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Yoo This packet .of ‘four learnlng modules on steam is one

of six such packets developed for apprenticeship training for e'
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available modules' and a supplementary referengce list. Each module
contains some or all of these components: goal, performance ‘
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_ OF ALL PERSONS.

STATEﬂ!iNT. OF ASSURANCL

THAT NO. PIQQON BE oUBJECTED TO DLSCRIMINATION ON. THE

BASIS OF RACE, NATIONAL ORIGIN,

MARITAL STATUS IN ANY PRoGRAM,’éERVICE OR ACTTVITY FOR
WHICH THE OREGON DEPARTMENT OF EDUCATION IS RESPDNSIBLE.
THE DEPARTMENT WILL COMPLY WITH THE REQUIREMENTS OF STATE .
AND FEDERAL LAW CONCERNING NON-DISCRIMINATION AND WILL ~"

STRIVE BY ITS ACTIONS T0 ENHANCE THE DIGNITY AND WORTH"
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FOR THE, OREGON DEPARTMENT OF EDUCAJION BY IANE COMMUNITY

LANE COMMUNITY COLLEGE IS AN. AFFIRMATIVE ACTION/EQUAL

OPPORTUNITY INSTITUTIOM,
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AT s THE, POLICY OF THE ‘OREGON DEPARTMENT oF EDUCATION

HANDICAP OR:

i THTs PROJECT WAS DEVELoPED‘hND PRODUCED UNDER A SUB“CONTRACT

COLLEGE, APPRENTICESHIP DIVISION, EUGENE, OREGON,’]QSQ.
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General Safety ~ L SRR

AP CESHIP

CMI GHT

. (

Hand Tool Safety <
Power Tool Safety . O
Fire Safety . oo T
Hygiene Safety o

Safety and Electricity -

Fire Types and Prevention . " |

Machine Safeguarding (includes OSHA Handbook)

ELBCTRICITY/ELECTRONICS -

Basics of Energy

Atamic Theory .
Electrical Conduction
Basics of Direct Current

" Introduction to Circuits.
‘Reading Scales '

3

Using a V.0.M. .

OHM'S Law ' S
.Power and Watt's Law

Kirchoff's Current Law -

Kirchoff's Voltage Law

Series Resistive Circuits:

Parallel Resistive Circuits

Series - Parallel Resistive Circuits
Switches and Relays

' Basics of Alternating Currents
‘Magnetism . '

COMPUTERS

.Digital Language o

/

A

Digital Logic y
Computer Overview
Computer Software D .

TOOLS

A
Boring and Drilling 'Dools 4

- Cutting Tools, F{les and 'Abrasives
Holding and Fastening Tools .

Fastening Devices N2
Basic Science - Si.mple Mechanics

Fastenbrs - .

.RELATED TRAINING MODULES
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DRAFTING
————————]

Types of Drawing
Sketching

d Views

Blueprint Reading/Working Drawmgs
Working Drawings for Machines and welding

chine and Welding Symbols
veprint Reading, Drafting:

. Blueprint Reading, Drafting:

Blueprint Reading, Drafting:
Blueprint Reading,, Drafting: .
Blueprint Reading, Drafting:
Blueprint Reading, Drafting:
Blueprint Reading, Drafting:
Blueprint Reading, Drafting:
Drafting, Machine Features °
Draftlng,.'Measurepent )
Drafting, Visualization

HUMAN . RELATIONS . ’

Communications Skills \

+ Feedback !t

Individual Strehgths y '
Interpersonal Conflicts

. Group Problem_Solving

Deé\{smn-mak ing
* Worksite Visit’s , N

lI-setting and

Resumes

Interviews

Expectation

Wider Influences and Re
Personal Finance

Basic
" Basic
Basic
Basic
Basic
Basic

" Bagie

Basic

\

‘BOILERS © "

s b ]
‘Boilers - Firg Tube Types ’
Boilers - Watertube Types :
Boilers - Construction
Boilers - Fittings '

Boilers -~ Operation ) . _
Boilers ~ Cleaning ’ )
Boilers — Heat Recovery Systems

. Boilers

Boilers =~

TURBINES

E— C
Steam Turbines - Types

Steam Turbines - Components .
Steam Turbines - Auxillaries

Gas TUrbines

1

Instruments and Controls
- Piping and Steam Traps
_ ; |

Print' Reading
Print Reading
Print Reading
Print Reading
Print Reading
Print ‘Reading
Print Reading
Prmt Readlng ~

sibilities

{

-$team Turbines -~ Operation and Maintemance

he
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' s PUMPS T
/. " 9.1+ ¥ pumps - 'Iypes and Classihcatxon ;! o P
. v 9.2 Pumps - Applications . :
©r e 993 Pumps - Construction ‘
: +9.,4 + - Pumps ~ Caléulating Heat and Flow Y
* 9.5 '°  Pumps-~-QOperation :
9,6 Punps - Monitoring and 'I‘roubleshooting
9.7 Pumps - Mamtenance
~ 9;0._@8_2@_ ,
LT 1041 Cdmbustion - Proce‘sé J ) . -
'10.2 . Cambustion - Types.of Fuel o S : ’
10.3 - Cambustioh’ - Air and Fuel Gases . -
- < 10.4, Combustion - Meat Transfer A
‘ 10.5 . Combustidn - Wood | .
_ | . . y
GENERATOKE N . e
. 11.1 Generators - Types and Construction S .
11.2 .  Generators - Opération. , ( ’ '
) FEEDWATER - . ‘
12.1 - Feedwater - Types ,and E‘qmpment \ ' _
A ' 12.2 Feedwater - Water Treatments - .
‘ 12.3 1 Feedwater - Testing. = i N
| -y AIR COMPRESSORS | )
’ 131 Air Compressors - Types "
© 13,2 Air Conpressors QJeratlon a_nd Malntenanoe
STEAM ° . |
YT 14l " Sweam - Ebrmanon and Bvaporation | |
14,2 7, Steam = Types o I \
I - 14.3 §team ~ Transport T . ' .
: - 14.4 Steam - Purification . ' : . ~
" MISCELLANEOUS - . - - = - :
15.1 ~ Installation - Foundations . . ‘ .
15,2 - » Ingtallation -~ Aligrment - : o ' -
15.3 Circuit Protection - s T o ) ;
15.4 Transformers - . .
15.5 = Trade Terms '_ | ! '
5 : : p ,1 - .- "m.. | .‘ L . » ‘ N\
16.1 Linear - Measure e e T | - \\
BRI 16.2 whole Numbers® - - . " ' -
16.3 - Additional and. Subtractidn of Common Fraction and Mixed Numbers
4 Multiplication and Division of Ccnmon Fractions and whole and

Mixed Numbers« ~ . e h




1 16.5

16.6
16.7
16.8

16.9

16.10

16.11,

17.1

17.2

17.3
17.4
17.5

. 17.6

17.7
17.8
17.9

17.10

17.11

17.12 .
17.13.

18.1

19.1

20.1

vt

Compound Numbers 3

Percent:

‘Ratio and Proportion
Perimeters, Areas and Vblumes

Circumference gnd Wide Area of Circles B
Area of Plane, Figures and. Vbluqes of SOlld Flgures

Me;rlcs -
HYDRAULICS
- Hydraulics - Lever
‘Hydraulics - Transmission of Force
" Hydraulics - Symbols
Hydraulics - Basic Systems. -
Hydraulics - Pumps e
Hydraulics - Pressure Relief Valve
Hydraulics - Reservoirs , «
Hydraulics - Directional Control Valve
Hydraulics - Cylinders
' Hydgaulicg - Forces, Area, Pressure
Hydraulics - Conductors and: Connectors
Hydraulics - Troubleshooting
Hydraulics - Maintenance
METALLURGY : ‘/,
N
Included are ILS packgts:
W 3010
W 3011~-1 Vo
W 3011-2
. MS 9001 (1—3-4-8~9-6-7-s-2—9
. S 9200, 9201
POWER DRIVES |
.
101. A-B-G-D-E |
102. C-D-E 3 ‘
103, B-C-D-E .
104. A-C-E-F-G-H- 1-3.
107. A l
108. A i
. P
WELDING - |

. . 1
602.  AeBCmD-DmE=Lt

603. A-B~-F-G-I b

Ww. 3011-1 refer to M@ttallurgy 18.1
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P | Pl SUPPLEMBNTARY REEERENCE DIRECTORY I

"'-Note* A1 reference packets are numbered .on the upper rlght ~hand corner of the respectlve cover page

- Supplementary BTN ”if:,,.i”" G ﬁ“,aﬁ'f- | _:flﬁiff'~j. o ST R
) Packet s . Descr1ptlon _"_ﬂ --;" S ;*j BT “_ ) Related Traln1ng_Modul§, LY ﬂ_{
)8 "Concepts & Techniques of Mach1ne Safeguarding, U S D L., 0 S. H A Efq:l 8 C’Mach1ne Sateguard1ng B
121 ‘3.!' - Correspondence Course Lecture l ‘Sec. 2, Steam Generators, Types _ a7 1 Bo1lers, F1re Tube Tgb .
o : of- Boilers 1y S AT T. Calgary, Alberta, Canada f'f-j» N - . v
12.2 . Gorrespondence Course. Lecture: z, Sec *2, Steam Generators Types - .317,2'u'Bollers,{waterilube=lype W
T of Bolkers 11, S.A. 1T Calgary, Alberta Canada : ;. . l,,'_L;' S Lo :
12.3 | T Correspondence Course Lecture 24 Sec 2 Steam Generators BOIler- .7.3, :Boilers, Construction
A .:-ConstrUCtlon & Erection, S A. I T, Calgary, A]berta Canada Lk ) - 5
l2,4,' | o Correspondence Course ‘Lecture 4, Sec 2, Steam Generators, Bo1ler ,l7714 Boilers, Fittlngs,, Ty:pgf'{:
T ah gFlttlngs IT,: SR LT ,.Calgary, Alberta Canada o : I SR o
12.4 0'1 75. iCorrespondence tourse, Lecture 4 Sec 2, Steam Generators, Bo1ler b' 7,4 CQBollersi'Flttings h R
. Fitting I, S.A.T. 1., Calgary,’ Alberta, Canada 'S | o o ) - |
12.5"_'t o "'Correspondence Course, Lecture lO Sec. 2, Steam Generatlon Boller 7.5 'Boivérs,:Operation |
' . Operation, Ma1ntenance Inspect1on,.S.A.I. o Calgary, Alberta, o ‘ . ' N
Canada . . _ , : o . . B .
" 12.7 ) Correspondence Course Lecture 3, Sec 2, Steam Generatlon Boller _7,7 * Boilers Heat Recovery
oL Detalls, S‘A I.T., Calgary, Alberta, Canada . o o _-_1 Systems
| o | e, -  POMPS
13.1 CorrespOndence Course, Lecture'b Sec _ Steam Gener tor Power 9.7 Types & Classlflcatlons
13.2 Plant Pumps, S.A.I1.T. Calgary, Alberta, Canada B 9.2 Applications -
13.4 PR . 9.4 Calculating Heat & Flow .
13.6 e . : i. ﬂ'a?”" : ' 9.6 Monitoring & Troubleshootlng
13.7 ' oy | | 9.7 Malntenance -
13.3 Correspondence-Course, Lecture;6, Sec.PB,_Steam:Generators, Pumpss * 9.3 Construction -
- 13.5 $.A.1.T., Calyary, Alberta, Canada T . - 9,5 Operation -




— "M111wright - ‘ ' . S o . - Y 5o
Supplementary ‘Refierence D1mectory . . o e
Page 2 ' . . . : . . B .
Supp]ementary e . ' S : A . | ' R t .
. Packet # .+ ~Description L K - R - Re]ated'Tra1n1nngodu1e
.14.3 . Cor(/;ﬁondence Course . Lecture 6 ‘Sec., 3, Steam Generators, Steam 14.3 Steam Transport
12.8 | Generator Controls, S.A.I.T., Ca]gary, ATbenta, Canada L 7.8 Boilers, Instrumentd &
: ' : : : Controls
$ , . . . ? ) o ' . \ o .
- 14.4 . Correspondence Course’,, Lecture 11, Sec. 2, Steam ,Generaiors, . 14.4 Steam Purification® -
AR Piging 11, S.A.1.T., Calgary; A]berta Canada R | ; ' ' v
- 15.1 . Correspondence Course: Lecture 1, Sec. 4, Prime Movers & Auxi]- 8.1 Steam TUrbines; Type§.
- | - jarie$, Steam Turbines, S.A.1.T., Ca]gary, Alberta, Canada ! o '
| 15.2 ‘ _ : Corresppndence Course, Lecture 4, Sec. 3, Prime Movers, Steam .. - 8.2 Steam Turbines, Compenents
¢ Turbines I, S.A.L.T., Ca1gary, A]berfh Canada , L - - L
v .015.3 , Correspondence Course, Lecture 2, Sec 4, Prime Movers & Auxil- 8.3 Stedm Turbines, Auxi}{aqaee~ '/1'
s iaries, Steam Turb1ne Aux111aries, S.A.I. T Ca1gary, Alberta, ' : o N S
Canada_ . 5 . ; ' ‘ L, o "
e . . : ) , ) . ) . . . .
5.4 = Correspondence Course Lecture 6, Sec 3, Prime Movers,'Steam . 8.4 sSteam Turb1nes Operation
~ Turbine Opavation & Maintenance S.A.LI.T. , Calgary, Alberta, .. & Maintenarce
! Canada ' . ) S . ‘
. ) ' o . T . -
15,5 ;\ Corrcspondence Course, Lectu?e 8 Sec. 3, PrimesMovers, Gas s, 8.5. Gas Turbines
"N~ Turbines, S.A.L.T. Ca]gary, A]berta Canada ) : '
‘Z 16.2 /o01’nrs Fired w1t Wood & Bark Qes1due< D.D.. Junge, F.R.L.;A_' : M.? 'Cnu%uscion'Tynesvof\Fuel
- -0.5.U., 1975 : IR B : S .
16.2 . | ‘ uxwespondence Conrse Le(ture 5, See. 2, Stean Generators, Fuel , - 10.?2 ‘Coﬁbu;ﬁjon Typee'of Fuel .
‘umbust1on, 5.A.1.T., Calgary, Alberta, Canada o o , ‘
‘ . ' : » : o e
16.3 ' (orrespbndence Course, Lecture 5,'%et. ?, Plant«&ervicesﬁ Fuel 10.3 Combusfion Air & Fuel Gases
. ;& Combustion, S.A.J.T., Ca]gary, Alberta, Canada = S m ¥ S
1.0 Corrﬂé%ondenceOOurse Lecture 12,. JSec. 3, Steam Gene\at1on Water - 12.1 Feedwater, Types & T
- , rrcdtment S.A.L.T., Calgary, A1bertn Canada ‘J¥<; ] ' Ugeration - L
v 17.2 . Fuvrospondence Course, Lecture 12, Sec. 2, S ‘\oam Generatiox,(water- 12,2 'Feudnater, Aater .Q e
- Treatment SyA. I T., Ca]gary, A]berta, Canada ' . ‘ \/~Iruatments e
. ‘ ot
‘ N ) . . . . b, ) .
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Millwright

