniczl senl when operating.

That the piping does not place any strain on Lhe puanp by
first heating the rips to ite normal or:ruating Lleaperacure
and diseonnecting the ripin; connzctionse If the pipc
springs away from thz normal pociticn, it is exarting an
unacec2ptable forcs on ths numn,
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J.- REFRIGTRATION

The Basic Cycle

The reciprocating compression tyve will be ucsed to illustrate
the basie eycle. The major components are shown schematically
in Fig. 9-l.

“hen a liquid boils, it removes heat from its surroundings and
becomes a gas. Conversely, when it is liquified by being sub-
Jacted to pressure and rlaced in contact with a cool surface,
it surrenders thic same heat, Liquified substances boil at
different temperatures; water boils at 212° F at atmospheric
pr2ssure, while freon-12, a commonly used refrigerant, boils at
-21.6°9 P, At room tamperature, say 72°, it must be maintained
at 73 rsis to prevent it from boiling away.

In Fig., %=1, the compressor maintains a discharge rressure of
033 psl (for example) which 1s the system pressure up to the
expansion valve, ‘thile the compressor is operating, it pumps
refrigerant in the hot gas state through the condenser where its
latent heat and the heat of compression ic removed by the cooling
water, and the refrigerant condenses into the liquid state and is
collected in the ruceiver, The liquid freon fills thz pipe up to
the exransion valve, which is closed or partly open, depending on
the demand for cooling. The thermostatic expansion valve it an
automatic throttling device controlled by the pressure and teme
verature, and separates the "high" side describe: above from the
"low" sid:, on the suction side of the compressor. As the refrige-
erant enters this low rressure side it starts to boil and draw
heat from the evaporator surfaces until it is coapletely vapor-
ized, The cold varor is then drawn into the compressor and com-
pressad to 93,3 psig, completing the cycle. To prevent eny
return of iiquid refrigerant to the compressor und causing damage,
the expansion valve siown has a bulb clarred to the suction line
that sens3s any of the colder unevaporated liquid and closes the
valve, As a further safeguard, ths velve is adjusted to allow
the rort tc vpen only when the gas has bezn superheated, gener-
ally 10° ¥, Fig. 2-2 shows sucha thermostatic expansion valve,
Refer to the aprendix for further information regarding expan-
sion valves.,

Ratigq

Refrigerction machinery 1s rated in btu per hour cooling produced
at an evarorator temperatura of 5 T and a condensing temperature
of 86° F, The ratinz 1s also axprescod in tons, whers 1 ton =
172,007 btu per hour. (The use of ths *on unit hec iie orizin
froz £y eocling rredue:d b on: ton of fee 1 ont o s tlaz,
On: peund o iez wiIll rrcducs 144 btu whor a.li:3d, herce 144 bin
X 2770 1ha/hern <= 24 houss 2 12,000 btu per hour),
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Compressor Types

Refrigeration compressors are manufactured in open and hermetic
styles in both the reciprocating and centrifugal designs, (See
Figs, 9«3 to 9-6), The open compressor has an external drive.
The hermetic compressor has the motor and compressor contained
in a single housing. The range of sizes for the di fferent types
are approximately as follows:

Style Ton
Hermetic reciprocating 2-120

Open reciprocating 5-200
Hermetic centrifugal 90-5,000
Open centrifugal 100-10,000

A comparative recent development is the helical rotary screw
compressor, with capacities up to 800 tons (Fig. 9-5).

Condensers

The basic types of condensers are :
a. Water cooled
be. Alir cooleud

c. Evaporstive

Water couled condensers are shell and tube heat exchangers, The
hot refrigerant gas is introduced into the top of the shell and
is condensed on the colder tubes, then drains into a recelver
below the condenser, A "purge"™ valve 1s provided to manually
bleed off air that mey collect at the top of the shell. The
tubes may be U shaped as shown, or straight, with a rear tube
sheet (see Section 6). <Condensing temperatures range from 100° -
110° F for recirculated water.,

Alr cooled condensers utilize finned colls and outside esir forced
at a.nigh velocity over the coils to carry away the heat. Con-
densing temperaturzs range from 1100 F to 135° F in hot weather,

Evaporative condensers use a coil sprayed with water to remove
the heat by evaporation of watex. ~ (& vapor formed is carried
avay by the clircuvlating fan. The remaining water is recirculated
and a certain amount of make up is added %0 revlace the nart
evaporated, The condensing tamperatures are in the range of

1000 - 115° F,

Receivers are used to allow for surges in the flow of refrigerant
as the demand for cooling. fluctuates. They also serve as storage
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Fig. 9-3-(a)  HERMETIC RECIPROCATING COMPRESSOR

-

 Fig. 9-3-(b) - OPEN RECIPROCATING COMPRESSOR

Qs Courte &Fs Trane Cé




Fig. 9-4-(a) HERMETIC CENTRIFUGAL COMPRESSOR

o Courtesy, Trane Co.
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CAPACITY CONTROL SYSTEM

Figures A & B — show the capacity control slide valve with-
in the rotor housing. Axial movement of this valve is pro-
grammed by an exclusive Dunham-Bush =lectronically
initiated, (by variations in chilled water iemperature)
hydraulic actuated control arrangement. When 2 com-
.. ‘pressor is fully loaded, the slide valve is in the clr ¢ posi-
tion (Figure A), Unloading starts when the sli. 2 valve is
moved back away from the valve stop (Figure 3'. Move-
ment of valve creates an opening in the bottom xf the
rotor housing through which suction gas can pass back from

Q
.
B - 177

the rotor housing to the inlet port area before it has been com- '
pressed. Since no significant amount of work has been done
on this return gas, there are no appreciable losses incurred.
Reduced compressor capacity is obtained from the gas
which is inside the inner part of the rotors and which is
compressed in the ordinary manner. Capacity reduction
down to 10% of full load is possible by progressive back-
ward movement of the slide valve away from the valve stop.
In principle, enlarging the opening in the rotor housing
effectively reduces compressor displacement.

FIGURE B

Courteaev. Dinhame=Ritich Cn.



Carrier Model 17DA Open Drive Centrifugal Compressor

o Fig.5'_9-’6b‘,'-:':COMPRESSOR.PORTION OF UNIT SHOWN IN FIG. 9-6a
R 179 -

Courtesy, Carrier Co.



receptacles when it ic necessary to pump the refrigerant out

of the system, and maintain a liquid seal past the condenser,
They are usually fitted with a gage glass or magnetic indicator
for chacking the level, and are fitted with a safety relief
valve., The design and construction of receivers 1is subject to
the requirements of the ASHE Code for Unfired Pressure Vessels
and must bear the Code stanp,

Evaporators are heat exchangers in some form that permit trans-
Ter ol heat between the evaporating refrigerant and the medium
to be cooled. For cooling air in a closed ventilation system,
the evaporator coils consists of many rows of finned tubes
through which the refrigerant flowes and extracts heat from the
air flowing past the fins., Fig. 2-7Ashows a typical duct type
coll, and also the refrigerent distributor and expansion valve
equalizer line,

Unit evaporators are used for cooling refrigerated smaces., This
unit 1s hung from and against the ceiling, and recirculates the
alr by means of propeller type fans, Condensate that collects
on the drain pan must be piped to a hopper drain usually located
outside the room, Zvaporators in refrigeratcd spaces maintailned
below 320 F must be defrosted pericdically. Such colls are fur-
nished with electrical heating elements placed in betwe2n the
finned surfaces and under the drain pan. Frecautions nmust be
taken to prevent ths melted ice from re-freezing in the drain

" 1ine by giving the drain line a steer slope, and wrap:in; 1t
with a heating cable and insulation.

Shell and tube evarorators are used in large centrifugal units
TFIg. 2-8) where the watcr beinz chilled flows through the
tubes, and the boilins liquid refrizerant is contained in the
lower part of the everorator shell, The refrigerant level 1is
controlled by a float valve. In a nackage water chiller similar
to Fig. 9-9, the refrigerant flov: through the tubes, controlled
by a thermostatic expancion valve, and the water is circulatcd
around the outsides of the tubes,

Refrigeration Pining

liost air conditioning systems are designed for use of chilled
water suprlied by unitized "cold ;znerators", wherc the com-
pressor, evaporator, condenter ané controls are one package
requiring only wat~r and slectrical hook up. Tlowever, thure are
certain features of freon dirasct exprancion piping systems that
the mechanical inspnector should be faniliar with,

0il and freon have an affinity for mixing to;ether. During the
compression cycle, lubricuting oil is picke:dl up with the freon
and carried into the cystem, Thic causes no problem as long as
the freon is in the 1lijquid state, but after the gas has been
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evaporated to the vapor state, the oil separates out and tends

to collect at low points of the evaporator. This is overcome

by sizing the piping riser smaller so as to give the leaving
freon vapor a velocity high enough to entrain the oil and 1ift

it to a horizontal run where normal velocities will carry it

back to the compressor. The overall suction line pressure drop
must be kept very low otherwise the capacity of the' compressor
will be reduced, therefore, the vertical section which is re-
duced in size is kept as short as possible. Yhere the compressor
has variable capacity control, a double suction riser is used as
shown in Fig. 9-10. At high loads the vapors and oll would
travel up riser "A", but at light loads, oil collects in the trap

- forcing the flow up through "BY,

‘fhen two or more compressors are commected together in parallel,
*he branches from the common suction line must be arranged for
equal pressure drops, as shown in Fig. 9-11, so that the flow
of gas and entrained oil is returned in equal amounts to each
compressor. An oil level equalizer line, and a gas pressure
equalizer 1s also used to maintain uniform oil levels 1n the
compressor,

Fig. 9-12 shows the recommended hot gas connection to the con-
denser, with a loop to the floor to trap any condensed gas and
prevent it from collecting in the compressor head and causing
damage. The check valve prevents vaporized freon from condensing
in the hot gas line and collecting in the compressor head.

Refrigeration Tubing, Fittings and Joints

Refrigeration-grade tubing should be used, as it is thoroughly
deoxidized and cleaned on the inside and then filled with nitrogen
or dry air, and the ends capped. During construction, meticulous
care must be taken to keep it clean and dry. Type L hard drawn
tubing is the most commonly used, and the sweat type fittings
shown in Fig. 2-13 are soldered on with Sil-fos or Easy-flo silver
solder (see Section 3). The high temperatures encountered with
the use of silver solders oxidise the tubing and fittings and form
a scale., To prevent this, nitrogen should be circulated throush
the tubing when silver soldering.

Refrigeration System Cleaning .

The following instructions are excerpted from a leading manufac-
turer's ¥ installation procedures and point out the importance
of keepling the system clean: '

"The major cause of contaminants in a refrigeration system
comes from the lack of care in assembling the piping. Filings

and chips from cutting operations, flux and scale from solder-
ing are the most types of foreign materials found in systems,

$#+ Dunham-Bush, Inc,
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Suggested piping of
coils using a two-pipe riser
and with a trap installed,

-
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7
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at minimum load

Sized for at least 1500 fpm
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Note:
Trap should be as short as fittings permit.
Long traps allow large slugs of oil and

Evaporator liquid refrigerant to be trapped during off-
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\_/
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Fig. 9-10
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cycle causing slugging and valve breakage
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rator coils and two “expansion

valves.
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Dust and dirt from improper handling or storage of the
tubing and fittings are also a source of the systom
contanminants.,

After a length of tubling has besn cut to size and is roady
for installation, it should be cleaned. On the larger sizes
of tubing claaning is bost accomplished by swebbing out with
a cleth saturated with a suitablo solvont, Refrizorants 11
er 113 ar2 sulteble “or this purpose, On smeller limes
flugiing 5-11 thecush the tub. will accoarlish the cleaning
J.ttve , A1 turing and fittirss shoulsd bo eleaned in such
cashione “hun t%ing is soldered, som:s cf the coldering

£ uyx and hits of zoldar mey f211 inside the tube, <care
rheuld be tulen <Man applying flux to 2 jeint so ac to not
hevoe an cxcess on the inside of the comnecllon. Also, too
ruch hoat on the joint will) cause the solder to flow inside
and drcn out of the jeint into the tube ard fittings. In

the rrosonce of oxygen (air) and under high Le.perature,
scale will fori: on corper, If excessive heat is applied to |
rittings, this scals +ill form and flake off inside the tube.’

To peavent ihis, we recommend circulating dry nitrogen
theou s th: tabss whilo soldering is being done. 'he nitrogen
dfcplecas the air in the tube, and, being an inert zas, pro-
vente oxlidaticn,®

Herastic ccuprecsors are subject to electrical breakdowns called
"aprnouts” csused by impurities in the refrigerant system. This
aara:facturer® has the following comments:

ng

"The burnout of a hermetic compressor motor in the majority

of cagas is directly resultant fron lmpuritizs in the re-
frisorant system. These impurities may be In the fora of
dirt, scale, or moisture left in th: system al the time of
installaticn, In addition, there could be fluorine and
chlorine gases, oxygen and acid due to the breckdovm of the
refrizerant, oil or insulating materials, or any combination °
of thrse, The rrecance of any contaminating substance can
start 2 recction resulting in the formation of the others,
.Th2 nltimate result is a nremature fallure of the motor

COMT P IEaTT,

™old zervicing of a systeonm after a nermetic motor burnout

is generally a tirie consumini and expensive orsretion, Not

only mas% the compiesgsor b2 raraired or replaced, but the

entire gysten imst bz thorouzghly clecned of all harmlful
contaninates 10t by the burnout., Repested burnouts genere

?lly ind%cate fnadzouate systen cleanout after the previous
ailur- "

It clienld be cleor from the above that fallure te ke:p impurities
ont of hermatic nired [freon systems can be dizactrous, .

# Dunhan-Bugh, Inc,
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A cooling tower is a piece of heat transfer equipment that cools
waﬁ?ﬁhment air by intimate contact of the two. ‘later 1s
introduced at the top of an enclosure and distributed over a
large area of lath or similar material arranged to break the
water up into small droplets and films. Air is induced around
the outside of the bottom of the enclosure and flows upward
through the falling water. The total heat given up by the water
to the air is influenced by the degree of contact, alr veloocity
and physical size of the tower, but the outlet of the water tem-
perature is limited by the wet-bulb temperature of the air. The
difference between the leaving water temperature and air wet-
bulb is called the approach.

Cooling towers evaporate approximately 2 gallons per hour per
ton of the refrigeration load. In addition to this loss water
should be wasted from the tower at a rate sufficient to prevent
a buildup of impurities, roughly equal to the amount evaporated.
It 1s good practice to provide water treatment, and the amount
of bleed is determined b the water treatment used. An auto-
matically controlled make-up valve (usually float operated) 1is
used to maintain the water level in the cooling tower sump. The
operation of this should be carefully checked to see that 1t
keeps the level up, but does not overfill and waste out the over-
flow., Factory assembled towers have an anti-vortex baffle at
the sump outlet to prevent air from being sucked into the pump.

The condensing pressure of a compression type system must be kept
at a certain high level in order tc operate properly. The con-
densing pressure can be controlled by varying the condensing tem-
perature which is governed by the volume or temperature of the
condensing water suprly. With a piping arrangement as shown in
Fig. 9-13, the temperaturec is controlled by starting and stopring
the induced draft fan as more or less cooling is needed. The
arrangements shown in Figs. 0-14 and 2-15 also cycle the fan but
use temperature controlled valves to bypass part of the water
around the tower to maintain the desired water toiiperature
leaving the basin, Flow swvitches are used in the condenser

water supply system to guarantee that water 1s flowing through
the condenser when tha compressor is operating, If the flow is
interrupted only momentarily the comprressar :212 be stopped.
These control features must be considered in the piping arrunge-
ment of the condensing water, In Pig, =13, a temperature con-
trol valve is not used, temperature of the water being controlled
by the fan operation., 'Vhen the system is at rest, the check
valve at the pump discharge prevents water from bacl: flowing to
the cooling tower basin and passing out through the overflow,
Without the check valve, thzs rump on the next start would quickly
empty the basin and suck air before the make-up valve could catch
upe The anti-syphon loop prevents the condenser discharge line
from emptying on shut Zown and goins out the overflowe 1In

Fige 0~14, the 3-way diveriing valvc, when modulatin;, -ends soma
water to the tower and scme te the pump, but when all the water
goes to the tower the pips connected to the bottom outlet of the -
valve empties the amount "H" dowm to the level of the basin water
level, Then, when the valve closes to the tower and opens to the
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Refrigeration Check-Points

Verify that:

1.

2.

Se

4,

Se

6o

7e

Be

e

10.

il.

12,

13.

Provision is made for an atmospheric vent through the roof
for the discharge of a refrigerant safety relief valve or
rapture disc.

All refrigerant piping materials and equipment is kept clean
and dry during the construction. All refrigerant tubing to
be kept capped.

Valves to be dis-assembled or wrapped in wet cloth to pre-
vent heat damage when brazing or hard-soldering.

Nitrogen gas is passed contimuously through the tubing during
brazing or hard soldering. ,

Liquid line sight glasses are installed ahead of expansion
valves and can be easily observed with no obstructions in
the way.

Joints are made with hard solder (silver base alloy melting
above 1000° F), and not soft solder, for tubing over 1/2".

Flared compression fittings are not used for lines over
3/4" 0.,D., and only where such joints are exposed for in-
spection,

Piping does not interfere with removal of équipment compo-
nents.,

Piping does not obstruct view of oil level bulls-eyes..

Branch tie-in lines of paralleled compressors are of equal
length and air piped identically and symmetrically.

Refrigerant piping crossing an open space used as a passage-
way 1s 7 1/2 feet above the floor and is not placed in public
areas, elevator shafts, and the like,

Provision is made for expansion and contraction by means of
expansion bends, offsets, etc.

The smaller sized tubing is protected from bumps, being
stepped on, etc.
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pump, it pushes a large slug of air ahead, the pump loses suction
and the flow switch siznals & no-flow condition and cshute down
the compressor, This can be avoided by discharging the 3-way
valve bottom connactionr directly into the basin, Fig. 0-15. The
3-way could also be inst:clled below the tower basin srater level
and thus be submerged at all times if the tower is high snough.

Refer to Uniform Mechanical Codey Chapters 15 and 17, for Refrig-
eration Equipment requirements.
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10. TEMPERATURE CONTROL SY STEMS

This section will discuss the basic parts of control systems,
control terms, and applications of various controllers in a
representative air conditioning system. The emphaslis will be
on alr operated controls, A

Temperature Control Air Compressor

The alr operated, or pneumatic system uses 15 psi air to open

or close valves and dampers; stop, start, and control the
capacity of equipment and transmit temperature and pressure
readings. The source of air is a relatively small compressor
and receiver usually located in the mechanical room with other
components of the air conditioning system. Alr is pumped up to
approximately 60 psi pressure and stored in a receiver from
which it is reduced to slightly over 15 psi, which 1is called
"main air" pressure. The alr furnished to the thermostats and
other controllers must be free of dirt, oll vapors and molsture.
This is obtained by passing the air through high efficiency air
filters (which trap scale, dirt, and oil mist); and through
small refrigerated air coolers which dehumidify the air., Even
1f dehumidifiers are not called for in the contract, a good deal-
of moisture can be avoided by locating the receiver in-a cool
place, and by commecting the compressor intake line to the out-
doors. This line will have to be increased several sizes
greater than the intake size on the compressor to reduce the
friction loss. (Check the installation instructions). Large
amounts of water collect in receivers and this 1s best controlled
by an automatic tank drainer and blowoff., Compressors and re-
ceivers are usually specified to be sized so that the compressor
will not run more than 2/3 of the time., After leaving the pres-
sure reducing valve station, the main air is distributed throug -
out the building by piping or tubing, the size generally being
determined by the temperature control contractor. (The test of
these air lines should be witnessed by the inspector but is
frequently overlooked).

Controllers

A controller is a device which measures a change in temperature
(or any other variable) and varies the air pressure to an
actuator to restore the original condition. An actuator 1s a
device such as a damper motor, valve or relay, which starts,
stops, or varies the operation of a plece of equipment in re-
-sponse to the controller. Pneumatic controllers are the bleed
or non.bleed type. Fig. 10-1] shows the basic elements of nearly
all air operated controllers; the orifice, nozzle and baffle.
Main air is supplied to the restrictor which is connected to a
nozzle, which has a slightly larger opening. When the bafflc 1s
moved towards and away from the nozzle by some actuating element
such as a bellows responding to temperature changes, the pressure
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In the diaphregm valve line increases or decreases depending
on how much air the baffle lets escape from the nozzle. If the
baffle presses tightly against the nozzle, the branch pressure
will equal the main pressure, 15 psi. If the baffle does not
restrict the nozzle, the air will flow through the nozzle and
the branch pressure is O psi. Intermediate poslitions of the
baffle will result in branch pressures somewhere between O and
15 psi. Air constantly bleeds except when the baffle is tight

"against the nozzle, Fig. 10-2 shows a non-bleed type of con-

troller., The enclosure a is an air tight enclosure when the
valves b and c are seated on their ports by pressure from

lever d. The bellows e responds to temperature change (warmer)
by expanding. This (the pilot) pressure pushes the right end

of the lever down to open the supply port. Supply alr then fills
the case until the forces on the diaphragm are rebalanced.

Spring £ has enough force to seat the supply valve when the
forces on the diaphragm are in balance, and to unseat the ex-
haust port when the pilot pressure becomes less than the internal.
pressure on the diaphragm. When the exhaust port is unseated,
alr exhausts from the case and the branch line until the air
pressure again balances the pilot pressure, In this way, the
controller maintains a branch line pressure corresponding to the
force transmitted by the bellows.

The large amount of ailr wasted from a bleed-type controller can
be virtually eliminated with the graduate relay shown in Fig. 10-3.
This instrument is substantially %He.same construction as the non-
bleed controller except the branch line pressure from the bleed
controller replaces the bellows. An increase in the controller
branch-pressure causes an increase in the motor-branch pressure,

"Since only a very small amount of air is needed to actuate the

relay it is possible t6 adjust the controller restriction to a

small opening and reduce the amount of air exhausted, Some

thermostats are made with the graduate relay housed in the same
case with the nozzle, vane and sensitive element.,

. Control Terms and Definitions

The following list of contrcl terms appears on temperature control
diagrams and must be understood to follow the desired operation
of the system: .

Throttling range, As stated above, pneumatically operated
instruments are controlled by pressure from O - 15 psi in
most cases. The actual effective range is considered to be
from 3 to 13, or 10 psi. The two extremes or limits of travel
of a valve or pneumatic motor would occur when the pressure
supplying it is 3 psi or 10 psi. Any pressure in between
would cause the valve or motor to move a proportionate amount,
The change in the controlled variable, such as temperature,
that 1Is needed to change the branch pressure from 3 to 13 psi
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is called the throttling range. Thus a thermostat that puts
3 psi on the b_T'T_n%ranc at V0O ¥, and 13 psil at 73° F has a 3°
throttling range. At 71.5° F the pressure will be 8 psi,

Sensitivity of a controller is the pounds of air pressure
change per unit change of the controlled variable which in
the above example is 10 psi divided by 3° or, 3 1/3 pounds
per degree sensitivity. _

Proportional band (similar to throttling range) 1s the change
In the controlled variable required to move the controlled.
device from one extreme 1limit to the other. It is normally
used with respect to recording and indicating controllers and
1s expressed in per cent of the chart or scale range.

Direct acting applies to a pneﬁmatic controller'ﬁhen an
Increase in the controlled variable causes an increased
control pressure,

Reverse acting applles to a bneumatic controller when an
Increase 1n the controlled variable causes a decreased
control pressure.

Set point is the point at which a controller is set to main-
Taln a certain controlled variable valve.

Control point is the actual valve of the controlled variable
which the controller is causing to be maintained at a given

time.

Master controller 1s an instrument whose variable output 1is
used to change a submaster's control point.

Submaster controller is a controller whose set point is
changed over a pre-determined range by variations in output
from a master controller, :

Master pressure is the variable'output air pressure from the
master controller which changes the submaster controller's
set  point.

Normally closed applies -to a controlled device which closes

'Normally open applies to a controlled device which opens when

when all operating force {control pressure, electrical energy)
is removed. ' '

all operating force is removed.

Spring range 1s the range through which the control pressure
must change to produce total movement of the controlled device
from one extreme position to the other. For special applica-
tions, valves or motors can be fitted with springs that allow
them to travel their full movemsnt from 3 to 8 psi, or 8 to
13 psi, or some other simllar rangee. '
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Temperature controller devices, (masters, submasters, thermo-
stats, etc) must be carefully located so as to sense the true
or average temperature they are controlling. An outdoor master
should be located on the north side of a building or in a loca-
tion unaffected by the sun's direct rays or by convective heat
from a sunny wall. It also must not be exposed to air being
exhausted from the building, Submasters controlling hot or cold
plenums should be able to sense the average plenum temperature.
which 1s best done with a long capillary "averaging" bulb sup-
ported across but not touching the face of the coil it controls.
If an instrument must be mounted on the sheetmetal plermm or
duct work because of its design, the sheetmetal must be suffi-
ciently reinforced to prevent vibration of the controller. If
the sensing element of the control is a bulb to be inserted in
a pipe it should be installed inside a thermometer well which
projects to the centerline of the pipe. Thls frequently does
not happen because of the make up of the fittings, bushings,
etc, and the bulb does not senses the average temperature of the
fluid., (This applies to thermometers glso), Thermostat loca-
tlons merit special attention when they are being roughed-in
prior to pouring concrete, so as to-avoid beilng placed in the.
middle of tack boards, back of bookshelves, behind doors, etc.
Avold locating too close to the latch side of door jambs as the
Impact of the door closing sometimes causes the thermostat to
bleed momentarily. Keep thermostats away from obvious heat
sources, and away from a direct air blow from an air supply
register, .

Controi valves regulate the flow of hot or chilled water and
- steam through coils. They are two-way for water and steam,
Fig., 10-4, and three-way only for water, Fig. 1l0-5,.

¥

Fig. 10-4
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A double ported balanced valve is shown in Fig. 10-6.

Flanged Body Patte

o
CONTROLLER

*
1

Fig. 10-5 Fig. 10-6 ’
‘ Courtesy, Honeywell, Inc.

Three-way valves have two inlets and one outlet, and are piped
to bypass around the source of heating or cooling to give a
constant flow through the coil or bypass around the coil .
(Fig. 10-7 (a) ). PFig. 10-7 shows additional arrangements for
connecting single and multiple colls, Three-way valve inlets
and outlets are marked at each connection and should be con-
nected as shown on the temperature control diagram prepared by
the control subcontractor, as the designer's drawings are
schematic and may not fit the exact style of valve furnished.

Control valves .have an indéx number called the valve coefficient,
- Cyy (shown on Fig, 10-7) which tells what the flow through it
will be for a given pressure drop. ’

For non-compressible flulds the flow can be calculated from the

- formula: | o
Q= Cy W/;E:-J where Cy = valve cogfficient"
| | P = ppessure'drop _
G = specific gravity of liquid




C, fccior Table

Valve
Size (in.) 1 e 1 14 1% 2
C : . .
Fne:or 11] 321 43 5.7 8.6 13 21 35
Valve
Size (in.) 2V 3 4 5 6 8
C
Factor 54 80 157 238 37 491

Typical Applications

J-way
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enitLee, 1 ( a) [LLEY LN l
(4231 ' conrEeTEn,
—_— wATER
cwLLen t
grel |

Control of Supply Water Temperature.

Control of Supply Water Temperature.
Valve Normally Open to Heat Exchanger

Valve Normally Closed to Heat Exchanger

e 1 con ] l coi
o . AY
WMy ., T oET MIXING VALVE A
:-‘—_.;J I
LET 3 ouvLET QUTLET
——— g —_ - '
J\- SUPPLY
L1 INLET "8’ INLET *8" PUMP
PUMP RETURN
= o

(b)
Piping Arrangement for Coil Control
with Individual Pump. Vdlve Normaily
Open to Supply

Piping Arrangement for Coil Conirol
with Individual Pump. Valve Normally
Closed to Supply

o

3-war 3-way
WIXING VALVE MITING VALVE
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'
3-wAY
MXING vaLvE
N
T —— m." l wrur
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( c ) susme ,
Three-Way Mixing Valves on Multiple
Coil Installation. Valves Normally
Open to Flow Through Coil

" Three-Way Mixing Valves on Multiple
Coil Instailation. Valves Normally
Closed to Flow Thraugh Coil
~ NOTE: inlet “A” is Normally Closed; Inlet “B” is Normally Open .

Fig. 10-7
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If a valve has Cy = 40, and the pressure difference between

inlet and outlet is 25psi, for water the flow is

Q = 40 -\/3%

= 200 gpm.

For saturated steam:

"= 2l tyfaP x y/Rep,

where Pl =7inlet pressure, psia
P, = outlet pressure, psia
AP = (B - P,)

W = lbs per hour

NOTE When the absolute
downstream pressure 1s
less than 50% of the ab-
solute upstream pressure
use 50% of the absolute
upstream pressure as the

‘pressure drop,

If a valve conbtrolling steam has an inlet préssure of 15 psig

and an outlet pressure of 10psig, and a valve coefficient of

50, the steam flow is:

Wa2l x 50 x - 15:10% -\/(15 + 14.7) 4 (0 + 14.7) =

'= 1750 1bs per hour =

These formulas can also be solved by the nomographs found in

the appendix.

Electro-pneumatic switches (EP) are electrically operated
devices that open or close valves to air lines. °

Pneumatic-electric switches (PE) are air operated devices that
are actuated by &alr pressure to open or close an electrical

relay or switch.
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1l. NATURAL DRAFT VENTING SYSTEMS

Gas fired boilers and hedters fired by natural draft must be
properly vented so as to provide sufficient oxygen to completely
burn the fuel and carry away the products of combustion. In-
complete combustion will result in lowered efficiency and the
formation of carbon monoxide, as well as producing a poten-
tially explosive mixture of unburned gas and air, Natural draft
occurs because the heated ailr and combustion products in a stack
are lighter than the surrounding outside air and are displaced
upward., The "draft", or negative pressure produced by the hot
gases depends upon the stack temperature, height, and the
friction loss of the venting system. .

The requirements for venting of appliances regarding materials,
construction and configurations are completely covered in the
California Admisistrative Code, Title 24, Part 4 "Basic Mechan-
ical Regulations (Article M9). The sizing of venting systems
as required by this Code, and also the National Fire Protection
Assocliation Bulletin 54, Appendix D, is reproduced on the fol-
lowlng pages. ,

Refer to the Uniform Mechanical Code, Chapter 9, for further
venting requirements.
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TITLE 24 Basic MECHANICAL REGULATIONS . M-129
(Register 88, No. 40—10-26-68)

APPENDIX M1-8
Table 1
Capacity of Type B Double Wall Vents Serving a Single Appliance

Vent diameter—D
Lateral
L ¥ 4 5 6 7" 8 10° 13° 14° 16° 18° 20° 23° u
Maximum spplisnce input ratiog in thousands of Btu per hour

0 4 88 141 205 285 370 570 850 1170 1330 1960 2430 2050 3520

L 4 2 3 67 105 157 217 285 455 650 800 1170 1480 1850 2220 2670
: 8’ 3 61 100 149 205 .273 435 630 870 1150 1470 1820 2210 3650
12° 28 85 01 137 190 255 406 610 840 1110 1430 1795 3180 2600

0 S0 o4 185 235 320 415 G60 070 1320 1740 2220 2750 3380 4010

8 2 40 75 120 180 247 322 515 745 1020 1340 1700 3110 2360 3050
N 8’ 35 65 100 165 237 303 490 720 1000 1320 1670 2070 2330 3030
16’ 28 98 148 200 281 453 6885 950 1260 1600 2038 2470 2060

0 53 100 166 235 345 450 720 1060 1450 1025 2450 3030 3710 4480

3’ 42 81 129 108 273 355 540 850 1130 1480 1890 210 2840 3390

10° 10’ 38 70 115 175 245 330 525 705 1080 1430 1840 2280 2750 3340
0’ NR 60 100 154 217 300 48 735 1030 1360 1780 2230 32720 3380

88

0 112 187 285 300 525 840 1240 1720 2270 2000 3620 4410 5300
2’ 48 . 93 160 225 316 414 675 085 1 1770 2260 2800

18° 18’ 37 76 138 198 275 373 610 905 1250 1675 32150 2700 3300 3080
i NR 60 107 '160 243 328 553 845 1180 1550 2050 2630 3210 3840

. 0 61 119 202 307 430 875 030 1350 1900 2520 3250 4040 4930 6000
2’ 81 100 186 249 346 470 755 1100 1520 2000 2570 3200 3910 4700
20° 10’ 44 89 150 228 321 443 710 1045 1460 1940 2500 3130 3830 4600
20’ 35 78 13¢ 208 205 410 685. 990 1300 1880 2430 3030 3760 4550
0’ NR 68 120 186 273 380 626 @45 1370 1706 2330 2080 3650 4390

64 128 270 336 475 650 1050 1550 2170 2020 3770 4750 B5RS0 7060
58 280 3N A4, 050 650

3’ 112 188 835 5 1310 1800 2380 3 3810 4
4 20 NR 00 154 237 343 473 784 1185 1650 2200 2870 3850 4480 8310
40’ NR NR NR 200 298 418 705 1075 1520 2060 2700 3130 4270 5140
0 66 132 8 685 1140 2400 3230 4180 5270 6500 7860
2’ 59 118 198 208 420 - 570 980 1420 2000 2450 3420 4300 5260 6320
40’ 20’ NR 96 167 261 377 518 840 1310 1830 2460 3200 4050 5000 6070
40’ NR NR NR 223 333 460 785 1205 1710 2310 3020 3840 4780 8820
136 236 373 535 730 1230 1020 2700 3350 4740 6000 7380 9000
2’ NR 125 213 330 470 650 1070 1605 2250 3020 3920 4060 6130 7400
[ 30’ NR NR 170 275 397 555 9030 1440 2030 2780 3640 4700 8730

60’ NR NR NR NR 334 475 830 1285 1870 2500 3380 4330 5420 t6(0

0 NR NR 230 384 550 755 1200 2020 2880 3000 5100 6450 8000 6750
3’ NR NR 217 350 495 683 -1145 1740 2460 3320 4310 5450 6740 8200
%0’ 40’ NR NR NR 276 404 570 030 1515 2180 2080 3920 5000 6270 7630
80° NR NR NR NR NR NR 850 1420 2000 2750 2640 4680 5850 7200

0 NR NR NR 400 3580 770 1310 2050 2050 4050 5300 6700 8600 10300
3’ NR NR NR 375 8510 700 1170 1820 2550 3500 4600 5800 7260 8820
100” 50’ NR NR NR NR 405 575 1000 1550 2250 3100 4050 5300 8600 8100
100° NR NR NR NR NR NR 870 1430 2050 2850 3750 4000 6100 7500

See Figure 1 and Notes for Single Applisnce Vents.
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M-130 Bomoma STANDARDS TITLE 24
(Register 88, No. 40—-10-28-88)

APPENDIX M1-B

Tabla 2

Capacity of Single-Wall Mstal Pipe or Type B Asbestos Cement
Vents Sarving a Single Appliance

Voat Diamoter—D

]
=
]
-
-
=
g
%

i gl -

0 » by 116 170 ] 312 §00 70
¥ F 31 &8 " 141 194 200 4418 %0
¥ 3 8 ) 138 m 3 00 000

0 43 138 188 o 842
4 2 o1 102 164 310 ™ 45 %
¥ [ 4 2 ] 14 14 04 4% (o]
10 E 49 ) 1 190 3% 408 L)

48 8. 138 202 mn 008
’ ] (14 1 108 an 308 gg
d w3 B M o8 W o@m OB ®»
18 NR 4 # 10 108 8 a3 L
® 11 181 m 313 420 (0] 1040
’ » 73 122 188 200. 30 570 [ ]
’ e (14 110 170 240 325 540 818
18’ 10’ i s 103 158 23 08 814 798
18’ NR [ 5 14 207 ol 488 780
20’ NR NR 82* 132 198 m 48 20
8 101 63 25 M2 470 m 1190
2 42° %0 38 210 2% 392 641 990
! 38 74 b 192 264 84 810 us
20’ 10’ 33° [ 15° 1718 218 M- 910
18’ NR 88 104 163 228 328 830 870
20° NR NR o1 146° e 308 828 832

0 [ 34 108 183 2768 384 829

2 “* 3‘ 48° 230 320 “1 % }ﬁg
8’ NR 78° 37* 310 208 410 (] 1030
0’ }g; Eﬁ Nos- 122: 106° e 388 658 1050
- S SR A
30 - NR NR NR NR 102¢ 298¢ 840 890
0 NR 120 il 310° “3* 508 980 1550
2 NR 98¢ e 370* 3 820 1290
[ NR NR 9° 234 342° 474 730 1230
%’ 10 NR NR 48° 221 318° 458° 730 1190
. 18 NR NR NR 200¢ e 407° 708 1130
20, NR NR NR 185¢ 278 384 670° 1080
30 NR NR NR NR 22 330° 608*. 1010

Ses Figare 1 sad Notes for Single Applisnce Veats,
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M-181

Slagio-mall vent ssanester dsmeter—D
.'