f ‘Supplementary Reference Divectory ' R I :
Page 3 b - ’ ‘ : SRR § B
o /)‘f N N N. N \ s ’
Supplementary” _ .~ . _ . 4L ‘
~Packet # - Description "
2 ]7:3' ‘ Correspondence Course, Lecture 7, SEE.WZ, Steam Generators, Bbiler
! - Feedwater Trga;ment, S.A.I.T., Calgary, Alberta,7Canada
18.1 e ~ Gorrespondence Course, Lecture 2, Sec. 5, Electricity, Directl| .
. Current Machines, S.A.1.T.; Calgary, Alberta, Canada .
18.1 | Correspondence Cburse;«Lécture 4, Sec. 5,'E1eqtr1c1ty; Alterna ing
.. 18.2 . Current Generators, S.A.I.T., Calgary, Alberta, Canada
. .0 . R ' 4 . .
19.1 _ Correspondence Course, Lecture 5, Séc. .4, Prime Movers & Auxil-
iaries, Air Compressor 1,-S\A.1.T., Calgary,. Alberta, Canada’ | -
'fg-nn;f9.l '-Correspondence,Couwse, Léqthre 6, Sec. 4, Prime Movers~& Auxiﬁ—
iaries, Air Compressors 11,,S.A.1.T., €algary, Alberta, Canad?
20.1 Basic Electronics, Power Transformers, EL-BE-51 =+
o v ,
211 Correspondence Course, Lecture 6, Sec. 5, El%ctr%tity, Switchgear
: & Circuit, Protective Equipment, S.A.I.T., Calgary, &lberta,
’ Canada I . ' ' )
22.1 ' Correspondenée Course, Lecture 10, Sec. 3, Prime Movers, Power
" “~P1ant.Erect10n & Installation, S.A.I1.T., Calgary, Alberta, Canada
¢

Related Traiming Module ~ . -
~_. 7 _ . .
12.3 Feedwater, Testing

= 1.) Generatovs,oTypés_&“'-
-~ - Construction, .

. N .
11.1 Generators, Types & ~
* Construttion »
18.2 Generators, Operation ‘////
13.1  Ajr Compressors, Types. -
» ' ‘
13.1 Air Compressors, Types
1313.2. Airy Compressors, Operation
& Maintenance
15.4 Transformers
- 15.3 Circuit Protection S
16.1 ‘Installation Foundations "

’
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RECOMMENDATIONS FOR. USING TRAINING MODULES -

The following pages list modules and their corresponding numbers for this
part1cu1ar @pprentic?sh1p trade As related training classroom hours

- vary feor different reasons throughout the-state, we recommend that

the %nd1v1dua1 apprenticeship committees d1v1de\$he ﬁota] 57ckets to

,fit&their ind1v1dua1 class schedules

i

There are over 130 modu]es avai]ab]e Apprentices can comp)efé the
whole set by'the end of “their \ndentured apprenticeships. Some
apprentices may already have knowledge and skills that are covered
in particular modules. ‘In those cases, perhapstcred1t could be
granted for thpse'subjecfs, aflowing apprentcies to advan?e to the

remaining modules.

w
(s

We suggest the the apprenticeship instructors assign the modules in : ‘\

. numerical order to make this learning tool most effective. -

’ !
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\
)
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4
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SUPPLEMENTARY INFORMATION | -
» ' i\ .
~ ON CASSETTE TAPES
. ’ } ‘ '

>

Tape 1: ‘Fire Tube Boilers - Water Tube Boilers L
and Boiler Manholes and Safety Precautions 5/13
- Tape 2: “Boiler Fittings, ValVes, Injectors, .
B Pumps and Steam ‘Traps
Tape 3: .Cambustion, Boiler-Care and Heat Transfer
‘and Feed Water Types )
. *
Tape 4: Boil?r Saféty and Steam Turbines
: N
) - - |
> N
)hKﬂE: The above cassette tapes are intended as additional

(34

referance material for the respective modules, as
indi ated,;and not designated as a required assignment.

J
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THAT NO PERSON BE SUBJECTED T0 DISCRIMINATION ON THE

OF ALL PERSONS. | - L

+ STATEHENT. OF ASSURANEL

» : )
IT 1S THE POLICY OF THE OREGON DEPARTMENT OF EOUCATAON v

BASIS OF RACE, NATIONAL ORIGIN, SEX, AGE, HANO!CAP OR f'
MAR I TAL STATUS N ANY PROGRAM, SERVICE oR ACTIVITY FOR
WHICH THE OREGON DEPARTMENT OF EDUCAWION.IS RE§PONSIBLE.
THe DEPARTMENT WILL COMPLY WITH THE REQUIREMENTS OF STATE
AND FEDERAL LAW OONCERNTNG-NON-DTSCRTMTNATTON'AND WILL S
STRIVE BY ITSTACTIONS TO ENHANCE THE DIGNITY AND WORTH - |

'y

H
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~ STATEMENT OF DEVELOPMENT

“THIS PROJECT WAS DEVELOPED AND PRODUCED UNDER A SUB-CONTRACT

For THE OREGON DEPARTMENT OF EDUCATION .BY LANE COMMUNITY

CoL1£GE, ApPRENTICESHIP Division, EUGENE, OREOON,.]98M.
> . =

LANE COMMUNITY COLLEGE 1S AN AFF IRMATIVE ACTION/EQUAL

- OPPORTUNITY INSTITUTION,
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Modules 18.1, 19.1, an
. dated materials.
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STEAM -~ FORMATION AND EVAPORATION-.

¥ N A ]

' ot 'Performance Indicators: -

,  Qoal:

~The apprentice will be able to ° 1 1. Describe temperatures for_

deéscribe steam formation and : steam formation.
evaporation.

{ 2. Describe types of heat.
. R - 3. Describe for’matiorr’c))f steam.

4. Describe evapqration.

) . . .
.. ’ '
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_INSFRUCTIONAL LEARNING SYSTEMS ' * -

-

Read the goal and performance in¥icators to find what is to be learned from. -
package, : o : : o L.
‘ - 3 .
Read the vocabulary list to find new words that will be used in package.
, Rqad“bhe_inproductioh and information sheets. ot
Compléte the job sheet, .
S Complete the self-assessment. )
Complete tﬁe post-assessment. .
-
{ " ¢
P ’
'.‘Q.' 0
‘\\ _ . U % . )‘
. ‘“ L
: 19 ,
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Vocab
ol d
. NN e
Kl : | |
o *4Celsius scale e - S
‘ x Condensation ) ” . L - N 4
* Evaporation B ‘ _ o e ‘_ a .' o -
* M_Ij-‘ahrenheit scale. ' ’
' * Latent heat . ®
* VL-atem‘:' ‘heat -of fusion . k '
* Lat:am: heat bf."ev;poration S :
” . . : ' *

N * Saturation temperaturé

: ‘ *' Sensible heat ' R ' /o | ‘ .
# Temperature of evaporation B ; ' _ o
* Temperature®of vaporization ' e

-

* Vapor : .
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3

uction.

Steam forgarion requires water to be changed from a 1iquid to a vapor state.,
This requires that water be heated to the boiling point. ~"Two types of heat are
used 1in, converting water to steam.® One is a sensible heat that raises the

temperature to. boiling and a latent heat that will change the state .of water-

without' further rise in tempepature.

The apprentice shoulQ/nave a theoretical understanding of the steam formation’
‘process. .

o ‘:‘_"”e» . »
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_ Temperatures

.- s . Heat 1s used to convert salidq.into liquids and liquids into gases. Steam is
o - .regarded as a vapor instead of a gas because it does not follow all of the rules
' ..~ df gdseous behavior. The process of converting water to steam requires 1009,

The Fahrenheit sdale which is common to American thought has a freezing point of -

{ 320 and a boiling point of 212°. Regardless ofi the measuring scale, water must
~reach boiling point before steam is produced. / - .

, v

The bo#lihg point will vary at different elevations above sea level. - Also, ‘the

boiling $oint will vary with the pressures that are placed upon @ liquid. The

. 1000 C is based on -atmospheric pressure. Liquids under pressur “will boil at a -

‘ . range of temperatures which are controlled by the pressure. Water will boil At
" high altitudes much quicker than at sea level.

Types of Heat = ' - .«

_ , . i _ . ’ .

' Sensible heat is heat that can' be sensed and meaéured with a -thermometér.

' Latent heat is a hidden heat that pay cause a state of .change in another
substance without changing ‘the temperature of the fsubstance. . If ice is being
‘changed into its liquid state, - the melting temperature is 0°C. As the ice.
continues  its melting, the temperature will remain at O°C until it is water..

¢ . When’ latent heat is used to convert a solid to a liquid, 1t is called the

C - latent heat of fusion.. ' - . L - L '

If latent heat is applied to wgker at IOCQC, the vater will charige to a 'vapor
state. The water will contipue to boil at 100°C. The heat that converts
R liquids to a vapor form is called the latent heat of evaporation.¢

Formation of Steam

£

e e - - . P

Water is heated to the boiling point with sensible heat. - After boiling point,

v . the latent heat changes the water into steam. Steam is formed at_ the boiling
- point temperature. That temperatuwe may be more d¢ less: than a 10d°C, depending

*. on the pressure in relation to atmospheric pressure. That boiling point 1is
called the temperature of vaporization . or temperature of evaporation or
saturation temperature. That is the temperature at which steam formation takes

place. .
/ , ‘ ‘ . ‘ ‘ 4
qu;gration R . | N S L
- If we set Apan of'watér in the sun, it will slowly disappear throﬁgh _

evaporation, If we add héat.to the pan, the water will evaporate' much quicker.

ll = ) o . ' R i

} £ R ‘ ..
5 ‘ : .

- S—
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In the'procéss of evaporation, the water simply turns into vapor form. and floats '
away. ' In steam production, .the process of evaporation is controlled by steam 0
_ generation equipment. - Condensation is the opposite of evaporation. As t“
vapor cools, it is converted back to a liquid state.
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% Complete the job sheet, - - oL
# Complete the self-assessment and check answers. _ :
* Complete the po-st'-ashsment and ask the instructor to check answers.
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e ;CHECK BOILING TEMPERATURE =~ -~ . " SR
* Obtain a Celsius scale thermometer that records beyond 100 C. - e . .
* Place a teapot of water .on the ‘burner: and place thermdmeter in water so |
that it can be read. (Note temperature of water.) :
M * Light burner- and Qring water to boiling_point. . (Note temperature,) T
* Allow water to continue boiling for 10 minutes. (Note. temperature.) -
~* Which temperature readings show sensible heat? ;Q
* W&#Fh temperature readings show latemw-heat? ;_1 S ' L ) 4
. * What is the boiling point of water? ‘ .
@ / - -
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. Self

Assessment

MATCH THE FOLLOWING TERMS AND PHRASES.

."Cei!ius scale

Latent heat-of fusion

. . Sensible heat

Fahrenheit. scale

Latent heat
e

v

Latent heat of evaporation

Y

Temserature of evaporation

" Condensation

4 R -

Evaporation

0° o

-

R

J.

E.

F.

G.

-.H.

1.

L]
Changes liquid to gas’
Changeg solid to liquid.

.Boiling point 100°,

Changing of liquid to vapor.

Boiling'point 2120.

~ Freezing point on'Ce;sius}

-
'

Hidden heat that, changeg
of substances with chan
in temperature.

The boiling point after
adjudtment for pressurs.

The opposite of evaporation.

Heat that can be sensed or
measured

forms
ng .

'Y

o
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Y Self Assessment
Answers

{
E '20 ' I - “
G 3. ul ,
N B 4. l‘ ~ ’
J 5
. . )
_ ' A 6
o — '
H 7 0

10

pl 9
- A Y
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Assessment

WWW—W
s ' ) :

4

1. The L scale“has a freezing point of 320 and a boiling
- -point of 2120 .

2. The . scale has a freezing point of O and a boiling point
+ of 1000, 4 . - .
- , gt
3. The exact point at which water boils is determined by the
on the water. -
4, Steam 1s regarded as a | e ‘ . because 'it does not

behave by the rules of most gases.

. . 9« A heat that can be Bensed and measured "is called o
heato . ' . .

@

6. A hidden heat that chgnges water .to steam without increasing the
temperature #s called -— heat. !

¢ ) - -

7. A heat that converts a solid into a liquid is called the&;atent heat. of:

. A\l

8. The exact boiling point where steam 18 formed is called the tempé?ature '
of . .
& ‘ g . ‘ N v ._ -4:
9, - a is the opposite of evaporation. ,
: . _ ¢ . b
. ' ) [) . ) ' . ' .
10. The vaporization of a liquid is called __ . .
N
¢ ae
. L] ,‘
] f
® -
- 11
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' Instractor
Post Assessment

10,

Fahrenheit

Celsius

Pressure

Vapor

Sensible : ///
Latent

Fusion

Vaporization or evaporation'or saturation

Condensation o

»
. Evaporation

DYdIEMS
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* Select own reading material for this package. e
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* The appfentice will be able to

describe types of steam. .

Performance Indicators: .
| -~
1. Describe saturated steam.
2. Descnibe dry steam,
3. Describe we£ steam,

4, Describe superheateé steam,

5. Describe steam tables.
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~ Study Guide -

* Read the” goal and performance indicators to find what is to be learned from

oy package. - e -
* Read the roabulary list to fin&fnew words that will be used in'package..'
—~ ¥ Read the introduction and information sheets. ‘
* Complete the-job sheet. | ' 1
* Complete self-assessment. *
* Complete post-assessment. Y
o | , e
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' Vocabulary
( o
* Dry saturatfed steam r
- OO CHOMOO €3 HOC M4 OO OO e oo . ‘4
* Saturated steam ) ' .
. * Steam tables
. . .
* Thermodynamic properties '
* VWet steam | ’
® .
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'-Although all steam is formed at the temperature of evapdration, it will differ
_ in its thermodynamic properties. These differences can affect the efficiency of
plant operation unless they are.understood. ' ' -

Some steam has heavy concentrations of suspénded~water' particles vhich can
create problems for turbine blades. Most plants use superheaters to raise the - _
temperature of the steam beyond the temperature of evaporation. An operator

must understand the basic types of steam in order to deal with its. applications - L :
in power production. - b e o o, | e
- . : _
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® Information |\

Water turns to steam when heated to a 100 C at .atmospheric pressure. This
boiling point temperature is the saturation temperature. The saturation

i

Yemperature will vary according to the pressure on the water. - -t o _;' _t '
Saturated Steam {
Saturated steam is steam at the temperature of saturation or- evaporation. If is
stean that has just undergone converston from the liquid to a vapor state.
Wet Steam : s S ' | 4 B o
Saturated steam with pafticles of water suspended within the steam is called wet
steam. , o, . »

' .Drygsaturated Steam n | ' - o }'

® ‘ Saturated steam wi\tt;out suspended water particles is called dry saturated steanm. '/,m :
. . . . : . N\ . '

Superhéateq Steam

" Steam cools and starts reverting to water. This creates a wet steam that 1is - )
undesirable. To avoid wet steam, saturated steam is heated beyond the N

temperature' of saturation. Steam with temperatures higher than saturation
levels 1is called superheated steam. . Superheated steam is used in turbines so
that erosion of blades by wet steam can be avoided.

Steam Tables ‘ _ I | o - er .

The properties of steam will vary with the pressure. Stegm'tables ‘have been -
developed to show the thermodynamic pro erties of steam at various pressures.
The thermodynamic properties include vqglume, latent and sensible heat values, ,
. relationships of heat and pressure’ and ternal energy values of steam. - Steam .
tables are available for saturated and superheated steam. The operator must
' know how to read the *steam tables and interpret the information for practical
T applications.. The following steam table shows the saturation temperatures under ,
pressures ranging.from 1/4 pound to 3206 pounds absolute. R ' b
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¢Information.

393.68

oo oo oo et
oL [Tame. JPames. [Temn LT Tyon “";h';‘ PRaes. » J Prse. TEm®
0.23 [52.30 | 50 |zg1.01 | 240 [397.37 ] 430 [411.73] 78O |8i086 § 1900 1628.38
0.80 79868 | 60 [292.71 ]| 250 |400-05 ] 440 [434.02] 778 |34-59 | 2000 [633:8
1018 [2229 ] 70 [30202f 260 444z ] 450 lage.28] 800 (81829 § 2100 1642.7
1.0 or74 ] 80 [sizo3l]l 270 40778 | 460 [458.00) 825 a9 1 €446
1.8 [ns.e9 || 90 J320.27 ] 280 [411.05 | 470 |460.c8] 830 [325-26 | 2300 |603.9)
2.0 |i2e.08 § oo [327.81 § 290 [414.29 § 480 K462 82] 875 |528-66§ £400 66212
2.5 |ize.44f] no [33477 § 300 47,33 ] 490 [a64.93§ 900 [531.98 ) 2500 |668-13
3:QL [141: 48] 120 [341.25 10 asl %00 le7-0l § 925 [325:24) 2600 |6TD: .
. L4:0 lisze7 |l | 732 20 |423-29] 820 W7)07 | 980 |538-42] 2700 |67OI5
[ 5.0 lic224 | 140 [353.02] 330 42616 ] 540 [478.01 ) 97 |541.58 2800 |64
7.0 |176.85 | 186 [356.42 | 340 [4z8.07] 500 478.85] 1000 [544.6! § £900 |6%0.2
9.0 |l1e828 )| 16O 136353 ) 330 |43\ 72 kez.sel 1100 [E56-31 § 3000|696, ’
o hoT.7ll 170 [3e841 ] 360 . ©00 [486-21] 1200 |3eT.22 | 3100 |700-31
13.0 88l 180 [373.06] 370 [437.03] 620 1300 |57746 §3200 |r08.1\
. 190 1377231 | 380 [439-¢of 40 [49321 |} 1400 |387.00
45 (21203 ] 200 |381.79 ] 390 |442.12] 660 4oaef 1800 15923 13300 |7TOF
227.96 s90l 400 [444-59] 080 1499.88] 1600 |60¢-90 | 3300 |T08
T30 [25%0-33 | 220 [3c066 | 410 44701 | 700 [503.10 | 1700 61315 oo | 708
40 [26725 ) 230 420 720 |806-25 )| 1809 [621.03 | 5000 [TO




» Complete Job sheet.

---------------------------------------------------------

LOmP. ete the se -assessment and check answers, .

N <«

* Complete.the ﬁost—asseésment and ask the instructor to check your answers,

* ¢
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_Using a saturated steam table, find the saturation temperatures at the following
Sleo - e P [ . .

N

~ pressures. . .. E

. " What is atmospheric pressure

1.

2.

1600'pouads

14.6 pounds . .

40 pounds

- 420 ‘pounds -

3206 pounds -

ot .
« - ’

T IS

t'gea level?,

‘ What is absolute __5 -p'rééﬁure?

v : Bl

1

]
‘




g

INSTRUCTIONAL LEAHNING SYSTEMS , =

Y e ond

: ..

Self

Assessment

Match the following terms and phréses.

<

3 1, Saturated steam - .
' : o

2. Dry steam
3. Superheated'steam

4, Wét'steam'

4
L]

5.“~Steém tables

Steam with temperatures

Y
P D

higher than temperature of
evaporation.

Steam with suspended water

-particles.

Steam without suspended water
particles.

Shows thermodynamic properties
of steam.

Steam at temperature of

evaporation.
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Assessment . :
1. Where can an opérator find the thermodynamic values of st:eam at various i
levels of preseure? _ o G v
i~
- /
_ , | ;
2. Why is superheated steam used for ‘turbine operation? %
V - . - — Pe— ‘..:.\,.:.—" "‘rm:“i’_ s arb<c~ver <o .
3. What is saturaj:ed steam called when it has water particles suspended wit:hin
- the st:eam? ' . ‘ : :
' »
| | / Y
. 4. What is steam called when at the temperature of evaporation?
. ® 0
. 5. What is the temperature of evaporation at atmospheric pressure? S
.
v
-
® — . :

11
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Instructor o

'Post Assessment
Answers\

1. Steam tabl& ' )

2. Prevent erosion of turbine blades by wet steam.

ad -

P .
3. Wet steam R '
'
4, Saturated steam
© 5. 100%
-
]
\
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- . 'STEAM ~- TRANSPORT

Goal: ' S Performance Indicators:
’. | | ..‘ 3
The apprentice will be able to - | 1. Describe condensate removal.

'descyibe steam transport. ,
: - t 2. Describe piping, '‘pipe insulation
: " : and valve control

« 3. Describe se‘parators and traps.,
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* Read the goal and performqnéé indiéatorS»tonfind what is to be learned from

* package.
* Read the vocabulary list to find new words, that will be used in paékage. o -
- v .

* Read the introduction and information sheets.
| v . ’ : -7 ,
i ¢ .%* Complete the job sheet, E g : %R\ . ' ,
L: ' . ! f
| * Complete self-assessment,. '

* Complete post-assessment.
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a Vocabulary .

* Drip or drain line:. ‘

* Insulation
* X vélue ‘ ..
% Steanm separator
* Steam trap - .
*  Thermal conductivity | ,. . ' . Ve

* Water hammer

~
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‘This package briefly describes the movement of steam t:hrough piping and
provisions for removing condensate from the steam line. - Other packages have
dealt with the specifics of piping, steam purification and valves. Although
these items are important to th¥ transport of st:eam, they will not be repeated 1in
detail in this package.

\

i




]

INSTRUCTIONAL LEARNING SYSTEMS

Information

" The transporﬁ of steam through piping muét be carefully cdntrolled Water must

be continually drained from the steam. The presence of water in the steam will
create the ‘condition knéwn as water hammer. Water hammer can cause an explosion
in the lines and .equipment damage. Air and carbon-dioxide must also be removed
from the lines. . Drainage must be provided-for all types of steam -including
superheated steam. Any cooling of the steam produces condensate which can
damage turbines and other equipment. Drains and- drip lines must be 1nsta11ed
at all points where condensate is likely to collect.- 4

Drip or Drain Lines

Drip or drain lines should be installed at.natural drainage points such as:

At the ends of mains . -
*7 Ahead of risers _ L Sy
¥ Ahead of expansion joints dfit bends
*  Ahead of valves and regulators P

A drip leg should be provided at each drainage point. {The driﬂ;leg should be
the same diameter s the pipe. The drip. leg allows gravity drainage of water
fqpm the steam flow. -

. Water Hammer - ‘:“ i , L ro

. REH

Water ‘hammer 1is. 8 condition in the line .that results in shock waves that

¢ resemble- hammer ‘blows, = It usually ‘occurs in steam lines as a result| of
- condensate in the line. The water or condensate tends to trap pockets of steam.

”.;’The cooler water  'condenges the steam which creates a, pressire pocket,

‘ Equalization of thistpressure pocket causes shock wavea in the pipe.

.. % Most water hammer can be avoided by installing dranns, drip pockets and traps to

;Eipe Insulation

 ,remove the condensate from the steam lines, Steam valves should be opened
slowly, with drain valves open, allowing the line to warm up. Hot steam in a
" cold line can create condensate and water hammer. : ;

1

e

¢

Power plant pipe 1is ‘covered with insulation to prevent heat loss and
condensation. The -insulation is also a safety feature to protect employees from

getting burns. The material should be of high insulation value and able to '
withstand corrosion. Insulation materials are selected on the basis of their . -

thermal conductivity K value, The K value indicates ;HE amount .of heat that will

>

48.
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~Information
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be transmitted through a material. Since insulation is the exact opposite of
conductivity, the lower the K value kf a material, the better is its insulating
quality. Some common insulating matetialé and their K values are: o '

‘a—

* Plastic foams .09 - ,28K . , o
* Glass fiber 429 - .35 K o : T
 * Magnesia . 35- 42K - T S
; * Calcium silicate - 37 - 60K . ' S ,
) * - Agbestos ‘ 37 - 72K o
% Reflective metal - .53 - ,66 K . o =
* Diatomaceous silica  ,70 - .80 K : , - ' "
Valves

L]

Several types of valves are used in the transport of steam. Valves are:‘selected |
‘ -according to their specific functions in the movement of steam. Valves have S
- been discussed in detail in other packages on boiler piping and boiler, fittings, -

,' Pipe =~ - S ' ' L

There are mény types and sizes of pipe in a power plant: Pipe is selected to
withstand specific conditions of pressure, temparature and resistance to
corrosion. Pipe construction is.discussed in a package on boiler piping and will -
not be repeated Mhere. The selection of the proper diameter pipe and pipe
material is important to safe and efficient operation of a steag plant,

Steam Separators énd-Steam Traps

Steam separators remove condensate from steam, They are commonly called steam
purifiers. The separators are designed with baffles .or centrifugal devices that
separate the water from the steam to prévent water hammer and. erosion caused " by
wet steam, ~ - ’ ‘

lines without the. loss of steam, ' Several ‘types of traps are used for this

purpose. S _ T 3

R A,mbre detailed;ffzaﬁm&ht;qf steam purifiers and éteém traps is included in the
LA ”‘nextfpackgge~o§7th1§,gg&}ﬁh’fﬁzﬁgguj Purification. o

REOON LRI | ‘ ' B

. A steam trap is a device ‘which removes water from steam separators and steam
|

.. . Wl
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.. Assignment,

)

* % Read page 1,’20—3& in supplementary reference.
* Complgte tHe7self-assesshent and check your answers.

¥ Complete the post-assessment and have the instructor check ydur answers., .
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,Self ~ -
AsSessment =

*

]
1. List 3 places where drip or drain lines should be installed?

X ]

.2, 'What causes water hammer in steam lines? ’ j
e . . o ’ . . /’ . / ’ ‘
- ' R
3. How can water hammer be prevented?
’ . ’ . )
4, On insulation materials, what does the K value mean? ‘ .

1Y
.

5}‘ Which of the following insulation maté&ial have the best inisulation quality?
" #* Asbestos .5 K | | a
* Glass fiber .3 K !

N

\
\
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o Self Assessment
Answers

? : T .

At end of mains, ahead of risers,- ahead of expansion joints end bends,

' ahead of valves and regulators,

A - s
Condensate L

3 .
Removing . condensate from steam 1ines and warming up lines before steam .
flow.

v

Thermal conductivity.

-

'Giass fiber. The lower value is‘pest.;

-
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Post

Assessment

Match the fo}loJing tesms and phrases:
1. Water hammer ‘

2.: Drié leg |

3. K value

4, Steam trap .