To bo umd with chimacy areas not loas than these ot betiem

"

Table 8

Capasity of Masenry Chimneys and 8ingla-Wall Vent Connectors

APPENDIX M1-8

Masimum agplisnce input rating is thoumads of Biu pov bowr

Serving a Single Appliance

Basic MecRANICAL REQULATIONS

e

(Rogister 88, No. 40—10-26-08)
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M-132 BumpNg STANDARDS TITLE 24
(Register 88, No. 40—10-26-68)

APPENDIX M1-8

Table 4
Capacity of Type B Double-Wall Vent Serving Two or More Appliancee

Vent Connector Capacity

Total Veat connector dismewer—D
'..t‘ 'l:il?' 3 4 & 6" T 8" 10" 12° 14" 16" 18" 20 227 A’

wpYer

Maximum appliaace ioput rating in thousands of Btu per hour -

. 1’ .28 46 72 104 142 185 289 418 877 755 055 1180 1438 1700

8 4 a & 86 124 188 220 345 406 853 1080 1335 1610 1920
3 $ 6 9 139 189 3243 388 838 740 067 1225 1510 1330 2180

. 1Y - 48 76 109 148 194 303 439 601 803 1015 1355 1520 1810

8 2 2 -8 90 139 178 230 338 5816 608 210 1150 1420 1720 2050
3 3 6 1001 M5 198 238 402 580 790 030 1305 1610 1050 2330

, 1Y % » 8 13 181 200 314 452 642 840 1080 1310 1385 1890 .
10 E R N 93 134 182 238 372 5386 730 955 1203 1490 1800 2130
¥ 37 67 104 150 3205 268 417 600 837 1080 1370 1600 2040 2430

. | N & 88 12 i3 214 333 480 607 910 1150 1420 1720 2050
1§ 2 3 & 9 142 193 253 394 568 700 1030 1305 1610 1950 2320
¥ 40 71 111 160 218 286 444 640 898 1175 1485 1835 2220 2640

1 31 b6 87 135 171 224 M7 500 740 965 1225 1810 1830 2190

» 3 3 60 IDd M) 302 200 414 508 840 1005 1335 1710 2070 2470
Fi 43 4 116 168 228 300 468 672 953 1245 1075 10458 350 2800

1’ 83 & 93 134 182 238 372 838 805 1050 1330 1645 1900 2370

%’ 3 3 70 110 188 315 283 439 632 010 1190 1500 1855 3240 2670
. ¥ 4 79 124 178 U3 317 494 713 1035 1350 1710 2110 2550 3040
1’ 8 e 97 140 190 248 389 560 850 1110 1405 1735 2100 2500

L 2 4 73 115 168 225 205 461 665 064 1260 1500 1965 2380 2830
¥ 48 8 129 1w W 1 320 748 1100 1435 1520 2210 2710 2229

) 1’ 37° 66 104 150 204 366 417 600 926 1210 1530.1800 2280 2720
0’ to E 44 79 123 178 242 316 404 712 1050 1370 1740 2150. 2890 3090
100° ¥ % & 138 200 202 388 800 1198 1565 1980 2150 2960 3520

Common Vent Capacity

Common veat diameter
Total vent
Deigh ¢ 5 6 7T § 10" 12° M* 187 18" 20° 22 W
Combined appliance input rating in thoussnds of Btu per nour

6’ _— 68 103 147 200 260 410 583 815 1065 1345 1660 1970 2390
8’ - 73 14 163 223 290 465 €32 9012 1190 1510 1330 2200 2080
10’ - 70 124 178 243 318 405 712 905 1390 1645 2030 2400 2920
18’ _— 91 144 206 280 365 565 825 1138 1310 1910 2360 2790 3400
0’ — 102 160 220 310 405 640 9168 1200 1600 2140 2640 3120 3800
30’ — 118 185 36 360 470 740 1025 1525 1990 2520 3110 3880 4480
0 — 181 203 295 403 525 820 1150 1715 2240 2830 3500 4130 3030
60’ _— 224 324 440 575 9000 1350 2010 2620 3320 4100 4830 §900
80’ — NR NR 344 468 610 055 1540 2250 2u3u 3710 4590 5420 6600
100/ — NR NR NR 479 038 975 1670 2430 3200 4050 8000 5920 7200

See Figure 3 and notes for multiple applisace veats.
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TITLE 24 Basic MECHANICAL REGULATIONS M-133
(Register 68, No. 40—~10-26-68) ' »

APPENDIX M1-B

-
VENT CAP : I S 1
TOTAL VENT TOTAL VENT .
NEIGHT °N° HEIGHT *W° L1 L]
o CONNECTOR ' ) CONNECTOR
RISE "R :_l ] RISE “R°-
' i
N o1
(. , U
Figure 3 Figure 4 .
Devble-Wsll ar Asbastas Cement Masenry Chimney Serving
Type B Venis or Single-Wall Ywe or More Applisnces.
Meral Vents Sarving Twe or More {See Tshle 6.)

Appllsnces. (See Tables 4 and 5.)

NOTES FOR MULTIPLE APPLIANCE VENTS. (Ses Tables 4, 5 and 6.)

1. Maximum Vent Connector Length 1} feet for every inch of connector diame-
ter. (c}ireater lengths require increase in size, rise or total vent height, to obtain full
capacity. .

2. Each 90-degree turn in excess of the first two reduces the connector capacity
by 10 percent. .

3. Each 90-degree turn in the common vent reduces capacity by 10 percent.

4. Where possible, locate vent closer to or directly over smaller appliance con-
nector.

5. Connectors must be equal to or larger than draft hood outlets.

6. If both connectors are same size, common vent must be at lenst one size
larger, regardless of tabulated capacity.

7. Common vent must be equal to or larger than largest connector.

8. Interconnection fittings must be same size as common vent.

9. Use sea level input rating when calculating vent size for high altitude

inatallation.
10. Designation “NR” in Tables 4, 5 and 6 indicates not recommended.

O
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Aruitoxt provided by Eric:

- M-134 BUILDING STANDARDS TITLE 24
(Register 58, No. 40—10-26-68)

'APPENDIX M1-B

Table 8

Capacity of A Single-Wall Meta! Pipe or Type B Asbestos
Cement Vent Serving Two or More Appliqneea )

Vent Connector Capacity

Vent connectoe diameter—D
Total yent Connector 8 4 & 8" 7 8
hﬁh: rise - ~ - —
“n" “R". Masimum l|:£luneo input ratiog in
thousands of Btu per hour
'Y 21 40 63 103 . - 148 208
88’ 2’ 28 53 88 124 178 235
3 U 61 - 98 147 204 e
1’ 23 4H ' 117 . 179 240
18’ 2’ 30 58 93 134 .19 268
. 3 33 64 102 158 218 208
¥V 25 49 84 - 129 190 270
.8 3 31 58 i 143 211 208 -
sad up 3 3 08 107 164 232 331
Common Vent Capacity
Commoa vent diameter
To':; ;:n I R 8 " 4 10" 12*
“H" " Combined appliance irput rating in
thousands of Btu per hour ¢
[ 48 78 11 1 208 NR
8’ 55 128 178 234 365 505
10’ 80 95 138 190 250 398 560
16’ 7 118 168 28 305 480 600
20’ 80 129 186 280 340 550 7¢0
0’ NR 147 215 - 300 650 940
[ NR NR NR 360 £90 810 1190
See Figure 8 and nates for multiple appliance vents.
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TITLE 24 " Basic MECHANIOAL REGULATIONS M-135
(Register 68, No. 40—10-26-68) :

APPENDIX M1-B

Table 8

Capacity of A Masonry Chimney and Single-Wall Vent
Connectors Serving Two or More Appliances

8ingle-Wall Vent Connector Capacity

Vent connector diameter—D
Total yest Coanectoe 3 IO [ 7 4
rise
| “R" Masimum applisnce input rating in
thomdnw‘ot B 3': hmm
i’ a1 39 [ ] 100 140 200
6'-8’ 2’ 28 52 84 123 173 231
. 3 -1 61 174 142 203 269
1’ 3 43 73 112 171 228
w 3 30 54 83 132 189 258
8 ] 63 101 . 181 213 289 .
1’ u 47 80 124 183 280
»’ 34 31 57 93 142 203 283
. sedup 8 38 68 105 160 229 312
Common Chimney Capacity
Minimum internal ares of chimney—“A""
. Bquare inches ’
Total vent
bg%l 19 28 38 50 78 113
Combined appliance input rating in thousands of Btu per hour
[ 4 48 n 102 142 248 NR
8 5 81 118 ) T 162 7 405
0’ 58 89 120 ’ 178 300 450
18 ] 105 150 210 360
20’ 74 120 170 240 418
0’ NR 135 195 275 490 740
& NR NR NR kv1 600 910

Soe Table 7 for Masonry Chimaey Liner Sizes,
See Figure 4 and Notes for Multiple Appliance Vents.
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M-136 BUILDING STANDARDS TITLE 24
: (Register 68, No. 40—~10-26-68)

APPENDIX M1-B
Exampie of Multiple Vent Design Using Table 4 Double Wali Type B Vent

‘ S°COMMON VENT
145,000 TOTAL

Figure 8 1w’ INPUT
EXAMPLE: Connoc! o 45,000 Dty ] 1
weter hester with ¢ 1 foo?! cone L;__ 2’

nector vise "R end o 100,000 Brv ]
furnete with o 2 foot connector AN
rise "R Yo ¢ common vent with watER
a minimum totel vent height “H” yeateER
of 18 feol. See Figure 8. 45000

. l'l’U

™\

FURNACE

100,000
B8TuY

1. WATER HEATER VENT CONNECTOR SIZE

Using Table 4, read down Total Vent Height “H” column to 15 feet and read
across 1 foot connector rise “R” line to Btu rating equal to or higher than water
heater input rating. This figure shows 53,000 Btu and is jn the column for four-inch
connector. Since this is in excess of the water heater input it is not necessary to
find the maximum input for an 18 foot minimum total vent helght Use a four-inch

. connector.

2. FURNACE VENT CONNECTOR SIZE

Under Vent Connector Tables read down Total Vent Height “H" column to
18 foot and read across 2 foot Connector Rise “R"” line. Note 5 inch vent size shows
99,000 Btu per hour or less than furnace inpnt. However, with 20 foot Total Height
read across 2 foot connector rise line. Note 5 inch vent size shows 104,000 Btu per
hour. Since 18 foot height is 3th of difference hetween 15 and 20 foot heights take
difference between 99,000 and 104,000 or 5,000 and add #ths of this to 15 foot figure
of 99.000, 99,000 4- 3,000 = 102,000 which is maximum input for 18 foot Total Vent
Height. Therefore a 5-inch connector would be the correct size for the furnace, pro-
viding the furnace had a five-inch or smnlles draft hood outlet.

3. CGMMON VENT SIZE

Total mput to Common Vent is 145,000 Btu. Note that for 15 foot Total Vent
Height “H"” maximum Btu for 5 inch vent is 144,000. For 20 foot Total Vent Height
“H" maximum Btu for 5 inch vent is 160,000.

Therefore for 18 foot Total Vent Height maximum allowable input would be
§th of difference between 144,000 and 160,000 = §tb X 16,000 or 9,600. 144,000 4+
9,600 = 153,600 which is greater than total input to common vent. Therefore com-
mon vent can be 5 inch diameter pipe.
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12, SOUND CONTROL IN VENTILATION SYSTEMS

There are three aspects of sound control'and‘suppressgon of
noise that are of concern to the mechanical Inspector:

1, Internal noises in the ventilation system that are annoy-
ing to the building occupants,

2, External noises from outdoor equipment that are objec-
tionable to the occupants of neighboring bulldings, or
to the general public,

3. Noise detrimental to health,
General

Noise 1is defined as unwanted sound, Sounds that may go un-
noticed in one environment may be unacceptable in another, W¥hat .
may be music to one man may be noise to another, Sound pressure
is the pressure at a point measured in a passing sound wave.
Sound power is the power expressed in watts which-is radiated

by an acoustic source. A decibel, which is an electricsal engil-
neering term, is 10 times the logarithm, to the base 10, of a
ratio of two numbers, as:

A = 10 log,, N decibels (db)
TN

2
Related to sound measurements, the sound power level in decibels

1s:

L = 10 log,, \ﬁlr' db
(+]

where W, = the power in watts of an acoustic source

We = & reference power
The reference power commonly used is 10 2 watt, which is
0.000000000001 watts. When two sounds are given a decibel rating
by using ths same reference, they can be compared with each other
and it can be stated that one produces more acoustic power than
the other. :

“ The sound level meter is the basic instrument used in all sound

measUrement, 1t consists of a microphone, an attenuator, ampli-
fier and usually three weighting networks; A, B and C. The A
scale gives the most important overall measurement, and 1s most
commonly referred to in govermment regulations as "dbA".

Fig. 12-1 shows a sound level meter., Fig, 12-2 is a comparative
chart of overall sound levels, : -
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'lmpncn and impuises in excess of 140 dB can be measured with a precision
analyzer from B & K Instruments, inc. Unit incorporates a sound level meter with

on octave-band filter.

Fig. 12-1

Ventilating System Internal Nolses

DECIBELS
(RE 0.0002 MICROBAR)
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— 50 HP SIREN (1001
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k- AUTOMATIC PUNCH PRESS (30

— INSIDE MOTOR 8US
t—  INSIDE SEDAN {N CITY TRAFFIC

—

CONVERSATIONAL SPZECH (3N

—
.

— DR's PRIVATE 3USI42SS OFFICE

— BROADCASTING STUDIO (MUSIO)

—————

o ————— e i o e e e -

THRESHOLD OF H HEARING
L YOUMG MEN, 10396 T2 5000 CPS

— F-84 AT TAKE-OFF (80" FROM TAIL

Fig. 122

Generation and transmission of noise can be avoided in some

areas by observing the feollowing:

l. Install balancing dampers ahead or the outlets and far
enough away so that air noise caused by throttling will
This duct shouid be lined.

not be audible in the rocm,

2. Mixing damper should be tightly sealed when closed,
otherwise a high frequency noise will be generated.

3« Check high pressure duct for small joint leaks and
around flexible duct connections,

4, Flexible duct connections should have ample material so

joint is not taut; and supnorted so that-duct does not ——

hang on the joint.

o
.

duct connections ,

"here sound ab=orb1n” unlts are installed, use flexiMle

6. Supnort fan units from the overhead with hanger rcd

v1bratlon isolators.

Q
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To prevent transmission of sound and vibration from
pumps, install flexible joints in the vertical and
horizontal runs of the discharge piping.

Use resilient lined pipe hangers where supported from
the overhead.

Use flexible conduit for electrical connections to fans
and pumps. '

At fan discharges, use several diameters‘of duct length
before turning the air.

Do not allow alr to separate from the sides of the duct
walls by changing its direction too quickly after a
previous change. Sudden changes in duct shapes cause
turbulence, which generates nolse.
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Ventilating System External Noises

The location of cooling towers and zondensing units on or
around buildings involves considerable study amd research by

the designer. Locating such equipment away from possible com-
plaints is usually the least expensive solution. Walls, screens
or similar acoustical barriers may produce an acceptable sound
level, Enclosures placed around cooling towers should be sized
as recommended by the manufacturer so as to not restrict the air
flow into the tower, and not cause any recirculation of the dis-
charge air. The varlous municipelities have adopted noise re-
quirements for ventilating equipment which varles considerably
between residential and commercial areas, proximity to freeways,
etc, and may or may not take the ambient noise level into ac-
count, '

The Air Conditioning and Refrigeration Institute® publishes
sound rating numbers of outdoor unitary equipment rated in
accordance with ARI Standard 270-67., This rating number 1s
used in their Sound Rating Program to predict the sound levsi
before installation.

Noise Detrimental to Health

Nolse pollution is now recognized as a major threat to humen
well-being. Most people are uncomfortable when subjected to a
noise level of 80 db and suffer physiological effects above 80 db,
Long exposures -at 100 db can cause hearing impairment and perma-
nent damaege., In recognition of this, the Walsh-Healey Act
(Federal) and California State General Industry Safety Orders
adopted 90 dbAas the maximum allowable 8-hour exposure. Higher
levels are permissible for shorter periods, all as set forth in .
Fig. 12-3. "Noise at these levels 1s generated by gas turbines,
alr compressors, induced draft fans and similar equipment in
equipment rooms. ’ i

# Published by Air Conditioning and Reffigeration Institute,
1815 North Fort Myer Drive, Arlington, Virginia 22209
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TITLE 8 Drviaion oF InpUsTaLAL Savery 432128
GzNERal INpUsTRY SaFETY ORDERS
(Rogister 70, No. 34—-8.22-70) Article .55. Stenderde for Oceupetionel

Noise Exposure

GROUP 41. NOISE CONTROL SAFETY ORDERS

Article 55. Standards for Occupational Noise Exposure

3870. Purposs. Article 55 sets ugp standards for the control of
&nd exposure tc industrial noise in order to contribute to the conserva-
tion of employees’ hearing. Daily exposure for the times and noise
intensities specified represent conditions under which nearly all work-
ers may be exposed throughout their working years without causing
permanent hearing loss sufficient to affect their ability to hear and
understand normal speech. :

Notx: Autlority cited: Sections 6312, 6500 end 8502, Labor Code. )

. Histery: 1. New Article 57 (Sections 3870 through AN72) filed 2-13-63; eftec-
tive thietieth day therenfter (Regixter 63, Non. 3).

2 Repealer ond new Article 35 (Sections 3570 through 3874) fled
820-70; effective thirtieth day thereefter (Register 70. No. 34).

3871. Burveys. . Whenever noise levels have been demonstrated
to exceed those sound levels in Table I, the employer shall make or cause
to have made noise evaluations to determine the magnitude of exposure
to ewployees. Sucb records shz!! be maintained and made available to

_ the Division,
8873. Allowable Exposure.
(2) -Intermittent or Continnous Noise,

Table § .

Totel Exposure Time Sound Level
Per Day. Heurs - “d"BA ere
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Notz: Sound levels shall he measured with a sonnd level meter which
meets the ANNI N1 §-1461 Npecifications for (General Purpose Nound
Lecel Meters stondard or equivaient, set on the A scale and xluw re.
sponse. NOise exposures ot (liﬂ‘eront levels are combined by adding the
frection of the allownble time nsed a1 ench exposnre. The <uim of such
fractionn ahould nnt exceed unity. For example. if an expoxure consisted
of 1 hour et 10C 412\ (mtlowable 2 hours) and 3 hours at 90 dBA
{ellowahle & hours) and 4 hours at lexs than 9 (IBA (no limit) the
oum of the fractions of the ellowable time used would be § + § +

Since this is leas than 1. the allowable exposure is not exceeded.

. (b) Impact or Impulsive Noise. Exposure to impact or impulsive
noise shall not exceed 140 dB peak sound pressure lovel,

Notr: Peok sound pressnre levels shall he measured with an instrument
heving a rise time of 30 microseconds or less (for squnre waves) and
which will meesure and dixplay the sound pressure level within 1 dB of
the true peak.

3873. Engineering Control of Noise. Whenever the operations
reasonably permit, exposures to excessive noise shall be eliminated or at
least reduced by engineering or operational controls. When such ex-
posures are not reduced to allowable levels specified in Section 3872,
a :&;\tinuing effective hearing conservation program shall be adminis-
tered.

3874. Personal Protective Equipment. (a) When to Be Worn.
Whenever the exposure to noise exceeds the levels given in Section
3872, the employer shall provide and the employees shall use acceptable
ear protectors, (For the purpose of these Orders, **acceptable'’ means
acceptable to the Division.)

(b)_Education_in Use_of_Equipment Reguired. The_employee *

What Are Allewable Expesures?

Allowable exposures for intermittent or continuous
noise are specified in Table I, Section 3872 of the Noise
Control Safety Orders. It is permissible to interpolate
the data on alK)wnble exposures. For example, if after all
practical efforts to reduce the level the noise level is still
91 dBA and the time is 7 hours, then that exposure would
be allowable. Extrapolation is not allowable for short
exposures above 115 dBA. The criteria in Table I is based
on the fact that short daily exposures are usually inter-
mittent, this assumption is reasonably safe if the sound
levels are between 90 dBA and 115 dBA; however, extra-
polation above 115 dBA 'might result in harmful exposure.

It is not necessary to extrapolate the data in Table I
for daily exposures of more than 8 hours or to record
noise exposures below 90 dBA. If such extrapolations are
desired, then it is proper to permit exposures at 87 dBA
for 16 hours and at 89 dBA for 10 hours, in accordance
with the equal energy concept (or a 3 dB increase when
exposure time is cut in half), .

The Second Intersociety Committee on Guidelines for
Noise Exposure Control are shown in Table A. )

You can see that in preparing Table I of California’s
revised noise control regulations, daily noise exposures of
an hour or less were assumed to occur in 7 or more
intermittent exposures evenly distributed throughout the
day. For longer exposures that accumulatively total more
than 4 hours in a day, the noise was assumed to occur in
3 separate exposures. The damage from a single exposure
to noise follows the equal energy concept (or a 3 dB
increase when exposure time is cut in half). .

What Akovt Impact or Impulsive Noise?
Considerable hearing loss can result from impact or
impulsive noise. Impact noise frequently occurs where
the ambient continuous noise exceeds the levels in Table -
I of the Noise Control Safety Orders. If ear protectors
are worn because of the continuous noise, surveys of the
impulsive noise will not be required in most cases.

Table A

ACCEPTABLE EXPOSURES TO NOISE IN dBA
" AS A FUNCTION OF THE NUMBER OF
OCCURRENCES PER DAY
Doily

Durotion Number of Times the Noise Occurs Per Day

Hows Min. 1 ~3 7 15 35 75 160w
8 . 90 90 %0 90 90 90 .90
6 ... 91 93 96 98 97 95 94
4 . 92 95 99 102 104 102 100
2 95 99 102 106 109 114
| 98 103 107 110 115

shall be informed of the locations where the wearing of ear protectors is
required and shall be instructed in the use of such ear protectors.

(c) Provision and Care of Equipment. Duty of Employer and
Employee. It shall be the duty of the employer to provide such ear
protectors as may be required and to replace them when necessary. It
shall be the duty of the employee to properly use such equipment pro-
vided for him and to exercise due care to keep same in efficient and
sanitary coundition.

B e T i s S LR PR PR

B e

30 101 106 110 115

15 105 110 115
8 109 15
4 113

To use the toble, select the col heoded by the ber of times the
noise occurs per doy, reod down to the overoge sound level of the noise,
ond locote directly to the left in the first column the totol durotion of noise
permitted for ony 24-hour period. It is permissible to interpolote if neces
sary. Noise levels ore in dBA.

st o Errmt ot ¢ e et s am b o S St e

o  Fig, 12-3
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‘13, INSULATION

Insulation is used extensively in air conditioning systems on
hot and cold piping, equipment, and for wrapping or lining dqucts.

The unit of measurement of the effectiveness of an insulating
material is its thermal conductivity, also called the K-factor.
This is defined as the amount ol heat, in btu per hour that will
flow through a panel 1 foot square and 1 inch thick when one
face is 1° F hotter than the other, or:

Btu per hour, per sq ft = K x temp difference/inch thickness.

The K-value for some common heat-insulating materials at 100° F
mean temperature are: . ‘

calcium silicate - ' 0.33
85% megnesia 0.39
mineral wool (rock, slﬁg,

or glass wool blankets) 0.25

For low temperatures the following insulating materials are used:

K-value (at 100° mean temp)

polystyrene ' 0.28
polyurethane | 0.17
.fiber glass -+ 0430
cork - 0.29
cellular glass - 0.42

" flexible foamed plastic
(armaflex) ' 0.26

Insulation materials have other iImportant properties and .
differences besides K-values that have to be considered for a
-~given -applications “For instance, calcium silicate ‘and flber -
glass pipe insulation can be soaked with water and not loose
its shape, but magnesia will disintegrate. Cellular foam glass
has a slightly higher K-value and is more expensive, but has a
high compressive strength and is absolutely impervious to water
vapor transmission, The limiting high temperatures of various
insulating materials varies widely, and this must be observed,
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Insulation applied to cold surfaces must be provided with a
.vapor-tight jacket or barrier to prevent water vapor from passing
through the material or joints and condensing on the cold sur-
face,

|oo° AlR TF*PERATURE

SURE
; , VAPOR PRES VAPOR BARRIER

L J.&HH /
ﬂ L T

_*,,_7_ 1L_ ﬁ ,; T |

msuLmou \

-/ LOLD SURFACE ( PIPE WALL
/ EVAPORATOR, € TC)
55° AIR TEMPERATURE

BUTT JOINT

Referring to the sketch, the vapor pressure of the 100° air is

. higher than the vapor pressure of the 55° air next .to the cold
surface and will force moist alr through an ineffective vapor
barrier, or an unsealed butt joint as at "A"., If allowed to
continue, the condensate will completely soak all the insulation
along the pipe and render it useless. For this reason great care
must be taken to install a perfectly tight barrier, and to butter
all longitudinal and butt joints with cement before assembling
the sections. Vapor barriers are laminated foil and treated
papers, coated felts and papers, plastic films, or canvas wrap
with 2 or more coats of lagging adhesive., Some pipe insulation
is manufactured with the barriers attached. Obtain samples of
various canvas weights for identlifying the materisl being usede.
The following points should be obscrved in insulating piping and
equipment:

l. Piping insulation includes valves, stralners and fittings,
Flanges and unions are generally not insulated, except for
chilied water.

2. Provide shields at. hanger supports to protect the insulation.
For very large pipes it may be necessary to insert hard wood
blocks at the point of bearing. Shields should distribute the
load along the insulation without deforming it.

3. PFill all voids and openings in cold insulation where cut out
for hangers or supports with suitable material before apply-
ing sealing tape. Insulate hangers that are in direct contact

with cold surfaces to prevent sweating. '

4. Insulate all piping passing through walls, floors, etc.

5. Stagger butt jolnts, and coat ‘all joints amply with water-
proof cement on cold 1nsulation. .

6. 1Insulate valves up to the bonnet.
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7. 1Install removable metal jacketed insulation sections
around heat exchanger heads and similar equipment which
have to be opened up for maintenance and repair.

8. The State Division of Industrial Safety requires that all
surfaces hot enough to burn flesh shall be insulated
(about 160° F).

9. Do not cover any stampings such as ASME name plates or
vessels or similar equipment,

Duct insulation is applied to the outside of ducts for a heat

" barrier only, or to the inside for a heat barrier and sound
attenuation. When wrapped around the outside it needs to be
cemented to the duct sides and bottom at intervals, and then
tied around with wire or steel bands. The Jjoints should be
lapped at all joints (2" to 4"). When the insulation is applied
internally, the duct size must be enlarged to accomodate the in-
sulation (breadth and width) so that the net inside dimensions
will be as shown on the design drawings. The material 1s held
in place with cement and studs and washers; the studs being
cemented or welded to the duct side. Edges of the insulation
exposed to the air stream are coated with adhesive to prevent
erosion and firmly held down to the duct side. Duct liners are
furnished with facings of clear or black coatings designed to
prevent erosion by the air. Each manufacturer states the limit-
ing velocity that may be used, and also specifies the methods of
attaching and finishing the materlal for various velocity ranges.

A few points to watch for in duct insulation are:

1. Check to see if joints are properiy taped before insulator
‘ starts, ‘

2. Check duet hangers for attachment to duct and proper ten-
sion (no slack). :

3. Insulation should be placed between turning vane end plates
' and ducts.

4, TInsulation liner should not interfere with operation of
mixing dampers. (Place insulation on outside of damper box).

5. Check insulation densitj and thickness for compliance with
specifications.

6. Check placement of cement on outsidé of ducts and spacing
of tie wires,

7. Access panels on duct to be uncovsred or plainly marked.
8. Drops to ceiling outlets are insulsated.

9., All insulation sealers, cements, etc, shall meet the Flre
Marshall's requirements for fire resistance, smoke generation,
etec. :
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14. AIR DUCTS

Ducts come in a variaty of chapes and matorials; steel, fiber-
glass, transite, nsoprone coated glass fabric, aluminmum, and so
on. This section will cover cheetmotal and fiberglass ducts as
most revelant to ventilating systemse,

Sheetmetal Ducts

Sheetmetal systsms are clascified as low, medium, or high
pressure; low pressure beins; from O to 2" water column, medium
pressure 2" to 6", and hizh pressure 6" through 10" water column,
If the duct velccity exceeds 2,000 fpm in the msdium and high
pressure zones, the system is called "high velocity".

The Sheet Metal and Air Conditioning Contractors National Asso-
ciation (SKMACNA), F. O. Box 3506, ‘Vashington, D, C. 20007, has
developed a standard for low velocity and high velocity duct
construction, which is generclly specified for the construction
of ducts, fittings and appurtenances. The appendix contains
some of the pages from the SMACKA Mamual showing metal gajses re-
quired and stiffening needed for various sizes ol rectangular
and round ducts in all three pressure groups. Also detalled are
the recommended types of s=2am joints for the different duct
sizes. Of particular importance ic tha data giving the spacing
and dimensions of reinforcing angles, decigned to prevent
"breathing" and sagsing of the tops and bottoms of ducts,
Stiffening of plemums is frequantly overlooked and should be
checked for sag, and the plernum observed for movem:nt when the
fans are turned on and off. Ducts on the suction side of a fan
are subject to collapse if ths inlet air damper is closed because
of a control malfunction and if there is insufficient duct rein-
forcing. SIHACNA plate 12 shows tue recommended hanger arran;e-
ments for low and hizh nressure ducts, -

etal ducts arz lined with fiberglass blanktets for the insulating
effect and sound attenuation, and accordinsly musk bo made larce
enough to obtain the net (ineidc) dimensioris shown on tho draw-
ings, Many times this is overlookad by the ccntractor who
fabricates and lines the duct in the shoyr, and then ths wmistale
1s discovered too lste, Duct lin:r iInsulahbion must be furniched
with a coating or facin; to ;revent arosion by the eir, und adges
have to be coated or taped to rrevent rseling and unleying,.

Transverse duct seoms are tered with various mstosinld: te reducu
eir lsakage; and, if culled for in the sreciffcations, should be
done vhether the duct iz lined or ne*, Soms workaen <will get
carsless in making up joints, rolyin: on ths taps for air tight-
ncss., Tape cannot telie the rlace of » riorer': made Joint,
“There ducts are too close to the evarwad to huwaiier clocad the
standing seams, tyrn A, L, or & drivs slins oienld ko unade.
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_Plber Glass Duct .

Fig. 14.1 shows the different forms of fiberglass duct. Ducts
constructed of fiberglass board are restricted to 2" w.g. and
3,000 fpm with suitable bracing as recommended by the menufac-
turer and SMACNA. The board is covered with a thin sheet of
alumirum,

Fig. 14-2 shows the method of fabricating a section of duct,
where the total of the inside dimensions does not exceed 120",
the maximum stock length of the board. Larger ducts are fabri-
cated in pieces. The longitudinal and transverse joints are.
sealed closed with a self adhering aluminum tape applied with a
heated roller iron. o

The hanging and bracing requirements recommended by the SMACNA
Manmial on Fiber Glass Duct (see appendix) should be closely
checked by the lnspector.

Duct Fittings and Configurations-

Turning vanes, shown in Fig. 14-3, are used 1in square elbows
where space limitations prevent installing a round elbow. The
round elbow (with a center line radius 1.5 times the duct dimen-
sion parallel to the radius) has a smaller friction loss than
the vane elbow and should be used where possible. The stock
runner for turning vanes is made to fit across the heel of the
elbow at a 45° angle to the entering and leaving alir stream.
This 1s correct when the elbow has the same entering and leaving
dimensions, but when there is a size transition the 45° stock -
runner places the vanes partially crossways with the alr stream
and causes turbulence, rather than reducing it. The runner
should be modified so that the upstream and downstream edges of
the vane 1ine up with the air streams. Where ducts are lined,
the vanc runners should sit on channel shaped chairs with the
lining flush with the runner.