5. Steam separator

10

" Steam purifier e

Thermal conductivity

-

Device for removal of water
from separators

Should be installed at each
drainage point

A

Caused by condensate in

steam line
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Instructor

‘POSt Assessment
Answers

E 1. . .
D 2
| ’
A __ 3. y
B &,
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Supplementary
References

* ‘Correspondence Course. Lecture 11, Section 2, Second Class. Steam

Generators, Southern Alberta Institute of Technology. Calgary. Alberta,
Canada.
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SECTION 2, o o P
STEAM GENERATION s

First Class

S~ ' B _ . I.g:cturc *

STEAM GENERATOR CONTROLS

-~ In order to 'ensure safe, economical, and reliable operation of the steam

gencrator, jnstruments and controls are necessary, The boiler outlet conditions _
such as stecam flow, pressure, and temperature must be measured and the quan- _ ;
tities of fuel, afr, and water must be adjubted to maintain the desired values of

the outlet steam conditions, This measuring and adjusting must be done contin-

uously during the time the boiler is in operation, The subject of the instrument-

ation and control necessary to perform the measurement and adjustment is of o
necessity quite complex and extensive and its coverage in this course must be

limited to_not much-more than basic concepts, )

"METHODS OF MEASUREMENT

n

In measuring the values of the~variables involved in the pox‘ver plant opera-
tion, many differént types.of instruments may be used, not only to indicate the
measurced value, but also to record the value, usually continuously, on aschart,
‘Thie instruments pre also often used to send signals to control certain flows,

Th¢: measuring instruments may be located directly at the point where the
measurement is being taken or they may be located remote from the’measure- -
ment point, for example, in a central control room, '

{

Some nl the more commonly used designs ol measuring instruments are

described in the f()llowin;, scetions,

1, vm-:ssﬁm-: M 14/\4511 REMENT

Pressure is f)nv of the most commonly measured variables in power plant
/ operation,. These pressure measurements include steam pressure, feedwater
[)lwl'(‘., furnage pregsure, condenser préssure, lubrieating oil pressure and
ngny others, :
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" The Bourdon tube, the bellowss and the-diaghragm are three devices com- .

‘monly used to measure pressure, Another device which i8 sometimes used is

A

*_the liqujd or mercury filled U-<tube used for low pressure work, S

| The Bourdon tube may be in the form of a C, a spiral, or a helix, In
| 7 each case a hollow flattened or oval shaped tube is used, sealed at one end, The
open end is fixed and is connected to the source of pressure while the sealed end -

is free to move, ' Pressure tends to stra‘ghten the tube and the movement of the
free end is a measure of the pressure, — *

- The Bourdon tube types are illustrated in Fl'gs.. 1'to 3 inclusive,

C Bourdon Tube . C Spiral Bourdon Tube
. \
TN Fig, 1 . : Fig, 2
B
| g
i '

’ A Helix Bourdon Tube
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\
%

»

The bellows consists of a chamber which is corrugated in such a way that
it will expand or contract in the direction of its length rather than in the direction

of its side walls, : . - C

The pressure to be measured may be applied to the inside of the bellows,
in which case it will expand or elongate, Conversely the pressure may be applied
to the outside of the bellows causing i‘ to contract or shorten, The bellows may
also be used to measure the difference between two pressures by applying one’
pressure to the inside of the bellows and applying the other pressure to the outside
of the bellows, . o }

Fig. 4 is a sketch of a bellows type pressure gage in which the pressure

‘'to be measured is between the bellows and the case,

[y
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Bellows Pressure Gage
. Fig, 4
The diaphragm type of pressure pageis'used primarily to measure low
pressures such ag draft in.a boiler-furnace and ig normally calibrated in inches
of water, Tt consists essentially of a non-metallie diaphragm, sometimes called

a mp diaphragm, which, when pressure is applied to it, will distort and e¢ither
streteh, compress, or deflect a spring, -

(PE1-2211-3)
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system and the other side to a different point in the same system gives a drop or

- 4 - ‘ - . . ' .

o
The principle of operatlonﬁ'this'type is shown schematically in I';ig_, 5. e 7
- . - ).
POINTER ASSEMBLY ' ' POINTER
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WAPHRAGM - ORAF.T CONNECTION L 3

v

. vy s
Diaphragm Pressure Gage S '
‘ Fig, 5
I'or low pressures and drafts (suction), liquid or mercury U-tubes or
variations thereof are sometimes used, Depending on the pressure (or suction)
cither mercury or a colored oil is used, One ¢nd of the U-tube is connected to
the source of pressure or suction, the other to atmosphere, The difference in
the levels of the two legs represents the pressure of the suetion head in linear
units of the medium heihg used,” If pressure is measured, the connected leg is
depressed; if-suction, the l(eg‘ to utmosphu;‘(' is depressed, Inelined draft gages -~
are of this variety, -

Connecting one side of the U-tube to one point of pressure or suetion in a

differential pressure betwoen the two points, . Phe instrument thus beecomes a
differential pressure gage and is used for various readings, such as draft loss

across an air heater,
' v

2, TEMPERATURE MEASUREMENT \

Most power plant operations involve the transfer of heat and resulting !

temperature changes,  Therefore, temperature is another of the most commonly .

measured variables in the plant, FExamples include steam temperature, fecdwater
temperature, flue gas temperature, ofl temperature, cooling water temperature

and many others, ‘ _ S .
: ' : ' [ : B ‘
(l’l-fld,l) ' C C - , _ (
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| 'i‘dm;wr.iture m'easuring ingtruments used in power plants include glass;
stem thermometers, remote-indicating bulb thermometers, bimetallic thermo-. - |
meters, and thcrmoelectric pyrometers, ‘

Glass-stem ’I‘hcrmometcrs-

The principle of operation of this type in.volves the expansion and contrac-
tion of a column of mercury or alcohol dwe to temperature changes, The thermo- *
meter consists of a thick-walled gla#s tube '
with a small bore and formed into a bulb at
one end, The bulb contains the mercury or
alcohol which expands or contracts with
temperature changes and so rises or falls

~in the small bore tube, The reference "
scale numbers are either ctched on the . E ‘
~outside of the glass tube or secured adjacent v
to it, ’ »
: i » \
0
The mercury filled type is more |, : .
stable at high temperatures than the alcohol '
filled type and is used for temperatures up
to about 300°C and in some cases up to -
about 500°C. The alcohol type is better : /
suited for low temperatures due to its very ‘ |
low freezing point, ‘
| Y l
‘ Fig, 6 shows two:types of glass- ) ) ‘
stem thermometers, \ : Glass=stem 'I'hm‘mpmeturs
Fig, 6 -
Bimetallic Thermometers
The operation of thig type dependsaupon the faet that dissimilar metals _ ' ®
when heated will exPand at different rates,  The thermometer ;% made up of two
thin strips of diffcpent metals welded together face to fgee,  When heated, the -

strips expand at fifferent rates causing the 'lbh(‘n]blv to bond as shown in g, 7,

Y

DINECTION OF
BENDING WITH
TEMPEAATY AL

RISt /Tj,,;
s

¢
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. ofwhich are filled with a gas or a liquid, The

i

~

" This bending movement is used to move a pointer thus indicating a tomp-
cerature change. :

*

»
Brass and invar, which is an iron nickel alloy, are often used @s the
metals as they have a wide difference in expansion coefficients; brass expanding .
about twenty times more than does invar,

In order to obtain greater rotation
of the pointer, th¢ bimetallic strip is
“usually wound Y the form of a helix as

~ shown in Fig, 8. "

¥

Helical, Bimetallic_,__St/rip ’I‘iiermométer

Fig,” 8

R

~ Bourdon
Tube

Filling
Tube

»

Captillary
Tube

Remote-indicating Bulb Thermometers

LN : \"

This type is used where it is desired
to indicate or lC(‘()l(l the temperature at o
Tocation gome distance away from the point of +—— Bulb
mpasurement,  The instrument consists of a '
bullg, a capillary tube and a Bourdon tube, all

expansion-or contraction of the gas or liquid

due to temperature ehanges causes movement ' R
‘of the Bourdon tube which is linked to the in- Remote Bulb Thermometer
dicating )()int(-r or l(-(,otclin;, oen - ' . '
J-}' bety rig. 9 -
-\\ ’alq;g. ) illustmtug the principle involved. Lhe bulb, the Bourdon tube and

the capillary tube are filled with liquid through the filling tube which {s then
Lscaled. M ()vvnwnt of the Bourdon tube ‘due to expansion or contraction of the
l|(|ui(l will cause the pointer to move, Although the eapillary.tube shown in the

Cflasteation js t(uitv short, it m: lv in actual prage lu ¢ be 15 or even 30 min length,

(l’l 1- z-nnn)
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Thermoelectric Pyrometers R

» ity . \ . ' Y, ] :l

o

Thermoelectric Pyrometer

Fig. 10 o S

1

\)' The thermoelectric pyrometer, shown in Fig. 10, makes,use of a thermo-

couple which produces n electfical voltage which varies with temperature changes.

N
A thermocouple consists of two wires, each made up of a different metal. \bc
two wires are joined togepher at one end and, if this junction is heated, a voltage’
is developed at the free ends of the wires. The high temperature joint is called
the hot jurftion and the free ends are called the cold junction. ' '
, _ ‘ '

The voltage produced varies with the temporature difference between the
junctions and this voltage is measured by connecting the free ends or cold junetion
of the thermoceouple to a millivoltmeter which is calibrated to read in degrees of
“temperaturd? A bimetal strip is used to provide compensation for changes in cold

junction temperature., o : '

Various combinations of metals are used to make up the dissimilar wires
’

- depending upon the temperatures being measured.  For instance, for temnperatures
o ; . ,

up to 4009C, one thermocouple wire would he copper and the other constantan,
which is an-dloy of ¢cépper and nickel. For temperatures up to 83500, the wires

—are jron and constantan, for temperatures to 11000C the wires are chrome and

Alurnpel, and for temperatuies to 1400°C the wires are platinum and platinum-
[ o

/4 rhodium.

. .. . R : rd
and the velocity energy isﬂmstunt for fluid flow in a conductor.

-,

oo FLOW MEASUREMENT -
) . S . N
In regard to the flow of a fluid in a pipe or other conductor, asun be
shown that, if there is an.increase in ‘the fluid's velocity, then there will be a
corresponding decrease in its pressure:: This is in accordance to Bernoulli's
thcorem which states that the sum of thé potential encrgy, the pressure energy

LU A

(DI -2-11=7)
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‘ \ R his: principle can be used to. measure flow in n pipe by placing 2 constpic- '
' Ltion in the pipe “The constriction causes a velouty mcrc.ls(, 'md a\ corresponding
. pressure dro 'I”his pressure drop will vary as the velomty varies and the velo-—«
Coclty wfll vary the flow varies; High flows give high px‘cssure (lrops acgoss thc
‘constriction and vicc Vei‘sa and the flow is proportional to: thc squ'lre root. of the
‘_pressure drop produeed by the flow el . T e

e : \
L

1., ,..' - . '_'.
. .

Ior steam flow measurement, it is customdryho use a thin plate orifice or
,nonle as the constrictive device,. For: liquid flow. measurement it is customary

to use either a -zle or a venturx tube, although orifice plates arc somctimes .

- used, For gas flow measurement in a’ pipe, orifice plates are probably used more |

than other devices, ' For measurement of air or flue gas through a boiler, drops
across various sections such as the air heater ol economizer can be USed “In
some cases this is not feasible and venturi sect ns. may be bu11t into the 'lir ducts

, _» ) . . . . . - Lt ’
In order to measure the (ilfterCntx/al across the constrlctlon or primary

‘element it is 'necessar;y to use pressure taps, The location of these pressure-taps

in relation to the primary clement is 'extremely nnpmtant The ‘manufacturer .of

‘the flow meter equipment will give exact instructions us (4 the 1nstalht10n of the |

primary,element and the exact measurement to be used | rom the prlm(u v olvmcnt
to the taps, The method of 1nst'llilng these taps: is. (llso lmport 1nt if good I(‘hllll&;
are to be ol)tdmod ' S ‘

The tap holes should bv drilled mdmlly to thv mpo and at thc exact location *
" specified by the instrument manufacturer, For gas applications, taps should be

located on the top of the pipe; for liquid or steam, at the side of the pipe.. Under
no conditions should they be located at the bottom of the pipe due to the possibility
of dirt, mill seale, or othey deposits,  After drilling remove all burrs and round
all v(lgc inside the pipe, When installing the tap, do not allow it to project into
the pipe as this will interfere with the flow pattern and (.nusv Crrors in_reg u(l t()
the pr essur ¢ differential being determined,

Fig. 11 shows the arrangement of an orifice plate with pressure t'lps
while Fig, 12 lllustl ates the pressure variations pl oduce wl l)v flow through a
orifice plate, . . T S .o

-~ a >

Note that, in rcfv rence to Fig, 12, the lowest pressure occeurs at the
point where the fluid "h3g the smallest cross-gectional area and this point is called
the vena contracta, It is located a short distance downstream from the orifice

plate and from this point l\hn pressure begins to inerease again,

(P F 121 =)

[T
i




- High Pressure —

\' N 3 : : . s
. s _ _

)

TR

2 Flow —— | B | n /
Sharp Edge -~ Bevel g , X | /
AN WS S

. » ',“
F ™~ [,ow Pressure : /

Orifice Plate with Pressure Taps

Ig, 11
/ g.

' ' /

NVMENA CONTRAC T

(<)

0.2} -- i - - -

Pressure Variations through Orifice Plate '

‘.-.’ 2 .‘. “l‘

CHANGE N STATIC PRESSURE
. ° .
o
i
I
{

PERRE L3 D IV I I )

S uEsieony MALBLE

N




¢

- S e / " 10 -
L .
Two other types of flow measuring constrictions, the flow nozzle and the
venturi tube are shown in I'igs, 13 and 14 respectively,
(\‘ - . . .
- | | | /
= et [y ! o b | J
s = . ’
U flow nozsle
. Flow Tube Assembly
!
’ / ' '
Flow Nozzle
| Fig, 13 . | '
//\J - ] X - 7 . .
| ) . ] ’ . . ’ '\\
' - L ' ‘ : ~ 7 \
© HIGH ¢ LOW . , : o
PRESSURE - PRESSURE _
[ rmesem (
" . » I ; T [ e 15 T v . *
A - - 720 v SR |
. 'L\ ! I : - . % .‘ . . \
) e LN , J _ o _ 3 uJ :
, N MAIN SECTION® o : i S :
I . IR e e . .
/ S ﬂ" -
h Venturi Tube B P
- | ' S Fig, 14
The flow nozzle is much more expensive than the orifice plate and is more
: difficult to install, However, it requires lgss of a straight pr’pc run before and
after it thary does the orifice plate and in additign produces lgss permancent pres-
sure drop, S ' , ' )
' The venturi tube also p}‘oducus less permanent pressure’ drop than does
the orifice plate and it has a smoother flow as well, FFurthermore, it will handle
' 60 more flow with the same pipe size and the sany pressure difference than
will the orifice plate, However, the venturi is heavy and bulky and very expensive, .
- (RE1-2-11-10) . C : SRR
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1, LEy EL MEASUREMENT

- .
RN
Level measurements required in power planty operation include boiler water
level, condenser hot'well level, fuel tank level, storage water tank level, ete, =~ !

A commonly used device which indicates visually the level in g tank or |
vessel is the gage glass, Another visual indicator is the float-weight device
which uses a float attached to. a weight by means of cables and pulleys, The float.
is positioned within the tank while the weight hangs outside adjacent to a scale
which is marked with units of level, Still another method of indicating level is to
blow air at a given point below the surface of the liquid and then measure the
pressure of the air balanced by the head of liquid, |

To provide indication of level that \C(m be used to generate.a signal for
control systems, other methods are used sudth as the float cage or, more usyally, -
some form of differcntial pressure gage such ag a float manometer, '

-

Float Cage Units T N

| In this type, the float cage or float chamber is mounted on the outside of
the-pressure vessel and is connected at the bottom to the liquid space of the ves-
sel and at the top to the vapor space of the vessel, As a ‘rc@;ult, the float within
' : : : the cage will rise and fall © —_
with the liquid level in the
vehsel and this movement
can be used to operate a0
valve or to vary a control )

y signal, \ -
A e~ , | \
" {ﬂ’ o Y Fig, 1D shows the o
: l'[;} ' L “*l <y i arrangement of a ll(i:‘rc};u__—
T’ g : unit which opcérates wTevel
(en . 3 ” . ;"'. ‘ - TFloat Cage Unit ' valve, | ‘
ST i; ;[:&11 ' ‘ ”1‘1&“—]*) - Note that with this
J] L - _ type, the float cage is
¢ f?‘, ..',‘J; A : under the same pt'('surc s
I N ‘i’ : ' that exists in the vessel,
"fi’(v‘\‘l';"ll o therefore, some type of a -
8

seal must be y@ed at the
point where the float arm .
extends from the I'[O:lt ‘
cage,

e

(PE1-2-11-11)
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. o Cld/i(f?crential Pressure _Gage,_ ' k : . (

a

In this type, a mercury manometer, such as that shown in Fig,” 16, is con-
‘ncqted to the pressure vessel, The top connection from the vessel has'a reservoir !
which maintains a constant head in the high pressure line of the manometer. The
lower conneetion from the vessel has a varying head due to the rise and fall of
the level in thefvessel and this varying head igpapplied to the low pressure side of
the manometer, This varying head will cause a rise and fall in the mercury level
" in the manometer and thus cause movement of the float. This movement is then
used to vary a control signal, o '

|
|
|
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T . . 1
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-, Fig. 17 shows the arrangement applied to a steam boiler,

S
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Fig, 17 S

In addition to the above methods, steam bhoilers fregquently use thermo-

hydraulic and thermo-cexpansion devices tg provide level control signals and

these latter devices will be discussed under-the heading of feedwater control,

.
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' b CONTROLLERS, TRANSMITTERS, ACTUATORS ' ' S
. . “‘\.‘ .
‘ - The basic components of 1 control system can generally be consgidered as

A

the controller, the transmitter and the wctuator,

The controller is cquipped with a sensing device which recognizes changes
‘ 18 . .
in the controlled-variable such as steam pressure, steam flow, temperature, cte,
The controller responds to these changes by sending out varying pneumatic or

clecetrie-clectronic output signals, These varying output signals are then res- v
ponded to by actuators or p()bltlon(‘l which cause movement of valves, dampers,
cte, - . : _ - -

BERR | .. " ) ' '

o : .

_ In many c¢ases, a transmitter is used to sense the changes in steam pres-
sure, c¢te,, rather than the controller, This transmitter then converts these
changes ‘into varying signals, cither pneumatic or clectric-electronic and trang-

- mits thege signals to the controller ‘which is usually located some distance away,
In this case the controller would not be equipped with a sensing device as the
sensing is being done by the transmitter, The transmitter r signal is also used to
operate indicating and recording mbtmm(\nts, normally located in a central con=
trol raom, which then show (‘hlngm in the value of the steam pressure or other

s hJ
\ umtmllc(l variable,
_ Wig. 18 shows a simple pressure
‘. - control system where changes in the pres-
’ CINTHAL sure within the pipe is sensed by a trans-
CONTROI _ »--—~§ 5_“, mitter, The transmitter sign: \l is sent to
ROOM : A
e ﬁ‘ a controller and also to an indicator and
: «} LROM reconder Jocated in the control room, The
—1 OTHER ) . L
177 toors controtler, which is located adjacent to
¢ o Cthe control valve, causes the actuator to
’ ’y ‘
- operate the valve in accordance to the
' e pressure’ changes within the pipe,
A _ o . : .
- - .
FOINDICATOR & BECORDER,
. CONTHROLLER
| THANSGNMITTEN ‘
A ACTUATOR .
.
11 N ’
) ’,
) , .
Simple Control Arrangement
o ’ .
Fig, 1% ~
»
v v
(PE172-11-14) i . ‘
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A system which is used more often than that in Fig, 18 is shown in Iig, 19,

.

L B s ) L}

- \
[ 39
CENTRAL
CONTROL : ‘ : '
ROOM : L, . , _ \‘
TO AND : n
[\ FROM B ‘
L JOTHER ¢ , '
LOOPS S . .
. Central Control Arrangement
Fig, 19 ,
' ¢
C - INDICATOR, CONTROLLER
& RECORDER . _
T TRANSMITTER By
A - ACTUATOR
iy : .
a\ .-
v

In the system in Fig, 19 the controller, indicator and recorder are all
located in a@eentral control room where they receive the transmitter signals, The
controller in turn sends a signal to the actuator to operate the valve in accordance
to pressure changes in the pipe, :

With this method, the operator is able to make adjustments to the control-
ler without leaving the control room, Anothu\r advantage is that the eontroller is
located in a clean environment where ambient temperatures and vibration are not '
extreme, - :

As mentioned previously, the control signals or tmpulges may be pneu-
imatic or they may he electrical or cleotronice, The advantage of one system over
the other depends upon the application requirement,  The pneumatie signal is
much slower than the clectrical-clectronic signal and for long distances the trans-
mission speed miy be very important, -

'} ’ '
] ..' . . .

The first cost of a bneumatic system, however, i8 much less than an
electronie system, ‘The power output from a pneumatic controller is sufficient to
tTil‘('('.tly drive an actuator while the output from an eleetronie controller is a con-
trol sipgnal only and therefore the actuator must havea separate power source b
which may be pneumatic, vleetrieal or electrie hydraulie, -

\ ' I 3 ’

-

Jo ' (D1 121 ] o L)
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1, CONTROLLERS S o (‘

On-Off Controller

* . y
‘ .
A simple sketch of the most basic of controllers appears in Iig, 20,

20100 kPa
' Cantroller
Qutput

L

. No2zie

Amplitier
' >

140 kPa Alr . .
" Supply

DEPT—
N fastriction

Input Error Motlon

L g

On-~Off (?ontro_llm'.

*Fig. 20 , o : (
. ot ) .

- The unit shown in Fig, 20 is a pneumatic type and is known as an on-off
controller, The sensing device which is not shown in the sketch, provides tHe
input.error -motion which, daepending upon whether the value of the mczlsurv(l;
variable is above or below the set point, will cause the flapper to be either held
against the nozzle or away from it, If the flapper is held against the nozzle then
the output from the controller {ill be at a m;lximum,-“ Conversely, if the flapper
is held away from the nozzle, then the output from thé controller will be at a
minimum, ’

Proportional Controller g

The on=ofl controller sketehed in Fig. 20 ondy recopnized whether the meas -
ured variable was above or bhelow the set point and therefore it controlled by .

means of an on-oft evele, To eliminate this cveling a proportional controller,. ‘

LY

such as that sketehed in Fig, 21, can be used, N

The proportional controller not only recopnizes whether the measured’

' g ' . ' )

vitriable i above or below ‘the set point, but it also takes into account the amount '
that the measured variable is above or below the set point, ]

o

5 . ’ . | N
| y N | C
Thr -2 11 1 : ‘ ,
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AN | . ' Proportional Controller
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Referring to Fig, 21, the controller sensing device, not shown in the _
sketeh, produces the input error motion in cither direction according to whether |
the mcasurc(l'varh‘lblc is above or below the set point, For example, if the
measured variable is pressure then the sensing-device could be a Bourdon tube
( and on an increqse in pressure the Bourdon tube will move'the flapper toward

“the nozzle, This will cause an increase in controller output pressure, At the
same time this increased output will act within the negative feedback bellows
which will expand and re-position the flapper in a direction opposite to the
original motion, The resulting effeet of this is that for every value of the meas-
ured variable there is one and-only one clearance hetween flapper and nozzle and

. only one controller output pressute, : '
)

Py

. -1 . ‘~
or "gain

The term ' proportional pain "is used to denote the ratio of
the change in controller output to the change in the measured variable, To 7
illustrate, if the measured or controlled variable changes in the amount of 1009

' cofits range and this causes a 100 change in the controller output, then the gain

“is 100 or 1, Ha 50% cehange in the controlled variable cauges a0 1007
100 _ ' " change in controller ()litl)tll then the gain is 100 -~ "2,
A limitation of o proportional controller is that it cannot entirely eliminate .
v , crror and return the variable to the set point, There will always be a difference
between the new corrected value of the variable and the sct point and this difference

is known as "offset ",
. ¢ \,
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This offset and the effect of gain upon the offset is shown in Fig, 22, (

e e il et m—— e e ke e e e s

Load (Steam Flow) Proportional Gain - 1 o ‘

——— i e oy S o s S G o G o - — — — M o -
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s..___/-\ Fuel-Valve Position

Time ———
"y \ ’
. .. ‘\ L “
-:..v’. , . . . T Load (Steam Flow) Proportsohal Gawnn - 2
i ‘ R
o oo T T o
,~" e I Y
W Pressure |
: ______/\/\/W 'Euet-Valve Position
: - : Time . . . . '
\\ | ' ' ' Controller Offget - | ' " (
. G : Fig, 22
I i ; '
It caf be seen by comparing the two graphs in Fig, 22 that increasing the,
b pain of the controller will reduce the offset but will not climinate it, If tho\guih
\ ' {s increased tgo much in an effort to further rcdu?v the offset then oscillation or
~ hunting of the system will occur, :
i : ‘
) "-\Il’mw)r!ion_ul Plus Integral (Reset) Controller - ) ,,/ ‘ S .
/ \ 7. _
v ‘ The offset Of the svstem ¢in be eliminated by the addition of the integral '
f or reset device to the proportionhal controller, This integral device causes the
" h proportional action of the controller to repeat itself until the controlled variable
. | returns to its set point, In other words the integral or reset device keeps in- \
f _creasing the controller output until the variable is at the set point onge again, .
/ ' ~ .
l - ' *
L S A proportional plus reset controller is shown schematically in Mg, 23, s
o " ' )
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The controller in Fig. 23 is in effeet a proportional controller to which has
been added an adfustable restriction and a positive feedback bellow8.  ‘The positive
" feedback bellows provides the reset dction Whll(‘ the negative feedbacek bellows
provides the proportional action. :
The, operation of the controller is as follows: When the varigble is at the set ‘

. _ . * »
point the pressure in both bellows is the same, say 356 kPa. If thy variable in- S
creases-iabove the set point the controller sensor, not shown, will move the flapper e
toward the nozzle. The contraller output will mcx ciase to say 12 KPa and this pn“" ,";‘4'
sure will also exist in the negative hellows and will for a @hort time exceed that in. L
the positive bellows. However, due to the air passing through the restgiction, the Lo

Ry
pressure in the positive or reset bellows will also inercasce and the flapper will b ooy
moved Ltow; n(I the nozzle apgain causing a further increase in controller otput, AT Z";, .;':;;' .i”!
sav 05 kPa. This further increase will peturn the variable to. the set point ,mol tl)v ' ’;:, et
flapper will mob e away from the nozzle once again which will redue ¢ thi gunkr 911!’1 o '
output to say I8 KPa .ln(l the vaniable will he maintained at the m't r)(um.--. R

’ R
\ R e,

O
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I'he! levv operation is 'shnwn praphically an Fig. 241 whoto <l’b l'» lb« »4( pmm
and PVis the process variable, say steam pressure. L R
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' . 55 kPa
48 kPa .
— — == 42 kPa M _
' S Outpgt 35 kPa - p
' - PV '
Sp o o
Time
* - - Proportional Plus Reset Aetion ,
: Fig, 24 ,
’ " The same situation t& shown in Fig, 256 imrefermcc to bmler load boiler
pl‘LbbUI‘O and fuel valve opening, :
\'y . ‘ . | i -
NG .
.,"‘,-‘ . ‘e o v . L.oad I
| .° | "'.' Q:f ,".'h.'ﬁ'.’ ’ o I' . ¢ Set Tol_nt -

‘ 1n m'my “’“" tho vari '\hl(‘ will uwmasv ,pr‘ chrv wse from the set point
:xvh-dr mqtahci‘ if all load is suddenly lost

orv r‘tpidly and at an incx'c sfng T
pr e%ur;(‘ Wl“ m{:rvnw_ 1l)ovc tho set point

trom‘ a boiler. th( n the v 'umbl(' st
g .1pi(lly pnd ptaan increasing rate, When thisg hafpens the
 output must be inereased oven lut thér thau"tl/(at achigved by the propor hun ] and
This further inerease, is pmvulvdu lor hy (l( l'iV(lth(‘ (ru’ﬂ) action,

fuel valve controller

reset -action, .