Fig. 14-3a shows an incorrect but commonly used elbow. Nothing
is gained by rounding the outer corner; the inner corner should
have a radius, or turning vesnes used if this 1s not possible.

Sudden enlargements or contractions (Fig. 14-4) should not be
made in ducts because of the energy loss. A slope of 1 in 5 is
satisfactory. Where steeper transitions cannot be avoided,

vanes placed inside the transition plece will reduce the pressure
loss (Fig. 14-6).

The most common problems encountered in the field in installing
duct work is insufficient space and obstacles, such as pipes,
structural members and lights (in hung ceilings).
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Aruitoxt provided by Eic:

A Duct Board, standard duty (SD and RSD, or MSD with
fiber glass mat liner) or heavy duty (HD or RHD), with fac-
tory-applied facings of 3-mil aluminum (A) or Foil-Scrim-
Kraft (F), for field or shop fabrication or rectangular ducts
and fittings of specified cross-section dimensions, Available
with plain, flush edges, or with molded-in male and female
“slip-joint” edges (MF) on the long dimension of 1l-inch-
thick Type SD board.

B Preformed Round with factory-molded male and femaie
“slip-joint” ends. Available with tough, aluminum-pigmented
plastic (SR} or 3-mit alumirnium (AR) vapor/air barrier jackets.
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C Flexible (FLX) with exclusive resin-bonded fiber glass helix
covered with resilient fiber glass insulation and jacketed
with tough, aluminum-pigmented plastic.

D Micro-Aire FS preformed round, with an integral, em-
bedded foil -seal midway in the wall thickness. Primarily for.
warm air systems, but useful for air conditioning under cer-
tain design conditions.

Johns-Manville Co.




As its name implies, the Centerline Method of fabri-
cation involves the use of line markings on the
board on which the various tools are centered and
along which they are guided for accurate cutting.
In the Centerline Method, either of two types of
longitudinal corner fold configurations may be used
— the V-Groove or the Modified Shiplap — and
grooving tools are designed for each type.

Each configuration has its merits and the choice is
left to the system designer or fabricator. Although
in installation, the two types are basically compat-
ible, it is recommended that if automatic grooving
machines are used, any hand fabrication of ducts
or fittings for the same job be made with the cor-
responding style of cornei folds.

In the following step-by-step instructions, draw-
ings and photographs, the original V-Groove type
will be used. This will give the fabricator the funda-
mental procedures regardless of the type of corner
fold ultimately used. A separate section describing
the newer Modified Shiplap concept is presented
later,

] FABRIGATION wicro.AIRE DUCT BOARD / THE CENTERLINE METHOD

Five basic cutting operations are involved in mak-
ing a typical section of straight duct:
(1) Knife cut at stretchout length,
(2) Grooves for corner folds.
(3) Rabbet cut for closing corner.
(4) Cutting and stripping away msulat:on to
expose longitudinal stapling flap. ‘
(5} Rabbet cuts for male-female slip-joint con-
nections between duct sections. (This step

is eliminated when. Micro-Aire SD/MF -

board is used.)

The Centerline Method of fabrication employes
the same principles used in fabricating sheet metal
ductwork, namely:
(1) Layout is done on the board prior. to cut-
ting and forming,
(2) Mecasurements are made in succession from
the starting point or preceeding mark.

Three final steps make the fabricated board
into a duct section:

. Folding groove corners.

2 Securing closed corner
by stapting the facing flap.

3. Taping {and heat
sealing) the flap.

FEMALE *SLIP-JOINT END

1
Johns-Manville Co.
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The dimensions of ducts can be changed without impairing the
design if the came friction loss per foot 1s obtalned. Equal

crossectional areas of duct does not mean equal friction losses.

A chart (Fig. 14-7) can be used in finding equivalent sizes
where a space problem exists,

Example:

A 10" x 15" duct must be modified to a height of 8" to clear
an obstruction, To find the new width first find the equiva
lent diameter by centering the chart at "side of duct, (a)"

= 15", and "side of duct (b)" - 10", and reading 13.5"

diameter, d, on the diagonsal line. Now follow the 13.5"

line down to the 8" (a) side, and read 12" on (b) side, Thus,

the new sized duct is 8" x 19",

The SMACNA manual shows scveral arranzements for splitting the
duct around pires amd stanchions, as well as many other details
of duct fittings too numerous to raproduce in this text.

Duct laolz e Leste are performed on hizh ~ressure sy stols,
becauze 2 relatively sucll 1sal ot the wi her rressurcs resnlts
In 2 eunrtdorabl. welnae of alre The tosk j“"OC(’dUI" and the
i~ ont veed won prorredresd S the SEHACIHA hanual on the

felloring razgcse “ha L thileg tost detosridines 1s the echval alr

in cabic 2t prer nirmte 11z the ducet is centimally
the btest rawssure, SLASHA reccamerds a loss no gregater
> of Lthe sgystem desigr air flow rate, I% 1s net usuelly
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possible to test the whole system at once, but in segments; in

which case the total leakage of the parts shall not exceed 1% of
the total system air flow.

Refer to Uniform Mechanical Code, Chapters 10 and 12, for duct
and comfort cooling requirements.
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‘High velocity ducts must be sufficiently aircight

_EF

to insure economical and quiet performance of the
system. It ‘must be tecognized that air tightness
in ducts as a practical matter cannot, and need
ot, be absolute (as it must be in a water piping
system). Adequate air tightness can be assured
by the application of a pressure test. When air at
pressure of 4 inches ®.G., or greater, escapes
through a small orifice, it will cause noise. As
greater amounts of air escape from the orifice,

the noise level will increase. Field experience.

has proven that by eliminating all leaks which
are audible to the average person in reasonably
quiet surroundings, the total leakage will be less
than one (1) percent of the system capacity. Con-
versely, iﬁ a measured leakage test is desired,
then the criteria of a maximum permissible leak-
age of one (1) per cent of the system is a reason-
able one.

Test Apparatus

The typical test apparatus (Fig. 10-1) consists of:

1. A source of high pressure air -- a portable
rotary blower or a tank type vacuum cleaner.

2. A flow measuring device usually an orifice
assembly consisting of straightening vanes
and an orifice plate mounted in a stcaight tube
with properly located pressure taps. Each
orifice assembly is accurately calibrated with
its own calibration curve. Pressure and flow
readings are usually taken with U-tube ma-

nometers,

C

Test Procedure

i. . Test for audible leaks as follows:

(a) Close off and seal all openings in the
duct section to be tested. Connect the
test apparatus to the duct by means of a
section of flexible duct,

(b) Start the blower with its control damper
closed (some small blowers popularly
used for testing ducts may damage the
duct because they can develop pressures

up to 25 inches w.G.).

(c) Gradually open the inlet damper until the
duct pressure reaches 2 inches %.G. in
excess of designed duct operating pres-
sure. The test pressure is read on ma-
nometer No. 1. Note that the pressure is
indicated by the difference in level be-
tween the two legs of the manometer and
not by the distance from zero to the read-

ing on one leg only.

(d) Survey all joints for audible leaks. Mark
each leak and repair after shutting down
blower. Do not apply a retest until seal-

ants have set.

After all audible leaks have'been sealed, the

o

remaining leakage should be measured with
the orifice section of the test apparatus as
follows:

SMACNA High Velocity Duct Stondards~—2nd Ed.
(Reproduced with permission)



(a)

(b)

(c)

(d)

Start blower and open damper until pres-
sure ir duct reaches 2 inches w.c. in ex-
cess of designed duct operating pressure.

Read the pressure differential across the
orifice on manometer No. 2. The leakage
rate in cfm is read directly from the cali-
bration curve, similar to that shown in
Fig. 10-2. If there is no leakage, the

pressure differential will be zero.

Total allowable leakage should not ex-
ceed one (1) percent of the total system
design air flow rate. When partial sections
of the duct system are tested, the summa-
tion of the leakage for all sections shall
not exceed the total allowable leakage.

If all audible leaks have been corrected,

it is unlikely that the measured leakage
will exceed one (1) per cent of capacity.

227

If it does, the leaks must be located by
more careful listening or by feeling along
the joint.

(e) It should be noted that even though a sys-
tem may pass the measured leakage test,
a concentration of leakage at one point
may still result in a noisy leak which, of
course, must be corrected.

FREQUENTLY A CONTRACTOR INSTALLING

A HIGH VELOCITY DUCT SYSTEM WILL EM-
PLOY A DUCT JOINT WITH WHICH EITHER HE
OR HIS WORK FORCE HAVE NO EXPERIENCE.
IN SUCH A CASE, IT IS STRONGLY RECOM-
MENDED THAT THE CONTRACTOR PROMPT-
LY TEST THE INITIAL 100 TO 300 FEET OF
DUCT BEFORE INSTALLING ANY MORE DUCT.
THIS TEST WILL QUICKLY REVEAL WHETHER
OR NOT THE WORKMEN CAN MAKE THIS
JOINT AIRTIGHT IN AN ECONOMICAL MANNER.

§MACNA High_ Velog;_i(y Duct Standards—2nd k0.
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Duct Check-Points

Verify that:

1.
_2.
3.

. 4.

10.
11.

12.

17.

Proper metal gage is used consistent with the dimensions
of the duct and SMACCNA., Shop fabricated duct should be
inspected at the shop, or samples sent to the job site.
The duct size is enlarged to allow for interior lining.

Elbows are used where possible; otherwise approved turn-
ing vanes are used for 90° turns.

Damper frames fit tightly inside ducts, and damper blades
close tightly with no leakage around ends.

stiffening and bracing of large ducts and plenums are in

accordance with SWMACCNA standards.

Duct seams are hammered shut tightly. Drive seams are used
in tight places.

Duct seams are taped, supply and exhaust, (where specified).
Sufficient space 1is allowed for aprlying insulation.

Access doors for fire dampers and similar devices inside
the duct are located close to the damper.,

Transitions are made with a 5-to 1 slope where possible.

Size changes'(to clear interferences) are made in accordance -
with Fig. 14-7.

Aluminum duct is used for moisture-laden air, as evaporatlve .
condenser discharges, shower exhaust fan ducts, ctc.

Txhaust ducts or systems carrying shavings, lint, etc, are
smooth inside -7ith no projecting screws and have cleanouts
at changes of direction,

Ducts are supported per SMACCHA standards, or equal.

Balancing dampers are easily accessible and have locking
devices.

Fire danpers bear the National Board of Fire Underwriters

‘approval seal, or are approved by the State Fire Marshall.

Fire dampers are installed in accordance with the manu-
facturer's instructions (air flow direction, horizontal or
vertical, correct temperature rating of fusible links).
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15. TYPES OF VENTILATING SYSTEMS

The principal features of some of the basic air conditioning,
heating and ventilating systems will be covered. Many varia-
tions of these will be encountered in practice depending on the
particular envirommental requirements.

EXHAUDSET AR UAMPEL

RETURN AIR | AN

-—

@
|

MA!- O-S-'A.

DAMPERZ &

—

ST
AN ANAY

VRN
AN S

. EXHAUST AIR
BLOWER

. . T L I
] | AN ANNA

SUPPLYAIR

A

+
AN
JAY

W
\

MINIMUM OUTSIDE
AIR DAMPER

Basic Air Conditioning System (Fig. 15-1)

Outside air is drawn in through the maximum and minimum outside
air dampers, through the filters, heating and cooling coils, and
distributed to the room outlets. The air is exhausted and/or
returned to the outside and recirculated back through the condil-
tioning apparatus., The amount of air drawn in from the outside
1s a minimum during hot or cold weather in the interest of
economy. The minimum air damper is set at a certain fixed open-
ing and never closes except when the plant shuts down. The main
air damper controller also controls the return and exhaust air
dampers so as to maintain the same volume of air flowing through
the fan. The system either heats or cools, the heating and
cooling coils being controlled by one thermostat.
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PITCHED IN THE UNIT
STEAM COIL COMPLETE LINE QF ACCESSORIES

ACCESS PANELS
PEAK FAN PERFORMANCE
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EXPLODED VIEW OF A MULTIZONE UNIT

Multizone System (Fig. 15-2)

Outside air is drawn in through maximum and minimum outside air,
dampers, or from the recirculation duct, and discharged by the
fan Into the space upstream of the heating and cooling coils,
The air divides between the hot and cold coll, the quantity
depending on the openings of the dampers at the outlet of the
hot and cold plermums. The entire width of the hot and cold
plemums is divided into sections, or zones, each with a separate
sgt of mixing dampers. The individual hot and cold dampers are
linked together, but 90° apart, so that as the hot damper 1is
moved to the closed position the cold damper opens, and vice
versa, The zone dampers are controlled by a zone thermostat
located in one of the rooms in the zone being supplied,
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Reheat System (Fig. 15-4)

The reheat system 1s similar to the Basic Air Conditioning
(Fig. 15-1) except the main heating coll is replaced with re-
‘heat coils in the supply ducts to separate zones. The reheat
coils are controlled by thermostats in the respective zones.
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Induction System (Fig. 15-5)

The blower delivers outside or chilled air to the individual
room units. The induction units have rows of small Jets which
deliver the air at a high velocity into the mixing chamber.

The aspirating effect draws air through the heating coil which
is controlled by a temperature regulating valve and room ther-
mostat, The warm and cold air is mixed and delivered to the
room. Induction systems also use tempered or warm air in the
duct, and a chilled water coil. The coil is operated at a
temperature above ths dew point to wrevent condensate farmation.
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High Pressure Dual Duct System (Fig. 15-6)
This system is similar to the low pressure dual duct except it
utilizes high velocities and high pressure in moving the air
~through ducts designed for 6" w.c. pressure. The air 1s dis-
tributed through mixing boxes to the usual diffusers and reg-
isters., The schematic diagram of a mixing box (Fig. 15-7)
indicates a pneumatically operated motor moving the mixing
damper in and out to provide the required temperature as con-
trolled by the room thermostat. The air volume leaving the
O
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mixing box 1s controlled automatically by a spring loaded
volume damper built into the box., The interior 1is lined with
insulation for sound attenuation and heat barrier.
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16, TISTING AND B‘LANCING OF VENTILATION SYSTSMS

The importance of adjusting and balancing a ventilation system
can not be overemphasized. The proper amount of draftless,
noiseless, conditioned air circulated throush the occupied

spaces rerresents the oduct; the sum total of the expense of
engineering, mechanicag equipment, piping, duct work and controls
that have gone into the plant. The balancing technician is not

a megician; he cannot produce designed results if the design is
off, but many times in the past the ball has been dropped at this
crucial stage beczuse of untrained personnel attempting to bal-
ance a system, Air balancing is a tedious task and involves
goinz over certaln operations several times, The finished re-
sult is not a tangible object, and faults and deficiencies may
not be apparent until the spaces have been occupied., For thls
reason a methodical approech in going through the testing must

ba follonred and accurate and truthful records kept. The 1lnteg-
rity of a balancing firm is a5 Important as its technical ex-
pertise., There 1s a tendency among some technicians (in the
minority) to report readings considerably diffcrent than the
actual in order to expedite the job, The balancing firu or
technician should be directed to report the final cfm readings,
as read, aven if they are low, if they represent the best results
obtainable 'vithin the capabilities of the system, This then
should be referred back to thc designer, The job of the inspector
is to be faniliar with the methods th: balancer is using ( or
chould bs uesing) and verify the dets at least on a spot check
basis,

The mcchanical inspector should revisw the ventilation duct work
drawings ot the beginning of the job to determine 1if there are
sufficient dampers provided for balancing the air flowv. These
should frelucde a mamual dauper at the following locations:

1, cu%slde alr suprly

2. return air |

3« 1in 2ach zone of a2 mltizons unit

4, abt i112 Lranch connection tc a main duct

o ot ruch diffuser or resister outlet,

A single Jwuapae al Choe diffuceer or register outlebt cannot be

ueed to de all ths threbtling ac 1t will generats cobjecbliconabls
neise In thie recoa belrs suplizd, henes the requirem:nt for a

[ L
.

back-ur dairzr b the Lraoeh eommzelion,

rovi.’on rarst 2lze e made o oxtracturs, scoops, wie, for
Ivzrtin: alr Zres oioIn runs o Geanchizes (Flge 10-1),

Th: vorious 1o bolonelr Clouas Ulrousticuvt the Uele and Canada
have forsied industes oy ortod ngocelotions hich have done

L y i
mmeh to standardlze sthieds and procedres. The Asczcclated Alr
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Balance Council* has produced a balencing procedure outline
which satisfactorily ccvers all steps (Figs. 16-2 and 16-3).
The corresponding forms developed by AABC are shown in the
appendix. -

Instruments, Types and Use

Referring to Figs. 16-2 and 16-3, "Balancing Procedure Outline"
the duct traverses and static pressure readings require the use
of a Pitot tube and U-tube manometer the application of which
is covered in Section 4, M™air Kovers™. Th: motor load is found
with the clamp-on ammeter, and the fan and motor speeds with a
tachometer, The air delivered from the individual room outlets
is measured by the instrument best suited to the Type of outlet.
For a register, one of the following may be used:

.2« rotary type anemometer
be bridled vane anemometer (Flo-rite)
c. deflecting vane anemometer (Velometer).

Type {a) and (b) are used by dividing the register in say, 4
equal areas, (by approximation) and teking a reading for each
area and finding the average. The rceason for this is that a
branch outlet taken off at ripht angles from the main will have
an unequal velocity distribution across its width. The velocity
must not be found by moving the anemometer back and forth during
tThe mImute time interval as this will not give a true average.
The anemomecter reads directly in feet per minute, hence the
reading 1s taken for one minute., The reading average is then
multiplied by the core area, in square feet, which will give the
volume in cublc feet per minute:

. cubic feet per minute = velocity (fpm) x effective area
: (sq £t)

(effective area = registers mamufacturerts effective
Co anemometer area) :

The Velometcr,can be used with the tip prescribed by the manue-
facturer and the appropriate register factor., However, the
rotating anemometer is most generally used. The flow rates for
exhaust registers are similarly found, except an average factor
of 0.85 multiplied by the duct area may be usecd.

'he measurenent of flow from ceiling diffusers is read with a
Velometer, usins the avpropriate tip and factor published by the
manufacturer for exact model and size of diffuser being tested.
Punnel shaped "hoods" are used for diffusers with nerforated
plates. Ths hood is the size of the diffuser at the big end and
tapers down to 1 sq ft or 0.5 sq ft at the outlet, The vclocity
is then read with a velometer or anemometer, :

Nat'l Headquarters: 2146 Sunset Elvd., Los Angeles, Calif. 20026
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AIR DISTRIBUTION SYSTEMS
-AABC APPROVED
BALANCING PROCEDURE OUTLINE

22. In order to meet the required tolerance of the plans & specifications, the
following general testing and balancing procedure shall be used.
PHASE ONE:
A. All supply and return air duct dampers are set at full open
' position.
All diffuser and side wall grilles are set at full open position.
Outside air damper is set at minimum position.
All controls checked and set for full cooling cycle.
Branch line splitter dampers to open position,
Set all extractors and distribution gridc in wide open positions.

Aambow

PHASE TWO:
~ Drill all probe holes for static pressure readings, pitot tube
traverse readings and temperaturc readings.
B. Check motor electrical current supply and rated running
amperage of fan motors.
C. Check fan and motor speeds.
D. Check available adjustment tolerance.

>

PHASE THREE: .

A, Make first complete air distribution run throughout entire system
recording first run statistics, .

B. Using pitot tube traverse in all main duct, branch duct, supply
and retu;n,PR OPORTION all air in required amounts to the
various main duct runs and branch runs.

C. Make second complete air distribution run throughout entire
system for check on proper PROPORTION of air.

PHASE FOUR:
A, Using pitot tube traverse set all main line dampers to deliver
proper amount of C, F, M. to all areas.
B. Using pitot tube traverse set all branch line dampers to deliver
. proper amount of C, F, M. to diffusers and side wall supply
grilles in each zone.
Read C, F, M, at each outlet and adjust to meet requirements.
Test and record all items as listed (testing procedure Item C).

v a

TESTING PROCEDURE - ITEM C

The air balance agency shall perform the following tests and balance system
in accordance with the following requirements:

Fig, 16-2
240
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Ny R

10.

11.
12,
13.

14.

15.

16.

17.

18,

19.

Test and adjust blower R, P, M. to de51gn reqmrements
Test and record motor full load amperes.

Make pitot tube traverse of main supply ducts and obtain design
C.F. M, at fans.

Test and record system static pressures, suction and discharge.
Test and adjust system for design recirculated air, C.F.M,
Test and adjust system for design C. F. M. outside air.

Test and record entering air temperatures

(D. B. heating and cooling)

Test and record entering air temperatures.

(W. B. cooling)

Test and record leaving air temperatures.
(D. B. heating and cooling)

Test and record leaving air temperatures.

{(W. B. cooling)

Adjust all main supply and return air ducts to proper design C, F. M.
Adjust all zones to proper design C, F., M. supply and return.

Test and adjust each diffuser, grille and register to within %
of design requirements.

Each grille, diffuser and register shall be identified as to location
and area.

Size, type and manufacture of diffusefs, grilles, registers and all
tested equipment shall be identified and listed. Manufacturer's
ratings on all equipment shall be used for required calculations.
Readings and tests of diffusers, grilles and registers shall include
required F. P. M. velocity and test ra2«ltant velocity, required C.F.M.
and test resultant C, F, M, after adjusiments.

In cooperation with the control manufacturer's representatives setting
adjustments of automatically operated dampers to operate as specified,
indicated and/or noted.

All diffusers, grilles and registers shall be adjusted to minimize
drafts in all areas.

As a part of the work of this contract, THE AIR CONDITIONING
CONTRACTOR shall make any changes in the pulleys, belts and damp-
ers or the additions of dampers required for correct balance as recom-
mended by Air Balance Agency at no additional cost to Owner.
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Limitations of Anemomcters

The rotary anemometer is individually calibrated at the time of
mamifacture and should be re-calibrated periodically thereafter.
The lower 1limit of accuracy is about 200 fym., It should be held
in the air stream so that the speed indicator turns clockwise.
Deflecting vane anemomcters raquire careful handling snd require
periodic recalibration, They are available in several ranges of
velocity, and should be selected =7ith a mid ranze of 1,000 fpm
since this is the usual diffuser ocutlet velocity. The Air
Diffuser Couneil (an ascociation of diffuser munufacturers)
bases its test code for establighing outlat faetors on the

Alnor Velometer inctrument using a typr 2220A tip. Fig. 16-4
illustrates the usc of the sbove instrunents. '

Hydronic Balancing

Also important in the balancing of a system 1s the setting and
recording of hot water and chilled water flow rates. This is
mads possibla with the use ol vonturi flow nozzles and orifice
plate meters permanently installed in the systems Provicion
is made for connecting thz lzads of a portable flow indicater
upstream and downstream of the flow device, and the flow read-
ing in inches of water pressure differential (generally) is

converted to gpm by means of a chart furnished by the mamafactursr
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Testing with a Velometer

Procedure for Testing Grilles and Registers with Alnor Velometer

Testing with the FloRite Meter

ERIC

Aruitoxt provided by Eic:

Testing with an Anemometer (Manufactured by Keuffel
. & Esser Co.)

Reprinted with permission from
Tuttle and Bailey, Division of Allied
Thermal Corporation.
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17, INSTRUMGENTATION

This section will describe the various types of instruments
that are used in heating, ventilating and air comditioning sys-
tems and the manner in which they should be installed. The
accuracy and hence, usefulness, of a thermometer, gage, flow-
meter, etc, depends on how and where it 1s installed in the
system. A device that gives the wrong indications 1is worse
than none at all.

Flow measuring devices ineclude orifices and venturis which are
shown schematically in Fig. 17-1l.

HySt! CRESSURE — LOW PPRESegn e Tt
TAP -
(& o~ o ‘ = _ . }
— A D 1(1’ 3 /
= - = .:'—
drrr TLORIFICE LATR
L4 3
re N TSI
CORIFICE ELEMUNT
AHETEE A IS Loy PRESS! ML TAP

j

VENTUEY FLEMENT

A Fig. 17-1
In each case, the water velocity is increased temporarily as it
flows through the element., For a given orifice or venturi
diameter the flow can be found by measuring the pressure drop
across the element, It is mandatory, however, that there be 2
smooth, non-turbulent flow of the fluid approaching and leaving
the device, otherwise an inaccurate reading will result. A
smooth upstream and downstream {low is obtained by providing a
certain length of straight nipe on both sides, depending on
(L) the ratio of the orifice diameter to the nipe diameter and
(2) the nature of the disturbing elemonts upstream and down-
stream. Referring to Fig. 17-2, various plping configurations
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are shown with charts giving the orifice location, The diam-
eter ratio (ordinate) is as described above, and the absclssa
indicates the diameters of straight pipe; 1.e., 20 diameters
of 6" pipe « 120 inches, etc. Additional pipe configurations
are shown in the appendix., If the space limitations are such
that the minimum straight run of pipe ahead of the orifice
cannot be obtained, straightening vanes must be used as shown
in the schedules. Fig. 17-3 shows some typlcal straightening
vanes. The set of orifice flanges are drilled internally to
provide upstream and downstream pressure taps for the orifice
plate. The pressure connections are on top of the flanges.
The machine screws projecting from the backs of the flanges
are jack screws for forcing the flange faces apart. The orifice
plate is the paddle type, the handle of which is stamped with
the orifice and pipe diameters, and indicates which way the
stemped side is to face (upstream or downstream).

Fig. 17-3 Fig. 17-4 Fig. 17-5

The venturi flow nozzle is not as sensitive to turbulence as

the orifice and generally requires 5 pipe diameters upstream

and 2 pipe diameters downstream., Orifices used for flow measure-
ment of steam or gases are designed and calibrated for a specific
pressure, temperature and density of the medium. Any departure
from these stated conditions will cause an erroneous reading, and
-must be corrected back to the meter standard.

Thermometers should be installed inside thermometer wells in
piping, with the bulb in the center of the pipe. The range of
the thermometer should be selected so that the normal operating
temperature will be at mid-scale. They are best installed at
eye height if possible; or with an inclined face if higher,
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INSTALLATION INSTRUCTIONS FOR
ALL MODEL RINCO VENTURIS

SAME NOMINAL PIPE SIZE AS ‘ CONNECTORS OUT OF SIDE
THAT OF VENTURI STATION - ON HORIZONTAL LINE

- s Tﬁxif—\ﬂ

Mm~a
_‘_,';:/__,__.__—_‘ —1 _yr
v/ . ] | KB
-~ )
MIN. 5 PIPE MIN, 2 PIPE .
DIAMETERS DIAMETERS
ANY FITTING ' | 'BALANCING COCK OR

ANY OTHER FITTING

- Pige. 17-6

1) Note cast direction arrow on venturi and make sure flow is in direction
of arrow. Venturi may be installed in any position.

2) Red Quick-Disconnect assarbiy should be installed on red or up-stream tap.

3) Green Quick-Disconnect assembly should be installed on greén or down-
stream tap. v
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and be visible from the operating level.

Gages should also be selected so that the operating pressure

Is near to mid-scale as this is the most accurate point. Gage
syphons are necessary for steam and hot water service to pre-
vent damage to the gage. Rapidly fluctuating pressures will
soon wear out a gage and can be corrected by using a "snubber"
fitting in the gage line. Gage comnections should not be made
on or near fittings where turbulent flow exists, and be arranged
so that the gage may be easily installed and removed for call-
bration. The accuracy of gages can be checked with a "dead
weight" gage tester, or by comparison with a test gage of

. known accuracy.
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COMMERCIAL WROUGHT STEEL PIPE DATA

Note: 1: The letters *s”, “x", and “xx™ in the column of Sched.
ule Numbers indicate Standard, Extra Strong and Double Extra

Swrong Pipe, respeciively.

Nate 2: The values shown in sguare fect for the Transverse In.
ternal Arca also represent the volume in cubic feet per foot of

pipe length.

Transverne——— Monient Weight Lxternal Section
i Qutside wall Inside Aren Internal Area of Interior  Weight of Water Surfoace Madulus
Nominal Diamcter  Schiedule  Thickness  Diamcter  of Metal 8ce Note 2 (1) of Pipe Poundls 8q Feet 1
Pipe Sise (15)] No. {t) () (a) Square Square Inches to Pounds per Foot  per Foot (2—)
Inches Inches  See Notel  Inches Inches 8q Inches  Inches Feet 4th Power  per Foot of Pipe of Pipe D
h 0.405 109 N1 200 L0720 L0568 00010 L0108 .244 025 106 AKA25
80x 005 215 L0025 .0364 00025 00122 34 K111 106 0002
7o 0.540 408 088 364 L1250 L1041 . 00072 00431 424 i H] BT 0227
80x .119 . 302 L1574 L0716 Q0050 00377 L5135 031 141 1095
b3 0.875 40w 091 R 115] L1670 1910 033 00720 .a67 i, 1 78 02160
80x L126 423 L2173 L1405 L0008 L0082 L7388 061 178 L0250
409 . 109 622 L2303 .3040 .00211 01700 850 132 .220 04069
1+ 0.840 80x 147 540 L3200 .2340 00163 02008 1.087 102 . 220 L4780
160 187 AGE 3836 L1706 .00ns 02212 1.300 .074 .220 035267
.+ .204 .252 L5043 .050 00035 L0242 1.714 022 .220 .05762
40e 3 B4 . 3326 . 5330 00871 L03704 1.130 .231 .275 07055
1Y 1.050 80x A5 L742 4335 4330 00300 .04479 1.473 .1R8 275 08531
. 160 .218 .G14 . 56O8 . 2961 .00206 05269 1.810 .128 275 10036
A ¢ 4 .308 434 L7180 .148 001063 . 05792 2.440 L0064 275 11032
40s .133 1.049 4039 LRH0 . 00600 Q8734 1.678 .375 344 . 1328
1 1.318 80x 179 857 L4388 L7180 00400 .1056 2.171 312 .344 . 1606
160 250 815 .H365 L5217 .00362 L1251 2.840 .230 344 L1903
- L. .EX -.358 509 1.0760 282 00106 . 1405 3.659 .122 344 L2136
40s .140 1.380 . 0685 1.495 01040 . 1047 2,272 640 .435 .2346
1K 1.660 80x L1901 1.278 L8815 1.283 .00 .2418 2.996 555 .435 L2013
160 .250 1.160 1.1070 1.057 .00734 .2839 3.764 .458 435 L3421
. § .382 .896 1.534 .630 00438 L3411 5.214 .273 435 4110
40e BEL 1.610 . 7995 2.036 .01414 .39 2.717 882 497 3262
134 1.900 80x .200 1.500 1.0688 1.767 .01225 L3012 3.631 .765 .497 L4118
160 .281 1.338 1.429 1.406 00976 .4824 4.862 .608 .497 . 5078
I+ 3 400 1100 1.885 950 . 00600 5078 6.408 .42 .497 5977
408 154 2.067 1.075 3.355 .02330 6657 . 3.0652 1.45 .622 . 5606
2 2.378 80x .218 1.039 1.477 2.0533 02050 8679 5.022 1.28 .622 . 7300
160 .43 1.689 2.190 2.241 01556 1.162 7.440 .97 .622 .979
R 2 3 .436 1.503 2.656 1.774 01232 1.311 $.029 .77 .622 1.104
40s .203 2.469 1.704 4.788 .03322 1.530 5.79 2.07 .753 1.064
F17 3.875 80x .278 2.323 2.254 4.238 02942 1,924 7.66 1.87 .754 1.339
. 160 .375 2,125 2.945 3.546 .02463 2.353 10.01 1.5¢ . 753 1.638
. ¢ 3 .552 1.7 4.028 2.4684 01710 2.871 13.70 1.07 L1583 1.997
408 .216 3.068 2.228 7.393 .05130 3.017 7.5% 3.20 916G 1.724
3 3.500 80x 300 2,900 3.016 6.605 04587 3.804 10.25 2.80 .018 2.225
166 .437 2.620 4.205 5.418 03761 5.032 14.32 2.35 9168 2.876
e ¢ 3 600 2.300 5.466 4.155 1 .02885 5.993 18.58 1.80 816 3.424
au 4.000 408 | 220 3.548 . 2.680 9.886 06370 4.788 9.11 4.20 1.047 2.394
80x 318 3.304 .3.678 _ 8.888 -, 08170 6.280 12.51 3.84 1.047 3.140
408 .237 4.026 T 3.174_ 12,73 08840 7.233 10.79 5.50 1.178 3.214
80x' . 347 3. 826 - 4.407 11.50 07956 9.610 14.98 4.98 1.178 4.271
4 4.500 120 A47 3,626 5.678° . 10.33 .0N7 11.65 19.00 4.47 1.178 5.178—-
140 LAl J.4048 T 6.621 9.28 0645 13.27 22.51 4.02 1178 5.808
I ¢ 3 H74 3.152 RN - 7.80 L0512 15.24 27.5 34K 1.178 6,701
10n a6 5.(W7 Tea00 | 20.m BEI) 15,16 14.462 .67 () 5,451
Nz 475 4.k RIS I AR | i I RN 20.67 20,78 7.84 1.456 7.481
a 3.503 120 LI 4 Ot 70458 0 16,35 BRE 25,7 27.10 T.0h 1400 {r.250
160 020 4 313 i 1 l;!lll__ 14.4] L1085 $0.03 32.008 [ %} 1054 10. 706
..xx .50 4068 110 12,97 L0001 33,03 3N.55 5.01 145 12,00 -
40s 280 . 063 '5.581 25.89 2006 28.14 18.947 12.51 1,734 LY
80x .432 3.761 8.405 2607 .1810 40.49 28.57 11.2% 1.7:04 12,22
[} G .6825 120 .ha2 5. 10,70 . 23.77 L1650 40.61 $5.40 10.36 T TH 14,958
160 T8 5,180 13.382 21.15 L1469 IR.97 45.30 2. 1.7 i7.81
PR £ 3 K04 4. .807 15.64 18.84 L1308 6. 33 3.1 R.16 173 . 20002
20 .250 ®.125 G.57 51.85% L3601 AT.72 22.36 22,47 2, 13.34
30 .277 w.071 7.26 51.16 L3551 [ 1Y 2470 2.4, 2. 14,64
40m 322 7.981 8 40 50.08 3474 72.49 24.55 21.54 2, 16.41
%0 ABH T.8138 1048 47.04 I xR NR.73 35.04 37 FL 2058
] 8.625 80x 0 7.4025 12.76 45.66 AN 1056.7 43.390 [HAE 2 4.5
100 LG50 74430 4.9 4346 AL .3 50.87 I8 8 2, 28 14
120 718 7.1580 17.84 40.50 2519 140.5 60.63 17.59 2. 32 58
140 812 7.001 19.93 38.50 .2673 153.7 67.7¢ 16.08 2.2 356
A ¢ 3 .875 6.875 21.30 37.12 2578 162.0 72 .42 16.10 2.258 d7 50
160 .00 6.813 21.987 36.46 2532 165.9 74.60 15.80 2.258 38.48
A-1

Published by permission of Crane Co.



COMMERCIAL WROUGCHT STEEL PIPE DATA (concluded)

Transverse Moment Weight Externn! Rectiun
Qutsilde Wall Ingide Area Internal Aren of Interior  Weight of Water Nurfuce Modulux
Nomitnl  Dismeter  Nehedule  Thickness  Disnicter  of Metal Sce Note 2 [4)) of Pipe Pounds 8n Fret 1
DPipe Size ({31} No. ) [O)) {n) Hquare Square Inches to Pountds per Foot per Foot (2—)
Inches luches  #ee Notel  Inches Inches  8q Inches  Inches Feet 4th Power  per Foot  of Pipe of Pipe D
20 200 10.250 8.24 82, 52 .3731 113.7 28,04 35.70 2.814 21.15
S0 307 10.136 10.07 0.6 5603 137.4 34,24 3,00 2.814 25.57
E1E] L3635 16.020 11.90 78 .86 75 0.7 4048 3420 2.814 20,00
tix Rt 4,750 14,10 74.66 .S183 212.0 M. 32,35 2.K14 S0.43
10 10 750 N Lot 9,504 18,92 71.84 LAURO 2448 [[E PR R 2.814 L
100 LTIN 0314 8,13 A742 286.1 70,03 PRIES o 22
120 .1 81 R 4.53 LS g$24.2 2.814 G0, 32
140 1.000 8.750 60,13 4174 $67.8 2,814 LIV K
160 1.125 RN 560,75 2D 3.3 115,05 2.814 74.2
20 1] 12,254 0,82 117 .86 RIRG 191.R 33.33 51.07
30 B30 12,00} 12.87 114,80 LTU72 244 .4 43.77 49.74
K 375 12,001k 14.45 113.10 LTSS 270.3 49.50 44,00
10 A 11,438 15.77 111.93 7773 S00.3 53.53 48.50
i § i1 11,750 19.24 108.43 LTH2% 361.5 45.42 44.92
t2 12.7% 5o Sti2 11,62 21.52 106. 16 L7372 400.4 73.16 44,00
80 N7 11,376 26.03 101. 4 L7058 475.1° LA ] | 44.04
Hi 1) B4 11.004 31.53 . 14 677 il 107.20 41.60
120 1,000 10.750 36.91 9. 76 Rk iy 1.6 L 126.49 $0.33
11 1.123 10, 500 41.08 LUNG RiR] 700.5 133.68 37.52
160 1.312 10,126 47.14 8. 53 a2 81.1 180,27 44,89
10 250 13,500 10.80 143.14 L9940 255.3 36.71 42,03 3.665 36,6
20 d12 13.376 13.42 140.52 9758 314 .4 45.688 €0.89 3.0065 4H.0
How v 13.250 16.05 137.88 - 0876 372.4 54.57 39.75 3.063 33.2
40 437 13.126 18,6t 135.32 L0197 L1291 43.37 08,64 3. 865 61,4
. LS00 13.000 21.21 132,73 9217 183.8 72.00 37.46 3,645 G0, 1
14 - 14.00 (L1} o493 12,814 24.98 128. M RO 562.3 84.91 35,86 3.665 8.
s 750 12.500 31.22 122,72 8322 087.3 106.13 53.18 3.065 8.2 .
100 037 12.1206 38,45 115.48 8020 824 .4 130.73 30,04 3.665 117.8
120 1.003 11.814 44.32 100.62 L7612 929.8 150. 067 417.45 3.605 132.8
140 1.230 11.500 .07 103.87 7213 1027.0 170.22 45.01 3.6035 140.8
160 1.406 11.188 45.63 98.31 16827, 1117.0 189.12 42.060 3.665 139. G
10 20 15.500 12,37 188.69 1.3103 383.7 42.05 81.74 4.189 48.0
20 312 15.376 15.38 185.09 1.2895 473.2 52,36 80,50 4.189 39.2
30 375 15.250 18.41 182.03 1.2084 562.1 62.58 70.12 4,189 70.3
10x Lol 15,000 24.35 176.72 1.2272 731.9 82,77 70.58 4.189 91.3
14 16.00 [B1] 6ot 14.G88 31.82 169.44 1.1766 032.4 107.50 73.42 4.189 116.6
s 843 14,314 40. 14 160.92 1.1173 1155.4 136.46 09.73 4.189 144.5
100 1.031 14,038 48.48 152.58 1.0546 1364.5 - 164.83 00.12 4.180 170.5
120 1.218 14.564 a8, 56 144.50 1.0035 1555.8 192.24) 62.62 . 4.189 194.5
140 1.437 13.126 65. 74 135.32 0397 1760.3 223.84 58.04 4.189 220.0
160 1.593 12,814 72.10 128.96 805G 1893.5 215.11 55,83 41.189 288.7
10 250 17.500 13.94 240.53 1.4703 519.1 47.39 104.21 4.712 (131 4
20 .312 17.376 17.34 237.13 1.6407 078.2 50.03 102,77 4.712 79.5
L..8 375 17.250 20.7¢ 233.71 1.6230 806.7 70.59 101.18 4.712 89.6
30 437 17126 24.11 230.36 1.5907 930.3 #2.00 99.84 4.712 103.4
A 500 17.000 27.49 226,495 1.5763 1053.2 92.45 08.27 +4.712 1z.0
10 562 16,876 30.79 223 .48 1.5533 1171.5 104.75 96.93 4.712 130.1
113 18.00 © 60 750 16.500 40.04 213.83 1.4849 1514.7 138.17 92, 57 1.712 1G8.3
RO 037 16,126 50.23 204.24 1.4183 1833.0 170.75 B8, 50 4.712 M3.8
100 1.130 15,488 81.17 193.30 1.3423 2180.0 207.00 | B3.76 4.712 22,3
120 1.375 15.250 71.81 182.00 1.2084 2498.1 214,14 79.07 4.712 277.6
140 1.5G2 14.876 BO. 06 173.80 1.2070 2749.0 274.23 75.32 4.712 d05.5
160 1.781 14,438 90.75 183.72 1.1369 3020.0 308.51 70.838 4.712 335.¢
10 250 19,500 15.51 298.65 2.0740 756.4 52.73 120,42 .6
2Us 375 19,250 23.12 290.04 2.0142 1113.0 78.60 125,87 .3
30x L300 19,000 30.63 28#3.53 1,960 1457.0 104,13 122,87 7
40 .93 18.814 36,15 278.00 1.0305 1703.0 122.91 120.46 R
o) K12 1R, 376 48.95 265,21 1.8417 2257.0 164,40 114.92 7
20 20.00 0 1.0331 17,0938 61,44 252,72 1.7550 2772.0 208.87 100,51 7.1
U 1.281 17,988 75,33 238,83 1.G585 3415.2 254,10 108,39 .5
120 1.500 i7.000 N7.18 22608 1,5762 3754.0 20G.37 98,35 : ]
140 1.750 14, 500 100,33 213.%82 14849 4218.0 311,10 92,66 5.240 421.7
140 1,068 16.004 111.49 202.47 1.1074 40i85.5 370.01 87.74 | 5.230 438.5
10 250 23,500 15.65  433.74 1315.4 63.41 187,05 6133 100.6
208 375 23,250 27.83  424.56 1142.0 94,62 183,05 6.283 1019
. 500 23,000 a36.01 415.48 2519.5 125.49 179.87 8.253 2123
30 562 22,476 41.39 411.00 2443.0 140.80 178.09 8.283 2370
10 GR7 22626 M3 402.07 3121.3 171,17 174,23 6,283 285.1
24 24.00 0 LU6N8 22,064 70.04 342.35 452.8 238,11 185,52 6.283 387.7
K0 1.218 21, 5t H7.17 365.22 5672.0 206,36 158,20 6.283 4728
100 1.511 20,088 104,07 314 .32 819,90 367.10 149,06 6.283 570.8
120 1.8i2 20,376 125,381 326,08 2, 2645 7R25.0 429,39 141.17 §.243 6G2.1
140 2.062 19,876 2.1 310.28 215647 H625.0 483,13 134.45 6,283 718.9
140 2,344 19.314 159.41 202,08 2,080 9435, 541,94 126, .44 0,388 nT.n
Q
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COPPER WATER TUBE STANDARDS

DIMENSIONS AND WEIGHTS
DIAMETER AND WALL THICKNESS TOLERANCES
TYI'E K TYPE L - TYPE M*

Recomnienled for use with sold- Recommended for use with sold- Recommended for uae with
cred or compression fittines: for cred or compresdon fittinga; for soldered  fittings anly; for

Average O.D.

Tolerances generad blumbing involving rela- general plumbing involving rela- interior application. for hent-
(In Inches) tively severe serviee conditions tively less severeservice mmhuom, ing nnd for wistie, vent, aoil
Nominsl Actual and for heating. gas. steamn and amd for interior applications for and ather non-pressure appli-
Size a (}'Dh' ) . oil lines nnd underground service heating, gus, steam amil oil lines tions
o Inches ————
Nominal Nomlnal Nominal
Soft Hard wall Tolcrance ll wail Tolerance
Anncaled Drawn thickness ness Tolerance thickness
(In Inches) (In Inches) (In lnchea) (in Inches) (In Inches) (In Inches)
b 375 002 .001 .035 004 030 .0035
3 500 0025 001 049 004 035 0035
!»2 625 0025 001 Kat] 004 040 0035
4] .750 0025 001 0490 004 0423 0035
% .B75 003 001 065 0045 045 004
1 1.125 0035 0015 065 0045 050 004
1¥ 1.375 004 0015 065 0045 055 0045 042 00335
134 1.625 0045 002 072 005 060 0045 049 004
2 2.125 005 002 083 007 070 006 058 006
2y 2.625 005 002 095 007 080 008 065 006
3 3.125 005 002 109 007 000 007 072 000
3 3.625 005 002 120 .008 100 007 083 007
4 4.125 005 002 134 .010 110 009 095 009
5 5.125 005 002 160 .010 125 010 109 009
L] 6.125 005 + 002 192 012 140 011 122 010
8 8.125 .006 002 .004 271 016 200 014 170 014
10 10.125 .008 .002 .006 .338 018 .250 016 212 015
12 12,125 .008 .002 .008 .405 020 .280 018 254 016

*Although-not recommended, Type M tube is available in sizes 3% in, % in,, % in. and 1 in. for certain services less severe than those
- provided in Table I above.

TABLE Ul ’ LENGTHS
THEORETICAL WEIG_HT—' {a) The standard lenglhs for tubes furnished straight are 12 and

Nominal . Pounds P . feet,
os'l';: Type K APou T;poc{.Fwn Type M {b) The standard length for tubes furnished in coils is 60 feet.
(%4 0.145 ci12 0 ..., LENGTH TOLERANCE
;2. g:ggg 3:523 RN Same as for round seamless tube.
;2 8%4? g:’:gg Ceeen . ROUNDNESS TOLERANCE
1 0.839 0.655 s Samne as for round seamless tube.
13 1.04 0.884 0882 WEIGHT TOLERANCE
2 2.06 1.75 1.46 Tube shall not vary in weight by more than 7% from the theoretical
23 - 2.43 248 2.03 .
3 100 333 268 weight glven in Table 1L.
i’. 34 g. gzl.’ 4.23 3.gg TEMPERS
5 9.67 ?:gl 866 Types K and L — hard and soft tempers.
; g . ég.g :8.§ ‘3.92 Type M — hard temper only.
10 10.3 30.1 25,0 ‘ SQUARENESS OF CUT
12 67.8 40.4 '36.7 Same az for round seamless tube,
1 .
E \lC Copper and Brass Research Assoc iation,
_ New York, New York
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LINEAR EXPANSION OF COPPER TUBING AND STEEL PIPE
(Inches per 100 feet)

TEMP RANGE (F) | COPPER TUBING STEEL PIPE

0 0 o
50 .56 37
100 112 76
150 1.69 118
200 277 1.55
250 - 2.85 1.96
300 ' 3.45 " 238
aso 408 2.81
400 4685 3.25
450 527 azo
500 5.89 415

%

COPPER EXPANSION LOOPS AND OFFSETS

2L
18 3L

Expansion Loop - Offset
TUBE LENGTH =L (INCHES)

oD For Travel of

(ind %" 117 ta” 2" tan” 3" ! 470 s 1 4"
% |10 P15 19 j22 ) 25 i27 | 30| 34| 38
1 |1 {161 20 24| 27 129 | 33! 33| 42
Wb iz i 28| 29 1320 36| 42§ 47
% |12 '8 23 '28| 31 |38 "l“""
2% |14 20025 131 3 38, 4| St} sy
2% |18 "220 27 3237 la2 | 47! 561 62
3% |18 124! 30 [34] 39 [45: 53! 60| &7
4% | 20 ;28 . 34 139 | 44 48 | 58! 46 | 75
5% 122 031 | 39 [44 | 49 154 je2i 70! 78
6% | 24 134 042 1as | 54 159 | 6ai 76! g3

Data from Mueller Bross Co.
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Armstrong “L” Series Steam Traps are
king sized float and thermostatic traps,
They  are designed especially to meet
very large capacity needs in services
where continuous dramage is essential
or desirable.

The float and the lever mechanism
are all stainless steel with heat treated
chrome steel valve and seat. Lever mo-
tion is guided to assure proper valve
seating and maximum life for the valve
and seat.

The integral thermostatic air vent in
“L" Series Traps* iy & charged multi-
convolution beryllium copper bellows
caged in stainless steel. It is designed
especially for heavy duty industrial appli-
cations where highly efficient, uninter-
rupted service is essential. It is a bal-
anced pressure type that responds to the
pressure-temperature curve of steam at
any prossure from zero to maximum
operating pressure. Thus, air will be
vented at slightly below steam temper-
ature throughout the operating range.

Table A-L. LIST OF MATERIALS

Name of Part Material
Cap, Body and ASTM-A-278 Class 30
Cap Extension Cast Iron
Cap Bolting 126,000 !b. tensile bolts
Cap Gaskets Compressed asbestos

Stainless steel with heat
treated chrome steel
valve and seat

Float Mechanism

Balanced Pressure | Stainless stee} and brass

E

Thermostatic with beryilium copper
Air Vent bellows, entire unit
caged in stainless steel
DIMENSIONS

.

- - 194"
%"

- WTEPNA, TIERMOSTATC
MR RS

2 b PG
k5= Overall Width: 14%"
Weight: 200 tbs.

All dlmenslons are approximate,

_— _J 1
%

- Use certified print for exact dimensions.

RIC. . o

Aruitoxt provided by Eric

]

‘.‘ARMSTRON‘ “L SERIES LARGE CAPACITY STEAM TRAPS

LE SRR N

Float and Thermostatlc Type for contmuous dramage requirements
~ pressures from 0 to 250 psig . . . capacities to 52,000 Ibs/hr

“L™ Series Traps are offered with
either 2” or 22" connections and are
drilled and tapped to accept an integral
vacuum breaker when required in low
pressure modulating service,

Fig. L-1. Armstrong v
“L*" Series Trap.

DRILLED AND TAPPED FOR OPTIONAL INTEGRAL
VACUUM BREAKER (UNDER 150 PSh

THERMOSTATIC AIR VENT

AIR VENTED C——
TO RETURN LINE  ~/ommeann

GUIDED VALVE
LEVER MECHANISM

STAINLESS STEEL FLOAT
DRAIN PLUG

Fig. L-2. Cutaway view of L.’ Series Steam Trap.

Table B-L. MODELS AND CAPACITIES
Capacilies are conlinuous discharge capacilies in pounds of condensate per hour at
pressure differential indicaled with condensate within 5° of steam temperalure.

Trap Na. 30-L8 [30-L10 | t100-L8 [100-L10 | 150-L8 [150-L10 | 250-LB [250-L10
Connection Size | 2" 2-1/2" 2" 2-1/2" 2" | 2-1/2* 2" 2-1/2"
Orifice Size 1.5/8" 1-1/8" 7/8" 11/16"
1/2 16,500 8,450 7,300 6,050
1 21,000 11,400 9,800 8,100
2 26,000 14,500 12,500 10,500
5 34,000 20,500 17,000 14,000
. 10 20,500 25,000 20,000 17,500
o 20 46,500 31,500 - 24,000 20,000
B 30 48,000 35,000 27,500 21,500
£ 40 - 38,500 30,500 23,000
@ 50 - 40,500 33,500 24,000
& 60 - 43,000 36,000 25,500
a 70 - . 45,000 38,000 26,500
@ 80 - 47,000 40,000 28,000
3 90 - 48,000 42,000 29,000
g | 100 - 50,000 44,000 31,500
o i25 - — 49,000 34,000
150 - - 52,000 37,000
175 - - - 40,000
200 - - - 43,500
250 - - - 50,000

Acailable with integral vacuum breaker for pressures to 150 psi Suffix “VB” te Model No.
Also available with integral ﬂash release for syphon drainage service. Suffix “CC" to Model No.

A-5-(a)

Courtesy, Armstrong Machine Worksﬂ;



DESIGN AND CONSTRUCTION

R

SRS

"FOR SPECIAL

Here's how Armstrong inverted Bucket Steam Traps
deliver everything you should get in a trap

Fig. 5-1. 200 Series bottom inlet, top
outiet Armstrong Trap.

T REETATES LR

REQUIREMENTS

"Hci'ating When Steam Is Turned On

Wherever steam is turned on and off, air
will accumulate in piping and steam
equipment during the off period. A trap
with a thermic bucket will discharge this
air 50 to 100 times faster than a standard
bucket, reducing heat-up time remark-
ably. Thermic vent buckets are available
for all Armstrong traps for use at pres-
sures up to 125 psig, '
Where to Use: Single pipe coils; .small
on-and-off unit heaters; on-and-off mul-
tiple coils; drip points (particularly at
ends of steam distribution mains); wher:
ever air will pocket and be discharged
ahead of incoming steam. ’
Operation of the thermic bucket trap

" is described at the right.

ESRPTTEY LTI

1. No Steam Waste
Discharge valve is water sealed. Steam does
not reach it.

2. Long Life and Dependable Service
valve and seat are chrome steel, heat treated,
ground and lapped.. Free floating valve mecha-:
nism is “frictionless.” Wear points are heavily
reinforced.

3. Corrosion Resistance ‘
All working parts are made of stainless steel.

4. Continuous Air Venting
Ventin top of bucket provides continuous auto-
matic air venting. The steam passing through

the vent is less than that required to offset -

radiation foss from the trap.

5. CO; Venting at Steam Temperature
Fixed vent passes CO, immediately—there is
no cooling lag that would permit CO; to go into
solution and form corrosive carbonic acid.

6. Operating Against Back Pressure
Since trap operation is governed solely by the
difference in density of steam and water, back
pressure in the return line has no effect on the
ability of the trap to open for condensate and
close against steam.

7. Freedom from Dirt Trouble
Condensate flow under the bottom edge of the
bucket keeps sediment and sludge in suspen-

sion until discharged with condensate. There is -
no build-up of dirt. There are no close clear-

ances to be affected by scale.

Fig. 5-2.800 Series side inlet-side out.

let Armstrong Trap. Equivalent sizes -

of 200 Series and 800 Series traps.
have identical mechanisms. :

1. Trap cool. Air cannot collect at the top

of the bucket because the large vent is
wide ogen. The bucket stays down and
holds the trap valve wide open allowing
air to escape very rapidly until ...

How the Thermic
Vent Bucket Works

Fig. 5-3.

Condensate

f
'
]
!
’
[ ]
| ]
4

)
1
%
] /

2. ... steam reaches the bucket. The bi-

metal strip is heated by the steam. This
closes the thermic vent, Steam will then
collect in top of bucket to impart buoy- -
ancy and close the trap valve.

With thermic vent closed, the trap operates as a standard
trap as shown in operating drawings on pages 2 & 3.

A-5-(b) ‘Courtesy, Armstrong Machine Wo




INSTALLATION OF ARMSTRONG INVERTED

Before Installing

Run pipe to trap. Before installing the
trap, clean the line by blowing down at
full steam pressure, (Clean any strainer
screens after this blow-doivn.)

Trap Location ABC's

Accessible for inspection and repair
Below drip point whenever possible
Close to drip point

Trap Hook-Ups. For low and medium
pressure service, see Figs, 42-1 through
42-8, Follow the Power Piping Code for
Drips and Drains when installing high
pressure traps.

Shut-Off Valves ahead of traps are needed
when traps drain steam mains, large wa-
ter heaters, etc., where system cannot be
shut down for trap maintenance. They
are not needed for small steam leated
machines—a laundry press, for example.
Shut-off valve in steam supply to ma-
chine is sufficient. '

Shut-off valve in trap discharge line is
needed when trap has a bypass. It is a
good idea when there is high pressure in
discharge header. See also Check Valves.

By-passes (Figs. 42-6 and 42-7). Use
only when continuous service is a must.
Keep b_v-passes above traps as shown,

Unions. If only one is used, it should

be on discharge side of trap. With two -

unions, avoid horizontal or vertical in-line
installations. The best practice is to in-
stall at right angles as in Figs. 42-1 and

TesT
uuion VALVE
) UNION
DiRY pOCKSET { -—
- - SHUTOFF
T VALVE

Fig. 42-1. Standard hookup No. 800-814,
880-883 traps, with shut-off valves to iso-
late trap during testing, inspection or re-
pair. Unions should be at right angles—not
inline—to facilitate trap removal.

Fig. 42-2. Hookup No.
211-216 traps.

STRAINER
SLOW.OFF
SUILTIN VALVE
© STRANER

Fig. 42-3. No. 880-883 with strainer blow-

down valve,

ERIC

ADNRO A .1 Tt rovided by ERIC
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42-6 or parallel as in Fig. 42.-7.

Standard Connections. Servicing is sim-
plified by keeping lengths of inlet and
outlet nipples identical for traps of a
given size and type. A spare trap with
identical fittings and half unions can be
kept in the storeroom. In the event a tra
needs repair it is a simple matter to breai:
the two unions slip out the ailing trap,
put in the spare and tighten the unions.
Repairs can then be made in the shop
and the repaired trap, with fittings and
half unions, put back in stock,

Test Valves (Fig. 42-1) provide best
means of checking trap operation, Use a
pet cock or a small globe valve. Provide
a check valve or shut-off valve in the
discharge line to isolate trap while testing.

Strainers. Install strainers ahead of small
traps when dirt conditions are bad or
where specified. They are seldom needed
with larger size of traps.

Traps No. 880-883 have built-in strain-
ers. When strainer blow down valve is
used, shut off steam supply valve before
opening strainer blow-down valve. Con-
densate in trap body will flash back
through strainer screen for thorough
cleaning. Open steam valve slowly to be
sure trap regains its seal.

Dirt Pockets (Figs. 42-1 and 42.7) are
excellent for sto‘)ping scale and core sand.
Clean periodically.

Syphon Installations require a water seal

E SHUT-OFF VALVE
—

Fig. 42-4, Hookup No. 801 trap (shows how
shut-off valve ahead of unit can serve as
shut-off for a trap).
CHECK VALVE

[ ‘
: —N
Fig. 42-5. Alternate
hookup for No. 800-
814 with inlet at bot-
tom. )

Fig. 42-6. Bypass hookups for No. 800-814 -
and 880-883 traps.

R e

BUCKET TRAPS

and a check valve in the trap. Syphon
pipe should be one size smaller than
nominal size of trap used but not less than

1" pipe size.

Elevating Condensate. Do not oversize

" the vertical riser. In fact, one pipe size

e~

smaller thai normal for the job will give
excellent results,

Check Valves' are frequently needed.
They are a must if no discharge line shut-
off valve is used. Fig. 42-9 shows three
possible locations for external check valves
—also an Arinstrong Internal Check Valve
(See page 4). Recommended locations
given below.

Discharge Line Check Valves prevent
back flow and isolate trap when test valve
is opened. Normally installed at location
B. When return line is elevated and trap
is exposed to freezing conditions, install
check valve at location A, Fig. 42-9.

Inlet Line Check Valves prevent loss- of
seal if pressure should drop suddenly or if
trap is above drip point. Armstrong Stain-
less Steel Check Valve in trap body, loca-
tion D, is recommended. If swing check
is used, install at location C.

Protection Against Freezing. In general,
a properly selected and installed Arm-
strong Trap will not freeze as long as
steam is coming to the trap, If the steam
supply should be shut off, the trap should
be drained manually or automatically by
means of a thermo drain or pop drain,

»— VALVE

——

~ o,
VALVE [ vALVE

| Fig. 42-7. Bypass hookup
for No. 211-216 traps.

I,

!

INTERNAL
CHECK VALVE

WATIR SEAL

Fig. 42.8. Trap draining syphon.
A

°h

UNIT
X

o

Fig. 42-9. Possible check valve locations.

A-5-(c) Courtesy, Armstrong Machine Work‘s,'
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for venting air from steam in chamber type heat exchangers

pressures to 125 psig

Armstrong offers the Model TV-2 Bal-
anced Pressure Thermostatic Air Vent
for positive venting of air from chamber

" type heat transfer equipment with no

loss of steam, Typical applications
include jacketed kettles, retorts, vul-
canizers, jacketed sterilizers or other
contained equipment where air could
accumulate at the top of the steam
chamber and reduce heat transfer
cupacity.

The Model TV-2 is a balanced pres-
sure thermostatic air vent that responds
to the pressure-temperature curve of
steam at any pressure from light vacuum
to maximum operating pressure. Air is
automatically vented at slightly below
steam temperature throughout the entire
operating pressure range.

The thermostatic element is a charged,
multi-convolution beryllium copper_ bel-

lows caged in stainless steel. Valve and -

seat are also stainless steel designed to
meet the most rigid cyding specifications
known for this type of service.

Table A-13. PHYSICAL DATA,
MODEL TV-2 AIR VENTS

ent No. TV-2
Pipe Connections %"
Diameter 246"
Height 3"
Weight 11b. 90z
Maximum Working Pressure’ 125 psig

Fig. 13-5, The Armstrong Model TV-2
Thermostatic Air Vent

ARMSTRONG THERMOSTATIC AIR VENTS

PR TICTer PR w1 1 SR R IR 27 -8 SRR L (R Lol PR R L S ol ST 1 VIR T L WP

~ SR NN

HOW TO USE THE MODEL TV-2 THERMOSTATIC AIR VENY

ARMSTRONG MODEL TVv-2
THERMOSTATIC aiR VENTS

o & %

- RETORY
| STRAINER
-— € = —
STEAM
STEAM TRAP L

Fig. 13-1. On a retort

APMSTRONG MOCEL TV.2
THEAMOSTATIC AIR VENT

—

STERLIZER
COMPARTMENT ?l
——————

f 7
{ §  couer
-

—
STEAM 70
JACREY

N
STRAME

L]
STRAINER STEAM YAAR

STEAM TRAP

Fig. 13-2. On a sterilizer

ARMSTRONG MODEL Tv.2

THERMOSTATIC AIR VENTS

</

L2

STEam

.

JACKET

COMPARTMENT

of
VULCANIZER
R -
—
11
—r —1=
STABINERS u
—_—
STEAM .

\SYCA.M IAAPS /

Fig. 13-3. On a vuicanizer

Armstrong Model TV-2 Thermostatic Air
Vents should be instailed at the highest
points of steam chambers with inlet con-
nections to the vents higher than the
highest points of the chambers. Thus in-

- A=5-(d)

ARMSTRONG MODEL TV<2
THERMOSTATIC AIR VENT
STEAM
¢

ARMSTRONG MODEL Tv.2

THERMOSTATIC AIR  VENT STEAM

STRANER

STEAM TRAP

Fig. 13-4. On jacketed kettles

stalled there is minimum hazard of any
liquid carryover and air can be vented to
atmosphere with no drain line necessary.
The drawings above show typical installa-
_tions on steam cl"tambers.

DESIGN FEATURES

Stainless steel hemispherical valve and
seat.

Thermostatic element comprises a mult:-
convolution beryllium copper bellows
caged in stainless steel.

Thermostatic element is charged with
water to provide positive opening .of the
valve at slightly below steam temperature
and positive closing in the presence of
steam throughout the operating pressure
range.

ASTM-B-62 cast bronze body.

Courtesy, Armstrong Machine Works
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CHAPTER 8

THERMODYNAMIC TRAPS

This third class of steam traps utilizes the heat energy in hot condensate and steam to control
the opening and closing of the trap.

ORIFICE (LABYRINTH) TYPE — This was one of the
earliest thermodynamic traps. In one form it com-
bines an adjustable orifice (A} with labyrinth passages(B)
to control the flow of condensate. Due to pressure drop
through the LABYRINTH PASSAGES and the adjusta-
ble orifice, some condensate turns to flash steam as con-
densate approaches steam temperature. This provides a
measure of automatic flow control, for the nearer the
candensate approaches steam temperature the greater
will be the flashing and therefore the greater the choking
effect of the flash steam.

As with the orifice plate described in CHAPTER No. 3, page 6, if the condensate load does not
fluctuate to any great degree this trap is quite satisfactory, but if load, pressure, or temperature
vary considerably it is likely to either back-up condensate or blow live steam.

PISTON VALVE TYPE IMPULSE® TRAP — A later and more modern thermodynamsc trap
is the Impulse Trap.

Without going into the technica! details of the engineering theory involved, the opera-
tion of this trap is described very simply in the following paragraphs.

This trap in its best known form consists essentially of a
piston type valve (P) operating within a CONTROL CYL-

INDER (C).
. ) C
The lower end of the valve has a tapered seating surface ° RS
which opens and closes the ORIFICE (O). A ”

. a1 o
When steam is turned on in the system ahead of the trap, - Vi '2,- ' ]-;:*_J -
pressure is exerted on the under side of the PISTON HU gy
DISC (D), on the Valve (P}, pushing it upward to open =
the ORIFICE (0), so the conderisate and air can flow out
at full capacity. VALVE OPEN

The valve opens wide on start-up for full discharge of con-
densate and to quickly get rid of any air that may have
accumulated in the system.

Valve stays wide open until condensate nears steam tem-
perature.

- Opening and closing of this trap is.regulated by the slight
1 condensate flow termed the CONTROL FLOW, which goes
{ up past the PISTON DISC (D) to the intermediate pressure
area in the CONTROL CHAMBER (E). it then flows out
the CONTROL ORIFICE {F) in the hollow stem of the
valve to the lower pressure in the discharge part of the trap.

' Published with permission
A-5-(e) of Yarway Corporation




When condensate nears steam temperature, these pressure drops cause it to flash in the CONTROL
CHAMBER (E) and in the CONTROL ORIFICE (F). This chokes the flow through the contro! ori-

fice which increases the pressure in th~ CONTROL CHAMBER (E) snapping the valve shut to prevent
the loss of live steam. '

As long as the condensate remains hot enough to continue the flashing the valve remains closed.

When it cools slightly the flashing decreases. This reduces pressure in the CONTROL CHAMBER
allowing the valve to reopen and the cycle is repeated.

The CONTROL FLOW continuously samples the condensate flow coming to the trap and causes

the valve to open or close quickly at the proper time - to open wide on condensate, but close when
steam reaches the trap.

Therefore the quick response provided by the control flow in this trap aids in bringing steam equ'ip-.
ment up to temperature quickly and in maintaining high even temperatures of the apparatus. This .
promotes high efficiency of the overall operation. '

The CONTROL FLOW cbnsisté of only a slight percentage of the full flow through the main ori-
fice. This means that only an amount of condensate equal to this small percentage is required to
completely fill the control orifice at all times. When the main valve is closed and as long as this

slight amount of condensate flow is maintained there can be no measurable flow of steam through
the control orifice. '

. o 1= 2
INTEGRAL STRAINER TYPE IMPULSE® TRAP — =1
For high pressure service in Power Plant and Marine Y — 2=
service this trap is made with a built-in or integral _ | . ,
strainer, as shown in the’illustration. This pro- STREMA - ;\QK.\.]*. ) ey
vides a very compact and sturdy construction for g%; i
such types of applications. ’,_’ 1Tl L I

LEVER VALVE TYPE HIGH CAPACITY IMPULSE® TRAP — A newer version of the Impulse
Trap is the High Capacity Impulse Trap. Designed for.
extra heavy condensate loads, it operates on the same

basic principle as the original type but with a lever
action rather than a piston action.

This trap consists of a valve disc (A) to which is attached
an inlet valve (B). At point (C) the valve disc acts as an
outlet valve, opening and closing the outlet orifice {D) as
the valve disc tilts up and down around the fulcrum point
TR A (E). A control orifice (F) is provided in the valve disc
CLOSED POSTON ' over the center of the discharge or outlet orifice (D).

When valve disc is at rest there is a control flow between the inlet valve (B) and its seat. This con-
tro! flow then goes on out the control orifice (F).

A-5-(£f) '
Courtesy, Yarway Co.



incoming condensate and air push the disc upward
with a tilting action and full flow gaes out the dis-
charge orifice (D),

QOperation is similar to that of the original Impulse
Trap except the control flow combines with the
main flow when the valve opens instead of follow-
ing a separate flow path as in the earlier design.
Flashing of the hot condensate controls the closing
of the valve disc just as in the original Impulse type
and action is governed by the same basic principle
of control flow.

QPEN POSITION

DISC TYPE TRAP — One of the most recently developed types of thermodynamic traps is
known as the DISC type.

o It consists of a round flat DISC (D) positioned over a center INLET
ORIFICE (0O) and an ANNULAR DISCHARGE (A) leading off through
a DISCHARGE PORT (C). All are enclosed within a BONNET (B}
mounted on the body of the trap.

When operation starts, pressure in the INLET ORIFICE (O) pushes the
DISC (D) up vertically off the two concentric seating surfaces surround-
TREP CREN ing the inlet and outlet ports. This allows discharge to flow out through
the DISCHARGE PORT (C).