Y . : i
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‘shown in Fig, 26,

“Hlapper.

Cderiy ative or rate restefet
output,
negative feadbiick bellows repositions the flapper givlng proportional action,

set action by the positive tuvdh.lck l)cllm\s t4 further. (lclavcd l)\ ‘the l(fwl or
integr 11 ivxln(tmn PR

_‘_21—“1 T

. v,
'\_ \-.4,"/.

.
ety ' !

Derivative or rate action: is a modc of control that prov1des an output from

’the controller that is proportional to thc rate~of change of the devhtion from the

set pomt

.

To add derivative a(‘,.tion"fova'proportioﬁal'blu';,":'reset controller it is
‘necessary only to add a- restriction in the air line to ‘the feedback bellows-as

LY
: T §
v L

FE

R Integral '=' |
;SE.«—-—“ Adjustment N

L2 | oerivaive:

. +

S Pos. \) L
o < 7 Feedback / Controller: :
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: N dnput Error o 1
s, %+ .4 - iMotion C ' Air s
I RS t\ ram——b " Supply
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. P‘fﬁ*:io,n .

" Proportional Plus Resct Rlusi‘,Dg’rigvz_lt.i_v'.c Controller
S Fig, 26 .

. K
. . .
deov s . :

Referving to Fig, 26 when the. wlriul)l'c"(lcvi'ltvs from the set point the
is moved by the. \ontroll(-x sensot, not shown, toward the nozzle, The
: ,t—.]qn c.ms('s A time delay in the action of the negative

teedbagk bellows \\’hl(‘h .1llows for an lmm(-(h ate andlarge increasc-in controller

lh(‘nr.ls the muput Pressure soops through the rate restriction, the

Re-

v

N »
[ - o

The mml rc.sult of a pl‘()p()l‘tlon'll plm. r(,bct plus rate eontroller is g

quic k(‘I re tmn to the set pomt hecause the controller output causes the hn 1l con-
trol ¢lement, .

such as a fuel valve, to. move- further in the required divection thin

if only pmpmhoml plus x(',n.('t (l('tl()h was used 'm(I this

is illustr .l.l(,‘(l lw_th_v praph
in Fig, "’r ) ‘ T - : : |
. . ' -
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2. TRANSMITTERS

- The transmitter is a device which measures the controlled variable and
converts this measurement into a standard transmission signal such as 20 to

100 kPi pneumatic or 4 to 20 midliamps clectrical . "l‘hip' signal is then sent to_

S 4 e e - e

wcontroller as well as to recording and indicating instruments..

4

L} :
Pressure Transmitters : - o C

N

. « L : :
The sensor, gr measuring clement, of most pressure transmitters is some
tvpe of hellows, Bourdon tube or diaphragm and the basic mechanism of a
pheumatic pressure transmitter is the flapper = nozzle assémbly.,

.. ‘ , ' .
A pneumatic pressure transmitter is shown schematically in Fig. 28.

4

LA
In the transmitter in Fig. 28 when changes in the measured pressure occur
the measuring bellows will move the flapper increlation to the nozzle. This wil

change the output pressufe or signal from the transmitter. The feedback bello 5,
which is acted upon by the output pressure,.eepositions the flapper and in this wiay .

the outputtis kept in"proportion to the meéasured '\/:il‘i:il.)lc.
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The electronic pressure transmitter in Fig, 29 consists of a- movable _
beam, detector, oscillator, magnet unit and Bourdon tube-sensor. If the pressure
being measured is at a minimum then the gap between the beam and the detector

.coil will also be at a minimum, As a result the inductive reactance’ in the detector

coil will be at a maximum and therefore the output from the oscillator will be at
a minimum value (4 ma ). When the measured pressure increases, the Bourdon

- tube will move the beam away from the detector coil thug reducing the inductive

reactance and increasing the transmitter output, This output current passes
through the magnet unit which exerts an upward force upon the beam that opposes
the force of the Bourdon tube, This magnet unit can be compared tb the. feedback
bellows in the pneumatic transmitter in Fig, 28,

o
@

The zero spring and span adjustment are used for calibrating purposes..

‘When'the value of the controlled variable is at minimum the zero spring adjust- .

ment is used to adjust the detector gap so that the transmitter output is also at
minimum, As the controlled variable varies over a desired range, the trang- -
mitter output varies from minimum to maximum due to the span adjustment,

v
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: Fig. 30 shows a schematic'sketch of a pneumatic level transmitter which

uses a float to move the flapper as the level varies, This changes the transmittex"

v { .

'

-d‘iltput" and 'the‘fced.back bellows repositions the flapper to keep the output propor-

| tional,

low Transmitter

~

The pneumatic flow _t.ransmitter'shuwri in Fig, 31 uses an orifice plate to

‘

x._/

¥

B bt

R

.

A

/

produceé a pressure drop which varies with flow and a bellows type sensor to

measure the pressure drop,

&
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- Supply
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Fig, 3

P’u'um:_lti(' Flow Transmitter

1

The bellows moves the flapper in relation to the nozzle thus varying the

transmitter output, The feedback bellows maintains the proportional action,

©v
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POWER
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Pneumatic Temperature Transmitter

Fig, 32

I"ig., 32 {s a schematic diagram of a pneumaatic temperature tranemitter,
The thermometer bulb causes a varying pressure within the Bourdon tube as the
\ temperature changes, “The Bourdon tube moves the flapper in relation to the
nozzle and the output is maintained in proportion by the feedback bellows,

3. ACTUATORS : ‘- , - :
' Pa - .
L Adtuators arce the deviees which receive the output signals fr()m the con- ’
| o trollers and convert these control signals t(hlcchamcal motfon m order to
\ _ operate valves, almpc rs, ete,” . -
\

Actuators may be classified :IC(rordinfg to the type of signal they receive-
pneumaticor eleetrie,  They may also be ¢lassified according to the mothod used
to convert te mechanical motion and this method of conversion imay b either
pneumatic or some form of cleetrje-system . A further classificatioh of actuators
'b - ‘has to do with the type of meehanical motion which they produce, rotary or linem

“e
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CE

duces a linear motion to operate a valve,

Ahquessurk

: . , Connection % .

N ; Diaphragm
~ N ” N Diaphragm '
S - Plate =
Diaphragm | m#———— Spring .
-Actuator ol . '
: " ——— Yoke Y
Adjustmg \‘ ’
Screw - o
Position N .
Indicator RS
N Stem i "
o Carbon steel or ~ . "
Chrome-moly "~ 'Chrome-moly ends
Steel Body Welding or Flanged A Y
o — i t‘i‘.
- Ll
+ Brgech Aj/
"Block __— .
Closure
. Diaphragm Actuatir
. _ ) . v
Fig, 33 ) " .
Fig, 33 shows a pneumatically operated diapigragm actuator which pro-

In operation, this dctuator

receives o

an aiy pressure signal from a controller through the air pressure connection

above the diaphragm.

Usually theé air blgn.ll ranges in value from 20 to 190 kPa

~depending upon this. value,

amount, In moving downward,

returns the diaphragm when the signal pr PESUTE reduces,

The adjusding serew

i allows for sctting of-the spring compression and it is usually adjustedl so.that the
valve stem. )?ml starts to move when the signal pressure is at the nnninmm of

»
20 KPa. o

. , ®

&

ever, due to valve stem frietion or process variations, the
may tend to ddyiate.-from that desired,

~used in conjunction with the actuator,

. - G
hl
A
. '
»
. '
‘ 4 N .
. L]
.
.
d . v
. . . .
) ‘ »
’ . -
(D4 5 o .
»
‘ Y .
: . ¢ N RS Y
Iy . 8) L]
. ﬁ‘
. ¢

Normilly the |)()slt1()n of the valve depends upon the u)ntml u.wn il

How-
pomlmn of the valver

I this is the case, a positioner is p.su.ull_v

(-

pull 27

L]

LY

AN

[N

‘the actuator diaphragm will move the valve a cgrtain - = - \
the diaphr agm. \\m ks against a spring whict
.




B -+ pressures and using a higher pressure air supply to movp the actuator according-
e to variations in the control signal, “
A schematic arrangement of a-positioner appe: qu in IFig, 3

. : . _ y 140 k Pa ,
. : o . . )
. l alr supply
< ) . -
ey N
. - restriction —— o I -» ‘ : ‘ : .
. . J . l. ' * .
N LN ! &
: Yoo — diaphragm
B . . A . . > i - ;
. . . . A
. % i : o ,
’ A3 ' . /
. : : . Lo : ' : . 1 T
N ) _ ’ : N N ®
) ‘ . ) /vnlw, stem
. . ‘ _ , 5 nozzle o .
o } » _ 1 : :
/ v flapper \ o
. . (
. . . 1 = :
' ﬂf’““‘" Positioner Arrangement ,
", signal . ; - : , )
- .. . I.‘i ’_. :;.] 3 \
e W |th this arr angement the dontrol signal is .npplw(l to a lelmw which
p()sltmm a fl \pper in relation to 1 n()//lv An increasce in control signal pres-
sure will move the fl; ipper eloser to the nozzle o wsing the nozzle pressure Yo
- increase and downwarvd-movement of the valve stem results,  As the valve stem
) ' .

e*moves downward the Mapper is moved away trom the nozzle piving prbpm'ti()n:\l .
-, action and stabilizing the valve movement, 1f valve stem movement is. prevented
due to Iriction'or other cause, the nozzle [)l(‘hhll[(' will ('onlinuv to increase

until the, nwi&tinp foree is ‘overcome, - Y. N

o - A
A , . . .

. A schematie diagram of ay vl('( tu)hy(ll 'rulw positioner-attuator '\pp(-'n' s

in Fig, 35, In this type the control signal is electrie and the mechanienl move -
nmm% is hncar and is produced by hydraulic action on a piston,

*
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Referring to Fig, 35, the clectric motor runs continuously drivim!,"fhe oil

pump which produces a high pressure flow of o0il through the nozzles Ny and No,

The control signal is applied to a force coll and on an increase of signal the coil
will move within the core surrgunding it, This moves the beam and restricts
nozzle N, causing a build up 0\‘ preasure above the piston, As the piston moves

down, the feedback cam allows the beam to be repositionod,” If the signal deereases,,

noz2le Ng will be restrigted and the piston will movetupwardly, "l‘he)novcment
of the piston rod can befused to position a 4alve, damper ete, N

FEEDWATER CONTROL SYSTEMS .

! Most shop-agsembled boilers in the lower capacity range and the lower
operating pressure phnge are 'c‘qu‘ipbed with ‘self-contained feedwater systems of
thé thermo-hydrauli¢ or t ‘I_'mo-bxpansion types. For higher capacity boilers:

- and those operating ﬁ:t"hiﬁr préssures, a pneymatic or clectrically operated
feedwater control sy%{cm is used, These may He single, two, or threc element

_types, ®
oA

\ o

This system consists essentially of a feedwater regulating valye which is
actuated by a generator, The gencwgtor consists of two tubes, one _wi’thin the
othery ‘The éhds of the inner tube are connected to the steam and water spaces
of tluﬁdoilvr thus the level of water in thé inner tube'will'be the same as the
boiler drum level, The oute¥ tube is connected at tl.l(' hottom to a bellows on

Cthe feedwater repulating valve ®

w
s

Thermo-hydraulie Repulator

To put the roepulator into.operation 4he outer tube anl the bhellows g lilled
with water and sealed off,  In operation the heat front the steam gn the upper por-
v—Llion of the inner tube causes the surrounding, water in the outer tulu/l() flash to .
steam, foreing water down into the bellows until the water levels in the inner and
outer tubes arve equal,  This will cause the bellows to expand and open fhiesfecd-
water valve in diveet proportion to the water level in the generator, \ '

-

If the water level in the boiler and therefore, in theednner tube risgs, some

ol the steam in the outer tube will condense which will deerease the pressure in
the bellows,  As.a result the feedwater valve will ¢loge in proportion,

[
. .
Fig, 36 shows the arrangement of the thermo-hydraulic .l'egmlzltm', -
. N ] ” . -

(B 121 1-30) :
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)
. “Thermo-expansion Regulator . . .
”~ B ) T . . * , ’

f This regulator consists esgsentially.of gttulw mounted on a rigid beam, The
y tube is connected to the steam and water spaces of the boiler, the wiiter level in
o the tube thus varying with the water level in the boiler, : ‘

Upon a drop of water level in the boiler, the water will also drop in the
tube thus exposing morcewofits length to high temperature steam, ‘This ¢auses the
tube to lengthen due to expansion and this movement is transmitted by a linkage

N to w#feedwater regulating valve causing it to open, When the water level increases,
» T the tube will ¢ontract duelto the effect of the comparatively cool wateX,
o, . . .
movement will tend to eloge the regulating valve.,.
“ . :
L
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Referring to the single eld®ent control in Fig, 37, the drum fevel trang- -
“mitter sends o sipgnal to the controller which applies proportionad-blus-integral " -
action according to the differ ence hetween the drum level signal and the st point '
and thus the ﬂ.ltlm of the feedivater valve is ch mged, LI v '
- ‘l'his l_VI)(‘ of control will maintain a (.‘()llﬂl.:ll_\t drum level for slow load .

chanpes but during miove rapid changes it will not compensate for swell or .

shrinkage,  Load increases.create swell which eauses the single element control

to seesan inereased drum water Idel, Thiz results in the control reducing feed- : .
waler tlonwsw hen, in‘»-.lo:nl, an inerceased tlow is required beeause of the incrensed

steam flgw trom the boiler,  Cageersely, load deereases cause shrinkage so the

control will see o low (hmn level and will admit large amourits of water into the

boiler \\hl(h arce not required due to decre ased steam (Tow,

v

. : B * . - .
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Aruitoxt provided by Eic: .
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Two Element Feedwater Control

]

v - .