Now when very hot Condensate and Steam come to the trap the high velocity flow outward past
the rim of the DISC (D) up into the CHAMBER (E) tends to reduce the pressure on the under
side of the DISC causing some of the Condensate to turn to Fiash Steam. At the same time the
flashing condensate flowing outward at high velocity strikes the side wall of the CHAMBER (E)
causing a build up of pressure in the CHAMBER snapping the DISC (D) shut.

BONNET falls due to the condensing of the steam in the bonnet.

When pressure in the bonnet falls sufficiently the DISC rises,
condensate flows out and the cycle is repeated.

This type of trap is essentially a TIME CYCLE device. In other
words, under normal operating conditions each time the DISC
closes on Steam at a given pressure and temperature it will stay
closed for approximately the same length of time. This means TRAP CLOSED

that if CONDENSATE comes to the trap in the middie of a cycle, it will have to wait till pressure
in the bonnet falls sufficiently to permit the DISC to open.

LEVER DISC TYPE IMPULSE® TRAP — This newest version of the Impulse Trap operates
el in somewhat the same manner as the Disc Trap described
i S above, except that the valve disc is arranged so that it
opens and closes the valve with a tilting action rather
than moving straight up and down as in the above type.

The Lever Disc Impulse Trap is designed primarily for the
lighter condensate loads.

R : | A-5-(g) ~ Courtesy, Yarwéy Co.




When condensate enters this trap it pushes the disc upward with a tiiting action because the inlet
orifice (O} is off center. (To the left of center in the illustration.) Discharge then goes out through
the discharge ports (D) in the seat plate. When steam and steam temperature condensate come to
the trap the bonnet fills with steam and the increased pressure closes the disc in 2 somewhat simi-
lar manner to that described for the disc trap above. -

-The tilting or lever action of the valve in the lever disc trap insures a minimum of wear on the parts
and als 50 aids in reducing to 2 minimum the noise from the trap dlscharge R

As in the case of the DISC TYPE TRAP, this trap also operates on a time cycle. In other words,
the time between opening and closing will be relatively constant
for a given set of load and pressure conditions.

When the lever disc trap is closed by live steam and flash steam
entering the bonnet, it stays closed until the steam in the bonnet
condenses and also bleeds off slowly between the ground sur- -
face of the seat and the disc.

CLOSED POSITION

This “bleeding off’ actually comprlses a very slight control flow similar to that in the other styles
of impulse®Traps, but is so small it is barely perceptible at the trap discharge. Without this slight
control flow this type of trap would stay closed for such a long time when steam filled the bonnet
that it would not provide satisfactory operation.

Both the Disc and Lever Disc types of Traps just described are effective from the upper Iirﬁits of
their recommended capacity ratings down to even the very lightest condensate loads.

Several other varieties of disc type traps have recently been made available, but all operate on the
same general principles just described for the Disc and Lever Disc types of traps.

COMBINATION TRAP, STRAINER, AND
STRAINER BLOWDOWN VALVE-A
recent development combining the Lever -
Disc type Impulse Trap with a strainer and
strainer blowdown valve is shown inthe
adjoining illustration.

it includes all three devices in one compact
assembly and, as can readlly be seen, affords
a considerable saving.in labor of mstallation,
space, and welght

HowdrwnTonnecton

The biowdown valve, operated by a standard
- Allen wrench, affords a quick and easy method
of cleaning the strainer screen.

Like the Lever DISC type described above, this combmatlon trap is deSIgned pnmaruly for the Ilghter
condensate loads.
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THERMOSTATIC EXPANSION
~ VALVES *

Theory of Operation — Application — Selection

HOW THE THERMOSTATIC
EXPANSION VALVE WORKS

Basically, Thermostatic Expansion Valve Operation is
determined by three fundamental pressures,

P:Bulb pressure acts on one side of the diaphragm,
‘tends to open the valve,

PzEvaporator pressure acts on the opposite side, tends
to close the valve,

"PsSpring pressure is.applied to the pin carrier and is

transmitted through the push rods to the evaporator

side of the diaphragm, which also" assist in the
closing action.

When the valve is modulating, bulb pressure is balanced
by the evaporator pressure and spring pressure. Py equals
Pz plus P;

°BULB .

PRESSURE

BULB TEMR= . s
SATURATION TEMP .
+ SUPERHEAT -

»
- BULB TEMPERATURE

Fiéure 1

the same pressure- if their temperatures are identical.

After evaporation. of the hquad refrigerant in- the evapo-'

rator the suction gas is superheated ~ its temperature will

When the same refrigerant is ‘'used in both the _thcrmo- .

‘static element and refrlgeratlon system, each will exert |.
| not possible with conventional charges.

increase, However, the evaporator pressure, neglecting
pressure drop, is unchanged, This warmer vapor flowing
through the suction line increases the bulb temperature.

Since the bulb contains both vapor and liquid refrigerant
(not superheated vapor alone as in the suction line)
its temperature and pressure increases. This higher bulb
pressure acting on the top (bulb side) of the diaphragm
is greater than the opposing evaporator pressure and
spring pressure which causes the valve pin to be moved
away from the seat. The valve is opened until the spring
pressure — combined with the evaporator pressure — is
sufficient to balance the bulb pressure. Figure-1 illus-
trates a system with the same refrigerant in both the
bulb and evaporator. The two curves Opening Force
(bulb pressure) and Evaporator Pressure curve coincide.
When Spring Pressure is added to the latter the total
Closing Force is shown by the dash curve,

If the valve does not feed enough refrigerant, the
evaporator pressure drops or the bulb temperature is
increased by the warmer vapor leaving the evaporator
(or both) and the valve opens, admitting more refriger-
ant until the three pressures are again in balance. Con-
versely, if the valve feeds too much refrigerant, the
bulb temperature is decreased, or the evaporator pres-
sure increases (or both) and the spring pressure tends
to close the valve until the three pressures are in balance..

With an increase in evaporator load, the liquid re-
frigerant evaporates at a faster rate and increases the

_evaporator pressure. The higher evaporator -pressure

results in a higher evaporator temperature and a corre-
spondingly higher bulb temperature. The additional
evaporator pressure {temperature) acts on the bottom
of the diaphragm while the additional bulb pressure
(temperature) acts on the top. Thus the two pressure
increases on tbe diaphragm tend to cancel out each other

' <
&
«o‘?&o - and the valve easily adjusts to the new load condition
© SSrRiNG brissure ;f;g REFRIG with a negligible change in superheat,
cr “.“““‘-?T"\T. I FUCuRE Ths thermostatic expansion vaive will maintain a-fully active evaporator
: : Y /. : under all-load conditions. 7
' f Ve ! ! BULB . Fixed restrictions and otfier expansion devices can offer only a com.
z // VAP : } PRESSURE promise in system performance when operating conditions change.
g || | (Opening : o .
5 ’/ . PRESSURE : ', Force)
R EVAP. TEMP. “C!Isumuur . - :
— SPORI.AN SELECTIVE CHARGES

For the most efficient system performance, Sporlan
introduced Selective Charges for thermostatic expansion

valves, over a quarter of a century ago, Their present
universal acceptance throughout the refrigeration in-
dustry is evidence of the many operational advantages

An explanation of the characteristics, design features

and advantages of earh selective charge follows:

‘produced by perm1531on”
a»Mpf‘Spgplan Valyejgo*

o ConmGHT 1970 Bv SFQRL_AN VALVE COMPANV sr Louls. Mo.
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CONVENTIONAL LIQUID CHARGE
Sporlan Type L Charge

P V%

- <
| 9
()
& 7
b (o \ PRESSURE-TEMPERATURE

SPRING PRESSURE CHARACTERISTIC

(Constant)

mMO$CWKHLmD® o

TEMPERATURE

Figure 2

Dﬁgn Characteristics:
- 1 Employs same refrigerant in thermostatic element
as used within system.

2 Bulb volume and amount of charge it contains ic
such that sufficient liquid will remain in the bulb
under all temperature conditions of the diaphra
case and capillary tubing, .

Advantages: .
Bulb will always control refrigerant flow despite
a colder valve or diaphragm case.

Disadvantages: ' :

1 When the compressor is started, the suction an
evaporator pressures drop. But since the valve bulb
is not immediately cooled, the comparatively high
bulb pressure opens the valve too much resulting in:

- @ Low superheat and possible floodback to the
compressor.

b Delayed suction pressure pulldown.and possi-
ble overloading of the compressor motor.

2 With the same valve adjustment, the superheat in-
creases at lower evaporator temperatures where
high superheats are more detrimental to system
capacity, :

3 During off-cycle, if bulb is in a comparatively
warm location, the bulb ' pressure may be great
enough to open the valve, filling the evaporator

- with liquid. Another possible cause of floodback at
start-up, :

4 Conventional liquid charged valves have no inher-

ent anti-hunt features.

Application: Because of the definite operating advan-
tages obtained with the use of Sporlan Selective Charges,

- | the use of the Type L charge is generally confined to

i--ge capacity ammonia systems and a few unusual

A6-(b)

TYPE P AIR CONDITIONING CHARGE
with the Sporlan sLoWMAS 72# Element

PRESENT
4 1N BuLs(CGAS)

POINT OF
COMPLETE
VAPORIZATION

| %
&

| P

mD$CWLHLMDO

Design Characteristics:

1 Pressure limit or maximum operating pteééure
(MOP) feature. The Sporlan P charge is a patented
modification of the conventional limited liquid

—..charge (gas charge). The constituents of this charge |

are such. that at a  predetermined valve bulb tem-
perature a maximum bulb pressure is reached. Any

- increase in bulb temperature above this point also
results in virtually no increase in bulb pressure,
causing the valve to throttle,

2 Sporlan Type P air conditioning charge make use
of the patented Flow-Master element which is effec-
tive in stabilizing valve control and in materially
reducing system hunt. See Page 3,

Advantages of the Sporlan Type I.P Air Conditioning
Charge with FLOWMA .f'_ 7274 Element:

1 Valve closes tightly during off-cycle. During the
normal warm up of the evaporator, the point of
maximum bulb pressure is reached, Above this point |.
an increase in bulb temperature results in virtually
no increase in bulb pressure (opening force). The

" evaporator pressure (closing force), however, con-
tinues to rise and, assisted by the spring pressure,
closes the valve tightly. '

- 2 Valve remains closed during pulldown. While- the |
evaporator temperature is relatively high, the valve
remains closed until the evaporator temperature is
reduced below the maximum operating pressure of

- the charge. This permits rapid pulldown, avoiding
floodback and overloading of the compressor motor.

ot
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o Q i the capacrty of the thermostatrc expansmn valve

spo‘ RLA;N o . When an appreclable vertical lift is unavoidable, pre-
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THERMOSTATIC EXPANSION

VAI.VI S

INSTAI.I.ATION
FIELD SERVICE
and ASSEMBLY

: INSTALLATION
For peak’ performance, it is important to select a Sporlan
thermostatic expansion valve with the correct capacity,
seleclive~ charge, external or internal equalizer, etc.
l'qually rmportm the proper. mstallatron, “which can
determine the success or failure of the (.ntlre system.

A. VALVE I.OCAT!QN.-..‘-;""

Thermostatic expansion valvas may be: mounted in any
position, but should be installed as close to the evapor-
ator inlet as possible, If a refrigerant distributor is used,
mount the distributor directly to the/vilve-outlet for
best performance. See Bulletin 20-10 for - application
information on refrigerant’ dlstrrbutors

1If a hand valve is located on' the outlet ‘side of the

thermostatic expansion valve it should have a full sized
port. No restrictions should -appear betwéen thie thermo-
static expansion  valve and evaporator, except a re-
frigerant distributor if one is used, :

Sporlan Thermostatic Expansion Valves having Selec-
tive Charges C, Z, L, or X may be installed and operated
in warm or cool locations. The amount of ‘thermostatic
charge and_the bulb size are such that the bulb always
retains control desplte a colder valve bady-or dlaphragm
case. :

To. mmrmlze the possxbrllty of charge mlgratton the
Sporfan Flow-Master P or G air conditioning charges

or ZP refrigeration charges should be. mstalled 50 that_ ¥

the diaphragm case is warmer ‘than’ the bulb "

PRECAUTIONS — WHEN VAI.VE IS, INSTALLED AT

CONSIDERABI.E HEIGHT ABOVE LIQUID RECEIVER

‘ When the evaporator and thermostatlc expansxon valve
are located above the recexver, “there is a static. _pressure
loss in'the liquid line: This is due to the. werght of ‘the-
column. of lrrqurd refrtgerant and this: welght may, be
imterpreted in terms of pressure loss..in .pounds. per
square inch as shown in Table.2, Page 14, Bullerin 10-10.-

If ‘the vertical.lift is great enough vapor or.:flash gos |

will_form in the liquid line causing a_serious. reduction

cautions should be taken to prevent the accompanying
pressure loss from producing liquid line vapor. This
can be accomplished by providing enough subcooling
of the liquid refrigerant, either in the condenser or after
the liquid leaves the receiver, Subcooling is determined
by subtracting the actual liquid temperature from the
condensing tempreature (corresponding to the con-
densing pressure). The required amount of subcooling
necessary to prevent vapor formation in the liquid line
is shown in Table-6, Page 16, Bulletin 10-10,

Liquid rubcooling is provided by the following methods:
1 In the condenser
2 Suction — liquid heat exchanger

3 Special devices

Method-1 will provide sufficient subcooling for the
simple short-coupled system that has only moderate
liquid line pressure drop.

Method-2 will usually not provide more than 20°F.
subcooling on air conditioning systems operating at nor-
mal head pressures. The amount of subcooling will de-
pend on the design and size of the heat exchanger and
on the operating suction and discharge-pressures.

Method-3 may be used to provide considerable subcool-
ing required for systems with excessive vertical lift.
The following special devices are the most commonly
used methods.

a Water coils in heat exchange relationship wrth the
liquid line, '

b Separate refrigeration system.

¢ Special heat exchanger which uses a ‘portion of the
refrigerant to cool the main body of liquid. See’
Figure-1.

" COPYRIGHT 1970 BY SPORLAN VALVE COMPANY, ST, LOuis: Mo.
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Ordinarily the conventional suction — littxid heat ex-
changer is installed near the evaporator where the suc-
tion vapor is the coolest, When the primary purpose of
the heat exchanger is to prevent the formation of flash
gas, it should be installed near the receiver before the
verlical [ift occurs. This also applies to the special de-
vices described in Method-3. Subcooling devices in-
stalled near the evaporator will, of course, re-condense
much of the vapor, but vapor in the liquid line con-
siderably increases friction losses — possibly making the
total pressure drop prohibitive, The suction line and
liquid line (if subcooled below ambient temperature)
should be carefully insulated to minimize heat gain,

IMPORTANT — Preventing the formation of vapor in
liquid lines having high pressure losses does not elimi-
nate the requirement that an adequate pressure drop
must be available across the thermostatic expansion
valve. The capacity tables show valve capacities at pres-
sure drops lower than normal; For thermostatic expan-
sion valve application data and capacities at pressure
drops below those listed, consult Sporlan Valve Com-

pany.
B. SOLDER TECHNIQUE,

It is not necessary to disassemble sweat type valves such
as Types S and P when soldering to the connecting lines,
Any of the commonly used types of solder such as 50-50,
95-5, Sil-Fos, Easy-Flow, Phos-Copper or equivalents
" are satisfactory. It is
important, however,
regardless of the
solder used, to di-
rect the flame away
from the valve body
and avoid-excessive
heat on the dia-
phragm,; Figure-2,
As an extra piecau-
tion, a damp cloth
may be wrapped
around the dia-
phragm during the
soldering operation.

Figure 2

C. BULB LOCATION and INSTALLATION

The location of the bulb is extremely important, and in
some cases determines the success or failure of the re-
frigerating plant. For satisfactory expansion valve con-
trol, good thermal contact between the bulb and suc-
tion line is essential. The bulb.should be securely fasten-.
ed with two bulb straps to a clean, straight section of
- the suction line, :

Application of the bulb to a harizontal run of suction
line is preferred. If a vertical installation cannot be
‘avoided, the bulb should be mounted so that the capil-
lary tubing comes out at the top, '

. On- suction lines %" OD and larger, the surface tem-
perature may vavy slightly around the circumference of
the line. On these lines, it is generally recommended that
the bulb be installed at a point mid)-,way on the side of

the horizontal line, and parallel with respect to the

direction of flow. On smaller- lines the bulb may be
mounted at any point around the circumference, how-
ever, locating the bulb on the bottom of the line, is not
recommended as an oil-refrigerant mixture is generally
present at that point. Certain conditions peculiar to a.
particular system may require a different bulb location
than that normally recommended. In these cases the |-
proper bulb’location may be determined by trial.

Accepted principles of good suction line piping should
be followed to provide a bulb location that will ﬁive
the best possible valve control. Never locate the bulb in
a trap or pocket in the suction line, Liquid refrigerant
or mixture of liquid refrigerant and oil boiling out of
the trap will falsely influence the temperature of the
bulb and result in poor valve control.

Recommended suction line piping includes a horizontal
line leaving the evaporator to which the thermostatic
expansion valve bulb is attached. This line is pitched,
slightly downward, and when a vertical riser follows,
a short trap is placed immediately ahead of the vertical
line, see Figure-3, The trap will collect any liquid
refrigerant or oil passing through the suction line and
prevent it from influencing the bulb temperature.

ﬁ
COMPRESSOR ABOVE EVAPORATOR

Figure 3

T LIQUIB ARD QI
DRAINS AWAY FROM BULR...

On multiple evaporator installations the piping should
be arranged so that the flow from any valve cannot
affect the bulb of another. Approved piping. practices | -
including the proper use of traps insures individual con-
trol -for each valve without the influence of refrigerant
and oil flow from other evaporators,
.}

il i <" Abeve and Below Main Suction Line

S ae6e(d)




| closing of the valve when the compressor stops, If bulb

E lil‘cn operate unless this connection is made,

A FullToxt Provided by ERIC

For recommended suction line piping when the evapo-
rator is located above the compressor see Figure.5. The
vertical riser extending to the height of the evaporator
prevents refrigerant from draining by gravity into the
compressor during the off-cycle. When a pump-down
control is used, the suction line may turn immediately
down without a trap,

CTTTE——
COMPRESSOR_BELOW EVAPORATOR

\ D)
’*@ﬂ

—
0

Figure 5

_

On Commercial and Low Temperature Applications re-
quiring Sporlan Selective Charges C, Z, or X the bulb
should be clamped on the suction line at a point where
the bulb temperature will be the same as the evaporator
temperature during the off-cycle. This will insure tight
insulation is used on lines operating below 32° F., use
non-water absorbing insulation to. prevent water from
freezing around the bulb.

On brine tanks and water coolers the bulb should be
below the liquid surface where it will be at the same
temperature as the evaporator during the off-cycle.
When locating the bulb in a brine tank, paint it and
the capillary tubing with pitch or other corrosion
resistant paint,

If, for practical reasons, the bulb must be located where
its temperature will be higher than the evaporator dur-
ing the off-cycle, a solenoid valve must be used ahead
of the thermostatic expansion valve.

On Air Conditioning Applications having thermostatic
expansion valves equipped with Flow-Master Types P
or G charged elemeats, the bulb may be located inside
or outside the cooled space or duct, The valve body
should not be located in the air stream leaving the
evaporator. Avoid locating the bulb in the return air
strearn unless it is well insulated. :

D. EXTERNAL .EQUALIZER ‘CONNECTION

For a complete exll;lnnution of when an externally equal.
ized valve should be used refer to Pages 7 to 9, Bulletin
10-10. Valves supplied with an external equalizer will .

Page 3

The equalizer connection should be made at a point
that will most clearly reflect the pressure existing in
the suction line at the point of bulb location. Although,
in most cases the equalizer is connected within several
inches of the bulb, occasionally it is located at a more
remote point. The pressure difference between the
equalizer connection and the bulb location should not
exceed those shown in Table-1, Page 9, Bulletin 10-10.

Generally the external éequalizer connection is in the
suction line immediately down-stream of the bulb,
Figure-6. However equipment manufacturers sometimes

select other -locations that are compatible with their
specific design requirements,

E
EXTERNAL EQUALIZER CONNECTION =~

T
S _
Sl
1|‘"| ] }"’i’
It must be connected —Never Capped!
MUST BE FREE OF CRIMPS + < SOLDER + < ETC.

L .Figure 6

4
o
1
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-E.- DRIERS,. STRAINERS, and: ACCESSORIES

Most Sporlan thermostatic expansion valves are equipped
with built-in inlet screens of varying mesh sizes depend-
ing on the valve size and type. These strainers are effec-
tive only in removing particles of scale, solder, etc.
which could obstruct the closure of the pin and seat.

Moisture and smaller particles of foreign material are
equally harmful to the system and must be removed
for peak system pesformance. Field experience has
proven, without a doubt, that most expansion valve

failures are due to the presence of dirt, sludge, and

moisture in’ the system. Furthermore, the performance
and life of other system components are also seriousty
affected by these foreign materials. The Sporlan Catch-
All Filter-Drier - removes dirt, moisture, acids, and
sludges, and insures the circulation of clean, dry
refrigerant through the system at all times.

For all refrigeration"and, air conditioning applications
we recommend that a Sporlan Catch;All Filter-Drier
be installed in the liquid line ahead of the thermostatic
expansion valve, Sze Bulletin 40-10,for complete Catch-
All specifications, '

Further system protection is easily and inexpensively
provided with the installation of a Spoflan SeesAll.
The See*All is a combination’ liquid and moisture indi-
cator that visually indicates if there is a shortage of
refrigerant in the liquid line or if the moisture content

-A-6-(e)
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of the refrigerant is at a dangerous level. See Bulletin
70-10 for complete SeesAll specifications.

i
See Al

"I‘ Figure 7

F. TEST PRESSURES and
DEHYDRATION TEMPERATURES

For better leak detection an inert dry gas such as nitro-
gen or CO, may be added to an idle system tc cupple-
- ment the refrigerant pressure.

CAUTION: Inert gases must be added to the system
carefully through a pressure regulator. Unregulated
gas pressure can seriously damage the system and en-
danger human life. Never use oxygen or explosive
gases, -

Excessive low side pressures can shorten the life of the
thermostatic expansion valve diaphragm. Table-7 lists
the maximum low side test pressure that can safely be
applied with the expansion valve connected to the
evaporator. These maximum pressures-are well above the
minimum field leak test pressures for low sides, listed
by the American Standards Association B9 Safety Code.

TABLE 7
MAXIMUM LOW SIDE TEST PRESSURES
-VALVE TYPE psig
NI, F,GC S 450
PHO&KU 425
MV E&EW 400

Table-7 refers to the maximum low side test pressures
which are in contact with the underside of the valve
diaphragm. Since only the valve inlet fitting and pass-
ages (not the valve diaphragm) are subjected to high
side pressures, the valve will withstand any reasonable
HIGH SIDE TEST PRESSURES in excess of the values
listed in the ASA B9 Safety Code, The externil equalizer
line should be disconnected if there is any possibility of-
exceeding the recommended maximum pressures.

If elevated temperatures are used to assist in dehydrating ;
the system, the thermostatic expansion valve should not’
be exposed to temperatures exceeding those shown in
Q  >les. : '

TABLE 8
MAXIMUM DEHYDRATION TEMPEKATURTS
DEGREES F°
THERMOSTATIC CHARGE
REFRIG- PA
ERANT|6and| | ¢ | 7 | x Conditioning| ZP
Charge
12 195 | 190 | 250
22 ** 1160 | 185
500 | I el i e
52| 207 [150 [ 170
17 i
(Am- 150 | 190 | 235 | 1 t t
monia)

*Temperatures are for No. 53, 33, 83, 63, 23 & 12 elements.
**Not Availoole in No. 33 or 63 elements. :
Not Available.

Table-8 refers to the maximum dehydration temper-
atures when the bulb and valve body are subjected to
the same temperature. On L, C, Z, and X charges,

250° F, maximum valve body temperature is permissible

IF THE BULB TEMPERATURE does not exceed those shown
in the table.

G. EXPANSION VALVE ADJUSTMENT

- Each Sporlan Thermostatic Expansion Valve is adjusté’d :

at the factory before shipment. This factory setting will
be correct and no further adjustment is required for
the majority of applications. When the application
or operating conditions require a different valve setting,
the valve may be adjusted to obtain the required

| superheat.

-Some expansion valves are made non-adjustable for use

on Original Equipment Manufacturers’ units. . These
valves are set at a superheat predétermined by the manu-
facturers’ laboratory tests and cannot be adjusted in' the
field. '

Most non-adjustable models are modifications of stand-

_ard adjustable type valves. This is done by using a solid

bottom cap instead of one equipped with an adjusting

stem and seal cap. These valves can be identified by an

M preceeding the standard valve designation.” Adjust-
able bottom cap assemblies are available for converting
non-adjustable valves to the adjustable type. However,
this is rarely required. If symptoms indicate that a valve
adjustment is needed, carefully check the other possible
cruses of incorrect superheat, Pages 6 to 10, before at-
tempting an adjustment. '

HOW'TO 6ETERMINE SUPERHEAT CORRECTLY

1 Measure the temperature of the suction line at the

point the bulb is clamped. .

2 Obtain the suction pressure that exists in the suction
line at the bulb location by either of the following
‘methods: o




d If the valve is externally equalized, a gauge in
| the external equalizer line wiil indicate the de-
.sit 1 pressure directly and accurately.

or

b Read the gauge pressure at the suction valve of
the compres.. . To the pressure add the esti-
mated pressure drop through the suction line
between bulb location and compressor suction
valve. The sum of the gauge reading and the
estimated pressure drop will equal the approxi-
mate suction line pressure at the bulb.

3 Convert the pressure cbtained in 2a or 2b above to
saturated evaporator temperature by using a tem-
perature-pressure chart.

4 Subtract the two temperatures obtained in 1 and
3 - the difference is superheat. ‘

Figure-8 illustrates a typical example of superheat
measurement on an air conditioning system using Re-
frigerant-12. The temperature of the suction line at the
bulb location is read at 51° F. The suction pressure at
the compressor is 35 psig and the estimated pressure
drop is 2 psi....35 psig + 2 psig = 37 psig which
is equivalent to a 40° F. saturation temperature. 40° F.
subtracted from 51° F. = 11° F, superheat,

ﬁ
' EXAMPLE

REFRIGERANTY

TEMPERATURE

A TO THESSUCTION PRESSURE
af compressor
B ADD ESTIMATED SUCTION LINE 10SS

L ]
1O OBTAIN SUCTION PRESSURE °
€100 ] URE D l l

. SUPERHEAT

) Figure 8

NOTE - Subrracting the difference between the temper-
ature at the inlet and outlet of the evaporator is not
an accurate measure of superheat, This method is
not recommended since any evaporator pressure drop
will result in an erroneous superheat indication,

HOW TO CHANGE THE SUPERHEAT SETTING

To reduce th: superheat, turn the adjusting stem
COUNTER-CLOCKWISE. To increase the superheat, turn
the adjusting stem CLOCKWISE. When adjusting the
valve, make no more than one turn of the stem at a
time and observe the change in superheat closely to
prevent over-shooting the desired setting. As much as
o 1" minutes may be required for the new balance to take

Puge 5

If in doubt about the correct superheat setting for a

particular system, consult the equipment manufaciurer.
As a general rule, the proper superheat setting will de-
pend on the amount of temperature difference (TD)
between refrigerant temperature and the temperature of
the air or other substance being cooled. Where high
TD's exist, such as on air conditioning applications, the
superheat setting can be made as high as 15° F. with-
out noticeable loss in evaporator capacity. Where low
TD's exist, such as in low temperature blower coil ap-
plications, a superheat setting of 10° F. or below is
usually recommended for maximum evaporator capacity.

For the correct valve setting on factory built equipment,
manufacturers’ recommendations should be followed.
Some manufacturers specify the superheat directly;
others may recommend valve adjustment to a given suc-
tion pressure at certain operating conditions, or until
a certain frost line is observed. Such recommendations,
however they are stated, represent the results of exten-
sive laboratory testing to determine the best posssible
operation.

FIELD SERVICING

The thermostatic expansion valve is erroneously con-
sidered by some tc be a mysterious and complex device.
As a result, many valves are necdlessly replaced when
the cause of the system mal-function is not immediately
recognized,

Actually the thermostatic expansion valve performs ouly
one very simple function — it keeps the evaporator
supplied with enough refrigerant to satisfy all load con-
ditions. It is not a temperature control, suction pressure
control, a control to vary the compressor’s running time
or a humidity control,

How effective the valve performs is easily determined by
measuring the superheat as outlined in Figure-8. Ob-
serving the frost on rhe suction line, or considering only
the suction pressure may be misleading Checking the
superheat is the first step in o simple and systematic
analysis of thermostatic wpansion valve performance.

@ If not enough refr’zerant is being fed to the
evaporator—the superheat will be high.

« If too much refrigerant is being fed to the evapo-
rator—the superheat will be low,

Aithough these symptoms may be attributed to improper
thermostatic expansion valve contro!, more frequently

the origin of the trouble lies elsewhere.

A-6-(g)
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if the load temperature is too high
and valve does not appear to feed
enough - - the superheat is high with
a *lower than normal pressure.

THE CAUSE MAY BE:

1 MOISTURE — Water or a mixture of water and oil
frozen in the valve port or working parts of the valve
will prevent proper operation.

This is the most common source of trouble on expan-
sion valves. Since the valve is the first cold spot in
the system, moisture will freeze and block the valve
open, closed, or any position in between, If the valve
is frozen in the intermediate position so that flow is
restricted, the superheat will be high.

the liquid line for removal of moisture from the re-
frigerant and oil. See Bulletin 40-10.

For additional Pprotection, install a Sporlan SeesAll
Moisture and Liquid Indicator for a positive indication
of when a safe moisture level is reached. See Bulletin
70-10,

Excessive moisture has a damagingA effect on all system components
regardless of the evaporating temperature. It must be removed for

trouble-free performance.
. . ]

2 DIRT or FOREIGN MATERIAL — Material such as scale,
drier ‘material, filings, etc. will restrict the flow of
refrigerant when it collects in strainers or other liquid
line accessories. This produces a shortage of refriger-
ant at the thermostatic expansion valve port, Conven-

through the screen and obstruct the flow ac the valve
port. If a SeeeAll is installed downstream of the re-
striction, bubbles will be visible, This should not be
confused, however, with .a refrigerant shortage or
excessive liquid line pressure loss which are also
indicated by bubbles in the See*All, : -

REMEDY - Locate and remove the foreign material
creating the restriction, Install a Sporlan Catch-All
Filter-Drier to- provide effective filtration of the re-
O _gerant, See Bulletin 40-10.

| REMEDY - Install a Sporlan Catch-All Filter-Drier in’

tional strainers frequently allow the material to pass |

3 WAX — Certain refrigerant oils will precipitate wax
at very low temperatures. Since the thermostatic ex-
pansion valve represents the first cold point in the
refrigeration cycle, wax is most likely to form ac the
valve port,

It is difficult to observe the wax in a valve because
it exists in solid form only at very low temper-
atures, By the time the valve has been taken apart,
the temperature has increased enough to cause the
wax to melt and thus become difficult to detect.
When wax is suspected, it can usually be detected on
the pin and seat by packing the valve in dry’ice
while disassembling.

REMEDY - If wax is found, consuit the supplier of the
refrigerant oil for recommendations.
b ]

4 REFRIGERANT SHORTAGE —— A See*All or sight glass
in the liquid line will show bubbles when the system

is short of refrigerant charge. Before adding more

refrigerant however, be sure the bubbles are not pro-
duced by other causes (See Paragraphs A-2 and A-5).

A lack of refrigerant charge may also be detected by
a hissing sound at the thermostatic expansion valve.
-Some systems not equipped with a liquid line sight
glass, will have test cocks or other devices for check-
ing the refrigerant level in the receiver,

result,
—_

5 GAS IN THE LIQUID LINE — As explained in Para-
graphs A-2 and A-4 above liquid line vapor can be
groduced by a partially plugged strainer or drier 2:+.

y a shortage of refrigerant charge. In addition, gas .

in the liquid. line can be caused by-air or other non-

condensable gases in the system or by excessive pres-

sure losses in the liquid line as a result of:
a Long or undersized line.
b Liquid line vertical life.

REMEDY - Verify the correct liquid line size for the
equivalent length and system tonnage. Consult liquid

line sizing data published in many manufacturers’ cata-

logs and ‘in text books. If undersized, repipe with the’
correct size, '

Determine amount of vertical life, and obtain the result-
ing pressure loss from Table.2, Page 14, Bulletin 10-10.
From Table-6, Page 16, Bulletin 10-10, find required
subcooling necessary to prevent gasification with the
existing pressure iosses, Provide the necessary subcooling
by using one of the methods_described on Page 1.

e
*When compressor iz equipped with capacity reduction, a low suction
pressure will not exist. instead, compressor will merely unload when
pressure is reduced to a pre-set point and load again when the pressure
rises. When checking expansion valve performance, a better analysis is
possible when unloaders are locked so that the suction pressure will
change in response to variations in foad or valve feed. ‘

.REMEDY - Add ,enougﬁ,,refriger,ant__to._ obtain_desired |




TABLE 1-—RECOMMENDED SHEET METAL GAUGES AND CONSTRUCTION
FOR RECTANGULAR DUCT

LOW PRESSURE—2" W.G. MAX. LOW VELOCITY—2000 F.P.M. MAX.
i AT JOINTS
|
; T
| Plain "S" r v
i Slip (B) [,_ B
FE— R — ? ﬂ
TS Hemmed . -
I ||s|| s“P (c) am FLow t 7 ]
1 Angle Slip {H)| - !
| : | e e REINFORCING
: et ANGLE SIZE
Dimension Steel Metel ’ Companion AND
Plete of Gauges e o L Angles (M) MAXIMU
No.|  Longest "o ' o I LONGITUDINAL
Side of et " U N SPACING
Duct Steel Aluminum e s | oy | BETWEEN
Pocket ' =3 CTE NN 3 TRANSVERSE
Lock (K) | Reinforced | _ameios _ JOINTS AND/OR
. Bar Slip (E} | Bar Slip (6) | Alternate Bar INTERMEDIATE
i i | Slip \F) r REINFORCING
- gl g i .
it v —i. | Angle Rein-
ES.. | = | T forced
: ‘ Standing | Angle RFD (Standing Seam
|Drive Slip (A)l Sesm [1)* Pocket (L) {J) .
T !
6 |Thru 12" 26 24 (.020) Q-B o -_ —
i !
. -
6 |13” thru 18" 24 22(.025) | AB i _— —_— —_ —_
K
7 |19” thru 30" 24 22(.02%) | K C-E ’ 1"x1"x153" @
7A ' cc
8 |31” thru 42" 22 20(032) | K E-GK. o 1"'11",%» @
5 ¢
9 | 43" thru 54" 22 20(032) | K E G o
1157x11,"xV4,"”
@Y cc
9 [ 55" thru 60" 20 18 (.04D) K E G o
— 114"x115 514"
. @S
10 | 61" thru 84" 20 18 (.040) R —_— G H J 11/’2"111/2"1%"
F @ 26"
L
11 |85" thru 96" 18 16 (.051) —_ —_— N H M
L J 115"x114"x A"
@2'6" cc
12 |{Over 96* 18 16 (051) —_— —_— — H M
L J 2"x2"x14”
@ 2'-6° cc

®sce plate 13 for inside standing seam coastruction

H (beight d_..»asion)—up to 42"=1"

H (beight dimension)—43" to 96"=11,"

H (height dimension)—over 167 =2"

tRoil forme . .“ip shall be 114" maximum and 2" reinforcing angle fastined to slip when 'H’' dimension reyuires 2" height.

All SMACNA material
contained herein is

Q
o Vel reproduced with permission
Em ow Velocity Duct Standards 4th Ed. A-7- (a) €produ P )




PLATE NO. 5 TYPICAL DUCT CONNECTIONS — CROSS JOINTS

Fig. A— DRIVE SLIP —Ends of ducts inserted
under cleat. For narrow sides of ducts
that are 18" or less. Drive slips that
are 19" — 30" must be reinforced with
I"x 1" x 1/8" angle.

NOTE — A combination of drive slip A and any
“S$” glip B, C, E, F, G, H completes
the transverse joint.

Fig. B— PLAIN ““$’* SLIP—-Ends of ducts in-
serted into open ends of *‘S’’. Use on
wide sides of small ducts. (Use Drive
Slip {A) on narrow sides.)

Fig. C—HEMMED 8" SLIP —Similar to Plain
“S’’ Slip (B) except with edges hemmed
to produce stiffness.

Fig. E — BAR SLIP —Similar to Plain ‘S Slip
(B) except for standing edge which is
formed to provide reinforcing.

) Fz_g_F ALTERNATE BAR SLIP (STANDING
¢§» SLIP) Same as Bar Slip (E) ex-

cept standing leg is folded to three A

thicknesses for stiffness.

~ Fig. G— REINFORCED BAR SLIP —Similar to

Bar Slip (E) except for the addition of
a steel reinforcing bar inserted in the
standing edge.

Fig. H— ANGLE SLIP —Same as Reinforced
Bar Slip (G) except for the use of a
reinforcing angle in place of the rein-
forcing bar. Angle may be inside or
fastened to outside of slip. -

Fzg I—STANDING SEAM —Ends of adjoining
_ducts are joined as shown with button

- A--7:-_.(b_), e

punch at six-inch centers added after
assembly.

Fig.J — ANGLE REINFORCED STANDING
SEAM —Same as Standing Seam (I) ex-
cept for reinforcement with angle, one
leg of which is fastened to the duct
and the other leg is secured to the
standing edge of the seam.

Fig. K— POCKET LOCK —Normally used on
four sides of a duct. The pocket sec-
tion is clip punched or “hiékey" pun-
ched to the duct near corners and then
every six inches; the other end is flang-
ed outward to join with second sheet
and then hammered down.

Fig. L — ANGLE REINFORCED POCKET LOCK
~ —~Same as Pocket Lock (K) with added

angle stiffener.

Fig. M — COMP ANION ANGLES-—Angle frames
are riveted, bolted or welded to duct

ends and are then bolted together with e

gasket or caulking to prevent air leak-
age. Recommended for use where duct

sections must be removed periodically. ~

~ Some of the above connections may be favored ;

over others in certain parts of the country, and -
all of them are not listed in Table I. Substitu-
tions can be made for those that are lisied pro-
vided the same quality of construction is main-
tained. ' '

NOTE — Arrows on Plate No. 5 indicate preferred

air flow direction.

NOTE — ‘“H'’ on Plate No. 5 indicates dimension
as specified in Table No. 1.

SMACNA Low Velocity Duct Standards 4th.Bd,’




TYPICAL DUCT CONNECTIONS

CROSS JOINTS

(NOT TO SCALE)

H=HEIGHT REFERRED TO IN DIMENSIONS

T

=

S

| =

AIR FLOW AIR FLOW

A
(K) . - (L)
POCKET LOCK ANGLE REINFORCED
_- POCKET LOCK

AIR FLOW
(A) (8)
DRIVE SLIP PLAIN "S" SLIP
v— T
H )
) I
=.
AIR FLOW AIR FLOW
(E) | (F)
BAR SLIP ALTERNATE BAR SLIP
. (STANDING_"S"SLIP)__. .
T
: (1)
AR FLOW STANDING SEAM
(H)
ANGLE SLIP

——

AIR FLOW .

(C)

HEMMED "S" sLIP

AIR FLOW

(6)

REINFORCED

e .. BAR SLIP (CLEAT)

(J)
ANGLE REINFORCED
STA%DING SEAM

H

S
>y

RIVET OR “Hir

.WELbj | |=

- Leasker

(M)

COMPANION ANGLES
(CAULK OR GASKET)

| smacna DUCT MANUAL

Plate No. 5

KC“'
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PLATE NO.
Longitudinal seams which run hori-
zontally on the duct sections are im-
portant because these locks must hold
the duct pieces securely and tightly-
should not leak under pressure-and
should be readily and swiftly put to-
gether on the job or in the shop.

Fi'g. N — The commonest type of longitudinal

seam is the Pittsburgh lock. Origi-
nally formed in the bra!ce or press
brake, today roll forming'machines are
used to form the pocket in one piece
and the flange in the other piece. After
one piece is inserted in the pocket the
“‘tail’”’ is hammered over to close the
lock.

Fig. 0 ~ The Acme lock originally .called a

*lock grooved seam’’ was popular be-
cause it provided snug nesting and a
smooth exterior surface. Today this
lock is used to join two flat sheet for
increased width. |

Fig. T - Standing seams or double. standing

seams are used mostly on the inside of
ducts and for certain sizes of ducts
where their use leads to economical

“sheet cutting.

Fig. Z

NOTE -

NOTE -

L A7e(d) S

‘ “10088"

SA — LONGITUDINAL SEAMS

~ The ‘‘Button Punch Snap Lock'’! is a
“con- -

recent inovation. Originally the
tinuous’’ snap lock was used on light
gauge stove and furnace pipe to per-
mit shipping nested. The pipe section

was then ‘‘snapped’’ together.

The *‘button punch’’ spaces the “‘but-
tons'’
ters along the flange to be inserted in

on approximately two inch cen-

the pocket. The continuous sharp fold
on the pocket permits the buttoned

flange to be ‘‘snapped’’ into the poc-

ket. Detail 1.

The dimensions of the pocket and the
flange are critical in high pressures.
The pocket and the flange must be

formed in a machine suited to the - -

gauge of metal being formed. If this
is not adhered to, the pocket will be

ness will be lessened.

SMACNA has conducted a lengthy test-‘ :

ing program on high pressure duct con-
struction. Attention was paid to the

button punch snap lock. An official
~ test report on button punch snap lock

is included in this manual.

Snap lock not recommended for alu-
minum.

. SMACNA Low Velocity Duct Standasds 4
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LONGITUDINAL SEAMS

1

FIG."N" Fl16 "2"
PITTSBURGH LOCK _ BUTTON PUNCH SNAPLOCK

_ APPROXIMATELY 2" SPACING
BETWEEN "BUTTONS"

Fl G.“o" ‘
ACME LOCK-GROOVED SEAM

DETAIL .NO. |
MALE PIECE-SNAP LOCK

FIG. T |
DOUBLE sEAMV :

By S Plate No.5A
,,SMACNA DUCTNSTANDARDS  bage Nois
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additional duct sections in long straight runs.

Seoms and Intemediate Rtlnlotcing‘

Details in Figs. 3-16 through 3-20 illustrate lon-
gitudinal seams and the attachment of intermedi-
ate reinforcing angles and rods to the duct. The
button punch snap lock is not included in the rec-
ommended longitudinal seams, although it did per-
form satisfactorily in the tests (Chapter 11). Field
experience has shown that a partially assembled
button punch snap lock seam may withstand the
pressure test during construction, but will open
up under pressure after several months of opera-
tion. Failures of this kind could prejudice con-
sulting engineers against the use of this joint in
low velocity duct construction where it has an
outstanding record of performance.

S{\MCNA High Veloeity Duct Standards—2nd Ed.
(&
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[ BETWEEN JOINTS
1
J
Inside Slip Jaint
Fig. 3-1
DIMENSION | GALV. SHEET
GA. (ALL | MINIMUM nemmcms ANGLE
SIDE FOUR SIDES) SIZE AND
LONGI TUDINAI. SPACING
Mediom
e, OO ®©
‘ wrrn 1|e wumour TIE
High Velocity Up thra 127 5 TTewers e e
required required
137-18" 24 ‘I‘st'i'eirod@ 1x1x16 Ga. 1x1x16 Ga.
Rectangular | vlsoncen- | & %8
ter-line of
duct side
19°.24" 22 1 tierod @ IxIxVs IxIxVs
Dlld . 48" inter- @ 48"
vals on cen-
ter-line of :
duct side
Construction 257.36" 2 Ik @32 | Va1 Vaxth
| > | 1vaxl Vax%
@ 40"
fOl’ Static 37"-48" 22 Ié/zslo VaxVa 1%ax| VaxVe
ﬁ
Pr'ssu 49”.60" 20 1Vax1 VaxVe | 2x2x Ve 2x2x Vs
@ 24" with @ 24" OR
tie rod in li'ax': '/rzo);'i/a
center W e n center
i" D'd “p je17-72" 20 1 Vax] VaxVe | 2Vax2Vaxdfs 22x2 VaxH,
@ 24" with @ 249" OR
tie rod in 1 Yax1 VaxVs
“ h center with tie rod in center
roug 737-84" 18 1Vax| VaxVs | 2Vax2Vaxe | 2 Vax2Varde
@ 24" with @ 24" OR
tierod in 1 Vaxl VaxVe
6" w G center N with tie rodin center
85''.96" 18 lé/zz);l '/zxﬂ!‘/a 1 i‘axl '/:o):"/o
* wi < with tie
tierod in in center
center .
97" and Over 18 2x2x Vs @ 2x2x Vs with
24" with tie tie rods @ 48"
rods rods @ e along angle
48'; along ‘
e

ONOTES: (o) When transverse reinforcing is required on all four sides it must be tied together ot each comer
by rlvctlng, bolting or welding. When transverse reinforcing is required on only two sida, it must
be tied together with either ti» rods or les at the ends.
Transverse reinforcing size is dﬂmlm?gy dimension of side ta which molc is opplled Anglo
sizes are based on mild steel, lnforcingmdolnothwm of other materiol
be of equivalent strength ond rigidity.

SMACNA High Velocity Duct Standards—2nd Ed. -
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RETNFORCING® _

AT JOINTS
0 h *
Weided Flonge | Stonding Seam Re forcﬁtondim Flonged Joint C%vmﬂov\’ oAl:?
MIN, MIN, MIN MIN, ANGLE MIN, MIN. ANGLE
HEIGHT HEIGHT 1GHT SI1ZE HEIGHT SIZE
B’ 1 l" None e 1 Vaxl Vax Ve
Req’rd
%" 1 11 None 1 1 Vaxt VaxVe
Req'rd
13" 1%"” 1%"”  None 1 Ve 1 Vax| Vax¥s
Req'rd
1% with | 2" 1% 1xin 2" 1Yax! VaxYe
tie rod OR xVs
in center 142" with
tie rod
in center
134" with 14" with 1" 2x2x Ve 1% with 1 Vaxl VaxVs
tie rod in tie rod tie rod
center in center in center
18" with 12" with 12" 2x2xV%s 1%’ with " 2x2xVYa
2 tie rods tie rod tie rod OR
in center in center 1 Vaxl VaxVs
with tie rod in center
138" with 2’ with 1%" 2%ax2Va 112" with 2x2x3;
2 tie rods tie rod 33, tie rod OR
in center in center 1 Vaxl VaxYe
with tie rod in center
134" with 2" with 2" with 1 Vaxi VaxVa
2 tie rods tie rod P S tie rod with tie rod
in center in center in center
134" with 2" with 2" with 1 VaxiVaxVs
2 tie rods tie rod e tie rod with tie rod
in center in center in center
tie tie : ' e "
@ 32 48" D along jaint olong angle
along joint along jaint

to
{c) Tie rods
(d) Tie l‘ods
(e) When 2

ions of 4

'0 36"
7" tong

) I\N'. g restriscticl:s Oﬂ'fzh".l:'ﬂl ﬂ‘:mﬁf'dlﬁ_fhm‘ itudinol lhﬂ ¢ the tronsverse reinforci
Sect or n longitudinal spoc orc
h inc'y necmonly be thon ocomne:dod order

mod le.
:3 aholl bo 4” min. diamet
345’ min. diometer.
tie rods are rcquind imtolhﬂon to be at 14 points ocross the duct.
CNA High Velocity Duct Standards—2ng Ed.

the spacings r

er,

A-7-(1)

ons between

Ducts ore normally made
in the toble in



TIE ROD

1"x1"x 16 Ga. ANGLE
ON OOUBLE *S" Fig.3-8

2"
/ Fig.3-3 .
18"x 12" MEDIUM_PRESSURE pucTY

.' .‘ <

~

g

24"x12" HIGH PRESSURE DUCT

Fig.3-4

——————————

SMACNA High Velocity Duct Standards—2nd Ed.
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AT JOINTS
Welded ¥ Stonding Seom | Reinforced Standing Flonged Joint Pocket Lock Companion
lanoe Seom e
| HEIGT 'E“lgn Hﬁh Mmsnz_s HEIGHT HEIGHT m"él?_e :
%u I" I" m 'u I" ' '/QX' V‘x%
- Req'rd.
" 1" 1" None 1 | 1 1 Vaxl VaxVe
Req’rd.
%" "Va" Va"  None V" %" TVax1 Vax¥e
Req'rd.
TVe” with | 14" %" None %" 1" 1 Vax\ Vax%e
tie rod Req’rd.
in center
1% with 2" 1%” 1Vaxlia | 2 —_— Y Vax) VaxVe
tie rod in OR x%
center 112" with
tie rod
in center
134" with 1%2" with 1"  2x2xVs 12* with — 1 Vaxi VaxVe
tierod in tie rod. tie rod
center in center in center
134" with 2" with 1" 2hax2% | 1" with —_— 2x2x¥,
2 tie rods tie rod s tie rod OR
in center in center 1Vax) Vax%
with tie rod in center
135" with | 2" with 1B 2%x2% | 12" with JR—— s
2 tie rods tie rod s tie rod : OR
in center in center 1 Vaxl Vax's
with tie rodin center
é%" ':ti’tsh 2i" ':Jth 1 ‘/z':dwith — 2:%’:{.
tie tie tie N
in center ¢ in center 1 Vax) Vax%
with tie rodin center
134" with 2" with 2" with tie —— 1 Vaxl Vax s with
tie rods tie rods @ rods @ 48" tie rods @ 48"
@ 32" 48" —— along joint along angle
along joint | along joint
(b)'l‘horolsnorostrictlononmm? duct mmm nts. Ducts o nomnlymod-
lnSoctmsoU!SlOorlme hnoth. lomi lmlwﬂofmtmm cing
nts may necessorily bo less thon spacings recommended in the table in
to conform to
{e) 'l’l. to 36" m sholl '/4" min, diomet:
{d) Tie mdn 7" long be 34" min, di

iamcr
{e) mztnrodsonmnnd lmtellctiontohoot % points across the duct.
enACNA High Valocity Duct Standards—2nd Ed.

ERIC
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Fig. 3-2

High
Pressure,
High
Velocity Duct
Construction
for Static
Pnslris in
Duct Over 6"
W.G. and Up
To 10" W.G.

BETWEEN JOINTS

Inside Slip Joint
(]
S MONN, |OALY- Seer MINIAUM REINFORCING ANGLE ___j
Sioe FOU1 3IDES) LONGITUDINAL SPACING vl et
Double “$” Slip
f
H1
O] ® ® [ v ®
WITH TIE WITHOUT TIE MIN. ANGLE
RODS RODS SIZE
Up thru 12 22 No tie rods No angle None
required required required
137-18" 22 ] tierod @ I1x1x16 Ga. Ix1x16 Ga
40" intervals @ 48"
on center-
line of duct
side
19-24" 22 2 tie rods IxIxVs IxIxVs
Q 4 e ms"
25"-36" 22 l@f/;;!)hx Y 1 Vax) Vax Ve
—é OR
1 Vox! VaxVs
@i "
e R e |
1Vax) Vaxls
with tie yodin center
49'.60" 20 1 Yax) VaxVe 2x2xX, 2x2>3,
@ 24" with @ 24 OR
tierod in 1 Vax) VaxVs
center , with tie rod in center.
617.72% 20 1 Vax1 VaxVs 2Vax2Vax 2 Vax2 Vard(,
@ 24" with ¥ @ 24" OR
tierod in 1Vax) Vax Vs
center with tie rod in center
737-84" 18 l@?/zis 1 Vzi::;'/s i ;{zhxl' '/z";::| 1]
! wi C— with tie
tie rod in in center
center
85'-96" 18 ‘@‘/5:' '/z;;:‘/s li"/gx: !ﬁ:’%
' w P E— with tie
tierod in in center
center
S B T g
** with tie tie "
rods @ along angle
48"along
angle

ing

*NOTES: (a) When tmvm uinforclm
by bolting or we Sraiding. Whe

be tied together
Tmnhfordmﬂulsdﬂ«ml
sizes ore based on
be of equivalent strength ond rigidity.

rods or les at the
dimens|

reinforcing
nnds.

red on all four sides it must be tied together at each comer
tronsverse is required on only two sides

ion of side to which angle is opplied. Angle

, it st

Idshcl.kclnfonlmmodolnothushupuotofoth«mdoﬂaumt

A-7=-(1)
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HANGERS FOR DUCTS
STRAP HANGERS TRAPEZE HANGERS

HANGER
STRAPS

HANGER STRAP

HANGER RODS

BAND OF SAME SIZE

FIXTURE
AS HANGER STRAP LIPS
HANGER RODS
P OR '
STRAPS—
PUSH NUTS ZANGLES
HANGERS FOR HOT & COLD DUCTS
BAND : '
Plate No.I8
SMACNA DUCT STANDARDS Page No. 45

,EKC

SRR Law Veloclnv Duce Standards 4th Ed. . A== (m)




PLATE NO. 19 — HANGERS FOR DUCTS-UPPER ATTACHMENTS

Many parts of a building, such as heating,
. plumbing and sprinkler pipe, electrical conduits
and fixtures, and ceilings, require hanging.
Consequently, there is a continuing effort to
improve hanging systems.

The duct hanging system is composed of three
elements - the upper attachment to the building;
the hanger itself; and the lower attachment to
the duct.

Upper Attachments
Concrete Inserts

The concrete inse-ts illustrated must be install-
ed prior to placing the concrete. They are used
primarily where the duct layout is simple and
there is enough lead time to determine accurate
placement. Fig. 1, the simplest, is merely a
piece of bent flat bar. Fig. 3 and 4 show manu-
factured inserts available individually or in
long lengths; the latter are generally used where
many hangers will be installed in a small area,
 or where individual inserts cannot be precisely
spotted at the time of placing concrete.

Concrete Fasteners

Concrete fasteners are installed after the place-
ment of the concrete and the removal of the con-
crete forms. Their application allows greater
flexibility than concrete inserts because their
exact location can be determined after all inter-

ferences between various trades’ work have been
coordinated.

A=7=-(n)

Fig. 5 and 6 show variations of powder actuated
fasteners which are placed by an explosive
charge. These fasteners should not be used in
certain lightweight aggregate concretes, nor
should they be used in slab sections less than
4 inches thick.

Expanding concrete anchors should be made of
steel. Non-ferrous anchors tend to creep with
vibration. Fig. 8 illustrates expanding fasteners,
the holes for which are drilled either by a car-
bide bit or by teeth on the fastener itself. The
expansion shield is ‘‘set’’ by driving it into the
hole and expanding it with the conical plug. The
expansionnail, Fig. 9,is a lighter duty fastener,
used for small duct and flexible tubing.

In the case of all of the above fasteners, there
sre possibilities of interference with steel rein-
forcing in the concrete. The installer must exer-
cise good judgment and have some knowledge of

typical reinforcing pattems.

Structural Steel Fasteners

Fig. 7 illustrates the use of a C-clamp which
should be used with a retaining clip. Fig. 10
shows a welded stud placed by special welding

equipment.

Fig. 11 shows patented devices which are driven
on to the flange and will support either a rod or

strap type hanger.

SMACNA Low Velocity Duct Standards $th Ed.



LOOP BENT ONTO END HOLE IN DECK
OF STRAP OR ROD

CONCRETE

Fig.5-10

PATENTED CLIP

BENT STRAP

HANGER ROD

WITH NUT

HANGER STRAP

CELLULAR DECK HANGING SYSTEMS

w High Velacity Duct Stendards—2nd Ed.

E

©

ERIC

A-7-(0)




wd ]

I

e OVER 60—

~——OVER 60" —— ‘

BAND OF SAME SIZE
AS HANGER STRAP

e —
Y 2\

OVER 30°

SHEET METAL SCREWS PULL
OUT WHEN DUCT EXPANDS
UNDER PRESSURE.

1 soLT (MIN) ANGLE RING %@}@—9—5

HIGH VELOCITY DUCT

HIGH VELOCITY DUCT HANGERS Fig. 5-12

SMACNA High Velocity Duct Stondorde—2nd Ed.

A-7-(p)



TABLE 1
SCHEDULE OF REINFORCEMENT
RECTANGULAR FIBROUS GLASS AIR DUCTS

SD BOARD 1” THICK

| 0 THRU %" W.G. MAXIMUM STATIC PRESSURE- 2000 F.P.M. MAXIMUM VELOCITY I
0 They 36" No Reinforcament Required

37" and OVER | Reinforce in Accordance with Toble Below (OVER %” THRU 1” W.G)
OVER %" THRU 1” W.G. MAXIMUM STATIC PRESSURE=2000 F.P.M. MAXIMUM VELOCITY
. int Loterol
Dimension | Plote | Maximum Spacing 48" O.C/ = %
Longest Side | Number |'A’ L} o Lk L—JE m
of Duct w ™ P 'G!
v L} Supply Air Duct Return Air Duct
0 Thru 24" None None Nons None
Supply
No. ! % [I" l—'-'—| I—'-'-—I
25" Thru 36" ™
Return . One ‘P
No. 2 20 Gouge ‘A’ One 22 Gouge ‘F Omgngo'G'
Supply ! [
37" Thru 48" No. 1 ' l ' l
Return %
No. 2 20 Gouge ‘A’ One 20 Gouge P Zém o
Supply E.. ]r'
49" Thry 607 No. 3 - . l I
Return
No. 4 | 18Gauge'A’ Two 20 Gouge ‘P Two GM..G
Supply and Return
: E I' W
61" Thru72" | No. 4 = I | I
o 18 Gauge ‘8’ Two 18 Gauge ‘F'and Two 22 Gauge ‘G’
E [~ Supply and Return
‘%"
73" Thru 84”| No. 5 e I —-— "'_'-""
‘ ,&“
18 Gauge ‘D’ Three 18 Gauge ‘F’ and Three 22 Govge ‘G’

SMACNA-Fibrous Glaws Duct Consiruction Siandords

A-7-(q)



TABLE 2
| SCHEDULE OF REINFORCEMENT
RECTANGULAR FIBROUS GLASS AIR DUCTS

SD BOARD 1" THICK

OVER 1” THRU 2’ W.G. MAXIMUM STATIC PRESSURE ~2000 F.P.M. MAXIMUM VELOCITY |
Reinforcements
Transverse Joint - Lateral
. . Maximum Spacing 48 O.C. .E'.W’
Dimension | Plate .
Longest Side | Number |'A’ I C _l___h Lz,,ma:[ l——-—lr
of.DUd , ’I"‘:Y _E"' Externul Infemal
= E = Supply Air Duct Return Air Duct
OThru 15” | None None None None
Supply S FH—l I—le—l
16" Thry 24" | NO- 6 ML, L
Return - 1%” ¢
o I No.7 , One 22 Gauge'F’
o ) 22 Gauge'A’ One 22 Gauge’F’ One 22 Gauge ‘G’
25" Thru 36" | NO- 8 W%I
Return Vot One 20 Gauge'F’ One 20 Gauge'F’
No. 7 o One 22 Gauge'G’
’ 20 Gauge ‘A’ .
| Supply @ —_[ ‘
No. 8 1%” rﬁ:ﬁﬁj h%
37" Thru 48" Ret s _
_ et e Two 20 Gauge'F' Two 20 Gauge'F’
' No. 9 20 Gauge'd’ Two 22 Gauge'G’ .
| | Supply
| 49" Thro 60 | No- 8 mmLI al 1| ]
. ' : Return % ” Two 20 chgg Two 20 Gauge ‘F
L No.9. 18 Gauge'C’ Two 22 Gauge'G’
o - |- " Supply and Return
. ’ 13" :
61" Thru 84" | No. 10 mLI ' E a
I 1 Vz”l -
' ‘ 18 Gauge'F Three 18 Gauge'F'ond Three 22 Gauge'G’

SMACNA Fibrous Glass Duct Canstruction Standards.
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LATERAL DUCT REINFORCEMENT

NOTES: '

1. Plated sheet metal screws to fasten external reinfarcing lateral ta internal reinfarcing
lateral and transverse reinforcing members shall be #10x1-1/2” on 10” maximum centers.
When internal laterals are not required, #10x1/2"” sheet metal screws shall be used for
cannecting the external reinforcing laterals to the transverse reinforcing members.

When fabricating reinforced Fibrous Glass Ducts that require internal lateral bracing, cut
the smaller internal lateral approximately 1/2"” shorter than the actual distance between
centerlines of the tronsverse reinforcements, so that the internal lateral can be fastened
to the external lateral at the centerpoint before joining of sections. Working from the open
end af the added section, the internal lateral can then be pivoted into position and both
internal and external laterals fastened to the base flange of the transverse reinforcing member
with a sheet metal screw. '

» lillc IA-Fibrous Glass Duct Construction Standards
e ' . A-7-(s)




TRANSVERSE REINFORCING MEMBERS
AND SPOT WELD SPACING |

! ! n/r! % Ve 1
| n/r n/r

A wyr e T e oy
c o E

NOTES:

1. Configuration of transverse reinforcing members shall be as shown. All metal shall be galvanized
sheet metal of gauges indicated on the Reinforcement Schedules shown on pages 6 and 7

2. Spot welding pbﬂerns_ illustrated above must be adhered to. Distances between welds are
maximum and extreme caution shall be exercised to obtain secure welds approximately 1/4”
from the top and the bottom of the transverse reinforcing members.

3. Tronsverse reinforcing members are formed or joined at the duct corners by the foliowing
methods: '

a. Stem is cut and flanges are beni 90°. . .
b. Flanges are removed and the two stems of the structural members are extended beyond
the corners and |omed with a 1/4"” diameter or larger bolt.

SMACNA-Fibrous Glass Duct Construction Standards

A=7-(t)



TYPICAL REINFORCEMEQT'
RETURN AIR DUCT \_

OVER %2 IN. THRU 1 IN. W.G.

SMACNA FIBROUS DUCT MANUAL  Plate'No. 2

SMACNA-Fibrous Glass Duct Construction Standards ’




TYPICAL REINFORCEMENT
SUPPLY AIR DUCT

TS Y - >
. Hi ‘
\ 48" MAXIMUM
I - P

OVER % IN. THRU 1 IN. W.G.

SMACNA.F]BROUS DUCT MANUAL . Plate No. 3

SMACTNA-Fibrous Glass Duct Construction Standards

O
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TYPICAL REINFORCEMENT
RETURN AIR DUCT

L o g é '. _ 48 MAXIMUM
5 R |

OVER ' IN. THRU 1 IN. W.G.

SMACNA FIBROUS DUCT MANUAL Plate No. 4

SMACNA-Fibrous Glass Duct Construction Standards

== arm




- TYPICAL REINFORCEMENT
- SUPPLY AND RETURN AIR DUCT

P

OVER '2 IN. THRU 1 IN. W.G.

SMACNA FIBROUS DUCT MANUAL ~  PlateNo.5|

. SMACNA-Fibrous Glass Duct Consiruction Standards




TYPICAL REINFORCEMENT
SUPPLY AIR DUCT

16" Thru 36"

48" MAXIMUM

Over 1 In. W.G. thru 2 In. W.G.

SMACNA FIBROUS DUCT MANUAL | | Plate No. 6

SMACNA-Fibrous Glc;ss Duct Construction S'on:'lords

o AT=(



TYPICAL REINFORCEMENT
RETURN AIR DUCT

16" THRU 36"
.

' 48" MAXIMUM

Over 1. In. WG thru 2 In. W.G.

SMACNA FIBROUS DUCT MANUAL * Plate No. 7

SMACNA-Fibrous Glass Duct Construction Standards |

O
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TYPICAL REINFORCEMENT
SUPPLY AIR DUCT

"
"SICOA 37 Thu 60"
g ¥ 8 \"-\
..\.\\

L

.'/

o
48" MAXIMUM

-

Over 1 In. W.G. thru 2 In. W.G.

SMACNA FIBROUS DUCT MANUAL " Plate No. 8

c SMACNA-Fibrous Glass Duct Construction Standards

ATGa)



TYPICAL REINFORCEMENT
RETURN AIR DUCT

© \1" 48" MAXIMUM
®
OVER 1 IN. THRU 2 IN. W.G.

SMACNA FIBROUS DUCT MANUAL _ Plate No. 9

SMACNA-Fibrous Glass Duct Construction Standards
O ‘ . . - S

A7)



TYPICAL REINFORCEMENT
SUPPLY AND RETURN AIR DUCT

7}
OVER 1 IN. THRU 2 IN. W.G.

SMACNA FIBROUS DUCT MANUAL ~ Plate No. 10

Q  A-Fibrous Glass Duct Canstruction Standards
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AABIE

Job Name

AIR_MOVING EQUIPMENT TEST SHEET

Address

Testing & Balancing Agency

Form No. 1276¢

- ASSOCIATED AIR BALANCE COUNCIL *

ate
Sheet No.

Unit No.

Location

"Manufacturer|

.| Model No.

Serial No.

ra
Conditions

Specifie

Actual

Specifie

Actual

Specified] Actual | Specifie

Actual

'rptal

.F.M.

Return
Air C,. F. M,

0O.S. A,

gl:lc

Suction
Pressure

Bicchar e
ressu

Fan Sheave

Motor Sheave

Belts .

Motor

Manufacturer
Size

Voltage

Phase

' RPM Motor

.JAmperage

Rated

Rnnningu

Rated

Rated

|Rated

Running

RPM Fan

A-9-(a)

*Reproduced with
permission



Form No. 12666

AABICH ASSOCIATED AIR BALANCE COUNCIL

DIFFUSER & GRILLE TEST SHEET

Date
Sheet No.
Job Name Address
~_Testing & Balancing Agency.
Out let "Effect ive] Required " Test Results
Rﬁgm No. Code Size Area i | e R | crm.
e Sheet Code . : Remarks
Type | Code Model| Mfg. -

A-9-(b)



E] ASSOCIATED AIR BALANCE COUNCIL

EXHAUST FAN TEST SHEET

Date

Form No. 12866

Job Name ' Address

Sheet No.

Testing & Balancing Agency

Fan No.

Mfg.

Size

Motor HP

Voltage

T
Rat?ng

Actual
Amp

Actual
RPM

Required
S'.!?cl

Actual
SP

Required
CFM

Actual
Trm

Fan
Sheave

Motor
Sheave

Belts

-~ A=9=(c)




' ; | | orm No. | 12968
AJAIBIG ASSOCIATED AIR BALANCE COUNCIL e

DUCT TRAVERSE SHEET

ZONE TOTALS g::eet ™
Job Name Address
Testing & Balancing Agency.
Zone Duct Effective Reqﬁired A%:::I Required A;g::l Avs:§ge '
No. Size Area Velocity Velocity C.F.M. C.F.M. Pr *

A-9-(d)




' mm | » - Form No. 13068
DUCT TRAVERSE READINGS
Date
: . Sheet No.
- Job Name Address
Testing & Balancing Agency.
No.|Vel. Duct Vel, - Duct Vel, Duct :
‘|Press]| Velocity |{Position Press| Velocity |Position Press| Velocity |Position
Total - Total - Total -
= Average Vel. ' = Average Vel. = Average Vel.
Total - Total - Total =
= Average Vel, ‘ = Average Vel, = Average Vel.
.emarks

A-9-(e)




SYMBOLS FOR

VENTILATION & AIR CONDITIONING

THERMOSTAT

. SYMBOL MEANING SYMBOL SYMBOL MEANING
FAN & MOTOR WITH BELT YO
GUARD & FLEXIBLE VOLUME DAMPER )
CONNECTIONS
- GOOSENECK HOOD (COWL) Jg
VENTILATING UNIT T '
\ :I:i N .
(TYPE AS SPECIFIED) =51
. BACK DRAFT DAMPER 800 =St
N,
UNIT HEATER (DOWNBLAST) Q AUTOMATIC AIR DAMPERS eS| 248D
: MOTOR OPERATED te2. TELEV.
UNIT HEATER (HORIZONTAL) ED{- ACCESS DOOR (AD) ) S
: : ACCESS PANEL (AP) T ap
UNIT HEATER (CENTRIFUGAL i}f%_él A
FAN) PLAN DAMPER AS SPECIFIED

POWER OR GRAVITY ROOF
VENTILATOR-EXHAUST (ERV)

ACOUSTICAL LINING

POWER OR GRAVITY ROOQF

‘SOUND TRAP

L]

VENTILATOR-INTAKE (SRV) FIRE DAMPER & SLEEVE [[Fo
POWER OR GRAVITY ROOF
VENTILATOR~ LOUVERED FLEXIBLE DUCT T N—e
MIXING PLENUM e M = EXHAUST OR RETURN AIR INLET | — 12 x 200
CEILING (INDICATE TYPE) 700 CFM
6 24 SUPPLY OUTLET, CEILING, ROUND | .
LOUVERS & SCREEN F === (TYPE AS SPECIFIED) @ 2ot
 — o INDICATE DIRECTION OF FLOW 700 CFM
SUPPLY OUTLET, CEILING , SQUARE 2 x12
DIRECTION OF FLOW — (TYPE AS SPECIFIED ) ] =
: INDICATE DIRECTION ‘OF FLOW 700 CFM
SPLITTER DAMPER ? SUPPLY OUTLET WALL m ': “ozc::“
- 0 .
DUCT SECTION (EXHAUST EGRR 12 X 20 SG
OR RETURN) 12 % 20 SUPPLY GRILLE (SG) -osern
RETURN GRILLE - NOTE I2 x 20 RG
DUCT SECTION (SUPPLY) s zx30| | oo \NG OR FLOOR e
DUCT (1ST FIGURE, SIDE SHOWN 12% 20E6
—2ND_FIGURE, SIDE_NOT_SHOWN ) Y 12 x 20 EXHAUST GRILLE (EG) z 700 CFM
INCLINED DROP IN RESPECT BT EXHAUST OR RETURN 12x206
TO AIR FLOW,TOP FLAT INLET-WALL (EG OR RG) 700 cFu
INCLINED RISE IN RESPECT r - -
TO AIR FLOW ,BOTTOM FLAT S DOOR GRILLE ﬁ‘.
‘ 1 GR
TURNING VANES 7 NOTE: GRILLES WITH VOLUME CONTROL

DESIGNATE AS- SR, RR OR ER

- SMACNA Low Velocity Duct Standards 4th Ed.