Orum level
transmitter

Set
point

Drum lavel,
- controlier

proporl‘I()nab

Integrae

Summing
o ampjgfler 4 .
cohtrol -

. .t JTo poller

'r-eodwalm
P

| SteariMow 1
transmitter

Steam fiow .
flow controller $

valve -

q
-f—i—— | eedwaler '3
from pump

.
A] ¢

The two element ¢ontrol in Fig,

ables, steam flow.and drum level, The steam flow liwnsurvmcnt‘ maintains feed-
water tlow proportional to éteam flo Cand the drum Jevel ln(}:;mnx'onwnl corrects
for any imbalance betwécen watér input and steam output, In this wny,hth(' control
¢ap make the nmn’;s.«'@:n‘y adjustments to cope \:‘ith thé swell and shrinkage charac-

teristics of the boiler, .

Three- Element Feedwater Control

) R y ) _' . ' -
The three element control in l"ié-, 39 incorporatés steam flow measure- -

] 1
g, 38 7

' Two Element Cordtrol )

ot .t
38 measures and responds to

‘ '

R

' 3
ty

VO VATl

. a

. ment, feedwater flow meagurément, and drum level measurement, The steam

flow measuremept |)1‘()Vi(l(.‘§ljl sot point for thavsteam flow-witer flow controller,.
,‘._wls‘v(_-(mnvk is p;‘r‘ffo(l by the feedwater flow measurement and feedwater flow is

Cgutehed to steam flow, D Tevel measuremefit keeps the level in the drum

.

' W

friom varving due to flgw meter errors,

’ . \,-, "'

! " Coeel

blowdown, cte, .

‘
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Aruitoxt provided by Eic:
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( C T On=-0Off Control- . -‘ - o .. I . L

1 A -- o ()n-off control sy.stomq, also czlllpd two- poaition systems, are to,und only L,

... onfirctube and small watertube boilers, The main cantrol element is a bellows ",

e« .. operated bWitCh Which is activated by the boiler steam pressure; When: the pres- .

| I a sure (Ixops to a preset " cut-in " value the pressure switch starts up the (.,!r'u‘t : S
- . fans and thc burner, ' When the boiler pressure reaches a preset " (,ut out " v(llue ,

. then thc presaur& bwn;ch shuts down the boiler again . ARl

s ' K R

-

"o, . e

o ‘ ERCRS 'I‘he nmin dib.ldvant'lge ‘of thi system is that the hoiler operation is m-- :
offic ient.plus the fact thaﬁ boiler pr*urc varleb npprcmably bctween the "cut-in " ».

" -+ - and-the " cut-out "' point, .
"." ’\I‘ ','- A i . . A : . o . - . -
el : L : e : _ .
l’(/qjhonnhg Lontrol ' Lo ' ' - o :
| . o F . N . ‘. S L.
" - R . L
) "ln thlb system, as in the pn- off control, st am prcésure is thc measured
' s'u' .lblc ! The master controller responds. to changes in steam pressurd by B
' po.sltlomng (lr.ltt (lampcrb and fuel valve by means of actuators- in or del‘ to méin- .
= e tfud thv fll"l ng wttc in- acc‘()rdance to boiler load, "
e Wt . " . " ‘
o TS - ’
: . Py Iho mos1 mmpl . n‘ angement of positioning control is to have the ny aster S
e e contmllu opet ltmg a )a(,kqhaft Iho jackshaft is linked to the- d.unpu and’ ‘the = 40
' - (' luo] v.ich m(l op "lto thcbc in’ pa allel, .- S R
RO TP __'--‘; -{::7:-,." s S | ! e ~
e e T Apother sim‘plc 1r1"1hgcmvnt is. to have the m.u»,tor controller send 4 v -
e e et signal in par lll('l to the (I nnpm"mtuntor “end. w the fuel valve actu: ltm This » 7 N0
ST ar nu,( ant T I)c lml)l ()vc(l l)v mg(huhng a m.mtl 1l airAuel ratio mlju:stmvnt, -
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Metcring (‘.ontrol'

’

.In the m utvrin;, control systcm t,h(, mnhtcx controller sends sumals to the
fuel valve and draft dampers as was done in the positioning system,
,with métering Lontrol tlfum contraller bignals '1r5 modulated th accord.mcc to
In this way an optimum
fucl/'lir mtio cin be mamt'lined ovcr the: LHUI‘L operating range, - '

actu'xl fuel and air flows ‘which are measured or metered,

‘o
RS

»

block diagram of a.series arrangement is shown in Fig. 41,

llowevcr

‘T'he metering control:system may be arranged in series or parallel, A

. ! - g. . *)‘. N .
g - -.‘ « . 4&— “W
. MASTER AIR FLOW . FUEL FLOW
‘ PRESSURE TRANSMITTER TRANSMLTTER . N
N CONTROLLER i T
' e mo
.‘.- ‘ . Y | . /: -“.
CARFLOW - - I B
l_a- h ’ - . ) N - 'u . ) ‘.
CONTROLLER- ~ . /1 N
g o /\ Lo
v JAIRFUEL ' LT .
T RATIO .
: ACADIUSTMENT b
d B ,.'.\ d \
. | P ) v j e . oy e :
. | o RURL FLOW.
N CONTROLLER'
4’ .. - --'/. . ) 'Y -
; L oo Vo . ”~ .
: ”._ ’ ' ) /'-
: T v ! -
. b oameEre *' FUEL , :
. oos | AcTuaToR VALVE .
NN 'ACTUATOR {&
ktz.}:- Y - | .
| v o . |
. ..ot Metexing Control Series Arrangement ' ‘
N : ) . - i : 4‘ y .
H L s "Ny . - ) «
B T { e
‘\( . ‘a:'uj.-r:‘: : N \ : .
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(' Referring to Fig, 41, on a change in boller predsure the master qontroller

. ~signal will change chusing the airgflow controller to adjust damper position by - ° .
means of the damper actuator, The air flow transmitter will sense the change in
air flow and a feeédback signal will be sent back to the air flow controller,: The
‘same signal will be sent through the air/fuel ratio adjustment to the fuel ﬂow
vontrollcr which will reposition the fuel valve by-means of the fuel valve «\Ltu.ltor
The fuct Tlow transmitter senses the change in fuel flow and a feedback bi;knal ih
sent to the fuel flow controller, The 1mount that the fuel flow changes with a
change in air flow depends upon the air/fuel ratio adjustment. , l s

.
-

"The purallel system of metering control is more commonly used tfman is
'the series system because it offers greater response to load changes since air
and fuel flow corrections are made simultaneously,

<

A block diagram of a simple parallel system‘ appears ’In Fig, 42,

.'l:
d
'i.‘{: .
. :
- Steanm-pressure ~ ‘-f}
: “°"r""?'\;’o’ transmitter/controller :‘"'”“;’:t ' by
rans with setpoint ransmitior ! \4
L}
;
t
L  J oo ) /
’ Y Air ) 3
— Fuael/alr- Air-flow ’ oy
. Fuel ”:’lw ratio 1 controlier N o
controller Fual-tlow adjustment J Alr-fiow -
demand ) demand )
B : , slgnal signal ' d .
Y : : ) A
- uelk flow Alr-flow '
control : control
kirive o drive . o
N - . v .
Metering Control Parallel Arrangement : .

. ’ (, Fig, 42
Referring to Fig, 42, if the steam pressure decreases from ithe set point
* of the'steam pressure transmitter/controller then this controller will transmit
a demind signal to the air flow controller which compares the new air flow re-
quirement with the meter ed feedback signal from the air flow transamitter, The
rvsultnu,- corr v(‘tlvv output signal is sent to the air flow control drive which
opens dampers or increases fan speed until the actual air flow matches the
demand signal, “At the same, time the signal from the steam pressure transmitter/
controller is also being received by the fuel flow controller which compares the
‘ new fuel flow 1(\(;uir(‘mvnt with the metered feedback signal from the fuel flow
/. transmitter. ‘Lhe resulting corrective output signal is sent to the fuel flow control
drive w hich adjusts the fuel v: llw»' untll the actual fuel flow mdtvhcs thv dem: ind

Hip.,n.ll : ot : o , —_— ¢ B \)

\

(“*‘ 0o T (P 121 1-37)
1 ' : L o : :
A ’ . ‘ 7 -y ! , "
AN . _ ) . o _ ._ N
L} : \ .. - . ‘ o '*. » o R 3 . \‘
N .. ' . ' . s’g N ' . | ’\ . “ l ‘ }
T . ) _‘g“ o ™ ' ' ¢ L




- 38 - -

P Combustion Control Arrungements

It is necessary that the amount of comhustion '1i1' be proportioned to the

amount of fuel being burned and this propertioning ¢an be done manually or duto- .~

matically, - The amount of air supplied must be over ‘and above that required for
theorctical perfect combustion in order to assure that sufficient oxygen contacts
all the fuel, - This air is referred to as txcess air and it' must be kept to a mini-
mum otherwigg boiler efficiency will decrease, Conversely if insufficient excess
-air is syppliell then incomplete combustion will result giving lower boiler efficien- *

' ¢y as well as the “formation of combustible products that can present ‘an explosion

,hazard in the boiler furnace and passes. '

N ~

In order to determine the amount of air required for 'Varying boiler loads,
three basic guides ave used fot control systems, These are steam flow-air flow,
fuel flow-air flow, and gas analysis, S ‘

N . 1

1

Stcam Flow - Air Flow - ' L ' oy
As mentioned in the previous section, the proportion-of air to fuel Y
(air/fuel ratio) is extremely. important as far as bm%& efﬁcnency and safety a‘lc
- , concerned, The most dircet way to determine whether the air and the fuel arfe
‘ in the correct amounts would be to measure the fuel flow and the air flow andito -
adjust them when necessary in order to maingéain the correct ratio, . However, (
_ with certain types of fuely such as coal, it is difficalt to measure fuel flow, In
e these cases, the steam flow is measured and is used as an ind'_i('Mion-(if fuel con- .-
. s"\nnpti(m or heat afsorption. The air flow s '1190 measured and is maintained in

a gevtain-ratio.with the steam flow, In thns way 1.1L10 is mdncctlv maintained -
l)({t\\vvn the:air flow and thc fuel llo\\, . :

_ o : . /
B ' /
\ block diagram of a stmm flow - air flow combustion contr ol system is
) shown U" g, 13, ' _ ' , )
’ . . . . ‘ . 4
Control symhols used in Fig, 13 are defined in Table 1, - _ . S
Referring to Fip, <13, upon a change in boiler pressure, the steam pres-
siure transmitter will simultancously signal a change in both fuul flow and air .
flow through the steam proessure chntroller-and boiler master controller,  The
correct aiv/fuel ratio is maintained by the (()mI)ustmn controller Whl(‘h red 01\‘(‘ !
signals from thv sto m flo® tl(msmlttv and the air flow transmitter, | _ -
R I . . . .
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Steam A Steam Furnace
. Pressure  Flow Flow . Dratt .
. - Steam- " [KCombustion Furnace-
Pressure Cantroller Dratt
Error. Air System Error
: . L Set
. ‘ Point .
- | 4
) Steam- ) Furnace-
i 4 Pressure - Ao:ﬂf;?“z Draft
; Controller Controller
~
Borler
Master

Stoker-feed: ° Forced-Dratt- Uptake '

Control Drive Fag, Damper- Oraft
- C%I Drive

- -

Steam Flow - Air Flow Control
(Babcock and Wilcox )

[ - Fig, 43

0 Transmitfer
& Hand-automatic sele_Ctor station
: alog control)
@ Hana-automatic selector station
{analog control)with bias
" ' fv()() Power device (valves, drives, etc.)

Control Symbols

Table 1 |

'

. ' ‘ ) 4
\ A change in the air flow to the furnaceSvill cause a change in furnace
draft aml the furnace draft. controller will change thq uptake draft to maintain the

correct furpace draft,

o -

»

N
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2, " Tuel Flow- - Air Flow , L : ‘ (
. ) ’ ' . . ’ . " ’ ' . ' ! 5’
I ' ) The fuel flow - air flow system can be.,used where it is practicable to . =
L measure the fuel flow to the fyrnace as well as the air flow, These moasure-
. ments can then be used to maintain the correct air/fuel ratio.. ' >
Ilig, 44 is a block diagram of a fuel flow-air flow control system for a .- . .
dual fuel boiler which can burn oil or gas separately or together, . '
v . ) t .
€ .
Steam Ot Gas A v . .
s Pressure  Flow Row  Flow . : 5
; i R . Pt .
. 'f Pressure Error Fuel Flow ,
v ‘ L 4 <3 .
! Pressure %ombusllon
3 - PR : ontroller - p& :
: o LIRN Control . Fuel/ fur i )
Bouer T ] S .
Master Fuel-Flow . . . .
Demand _ .
N SRR ,_,,__I,_ - 1 ' ) .‘,
Fuel-Flow Air-Flow |, . ] bl
Cross Linut Cross Limit| )
~ . - j > St , _
T : A - ‘u..}‘ ey h
v . : Air Flow ‘ : Fuel-Flow . :
. . : Error Error
. SRLLLL _toor \ ‘ .
. ,___-I L~ vﬁulw - Steam Odl v (
Air-tlow Fuel Flow | Pressure :
Control Py Control J Ditterential, AP
[_Lontro . .
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NN NN o
' torced Dralt § o Ol Comtrol  Gas Contral  Abom g,y ’v..un :
Damper Control Drnve Yatve Valve Valve
- Fuel Flow = Air Flow Control . , '
A (Babcocek and Wilcox) ‘ . -
. - * l"il"*__.,u
%
In the system in Fig, &T‘, the fuel and air tHlows are controlled according ot
to changes in boiler steam pressure, ‘The steam pressure transmitter signals '
I . : . . o . 9 .
through the hoiler master to both the forced deaft fan control and to the tuel con-
- trol valves, The fuel flow is then readjustéd to mgintain correct air/fuel ratio .
by the fuel/air controller, ' ST : ' L \ .
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3. Gas Apalysis »

+

Gas“analyzers

*an be used to maintain correct air-fuel ratios,

MR A A At A A A i A L A B AL A A A A A A AL LA et el S et L A A kel A

I'lue gas

Sumplm arg ('dntmuou.sly,umly/cd and indic: ltu)nb are made of the amounts ot « = '
©oXxygen .lml combustibles prvs«vnt in the flue gas, vFhe Jbercentage ot/oxv;,('n in thc

fluv

ras velates to the air ‘fefel ratio and a sign.ll fre-)m the analyzer can be used . -

for control, purposes in d(l]Uhtlng the air flow to ‘the furnace,
*

. Nt

A block diagram 1llustrntmg a hystcm of combustion control using a Bils

; opo ) . - ,

. analyzer appears in Fig, 45, .
) v . [ ' \ ' e
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The system in Fig, 45 is for a cyclone furnace fi%qd boiler, On a change (\
“in firing rate demand due to a change th boiler pressure, a signal change is sent
to the coal feeder speed control and to the cyolonq alr damper, The air flow is ~
~readjusted to maintain the correct alr/fuel ratio by,a signal from the flue gas ) .
* oxygen analyzer, ., ‘ . ‘ o ¥
. . ' ’ ' .'tl’ . .
: ' A new concept for a combustion control guide is megawatt generation-air.
- flow, The megawatts genc,rated represent a direet index of heat input to the unit -
v and this system is morg accurate than the steam flow-air flow system as the .
/ rehtmnship of steam flow to heat input can be affected by ¢hanges to feedwater or 4
" steam tempcratutjc. This is because a variation of cither temperature necessi=
tates more or-less transfer of heat to each pound of stgam, The megawatt gener-
ation-air flow method is now being applied in new boiler instrumentation and con~

~ - oy

L trol systems for steanm electric generating plants, - .
.. . . ‘ ‘J ' '
o ' L ' ' 1
STEAM TEMPERATURE CONTROL
) . N
) In the case of steam generators which produce superheated steam, it is ‘
necessary to maintain the temperature of the superheated steam at a constant
value, The following reasons make this particudarly lmport(mt when superheated

¢ R

¢

. -
L}

steam u) used to drive a turbine,” S ( .
°

1. lurlnnvs are designed to operate most cthcicntly under. set’
¢ ()n(hti()nb of temperature’ . N .