SMACNA DUCT STANDARDS

Plate No.3
Page No.5
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DRY SATURATED STEAM: PRESSURE TABLE

Abs Press.. — Specific Volume — . ——Entnalpy Entropy ~-Internal Energy— Abs Press:,
Lb Temp. .- - - Sat. Sat. Qat. Sat. Sat. Sdt. Sat. Sat. Lh
Sq In ¥ Liquid Vapor . Liquid Fvap. Vapor . Liquid Evap. Vapor Liquid Vapor  8q In.
P t of ] Mo hfg hy o iy £ uf ug P
1.0 101.74 0.01614 333.6 69.70 1036.3 1106.0 0.1326 1.8456 1.9782 69.70 1044.3 1.0
20 126.08 0 01623 173.373 93.99 1022.2 1116.2 0.1749 1.7451 1.9200 © 93.98 1051.9 2.0
3.0 14]1.48 0 01030 118.71 109.37 1013.2 1122.6 0.2008 1.6855 1.8863 109.36 1056.7 3.0

40 132.97 0.01636 90.63 120.86 1006.4 1127.3 0.2198 1.6427 1.8625 120.85 1060.2 4.0 .
50 162.24 0.01640  73.52 130.13- 1001.0 1131.1 0.2347 1.6094 1.8441 130.12 1063.1 50
60 170.06 0.01645 61.98 137.96 996.2 1134.2 0.2472 1.5820 1.8292. 137.94 1065.4 6.0
7.0 176.85 001649 5%.64 144.76 9921 1136.9 0.2381 1.5586 1.8167 144.74 1067 .4 7.0
80 152.86 . 0.01633 47.34 150.79 988 5 1139.3  © 0.2674 1.5383 1.8057 150 .77 1069.2 8.0
9.0 158.28 0.01656 42.40 156.22 085.2 1141.4 0.2759 1.5203 1.7462 136 19 1070.8 8.0
10 193.2] 0.01654 38.42 161.17 982.1 1143.3 0.2835 1.5041 1.7876 161.14 1072.2 10
14.696 212.00 0.01672 26.80 180.07 970.3 1150.4 0.3120 1.4446 1.7566 810.02 1177.5 14.696
15 213.03 0.01672 26.20 181.11 969.7 1150.8 0.3135 1.4415 1.7549 181.06 1077 .8 15
20 227.96 0.01683 20 089 196.16 960.1 1156.3 0.3356 1.3962 1.7319 196.10 1081.9 20
25 240.07 0.01492 16.303 208. 42 932.1 1160.6 0.3533 1.3606 1.7139 208.34 1035.1 25
30 250.33 0.01701 13.746 218.82 945.3 1164.1 0.3680 1.3313 1.60493 218.73 1087.8 30
35 259.28 0.01708 11.808 227.91 939.2 1167.1 0.3%07 1.3063 1.6870 227.80 1080.1 35
40. 267.25 0.01715 10. 498 235.03 933.7 1169.7 0.3919 1.2844 1.6763 235.90 1092.0 40
45 274,44 0.01721 9.401 243.36 928.6 1172.0 0.4019 1.2650 1.6669 243.22 1093.7 45
50 251.01 0 01727 8.515 250.09 924.0 1174.1 0.4110 1.2474 1.6385 249.93 1095.3 50
55 257.07 0.01732 7.787 256.30 919.6 1175.9 0.4193 1.2316 1.6304 256.12 1096.7 55
60 202. 7 0.01738 7.175 262.09 915.5 1177.6 . 0.4270 1.2168 1.6438 261.90 1097.9 60
65 207 .07 0.01743 §.655 267.50 911.6 1179.1 0.4342 1..2032 1.6374 267.29 1099.1 65
70 302.92 0.01748 6.206 272.61 907.9 1180.6 0.4400 1.1906 1.6315 272.38 1100.2 70
75 307.60 0.01733 5.816 277.43 904.5 1181.9 0 4472 1.1787 1.6259 277.19 1101.2 75
80 312.03 0.01757 5.472 252,02 401.1 1183.1 0.4531 1.1676 1.6207 281.76 1102.1 80
' 85 316 25 0.01761 5.168 286.39 897.8 1184.2 0.4387 1.1571 1.6158 286.11 1102.9 85
90 32).%7 0.01766 4.806 290.56 894.7 1185.3 0.4641 11471 1.6112 290.27 1103.7 9
98 324.12 0.0177! 4.652 204.56 §1.7 1186.2 0.4692 1.1376 1.6068 204,25 1104.5 95
120 327.81 0 0177 4.432 208. 40 883.8 1187.2 0.4740 1.1286 1.6026 208.08 1105.2 100-
11 334.77 0.01782 4.049 303.66 883.2 1188.9 0.4832 1.1117 1.5948 305.30 1106.5 110
120 341.25 0 01789 3.728 312,44 17.9 1190.4 0.4016 1.0262 1.5878 312.05 1107.6 - 120
130 317.32 001796 . 3.455 318.81 872.9 1191.7 0.1995 1.0817 1.5812 318.38 1108.6 130
140 353.02 0 01802 3.220 - 324.82 868.2 1193.0 0.3069 1.0682 1.5751 324.35 1109.6 140
150 153842 .01809 3.013 330.51 863.6 11941 0.5138 1.0356 1.5004 330.01 1110.5 150
160 363.53 0.01815 2,834 335.93 §39.2 1195.1 0.5204 1.0436 1.5640 335.39 1111.2 160
170 368 .41 0.01822 2 673 311.09 851.9 1196.0 0.5266 1.0324 1.5500 340.52 1111.9 170
180 373.08 0.01827 2532, 346.03 830.8 1196.9 0.5325 1.0217 1.5542 345.42 1112 35 180
150 377.51 0.01833 2.404 330.79 546.8 - . 1197.6 0 5181 1.0116 1.5497 350.15 113.1 190
200 381 79 0.01839 2.288 155,30 $43.0 1198. 4 0.5415 1.0018 1.5453 354.68 1113.7 200
250 400.95 0.01865 1.8438  376.00 §25.1 1201.1 0.5675 0.9588 1.5263 375.14 1115.8 250
300 417.33 0.01890 1.53435  493.84 S09.0 1202.8 0.5879 0 9225 1.5104 302.79 1117.1 300
350 431.72 0.01913 1.3200 4096 1.2 1203.9 0. 6056 0 3910 1. 4966 408 .45 1118.0 350
400 444.59 0.0!43 1.1613 124.0 7R0.5 1204.5 0.6214 0.8630 1.4844 422.6 1118.5 40
450 456 .28 0.0143 1.0320 437.2 Thr.4 1201.6 0.6336 0.8378 1473 435.5 1118.7 450
500 467.01 0.0197 0.4278 4404 735.0 1201.4 0 6487 0.3147 14634 447.6 1118.6 500
550 476.94 0.01%9 0.8424 460.8 7431 1203.9 0.6608 0.7934 1.4542 458.8 1118.2 550
600 486,21 0.020 0.7648 471 6 1.6 0 12032 0.6720 0.7734 14454 469.4 1m7.7 €00
650 49490 0 0203 0.5083 481.8 720.5 1202.3 0.6826 0.7548 1.4374 . 499.4 1117.1 650
120 303.10 0 0205 0.6554 451.5 700 7 1201.2 0.4Y25 0.7371 1.4206 188.8 1116.3 700
750 310 .86 0.0207 0.6092 LR 6602 - 1200.0 0.7019 0.7204 1.4223 8.0 1115.4 750
800 518.23 0.0200 ). 5687 50.7 neg o 1i98.6 0 7108 0.7045 1.4153 306.6 1114.4 800
856 5325 0.0210 0 5327 515.3 7.8 1iu7.1 0.7194 0 84 1.4085 515.0 1113.3 850
90 53198 0.i212 05106 52C.6 fitin. 8 1195 4 0.7275 0.6744 1.4020 523 1 11121 900
850 538 .43 0.0214 0.4717 3346 6591 1193.7 0 7355 06662 1.3957 530.9 1110.8 950
1090 344.01 0 0216 U. 1156 342.4 6519.4 1148 0 7430 §).6407 1.3807 538. 4 1109.4 1000
1100 0 w220 0 4001 537 .4 £30.4 1187.8 0 7575 0 (205 1. 552.9 1104 4 1100
1200 2 0 G223 0.5619 571 7 611.7 1183 4 07711 0 930 3.0 ELH 1163.0 1200
1300 877.46 0 0227 [URRI 5385 .4 593.2 1178.6 0 7840 0 3710 1. 550 0 1009 .4 1300
1409 55710 ¢ 0231 0 3012 368.7 574.7 1173 4 0 7963 0 3101 1.5 392.7 1095 .4 1400
1500 5'.!'5.'.}& 00235 0.2765 611.6 55H.3 1167.9 1).0882 0 59 1.3 05.1 1001 2 1500
2109 635,82 0 0257 0 1578 671.7 363 4 1135.1 0 5519 0 4250 1.2840 B2 2 1065 6 2060
2520 668,13 U 68T 01207 806 300.5 11 0 9126 0.3107 1,232 7173 HEVR 2500
2636 935 .36 0.0:345 00838 &35 ni s 1020 3 09731 01885 1.1615 7834 a7 g 3c03
3206.2 . 705.40 0 033 € 0503 902.7 0 027 1.0580 [ 1 U3s¢ 8720 R ALY 208 2
Q .From STEAM TABLES by Keenan,
ERIC Keyes, Hill and Moore, published

. A=14 1969 by John Wiley and Sons, Inc.



TEMPERATURE ‘_CONVERSIONS .

Albert Sauveur type of table. Look up reading in wmiddle column: if in degrees Centigrade, read’
Fahrenheit equisalent in right hand column: if in degrees Falirenheit, read Cemigrade cquivalent in
left hand colmn. ’

———— 4594 10 25 - 26 to 49 —— 100 to 820 - — —-830 to 1540— o 1530) 10 2260 — s 2270 10 3000 —-
e} F c F C F C F C F sy F
_ar —459 4 —33 2 - 38 100 212 443 830 1526 843 1550 2322 1243 2270 411
3 —33 % B 43 110 230 140 840 1544 i 1560 840 1219 2280 413
Zaga "+ 5% 28 824 9 120 248 431 8S0 1362 &1 1570 2838 1258 2290 415
a7 —430 , 17 29 g3 34130 266 460 860 1580 8GO 1580 2§70 1260 2300 417
T3 20 211 % 80 o0 140 3284 466 870 1508 8C; 1590 2844 1266 2310 41
_ 66 150 302 471 880 1616 71 1600 2012 1271 2320 420
ity e n w8 71 160 520 177 890 1634 77 1610 2a3p 1277 2330 422
—390 06 ‘33 014 77170 33K 462 900 1632 852 1€20 2048 1282 2340 424
—380 1.1 38 939 82 180 336 183 910 1670 .88 1630 2unG Idnd 2350 42
—370 17 35 0650 §8 190 374 443 920 1688 84 1640  2uS4 1203 2360 428
1209 2370 420
—2 - a9 36 06 93 200 302 1. 930 1706 800 1650 3002 ; 51
17 S 1+ SR A ga 210 410 - s 940 1724 a0t 1680 020 19y 3989 1o
—307 —340 33 38 00 4 1o 212 413 .6 Al 950 1742 10 1670 3038 1316 2400 433
—201 —330 30 39 122 104 220 428 316 . 960 1760 01 1680 3056 1301 2410 e
196 320 23 4 1050 110 230 446 a21 970 1778 021 1690 3074 =
' 116 240 4G4 527 980 1706 027 1700 3042 1355 3439 am
- - 50 4 105 .8 16 a2 7 027 3002 R EY 440
_}g‘} —g:;g 36 42 1076 121 250 482 a2 990 1814 932 1710 3110 1395 2440 142
179 230 6.1 43 100 4 127 260 00 51000 1832 038 1720 3128 1313 2450 441
i 380 67 111.2 132 270 518 3131010 1850 043 1730 3116 1340 2460 446
s —24 —450 4 75 4 1130 138 260 336 540 1020 1808 049 1740 3164
143 200 554 554 1030 1866 v oatso mis2 dam atBe i
— _ T. 4 .8 . & beld ) (5% 3182 Rk "
1 S 5 3508 e 1w 20 a0 1040 1601 i) 1760 B2 1306 2490 431
5% s 80 43 118 4 154 310 %0 366 1050 22 O 1770 4218 1371 2500 45°
—240 —300 04 49 120.2 L) 320 08 971 1060 judn 971 1780 3236 1377 2810 458
—230 —382 10.0 50 122.0 166 330 626 ar7 1070 1038 urr 1790 3254
171 340 . 64 1976 os2  1g00 3ar2  Lae 2320 M
— - 10.6 51 123 1 n76 482 3272 348 45
- ! Wy 2 s 177 350 662 1964 ONS 1810 3200 1303 2540 40
300 T3k 117 83 1974 182 360 (80 212 0y 1820 3308 1309 2550 46
490 T30 123 84 1352 188 370  Gu8 ] 3130 w1830 3320 101 2560 !
—180 —292 12.8 55 131.0 13 380 716 604 1120 2048 1004 1840 3344 -
109 390 34 610 1130 2008 101 1850 33062 }“0 353;8 i
- — --27 133 56 2. ¢ (X ) 2004 0 362 416 5 40
-z -0 —en 135 8% 1% 21 w0 7 616 1140 2031 Jule 1860 s 1421 2590  fod
—101 —150 —238 14.4 58 136.4 2lu 410 770 621 1150 2102 1021 1870 B3us 1427 2600 47
— 6 —140 250 150 59 1382 216 420 Ts8 627 1160 212 1027 1880 3416 1432 2610 47
— ) —130 —202 156 60 1400 221 430 806 632 1170 2135 1087 1850 3434 .
‘ ’ 227 440 824 (38 1180 2136 s 1900 3452 11 3630 o
— - - 16.1 61 141.8 227 = e Saoe HE 3432 A4 30 a5
- -?3 _138 _}23 167 € 1436 212 450 842 648 1190 2174 1043 1910 3470 MM 2840 43l
- —100 Z148 17.2 63 145 4 28 460 8i0 1 1) 1920 3488 1451 2650 49
Z & 30 130 17.8 64 1472 2 470  &78 1: 1053 1230 3906 1460 2650 AN
- 2 —~ 80 —112 18.3 65 1490 240 480 8w 1 Wi 1040 3A24
. . ) 1406 2670 4K
-5 - 70 — 03 186 66  130.8 254 490 014 10 1950 1471 2560 8
1 Z 0 - 193 67 1320 171 1960 157 2690 47
Z%. —s0 — 18 200 68 133 4 260 500 032 077 1970 1482 2700 4%
— 0 —40 — 50 206 69 1362 356 510 50 82 1980 1485 2710 4
Z 7 — 30 — 22 2171 70 138.0 471 520 UG 1635 1590
, 277 530 98 193 2720 40
— o9 20 — 4 21,7 M 1398 Uv2 540 1004 o 23?0 1o 2130 40
-2 - 22 T2 1616 ‘o M 2010 1501 g
-8 b 3 33'S 713 1434 288 550 1022 s 2020 130 2750 49
TR 1 138 233 T4 163.2 243 560 1040 11y 2030 1316 * 2760 4
167 2 334 29 15 16T.0 tuw 570 1048 1116 2040 :
. 3.6 303 580 1076 1521 2770 G0
\ 310 890 1094 ” ama 25 ¢
— 161 3 37.4 4 76 168 8 1121 2050 472 1527 2780 &
— 15.6 4 39 2 O T 170 6 313 600 1112 127 2060 3740 15402 2790 30
— a0 s 0 6 18 1724 5 €10 1130 1NE2 2070 3748 1538 | 2800 At
— 1.4 6 128 11 lz-l 2 :';o-,' 620 ll:IS ll-"'n'S 2020 :?z;l'l) 1343 ° 2810 50
— 139 7 416 7 176.0 332 630 1166 1133 2000 3794
338 1184 1519 2820 51.
—13.3 8 a4 27.2 81 177.8 749 1380 1149 2100 3312 1524 2830 31
— 128 9 482 278 8 1796 344 650 1202 4 1390 1151 2110 3810 1560 2340 - 51
— 122 10 500 283 8 1814 B0 €6Y 1220 7450 1400 1160 2120 384y 15366 2650  5i
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TABLES AND RULES
METRIC AND ENGLISH MEASURES (continued)

MEASURES OF SURFACE

1 square meter ....... == 10.764 square feet
0929 square meter ........ =1 square foot
1 square centimeter ... = .155 square inch

6.452 square centimeters .. = 1 squate inch

1 square millimeter ... = .00155 square inch

645.2  square millimeters ... = 1 squarc inch

MEASURES OF WEIGHT

Metric English
2835 grams ............ = 1 ounce avoirdupois
1 kilogram .......... = 22046 pounds
4536 kilogram .......... = 1 pound
1 ﬁletric ton 1= 9842 ton of 2240 pounds, or
1000 kilograms j = { ;3(;::6011'1)

1016 kilograms

1.016 metric tons 1 ton of 2240 pounds

———
it

- MEASURES OF PRESSURE AND WEIGHT

144 Ib per square foot
2.0355 inches of mercury
at 32 degrces Fahr.
2,0416 inches of mercury
at 62 degrees Fahr.
2309 ft of water at 62
. degrees Fahr.
22.71  inches of water ac
62 degrees Fahr.

(2116.3 1b per square foot
33.947 ft of water at 62
§egrees Fahr.
1 Atmosphere (147 P30 e e
lbs per sq in)....... =] 20020 inches of mercury
at 32 degrees Fahr.
760 millimeters of mercury
at 32 degrecs Fahr.

433 lh per square inch
62355 1b per square foot

1 Ib. per square inch ...... = {

t
1 Foot of Water at 62 {
degrees Fahr. .......... =

1.132 ft of water at 62
degrees Fahr.

inches of water at
62 degrees Fahr.

1 Inch of Mercury at 62
degrees Fahr., .......... = 1358

WEIGHT OF ONE CUBIC FOOT OF PURE WATER

At 32 deg. Fahr. (freezing pomt) ................ ves.62.418 10
At 39.1 deg. Fahr. (maximum density) eocoevnnnnnnnn.. 62.425 Ib
At 62 deg. Fahr. (std. temperature) .......... PR 62.355 1b

“2deg Fahr, (boiling point under 1 ntmmphere) .59.75 b

491 1b or 7.86 oz per aq in.

MEASURES OF CAPACITY

61.323 culb;:c :nchel
1 liter = 1 cubic cubic loot
s —{ 2202 gallon (lmperial)
decimeter ........ *= | 2202 pounds of water at
62 degrees Fahr.

cubic foot (6.25
Imperial gallons)

gallon (Imperial)

28.317 liters ={l
4543 liters ......0veeeez= 1

3.785 liters ...cceeennnn = 1 gallon (Amecrican)
MISCELLANEOUS
Mectric English
1 gram per square 1.422 Pounds per
millimeter .......... = square inch .

1422.32 Pounds per
square inch

14.233 Pounds per

1 kiiogram per
square millimeter ... =:

1 kilogram per

square centimeter ... = square inch
1.0335 kilogram per } 147  Pounds
4 . per
square centimeter }=
1 atmosphere square inch
0.070308 kilogram per 1 Pound per
square centimeter ... = square inch

TEMPERATURE

The following equation will be found convenient for transforming
temperature from one system to anothcr

Let F = degrees Farenheit; C = degrees Centigrade;
R == degrees Reamur.

F-32 _C _'R
180 100 * 80

GENERAL DATA

0 = 3968 Bt
1Bt ...... tesenaas teessens = 0252 Calorie
11b persq in?........c....= 70308  kilograms
per m?
1 Kilogram per m’......... ] .00142 1b per ¢q in.
1 Calorie per m’...... . .3687 Btu per 1q ft
1Bupersq ft.....oooovveee = 2712 calories per m’
1 Calorie per m? per de- }_ 2048 Bt:,' rsq ft
gree diflerence Cent. = gleﬁerelgl::ehhr
1 Btu per sq ft per 4.882 Calories per m?
degree difference = per degree
Fahr. ..ooooiiiiinis vee difference Cent.
l1Btuperlh............ eee = .556 Calorie per kilug.
1 Calorie per kilog. «......... = 18 Btu par 1b
Water expands in bulk frem
40 degrees to 212 degrees. ... = One twenty-third

A cubic inch of water evaporated under ordinary atmospheric pres.
surc is converted into 1 cubic faot of steam (approximately)
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CIRCUMFERENCES AND AREAS OF CIRCLES

Dia Cireum. Area | Dia Circum. _Ares | Dia Ciscum. Aves | Dia Citcun _Area | Dis Citeum. Area
» 09818 .00077]9 28.274 63.617|19 59.690 283.53|29 91.106 660.52|39 122.522 1194.6
ﬁ 19635 .00307 & 28.667 635.397] ! 60.083 287.272] ! 91.499 666.2) 122915 1202.3
Vo .39270 012271 V4 29.060 67.201 60.476 291.04 91.892 671.96 123.308 1210.0
i .58905 .02761 ﬁ 29.452 69.029 60.868 294.8) 92.284 677.71 123.700 1217.7
14 .78540 .04909| Y;  29.845 70.882| L7  61.261 298.65 92.677 683.49 124.093 12254
Y 98175 .07670) 3  30.238 72.740 61.654 302.49 93.070 689.30 124.486 1233.2
K181 11045 e 30.631 74.662] 35 62.046 306.35| Vi 93.462 695.13 124.878 1241.0
d 13744 15033 % 31.023 76589 %, 62.439 310.24] 24 93.855 70098 6{ 125.271 12488
¥ 1.5708 .19635] 10 31.416 78.540] 20 62.832 314.16/30 94.248 706.86]| 4 125.664 1256.6
B 17071  .2e8507 1y  31.809 80.516( 15  63.225 318.10 ? 94.640 712.76 126.056 1264.5
% 19635  .306601 i3 32.201 82.516] 15 63.617 1322.06] ¢ 95.033 718.69 126.449 1272.4
it 2.1598 37122 3 32594 845411 33 64.010 326.05 ﬁ 95.426 724.64 126.842 1280.3
3 23562 .44179; 13 32.987 86.59 g 64.403 1330.06| ! 95.819 230.62 127.235 1288.2
il 25525 .S164s) 353 33379 88.664 { 64.79% 334.10 96.211 736.62 127.627 1296.2
75 2.2489  .60132| i  33.772 90.763] 3,  65.188 338.16] ¥  96.604 742.64 126.020 1304.2
1 29452 .69029| %  34.165 92.886] 23  65.581 342.25] 24  96.997 748.69 128.413 13122
1 3.1416  .7854 |11 34.558 95.033) 2 65.973 346.34] 3 97.389 754.77]41  128.805 13203
:/ 3.5343 9940 | Y 34.950 97.2051 14 66.366 350.50| Y4  97.282 760.87 129.198 1328.3
/' 39270 1.2272 | V4 35343 99.402| 1, 66.759 3%4.66| %3 98.175 766.99 129.59¢ 1316.4
?Z 43197 1.4849 | 35  35.736 101.62 § 67.152 358 84 iﬁ 98.567 1773.14 129.983 [344.5
47124 12671 | VW 36.128 103.87 | i 67.544 363.05 98.960 779.3% 130.376 1352.7-
S.105t 2.0739 36.521 106.14 v; 67.937 367.28 99.353 78%.51 130.769 §360.8

3 5.4978 2.4053 s 36914 108.43 | 3, 68.330 371.54] ¥, 99.746 791.73 131.161  1369.0
i}, 58905 27612 | 74 32306 110.75 | 23  68.722 373.8%] Z3 100.138 797.98 5 131.554 1377.2
2 6.2832 3.1416}12 312.699 113.10] 22 69.015 380.13{32  100.531 804.25|4 131.947 1385.4
V4 6.6759 3.5466| Ve  38.092 115.47| 4 69.508 1384.46| ' 100.924 810.54 l( 132.340 1393.7
'; 7.0686 3.9761| 'Yi  38.485 112.86] 14 69.900 388.82] Vi 101.316 816.86 /.' 132.732 1402.0
7.4613 4.4301] % 38877 120.28] 35 70.29) %93.20 5 101.709 823.21 ﬁ 133.125 14103
7.8540 4.9087 '/; 39.270 122.72| v 70.686 197.61] ! 102.102 829.58 133.518 $418.6
8.2467 S.4119] 32 39.663 125.19 y{ 71.079 402.04 »g 102.494 835.97 ﬁ 133,910 1427.0
B.6394 5.9396} 34  40.055 127.68] 3, 71.471 406.49] 35 102.887 842.39] 35 134303 1435.4
9.0321 6.4918f %4  40.448 130.19] 35  71.864 410.97] % 103.280 0848.8) ;/. 134.696 1443.8

3 9.4248 7.0686{ 13 40.841 132.73|23 72.257 415.48(1) 103.67% 855.30[4 135.088 (452.2
Ve 9.8175 72.669%| Vi  41.233 13530| % 72.649 420.00] V4 104.065 861.79 5 135.481 1460.7
y’ 10.210  8.2958] V;  41.626 137.89] 14  73.042 424.56] % 104.458 8§68.3% 135.874 1469.1
10.603 8.9462! i  42.019 140.50 73.435 429.13] 34 104.851 874.85 136.267 1472.6
10.996 9.6211| Vv, 42412 (43.14] 14  73.827 433.74] V4 105.243 881.40 136.659 1486.2
10388 10.321 | 34  42.804 145.80 5/{ 74.220 438.36 51 105.636 888.00 137.052  1494.7
10,78t 10045 | 33 43.197 148491 3, 74.613 44301 35, 106.029 894.62 137 445 1503.3

/. 12174 11,793 | 25 43590 151.20 34  75.006 447.69] %2 106.421 901.26 }. 137.037 15119
4 12.566 12.566)14 43.982 153.94] 24 75.398 452.39)34  106.814 9072.92}44 138230 1520.5
'( 12959 13.364) Vi 44.375 156.70] ¢ 75.791 452.10] Y. 102.207 914.61] V4 138.623 1529.2
) 013352 14.186| V4 44768 159.48] 14 76.184 461.86| V4 107.600 921.32] 1 136.015 1537.9
13.744 15.033] 35 45.160 162.30] 3, 76.576 466.64 107.992 928.06 139.408 1546.6
14.137 15.904] 14, 45553 165.13 i 76.969 471.44| 108.385 934.82 139.800 15%5.3
14.530 16.800] %  45.946 167.99 77,362 476.26 d 108.778 941.61 140.194 1564.0

4 14923 172.721] Y, 46338 17087] ¥  77.2%4¢ 48101 ¥ 109.170 948.42 13 140586 1572.8
‘% 15315 18.665] i 46.731 173.78]| 14 78.147 4A5.98| 74 109.563 955.25| 13 140.979 15816
L] 15.208 19.635! 15 47.124 176.71] 25 78.540 490.87|35  109.956 962.11]45  141.372 15904
A 16.101 20.629) V4  472.517 179.67| 14 78933 495.79] Vi 110.348 969.00] Vi 141.764 15993
Va 16,493 21.648] 15 47909 182.65] 14 79325 500.74] Y4 110.241 975.9% ')4 142.157 1608.2
16.886 22.691 ;} 48.302 185.66] 34 79.718 $05.71 111.134 9R2.84 5 142.550 1612.0
17.279 23.7%e} 1| 40.695 188.69] 1, 80.011 S$10.7%] Y5 110.527 969.80] ¢ 142942 1626.0
12.671 24.850 % 49.087 191.75 32 80.503 515.72 111.919 904,78 ’,l 143.335 16349

4 18.064 25.9671 3, 49480 i94.83| 3;  80.896 520.77; 3% 112.312 1603.8 | ¥, 143.728 16419
Ya 18457 27.109] 14 49873 192931 % 61.289 S525.A4| 4 112.70% 10T0A | 24 144.121 16529
6 18.850 26.274]16 50.265 201.06] 26 §1.681 530.93|36 113.007 *017.9/46  144.513 16619
3 19.242 29.465| 13  50.658 204.22] 4 82.074 536.05] 4 113.40n 10250 V4 144906 16709
y 19.635 30.680| 1, 5105t 202.39| 14  82.467 S41.19] 4 113.883 1032.1 l); 145.299 1480.0
20.028 31.919] 3  51.444 210.600 34 82.840 546.35 114,275  1039.2 "5 145.690  1689.1
20.420 33.183 z, $1.836 213.82| 14,  83.252 551.5% /’ 114.668 1046.3! 1A  146.084 1498.2

'Z 20.813 34.422] 5; 52.229 217.08 3/}’ 83.645 556.76 v?. 115.065 1053.5] 4 146.477 1707.4
4 201.206 35.785] 3, 52.622 220.35| 35 84038 562.00] 3, 115454 1060.7] ¥ 146.869 17165
% 21598 37.122) 13 53.014 223.65| 14 84.430 567.272] % 115.846 1068.0f 15 147.262 1725.7
7 21.991 38.485/17 53.407 226.98}27 84.823 522.56]37 116.239 1075.2}47  147.655 17349
4 22384 39.871| 1u  53.800 230.33] 15  85.216 577.87 l( 116.632 1082.51 1§ 148.048 1744.2
1 22.276 41.2821 13 S4.192 233.21] 14  B85.608 583.21 ); 112.024 10%89.3 |); 148.440 17533
4% 23169 427181 3 54.585 237.101 33 86.001 $588.57 ?, 112.417 109721 3a 148.833 1762.7
13 23,562 44.179| 14,  54.978 240.5) Vi 86394 593.96 }; {12.810 1104.5 l(} 149.226 1772.1
12 23.955 45.664] S, 55.371 243981 %4 £6.786 599.37: %3 118202 1IV18' 3. 149.618 17814
Yo 24347 47.173) ', 55763 247.45| vy 7170 #naSP) 5 118574 11162 30 150001 17908
15 24.740 487071 1% 34056 230.98] 7, 67.522 61027 3 1i3.988 1126.7. da 130404  1Ry0.!
b 25.133  50.265 18 tH.549 254.47128 87.565 61275038 112381 - 1134142 150.796  1AN9.
1225525 SLAR4Y| V. 56,941 25802 1i 883357 621.26] i 11077 1i416F L 151180 181940
'{4 25918 53.456, 1., 57.334 261.39 1y 88.750 626.80{ !4 120.166 114%.0: 4 151582 18208
4 26311 55.088] 3. $7.727 265.18 ; 80.143 632.36] 35 120559 1156.6° 3; 151.975 18179
‘; 26.204 56.745| 15  $B.119 268.80 /; 82.535 637.94 l/; 120951 1164.2 l{ 152,367 1842.5
{. 27,096 58.426| %4 98.512 272.45( 3§  89.928 64338 33 121.344 117171 57 152.260 1R%7.0
G 22489 60.1327 1  58.905 276.12] 3,  90.321 649.18] 35 121.737 11793} 35 153153 16043
EMC 27.682 61.062! 1;  $9.298 279.81) I3  90.713 654.84 1/, 122.129 1166.9' 3, 153.545 187¢.1

A-18



are in open or closed position; and such valves
or cocks shall be locked or seaied open. Where
 stopcocks are used thev shall be of a type with
the plug held in plece by a guard ¢r gland.

122.1.6(cX5) No outlet connections, except for
damper reguiator, feedwater regulator, drains,
steam gages, or apparatus of such form as does
not permit the escape of an appreciable amount of
steam or water therefrom shall be placed on the
pipes connecting @ water column or gage glass to
a boiler.

122.1.6(d) Gagé Glass Connections

122.1.6(dX1) Gage glasses and gage cocks that
are required by Paras. 122.1.6(b) and 122.1.6(e}
and are not connected directly to a shell or dr.=:
of the boiler, shall be connected by one of the 0.~
lowing methods:

122.1.6(d}(1.1) The water-gage glass or glasses
and gage cocks shall be connected to an interven-
ing water column; or

122.1.6(d)(1.2) When only water-gage glasses
are used, they may be mounted away from the shell
‘or drum and the water column omitted, provided
the following requirements are met:

122.1.6(d)(1.2)(a) Thetop andbottomgage-glass
fittings are aligned, supported and secured so as

to maintain the alignment of the gage pass;

122.1.6(d){(1.2)b) The steam and water connec-
tions are not less than l-in. pipe size and each
water plass is provided wiih a valved drain; and

122.1.6(d}(1.2)(c) The steam and waler connec-
tions comply with the requirements of the follow-
ing Paras. 122.1.6(dX2) and 122.1.6(d}(3).

122.1.6(d¥2) The lower edge of the steam con-
nection to a water column or gage glass in the
boiler skall not be below the highest visible
water level in the water-gage glass. There shall
be no sag or offset in the piping whizk will permit
the accumulation of water.

122.1.6(d)(3) The upper edge of th= water con=
nection to a water column or gage g:zst and the
boiler shall not be above the lowes: \:sicie water
level in the gage glass. No pa#t of tnis pipe cone
nection shall be above the pcint of conaection at
the water column.

122.1.6(d)4) Arn acceptable anaangement is
shown in Fig. 122.1.5(d%4).

122.1.6(e) Eack boiler (except these not re-
quiring water leve! incicators pe: Para, 122 L60X2)
shall have three or more gape cocks located with-
in the visible length of the water giass, except

el
Y %
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Fig. 122,1.6(d)}(4) Typical Arrangement of Steam ond Water
Connections for a Water Column

From: (ANSI B31.1.0d-1972)
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when the boiler has two water glasses located on
the same horizontal lines.

Boilers not over 36 in. in diameter in which the
heating surface does not exceed 100 sq ft need
have but two gage cocks. Electric boilers operat-
ing at pressures not exceeding 400 psig need not
be fitted with gage cocks.

The gage cock connections shall be not less
than 1/2 in. pipe size,

122.1.6(f) Water Fronts

Each boiler fitted with a water-jacketed boiler~
furnace mouth protector, or similar appliance hav-
ing valves ca the pipes connecting them to the
boiler shall have these valves locked or sealed
open. Such valves, when used, shall be of the
straightway type.

122.1.6(g) Pressure Gages

Each boiler shall have a pressure gage so lo-
cated that it is easily readable. The pressure
gage shall be installed so that it shall at all
times indicate the pressure in the boiler. Each
steam boiler shall have the pressure gage con-
nected to the steam space or to the water column
or its steam connection. A valve or cock shall be
placed in the gage connection adjacent to the
gage. An additional valve or cock may be located
near the boiler providing it is locked or sealed in
the open position. No other shutoff valves shall
be located between the gage and the boiler. The
pipe connection shall be of ample size and ar-
ranged so that it may be cleared by blowing out.
For a steam boiler the gage or connection shall
contain a syphon or equivalent device which will
develop and maintain a water seal that will pre-
vent steam from entering the gage tube. Pressure
gage connections shall be suitable for the maxi-
mum allowable working pressure and temperature
but .if the temperature exceeds 406 F, brass or
copper pipes or tubing shall not be used. The cone
nections to the boiler, except the syphon, if used,
shall not be less than 1/4 in. standard pipe size
but where steel pipe or tubing is used, they shall
not be less than 1/2 in. inside diameter. The minj-
mum size of a syphon, if used, shall be 1,4 in,
inside diameter, The dial of the pressure guge
shall be graduated to approximately double the
pressure at which the safety vzlve is set, but in
1o case o less than 1-1,2 times this pressure.

122.1.6(h) Each forced flow steam generator
with no fixed steam and .water line shall be
equipped with pressure gages or other pressure
measuring devices located as follows:

122.1.6(h)(1) At the boiler or superheater outlet
(following the last section which involves absorp-
tion of heat) and

122.1.6(h¥2) At the boiler or economizer inlet
(preceding any section which involves absorption
of heat) and

122.1.6(h)}3) Upstream of any shutoff valve
which may be used between any two sections of
the heat absorbing surface,

122.1.6(h)(4) Each boiler shall be provided with
a valve connection at least 1/4 in. pipe size for
the exclusive purpose of attaching a test gage
when the boiler is in service, so that the accuracy
of the boiler pressure gage can be ascertained.

122.1.6(i) Each high temperature water boiler
shall have a temperature gage so located and con-
nected that it shall be easily readable. The tem-
perature gage shall be installed so that it at all
times indicates the temperature in degrees Fghr-
enheit of the water in the boiler, at or near the
outlet connection.

122:1.7 Valves and Fittings

The minimum pressure and temperature rating
for all valves and fittings in steam, feedwater,
blowoff and miscellaneous piping shall be equal

" to the pressure and tcinperature specified for the

connected piping on the side that has the higher
pressure except that in no case shall the pressure
be less than 100 psig and for pressures not ex-
ceeding 100 psig in feedwater and blowoff service
the valves and fittings shall be equal at least to
the requirements of the ANSI Standards for 125 1i
or 150 1b,

122.1.7(a) Steam Stop Valves

122.1.7(aX1) Each boiler discharge outlet, ex-
cept safety valve or safety relief valves, or re-
heater inlet and outlet connection shall be fitted
with a stop valve located at an accessible point
in the steam<delivery line arnd as near the boiler
nozzle as is convenient and practicable. When
such outlets are over 2-in. nominal pip~ size, the
valve or valves used on the connection shall be
of the cutside-screw-ard-voke rising-stem type so

(ANSI B31.1.0-d, 1972)

A-19-(b)



PA CODES, STANDARDS, ETC.
Number ot
Title Year Cost Number Titte o
i Yoar Cast Number Title A { s
- Mod.l?)s'f:“:: ADMINISTRATION 50 Seri GASES . ==
! Drafts for Enabling Legistatio ) iy . .
™ gos'm:'.l..z-mulan:v Pnp‘mdnass' " }3% 133 2394 Balk Oxygen Systems 1871 100 gg ’Blu"dmiConstruqtlon. i 1363
4, Jranization for Fira Services 19711 275 508 st "ﬁ""’ﬂﬂ" Systems %9 .50 Bl indoar peral Sovage e 1970
i ';';u“',g;vlrmntl-og;i;';-wign nl% B Liguix.eensed ydrogen Systems at Consumer . 231A num:;? E'e‘:':rlalsgl?rgze' 1970
ad (P11 iza- )
7 an 7 00 o8 it - - st WotS, & Cutting, Oxygen-Fus! Gas Sys- 971  1.00 gg{g ;loragn of Cellular Rubber and Plastics i;;g
A Manaumonl Control of Fire Emergencias 1957 50 S1A e i o 0 i IP?:";SJOH" T i
: quapmunl Responsibity, Eftacts of Fire 1957 50 518 B Voo Prosem,,ants It 190 1 ° ‘Mg oo e
raining Reports and Records 1970 50 5Im !cJI:lyt;:l gnr{ellld'; rm"““ o 10 ‘ ua)lit;:g Contrton s e e
. n Enriched Atmosphe X ildi
g:A (l;:; Alppliam:es & Gas ll,’ipirnegs.in Buildings :ggg ?gg g‘% gggm;ﬁgg‘:lti:uc':?n b ol e e }323
s crmn omuncs et A
nstalation, Portabe Fire Extingulst Inhalation Thera . Torerings.
18, fatatan v Pn"ml.'" 'i'::mé:“n- 1970 100 e o labova!:v);os llggg 15 ggﬁ Root Coverings, Mathods of Fire Tests of :g%
i St o 3 Hosiat Laboratere 1970 75 7 Fire Test of Window Assemblies 1970
M::ioslhoi'gahhnx Act, Porlable Fire Extin- g ggr ‘;‘:r'r\:’i]:a'?i‘;mh Medical Gas Systems o lgg
" ol Plinguishing Systams 1969 .50 58 Liquefied ?’nnolnum Ga - e .
H‘ E'ﬂ" Expansion Foum {3;8 Z?g 29 LP-Gases at Ulility Gas sP.l:nts :ggg Il'zs o Fre patection tor
iz, bon Drosids Extinguishing Systems b B 9A  Liquelied Natural Gas at Utility Gas Plants 1971 23 302 Motor Craft, Fire Proteclion for
i E;I'g:hﬁpls;m?nslr:&s‘iﬂntf“m sl L3 L75 ggg th:ioinv'i;una's 8; Bcoalyirds. Fire Protection of :ggg
134 Sgrinkler Systams. Care Maint o o . et P
s : o ‘ spaired
}:‘IE F.D. Operations in Protected on;ov';‘i::s Bgé ! gg e sy V& DUSTS iz Vessos, ‘Comicion & ho =
i Standpipe and Hose Systems 197 10 o Chavarized Fust Systems 13 m Yo Contcien” & R o
16 }v“'or Spray Fixad Systems 1369 1 Zg S8 o Bt ‘97: 1‘80 e e
1 Doam-Walpr Sprinkler and Spray Systems 1968 1.0 - 218 P e o A 1870 .70 .
l! wrey' «?.?:T".'J!E"'"'"""i"' Systems 1969 75 1 FroEIt;vaaggvsF eed bills, Allied %"in Storage o
182M  Hazards of Vaporizing Liqui Be 3 o H . 8
of Va g Liquid Agents ) ugat & Cocoa, Pulverited, D ies:
;ga ;ufornohve Abariing Ligu g :39-‘; I;g gg industrial Plants, Fundamlnl;‘l‘}’n::i‘]:a’: }gﬂ 138 402 Aircraft Rwo o Pracsdures |
191 aspiratory Prot. Equip. for Fire Fighters 1971 1.00 Aluminum Processing and Finishing 970 .5 f3  Rircrlt Reseus ervies i 1969
131 Portable Pumping Urils, £.0. Service 195 35 &3 Aluminum Powder Manufacture i gy "o herces, At & Hel-
iog e Dopt. Lacders, Use, Maint., Testing 1959 .50 ga%  fagnasium Powdar of Dust 1968 50 406m  Handing crash P 13
ire Jose Coupiings, Screw Threads, ' ga3  Sual Preparation Plants : 1971 100 07" Areal Fust Servii 1971
we s w g | B S e B | M.
nitial Fire Attack, Traini . Spice Grinding Plant i acii
i B Hoaat dana ning Standard on {;gg lgg 657 Con!cctionlrylfﬂanﬂfsactuvinl Plants }3217 1% :igg 2":2;:“ %loctncﬁl ivzon System wa llg?s
. 66 Pne:xir:r;lic Convaying Systems, Feed. Flour, 50 nance Dl::’l:’li:%’ ryaen System Haiata:
664 Woodworking & Wood Flour Manufaciuiii 1970 7 ﬂgg :;m” Cleaning Paning & Pais igﬁ
cadwol titiig o1t e M:grli’;clun_ml. Painting & Paint Removal 1971
20 Series: EXTINGUISHING AUXILIARIES gg alosian Vontingcuide 1938 '9% g M"‘:: 'g:':g':n 'O”’amns g 8
gg g?.n‘""u ‘| ;i“ s o 250 Inerling for Fira & Explosion Pravention 1970 125 411 Aircraft R!ﬂ':D Fl::'}ll':liaﬁ‘l %::I;r::,tlicgltl‘!olm }3;8
tagal i o ' ) 412 Evaluating Foam Fire Fighti i
2 sty | o 250 ) HH Evaluat g Foam Fire Fighting Equipment 1969
P i 0 Soies: ELECTRICAL A Aivcratt Fusning hamp Drainage 0 {3kg
26 Rural Fire Protection. Waler Supply System 1963 15 10 National Electri W Airerat Loaging walkwas o
5 pomchebensmen g | R BRI S 1 W b s e i
gg%m ﬁ': “{;ﬁunls.' I :lil:svm Marking Bg; ;g " c.g".t,',.,asl Station Protective Sian'a'li:'l‘ Sly';!s 1963 115 Ruﬂ&'ili:op Heliport Construction and Protec: 958
: ster Charges, Privale Fi i . i i " b
295  Forest, Gras!s and’gru:hhr'n:epal::rg‘lm %1 40 35'3 kou.'." rolactive Signaling Systems l199?7 l:gg Nrpart Water Supoly Systoms 196%
195 75 uxifiary Protecliva Signaling Systems 1967
) 72C Rotm‘t: Station Protective gignllinl Sys- 80 ’
. 720 Proprigtary Protactive Signaling S: A ’ S00 Series: GRO
10 Senes: FLAMMASLE LIQUIDS 73 Municipzl Fire Alarm Systems ¥ Systems }gg; i1 3014 Mobile Ho o TORATION gy
0 Flammab N 74 Household Fire Warning Sysk 9 Y i mes 151
3 Fla amani:lelaznuigo:::#snmu Liquids Code 1969  1.00 ;2 --_lectvo_ni: Computer Syglt!;ls!!m’ ' {gg; ;g SO{E a’;h"el:ti};:rgle;lh'cl - Hh
Jg ggigle‘a:ﬂi:g[pla{g oh Fl :3?3 ‘?2 753;.1 ,m’i,“'fi':c':zi::iléls;slnms for Hospitals }g?l 1.00 ggéb glec. S!éi.ik:c. vlehi!:sles Parks 51701
. ication, Flam. & Combust. ' 76CM  High-Fr B % Fuck e Profscon,Gao ' 7
iic Ci igh-Frequency Elec, Equip. 1970 512 Truck Fire Protecti i )
Tyl e g | SR i g (8 SRR
o L‘g-.\'{olali;aFSoli%s" am. Liquids, Gasas st 300 79 Etectrical Metalwarking Machina Tools lggi {gg
ing of Flammable Liquid Contai . | .
s s"é‘i"‘"::mna‘nd e L c;‘.:':?:l"o, 169 3% . 01 W IS:U Series: OPERATING METHODS
s . 80-90 Series: CONSTR " o oo, '
328 Mal.?:ﬁ::ss'ins'wus, Flam. & Combust. 70 5 33 Fire Doors and Windows VeTIoN 1970 2.0 S0l SI;MJ"’ o Glm:j OL'::‘::::T: F&i:lﬁ::: o
329 Underground Flam. & Comb. Llquid Tank: 1970 .15 A Fisn Resistive Walis, Protection of Openings o 502 C oty ¢ i 1308
A . s, o . Fu’“s[ F ! . 1970 s | 2 So;nm:gnity Dumps. Gaod Practice for - 1954
33 Spray Finishing 19 3 8 ln:ireg?”' Rungmahon b naning oo e Sprators o
34 Dip Tanks 91 1% B O G o
3 DTS e it o 1971 ',%g Boilev-Fuvnaac emal Gas Firad Watertube
g? gﬂ'{,ﬂzf;%;#ﬂ,rh"? ' 197 60 gga Gas-Fired N_lulliptso 8Burner Boiler-Furnaces :gg; l;g T e AT iR T WATERALS
3 Tanh Ve on Eraines BOSTU g s O eyt Mutple Burmer Boiler- ' 201 Fiase-Resistant Tenies and Firm '
ank Vehicles, Flam. & Comb. Liqui . 85E ! £ . 1971 L% . Plame-Resistant Textiles and Fi
B plbwenesomu B s e e wen gy |5 S e
. nacI:: low Torches & Plumbers’ Fur- %9 ’ 86A Oonn,. & Ftu""“’- Design, Localion & 197118 0 ments Materiats. Fire Relardant Treat-
395 Farms and Isolated Construcli ; 1968 .50 8 ustrial F 5 2 o s
o . 71 250 704M i ificati
Flam. Liquid Storage at clion Prajects, 1965 A0 378 L?g:lsﬂz"“fhu;P:e‘;estELJsst:uEI}nn & Protec P20 F"s',s'::;;’?:' i ft 1968
I tion._ .| 128
) ﬁau.gp.. 198 .75 )
9 eal Praducing Appliances, Cleara 00 i
o cOMBLSTIBLE SoLs ggg w;‘_c"ﬂAqlt-'f g ) rances for :3;% }gg 800 Series: RAOICACTIVE MATERIALS
:?L E“’"um! res: COMBUSTIBLE SOLI o ; g‘:“‘{ p:n & Condit. Systems, Resi- §01 Radioactive Materials, Facilities Handling 1970
8 s Nitate Mo e 80 a grience ] gxhaust Syst 1971 1.00 802 Nuclear Reactors, Fire Prolection f
I e 8|y meBee, WOW) w bbbt ol
46 Forest Producls, Outdo::lsa:::::'osf‘o"s }gg7 40 S;M E'ﬁP‘" Remaval from Cooking Equipment 1971 :'an 1 Rl el A et 1990
8 Eed ol b l i fmneys, Gas Vents & Heat Producing Ap- E - 810 Proteclion of Library Collactians 1970
B O S o 1o {gﬁ 40 pliances. Glossary of Terms 1968 50 911 Proteclion of Muszum Collertions 1969
:; b'umhev,Stonio Yards, Retail & Wholesale 1961 ‘gg '
gl T i 8 100sares: <A
. itanium, W .. Hand, aries: .
‘25." Zirconiurs, Prod., Proces. Wand. & s(:;:g;l llgg} gg 01 Life Safet c;h: SAFETY TO LIFE TENTATIVE STANDARDS - PROGRESS REPORTS
P ::'z:'r:m:m cniolr:n;;::lssgar':gg of 1971 275 102 Tents, Gv‘ayndstands & Air-Supporied Struc 1970 200 AT Reltig?ranteg d';lionFs m’l" IE yaluating Fire Protec-
430, Ammonium ilrate, Storag 1370 .15 tures Used lar Places of Assembly ’ 1 128- Fire Extinguishi 1970.
432 Segaralion Distances &aim’:n:h?l:?m?;u es 38, v : Hatl:ﬁ:snlam?n:l;glls)mnmsmng o s
:?%z‘l‘:’l;;‘:’"enu ! Ammoriun filrate 43A-T Coge. for the Starage of Liquid and Solid el
93 iy Explosives ) . 1968 .50 200 Series: BUILDING CONSTRUCTS lldilin_l Mﬂiili.!ls 197
:3;‘. Firewarse Loy ;m;(;c'ess?‘tt::nnol Equipment :ggg za 203 Roof Coverings o - 1970 ngiT g“ﬂd”d for the st & ¢ e
g . o) Sttt ¢ Cad AR ggg Smoke & Heat Venting Guide 1368 zg . ';"?Nd. for the astaltation & Operation of
— «fﬂ?AEncIosuresJoviElgclvica_l,,Equipmanl 1971 1.25 leM Guide on Building Arsay & Heights 1970 50 23ZAN-T M " "le"'-"’d e Prsection .
E l C Iasions. Blotor Venicles, Termunals 197677 50" [ 314 “W.’;!Trn ::?c'lifr:g"cl‘:‘(;&::v;s'&yen'"ﬂg'symms 1971 125 . }T‘{:'doé'f"":':mmmn for Archives and 1970
| et ten - CE T . B o s 97
. 197177109 421-T " “Aircralt Interior Fire Protection Systems— 1871

A-20- (a) Pricted in U

Aruitoxt provided by Eic:




ORDER FORM we. 19714 . HOW TO ORDER
. - Fill out by number and malil to: '
NFPA Pamphlet Editions NATIONAL FIRE PROTECTION.ASSOCIATION
~ of Codes, Standards, Recommended Praclices and Manuals 60 Batterymarch Sireet, Boston, Mass. 02110
Prices Quoted are F.0.B. Boston, Mass. Date....ccovveinennen. rereerees [3 Payment in amaunt of §.................... enclosed.
See Reverse Side for Discount Schedule 0 e MF ot address below.
sTANDARD |quantity | umit | Totat | stanoaro | quantity | umir | vorar Sendto. (Your name — p|§3;;'{§33'3¥'§}i};¥j""""""""""“"""""""
NUMBER | OROERED | PRICE | COST NUMBER | OROERED | PRICE | COST
2M 50 395 40 Campany iy
M 1.00 40 480 Straet.
y 275 ym o .
4A 75 42 :60 City.Tawn........ : State.. Tip
: :g :: .;: Remittance MUST accampany orders of $5.00 and under
8 .50 46A .40 72A 40 306 1.00 "
9 .50 468 1.00 728 .60 307 .60
10 1.00 47 .50 72¢C .60 312 .50
10A . 1.00 48 .60 72D - 460 402 2.00
101 .50 481 .60 73 .60 403 1.50
n 2.00 482M .50 74 .50 _ 1 406Mm 1.00
11A 75 49 275 75 .75 407 175
12 1.50 490 .75 76A 1 100 408 .50
12A 175 491M 3.25 768M 2.50 409 1.50
13 2.50 492 .50 76CM 1.00 410A .50
13A 1.00 493 75 77 1.00 4108 1.00
13E .60 4941 .40 78 3 1.25 410C 1.25
14 1.00 - 405 1.25 . 79 : 1.50 410D 1.00
15 1.25 496 1.25 80 2.00 410E .50
16 1.00 498 .50 80A - 75 A10F .50
17 75. 50 1.00 81 - . 75 411 50
18 .50 .| 50A .50 82 125 412 75
182M 40 508 1.00 { 85 75 |- 414 2.00
19 175 51 75 858 175 415 .50
198 1.00 51A 100 85D | w75 416 .50
191 35 518 _ .00 |- 85E 175 417 .50
193 . .50 53M 3.00 - 86A 2.50 418 .50
194 75 54 1,25 848 2.00 419 75
196 1,00 54A R 1.00 87 125 5014 1.25
197 .50 56A 1.75 88 75 5018 2.50
198 1.00 568 L . B9M 1.00 501C 2.00
20 2.50 56C : 75 90A 1.00 501D 1.00
21 .60 56D - i.00 908 1.00 505 - 1.00
22 2.50 56F 75 KX .50 512 75
24 1.25 57 .75 92 35 513 1.00
25 .75 58 - 1.25 94 1.00 601 .50
26 40 59 1.25 97M .50 601A .50
27 .50 59A 175 101 2.00 602 50
1Al .25 60 .60 102 40 404 : .50
292M ) A0 61A 1.00 203M .50 701 ] 75
295 75 &1 75 204 .50 702 ; 75
30 1 1.00 81C _ ¢} 100 206M .50 703 40
31 1.25 82 .50 211 125 704M 75
32 75 63 1.00 214 1.00 801 75
321 .50 &5 : .50 220 .40 802 ] 75
325A 2.50 651 .50 224 75 901 . 3.50
325M 3.00 652 .50 231 - 75 S0 1AM 1.50
326 .25 653 1.00 231A .50 910 75
327 .50 654 1.25 2318 75 91 75
::: :3 ::: }jf,’f, ;g;c : ',Z: Tentalive Standards ~ Progress Reports
33 1.25 857 .50 241 .50 S5AT 1.00
34 ) 1.25 66 75 251 75 128.7 2.00
35 1.25 664 1.00 252 ' .50 43A-T 1.00
36 .60 68 75 255 .50
37 75 69 1.25 256 .50 56E-T 1.50
385 125 | 70 3.50 257 .50 60T 1.75
3 O A so | oA |- |75 | 302 ey A 125 232AMT oo .. 100 f
3ERIC: 50 71 1.00 aos A-20=(b)voo 4207 1.00

[Aruitoxt provided by ERIC




64.2 InpUSTRIAL RELATIONS TITLE 8 .
. - (Register 66, No. 38—11-5-G5)
safety valves cannot be closed off from the boiler at the same
time and provided the three-way valve will permit at least fall
required flow to the safety vulve in secvice at all times.

The user shall maintain all pressure relieving devices in
good operuting condition. Where the valves eannot be tested in
service, the user shall mainiain and make avzilable to the in-
spector records showing the test dates und set pressure for
such valves. '

History: 1. Amendment filed 11-2-66; effective thirtieth day thercafter (Regis-
ter 66, No. 38). Approved by State Building Standazds Commis-
sion, . .

762, Safety Valves and Pressire Relieving Devices, Fired Pres-
sure Vessels. (a) Doilers (or vaporizors) of the Dow-therm, mer-
cury vapor or similar types shall be fitted with adequute safety reliev-
ing devices to assure their safe operation. Safety valves of Dow-therm
vaporizers and similar equipment shall be removed at least once each
year for inspection and cleaning of any deposits that migint affect their.
operation. (To eliminate the necessity of shutting the unit down for
this inspection, a threc-way stop valve may be. installed under 2 safety
valves, each with the required relieving capacity, and so installed that
both safety valves cannot be closed off from the vaporizer at the same
time; or 2 or more separate safety valves may be instailed with indi-
vidual shutoff valves, in which case the shutoff valve stems shalt be
mechanically interconneeted in a manner which will allow full required
flow at all times.)

{b) Fired pressure vessels other than those mentioned in (a)
above shall be fitted with safety relieving devices of sufficient capacity
to relieve all vapor that can be generated in the vessel during normal
operation and shell be fitted with proper controls to assure their safe
operation. _

ITistory: 1. Amendment filed 11-2-66 ; effective thirtieth dus theveafter (Repis-

ter 66, No. 38). Approved by State Building Standards Commis-
sion.

783. Low-pressure Boilers. (a) All low.pressure boilers shall
be installed and fitted with the fittings and appliances required by the
Code, and any additional appurtenances required in the following
subsections. , o

(b) When a hot water heating boiler is equipped with an elec-
trically operated cirenlating pump and electrically operated burner
controls, the contro! switches shall be labeled to show which is for the
burner circuit and which is for the pump ecireuit, or the eleetrically
operated burner controls shall be conneeted in the electrie circuit
ahead of the automatic pump switeh ot the burner control switch shall
be mechanically interlocked to the disconneet switeh for the cireulating

umps. .
P I()n::) All low-pressure boilers shall be equipped with one or more
pressure relieving device adjusted and seaied so as to discharge at a
pressure not to exceed the maximum allowable working pressure of



'I'I"'LE 8 DmisioN or INDUSTRIAL SAFETY 65

BoiLer ANp Fincp PressurE VESSEL Sux-:'rr OrpERS
(Register 66, No, 38—11-5-66)

- the boiler, The combined capacity of these devices shall be such that
with the fuel burning equipment installed and operating at maximum
eapacity the pressure cannot rise more than 5 psi above the maximum
allowable -working pressure of the boiler. All pressure relieving -devices
sliall be installed as required by the Code and be ASME stamped and
rated and shall be installed with the valve spindle vertical and shall
have a manual lifting device to permit periodie testing.

" The discharge from all drains and pressure re]ie'ving devices shall
be piped to a safe place of discharge and shall have no shutoff valves
in the pipe between the pressure relieving device and point of discharge.

" A sufe place of discharge as used in this sectmn shall Le a location
where:
(1) The discharge of steam or hot water will not present
a hazard to employees,
(2) The diseharge of steam or water will not be detn-
mental to any electrical or cther machinery or equipment,
(3) The discharge pipe cannot be read_i]y plugged or
otherwise obstructed.

(d) All automatically controlled lnw-precsure boilers chall be
equipped with:

(1) A low-water eontrol .hat will close the main burner
fuel valve when the water in the boiler reaches the lowest
ocperoting lavel, or for boilers with no fixed steam or water

line, when the highest permissible operating temperature is

reached.

(2) A low-water safety cutout that will shut off the fuel
to ibe burner when the watcr i: the bLoiler reaches a pre-
determined level which shall not be below the lowest per-

missible level, and manunl vesotting of the low-water control

or of the fuel valve or of the emergency control system shall
be required to place the boiler back in operation after it has
been shut down due to the operatmn of the low-water safety
cutout.

(3) An adjustable operatmg control and fuel valve to
regulate the flow of fuel to the burner to maintain the pres-
sure or temperature below the following limits:

(A) 15 psi gage pressure for steam boilers.
{B) 250° F water temperature for water boilers.

(4) A high-limit safety control that will shut off fuel to
the burner when the pressure in a steam boiler reaches a pre-
determined maximum not to exceed 15 psi gage or when the
temperature in a water boiler reaches a predetermined maxi-
mum not to exceed 250° T. The high-limit safety control
mechanism shall be in addition to the operatmrv control Te-
quired in (d)(3) above and mznual resetting of the high-limit

control or of the fuel valve or ¢f the emergency control system
shall be required to place the boiler back in operation after




O

.ERIC"

Aruntoxt provided by Eric

A IxpUsTRIAL RELATIONS TITLE 8
(Register 66, No, 38—11-5-66)

it has been shut down due to the operation of the high-limit
safety control.

(3) (A} A full safety pilot control om boilers
equipped with standing pilot burners, other than those
included in subsection 763 (d)(5)(B), that will shut off
the Tuel to the main burder and any extinguished pilot
burners if a pilot light is extinguished.

Such device shall actuate to close the safety fuel
shutoff valve required in Subsection 763 (d)(6) within
the time limits specified for ﬂame .fallure shutoff in
Table 1. .

(B) A programmed flame safeguard system  on
buruers equipped with spark ignition that will include a
flame failure shutoff time not greater than specified in
Table 1. Sneh system shall require the services of the
attendant to place the boiler back into operation if a
flame failure should oceur while in operation or if the
flane is not established within the time limit programmed
into the system. Such time. limits shall not exceed that
specified for flame failnre shutoff in Table 1,

Table 1. Flame Fzilure Shutoff Times (1)

Maximum Maximum
Firing rate Firing rate Type of Maximum time until
Qil Cis Ignition valve is fully closed,
Gal. per hr. BTU thr. seconds
3 gallons
or less Unproved 90
Over 3 zalions Pllot
to 7 gallonsg or 30 (2)
Over 7 callons Ignition
to 20 ralions . 10 )
weer 20 gallons Proved Pilot B0 (3)

Less than Proved or

+00,000 RTD Unproved 90

Filot
Cver Proved
100.0n0 BTU Pilot (4) 10

XNote 7. Flame failure shitoff as used in these Orders means the total elapsed time
from the time of flame failure or other abrormul condition occurs until the fuel
shatel valive is closed.

XNoie 2. Where a hurner is docl"ned or equipped for a “starting firing rate” of less
than tie maximum firing rate of the burner, the flame failure shutoff time shown in
Table 1 for the lesser Hring rate may betused for establishing ignition, provided that
firing rate cannot Le inercased until ignition is prover, The time limit for flume
failure shutoff shall Le determived by the maximum burner jnput.

Note 3. The GO-secoud time limit for flame failure shutoff may be used for burners
Laving Jess than 20 gallons per hour jnput if equipped with a proved pilot.

Note 4. In case of pilot flame failure, the proved pilot shall de-energize the safety
fuel sbutoff valve electricz] cirenit and cuuse that valve to close within 10 seconds.

(6) In addition to the operating fuel shutoff valve(s).

regquired in 763 (d) (1) and (3), an additional safety fuel
shutoff valve that will be operated by the controls required by

A-2 1~ (C)
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Section 763 (d) (2), (4), and (5). This valve shall be of a
type that will close within 2 seconds after being de-energized
if the burner input rating exceeds 400,000 BTU /kr.

(7) A means for obtaining adequate combustion cham-
ber purging and for limiting the burner ‘‘trial for ignition’’
time during start up to 15 seconds or that permitted for
flame failure shutoff in Table 1, whichever is greéater.

(e) All low-pressure boilers shall be equipped with a pressure or
altitude gage as required by the code. All water boilers shail be
equipped with a thermometer to indicate temperature conditions at or
near the hot water ontlet. These devices shall be visible to the cperator
from the operating area.

(£) All low-pressure steam boilers shall be equipped with one or
more water gage glass with shutoff valves and drain cocks. These de-
vices shall be located on the bLoiler, or on & water column, within the
permissible water level range for 'the boiler, (unless <pecxﬁcallv ex-
empted by the Code).

(g) All hot, water heating systems shall be equipped with a suit-
able expansion tank that will be consistent with the volume, tempera-
ture, pressure, and capacity of the system as required by the Code. All
such expansion tanks shall have an allowable working pressure at
least equal to the maximum allowable working pressure of the boiler
with which they are used, and the maximum allowable working pres-
sure shall be stamped on a nameplate visible after installation.

All expansion tanks connected into systems having boilers designed
for more than 30 psi working pressure shall be constructed, inspected,
and stamped according to the Code, Section VIII, unless it ean be
proven to the satisfaction of the Division that the desizn and construe-
tion will provide equivalent safety. Expansion tanks connected into
systemis having boilers designed for 80 psi or less shall be designed,
constructed, and stamped according to the Code, Section VIII, or ac- .

“eording to good engineering practxces with a factor of safelv of at
least 4

All expansion tanks shall be fitted with a means for indicating
visually the water level in the tank.

(h) When low-pressure boilers are cquipped with a float-type au-
tomatic water feeder, such water feeder shall be fitted with a valved
drain on the float chamber. Flcat chambers of other control devices
shall also he provided with valve drains on the float chambers.

(i) All valves, fittings, and controls shall be suitable for the pres-
sures and temperatures expected in service and all such devices used
in the fuel system shall be suitable for and compatible with the fuel
and fuel pressures used. All electrically operated fuel valves shall be of
the normally closed type to open only when energized. Fuel valves of a
type that will fail to close due to abnormal fuel pressure shall not be
permitted. Automatically operated fuel valves shall not be designed

~with integral manually operated by-passes unless such by-pass is of the
constant pressure type.
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66.2 INpUSTRIAL RELATIONS TITLE 8
(Register 68, No. 38.—11-5-65)

(1) The electrieal circuit for boiler controls shall not exceed 120
volts and shall be 2-wire with 1-conduector grounded and have the con-
trols in the ungrounded conduetor.

(k) After installation and Lefore being placed in operation, the
employer shall require all controls and burners to be checked for proper
operation by a responsible person familiar with burrer controls. _

Iustruction for the proper method of lighting, relighting, and
shutting down the burner, type of fuel or fuels to be used, and the
maximum fuel pressure shall be shown on a permanent and legible
plate attached to the boiler or boiler casing and an operating manual
giving complete boiler operating instructions, shall be furnished by the
installer for each installation. The emnlo*»er shall reqmre operating
personunel to become thoroughly famlhar with these operating instrue-
tions before they are permitted to operate the boiler. These instruetions
shall inelude an instruction to the operator that the boiler shall not he
placed baek in service after having been shut down by the cperation
of the safety fuel shutoff valve required in 763 (d) (6) until the canse
of such shutdown has been determined and corrected and the combus-
tion chamber is properly purged.

Ihstm y: 1. Amendment filed 11-2-66; effective thirtieth day thereafter (Reg-

B - i . ister 66, No. 38). Approved by State Building Standards Com-
. : S mission.

764, Blowofl Valves and Tanks. (a) All boilers snbjeet- to these
orders shall have blowoff valves and piping installed in accordance with
the Code.

(b) Al blowosf pipes shall terminate at a safe place of discharge
and shall be adequately supported to prevent undue stresses on the
valves or lines, and shall not be reduced in size between the blowoff
valve and point of discharge.

Dlowoft valves constructed with integrally threaded bonnets shall
not he permitted.

No blowoff p\pe shall discharge directly into a sewer. When the
blownff discharge is to be lﬂt‘lmﬂtf’h’ led to a sewer, local plumbing
endes shall be consulted concerning requlrements for discharging pre-
ducis intn sewers.

When a blowoff tank is used, it shall be desxnmed and construr.4ed
in accordance with gnod engineering prattice for the maximum TPeS-
sure and tomperature expected durmg the blowdown period with a
factor of safety of at least 4, All blowoff tanks shall be provxded with
means for cleaning and inspection.

Fistory: 1. Amendment fifed 11-2-66; eoffective thirtieth day thereufler {Reg-

ister G0, No. 38). Approved bx State Builling Standards Com-
misﬂion_

- 765. Means of Feeding Water to Boilers, All priwer boilers sith-
jeet tn these Orders shall be equipped with at least one means for -

feeding water to the boiler at the maximum allowable pressure. Boilers
having more than 500 square feet of water heating surface shall have
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