2 Steam temper '.1tuxsc'ch"1'n;rvs will canse (hH( rentictl expynsion .
: or contraction between thv turbine rotor .m(l the turbine ¢ mmp

' 3. Fxcessive rise in steam temperature will cause weakening, of
metals used in both the superheater and the turbine, ¢’ N

! . . . k\ . i . -
1, Fxcessive drop in steam temperature will result in condengation.
. . . . , ¢
taking plhce in the turbine low pressure Hl:l}"(‘h‘ with subsequent

— bhlade croston and loss of efficienty,
> .bi“ - e e v
\. A

'f‘phv matn prnl)lvu?in steam temperature control is to maintain the same

» final steam temperature dt both high and low loads, JOne or more of the follow-
- ing, methods may be used to achieve this control, | \ I
»
- 1, Desuperheating” 1, Gad bypass : - PR
o 2, Attemperation 5, Twin lurnace e
v RAET 3. Uas recirculation ~ 6, Tilting, burners . '
: . These methods were all d(‘\sc&'il)(wl in Lecture 3, Section '2‘. '
) . ‘ : . . . ’ X . : | ®
. ‘ P
‘ CPEL=2-1112) - . . ‘
. . S . .
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_ : ( Beeause of the thermal inertia in Mrge superheaters, theJ‘ySp‘onsc of
, 0 .
o steam temperature to the controlling mechanism is quite slow, Therefore in
| ' order to anticipate any steam temperature chianges, the combustion air flow or
| : . . s Y
o the steam flow is measured and a signal transmitted which gowerns the-initial .
| adjustment of the control, The findl adjustment is by final steam temperature, )
This arrangement is known as a two element control, the two elements being air
or stegm flow and final steam temperature, ‘ .
w ) ) \
. An tmprovement on the faregoing system is the three element gontrol
which can be used wi_th}sprny attemperators, VFig, 46 illustrates the arrange-
. ment, . ' . ’
! . ‘ (1) Manually Operated Shutalt Valves
- 0 . -
.o ' Steam Sampling Connechons - . N
' N : (2)steam impling, Connechon ‘
) LY i N Superheater Superheaters Q) ’ ¢
. Intet Header Intermediate Hv.u}m) : 4 v
. . @ iy WV RSP 35 PR T
. - . Thyl T 1 .
. - 4, c Diffecential R
bttt Stage Preeare
. . s Superheater (.“")','”
. Fcotunyeet 4 ].h(wm.]l " Aﬁ"“"‘l’.' .
. ’ ' - Flemont Lt DY
N Feedwaler — °. < o Check o Noggle s
Control . UY!"'S" N /VJEV“ . " - . .
' . Valve Mottt Valve "—Ih(-un.ll,lF A
, Onbee &IP——«;—SDI i Hlemeal Second ' . '
X - 7 C:é Stage '
. * . A:!t't\\b\:‘lu v — Superheater .
. . NEU e .
( ) .3 (B 1 \",:-Inl tor i:(l\ﬂ.-r bgh loaw lj G et . ;
’ Mve OW L Timp | Femp l_: .
* . , l va v'_‘ '\1(‘“'." Alaren{ Alarm '(‘)\.Lll'r') i ’ :
- . N frmt : /t{ ! () »{\) l Hl-.;qll:r . : ,
C,, ‘ Fee I PAmp ' . D S -
C . “":.\'( r B B Theonal
’ ' . St | \ W4 b tement
Toags - — v
' l_‘i:-_'L.-‘L';A_‘..__l T 5
\ , r' ' ' - Fhyh Temgs Alen - ) oo v ’ !
14 ) ‘. X ’ )
< . 'lln‘-(-(' [':l(‘lnl‘;lll Temperature Control
A qx/ Lo (Babcock and Wilcox) ’ ,
] . ' . . : . %
1 . .
: ’ Fig, 16 3 ' .
. »
’ . In the gystdmin Fip, 16, three sipnils are received by the attemperator
) » . ’ \ .
repulating vnl\n'(- relay, One sipgnal fronsthe fTow moter (steam or amry, one ~
I ', . ' > .
- cignal from the the'rmal element located atter the sttemperator spray nozzle ands
beforeahe second astape superheater, and one sipnal from’the thermal element '
] - N . . * g e eaw
located after the :u-(-;ndos;m;!‘(- superheater (final steam temperature ), The initial
. Af response to temperature changes is provided by the signal fram the ffow meter -
. . . i R
\ andzghe sipnal from the thermal clement loeated just atter the sftamperator spray
nozzle,  Final adjnstment is according to fmal steamstemperature as sipnalled by
. (th(' thermal element located after the second atape superheater,
* . . ‘ Y . r
D . ¥ ] . \
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! o O o First Class .
coL . Segt. 2, Lecet, 11 )

»
~ .
' .

: 1
and (‘()lllde(“t.hc three prmclple primary flow

[. - (a) Sketch, desgribey
olcmcntb Ub(‘(l to ereate differential pre sgure, in a line.

A
" | ' |
. .' .
| (bly Explain thg relutionq;hip bctween flow and (liff.erential pressure.
| - ’ - ‘ *
. 2. ‘bkct(‘h and describe. briefly thc;u‘ rangement of a float manometer uscy ;
for.boiler water lwel indication. , . » o
3. Descrjbe the functions of the following cpntrol .cor'nponcntb- . »
. ) : o ' :
| o - (a) th'e controller o _ N
‘ . X .o . N . o
A . . -~ . o~ ' '
' (b) the transmittery - ' i .
“ ‘ ’ ( » ’
(©) the actuator . ' ‘ o
- - . ' N *
- 4. With the add of simple sketches, define and explain:, -
S . | : ‘ ! N
o s (1) On - off action S '
) ( . - m). proportional action - s
i . . ]
\ e - N * N .
.- . ' (©) integral action - . . R
. ' Td) derivative action . : ' ) ' . v
N _
’ D With ’hc td ot sketches, describe U\w opération Df the S()ll()wmk .
. . ) ) . \ -
(ir) pneumatic transmitter ' | g ’ :
¢ h L
. B . v . N [ ] .
v S (h) cleetronie transmitter ,
e . ] * * . v .
L4 L4 . . -. . » ' -.
6. Kxplin the pu pnsc/nl A4 positioner used.in ('nnlunclun (vxlh an actuator.
. P . R
. ) .
" . ) % bescribe In ic lly the basic arr angement ()l cich uf the: followmk fo mlw e
*  control systéms: : ' _ ) . - '
ingle elemeny s
Fy . 2 Yy Y 3 » ra) . . L4
. _ () single e (,m(n\, / . / S
-0 . (h) tWo clement ‘ )
. . / {
' : . o
. y : (©) three element. . ) ,
! ’ ,Q \ » /" . ot
! /- .
. \ . /. (Continued)
(' ™ ‘, : ’ i A ’ . 4
o " { o ’ (Phd 2=11 Q)
. R . ! " ' )
[ . * ‘ ag .
o . “ ‘ [] . N » ’
o ( o E4
. ¢ , J,.‘) .
. B " . ] b § -
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¥, Describe gené_’rally the following combustion control systems:

N

L () On - Off vt v ‘ ) ! | ) -
(b) bosition_lng : . v i
| .(cf metcr_jng

9., Explain the prmc1plc of operation of each of the following combustion’
contraol arrgngements:

o

‘ (a) steam flow-uir flow

.

: (b) fuel flow~air -fl’ow R , .

1y »

‘10,  Discuss st&Lm temperature control with reference to methods, prohiems,

and necessity. _ . . ot
. - :
, ) v
v '
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' STEAM — PURIFICATION - . "
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4 / -

Goal:

14

The apprentice will be able tos
describe the process of steam

- Performance Indicators:

t "

1. Describe steam sepa.ratibn. ,

L 4 w -

purification. ‘ 2. Describe steam scrubbers. .
- A V .
: 3. Describe -superhegters..
a .
2 ' ¥ M 4, Describe.steam traps.
A, . a
" V - ‘
'y "h/ .
. . v
| . | . "
- ' : ' ’ '
. . ,
£ ' AT e R ’
.t /0 1 -
. ’ e ,
’ A . .
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% Read the 'gdal and performance-indicators to.find what is to be learned from ° . i
_ package. ) | ] L e _ o .
/ . . , \ ld . / / ( ., - » )
* Read the'vocaHG1ary list to_find new. words that: will be used in package. . ,
* Read the introduction:and information sheets.
* Complete the job sheet. R L : . ‘
# Complete self:assessment. r ¢
" % Complete post—assessment.'a _ . . _ o
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B
4 * Baffle type separator
L ' * Balanced pressure trap - Ve
, Ball float trap -
# . Centrifugal type separator .
"% Controlled:disc trap '
* TInverted bucket trap . '
* Liquid expansion trap |
* Mechanical traps c, P
, . * Metallic expansion trap. : :
: . . s
: . : ! A3
* Scrubber elements '
. . | i .
* Sediment separator o A \
*. Steam scrubber _ | ‘ . .
* "Steam separator . ‘e , .+ .-/ J ‘ ¥
) oo '_r« '_ P M
- *+ Superheater N . !
‘% " Thermodynamic traps. . . . : . .
. ) M - ¢ ’ 14
, ¥ Thermostatic -traps ) . o
~* Tilting disc impulse trap B
. ‘ ' ‘
| R . . |
‘ ‘ S ) M
-~ .
o \’ . ) . \ . ‘ ‘.
Y " . «" . ¢ : -.«.5‘5
. A 4 . . ,
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"IN THUG ITUNAL LEARNING DYS1EMS

o T T e e

_ ;5The ”burity ‘of steam that enters the turbine will determine its efficiency ofﬁﬁ“'
" .. operation and ’'its machine life. Steam purification refers to the removal
'condensate from steam. _5” D R L ;ﬂ“” -’Qu j'j

_;_fSeveral pieces of specialized equipment cgztribute to the purification proc'ss.-_A

o . Essentlally, steam separators, .’ scrubbers “and- superheaters remove.the meis_ure”i“
w0 from steam.  Steam traps collect and diepose of . the,condensate without a logs of *.
SR steam,. Although' steam’ separatorsy are commonIy referred " to’ ras’ purif ersg,, .

C scrubbers, superheaters and traps %Te vital to completion of the qugific tion

: ' process. L : ; VAR R o '

{EIKU: ¥§'

I i
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A,

.The bafﬁlésiipeagééém sepdrator uglly
Jdocated in the ‘main steam drum and' is part®:..

" ot of the steam.:. "

LR

Steémfpurificatibh'“reféig'to*ﬁﬁé néﬁova}”bf cop&enégté froq'phe}sﬁéam albng Qi;h
air " and carbon “dioxide. As steam:flows through a-pipe it tends'to COpleand
condense.. This progucgs-¢ondenaate.(Qater)=wﬁich%can-cauge a.rupture of 'the

majoxﬁp;gggfgf'eQuipménth@b:;éteqm}purifiéa;ion

KNS
.

piping due to:water hammer or'cause ercsion dapage to the ‘turbine ‘blades.. The
is the steam separator.’. - :

PO

Steam Separators: .. . . NI RN

]

L IR A

gt

" Thereiare two ‘basic types.of steam separators:

'-Z;LJCentfifugalﬁ£§pe-'ﬁ?ﬁ.-} ﬂfl e
: ' T T E Ly Ea
is usuglly .

bt

of the drum intefnalg;:’ It-has corrugated: ™
baffles ‘and:walls which collect ‘moisture -~ -

and reverses -the steam flow. The reversal”
'of- steam fIOW’slipgqfthe;ygterEpgtticles;

e e i

The certrifugal type’separator™uses centrifugal
tosses the water particles to the side walls.
The’purified stean‘passes’through’ the: baffies t.

AR

1};§ﬂafflei;§péﬁ% v"'.ﬁ;.f ;éﬁ-h-;.;.f G

PR

ﬂﬁheﬁthlegéifﬁl

CENTRIFUGAL BAFFLES ;.

ﬁaﬁflésftp”swiﬁl th
~The separated -wat

e

o steam which
U“qrﬁ;ns_outi'*
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Steam Scrubbera - -

, . ) . . ' . ‘ ’

A . second stage of purification'is performed by steam scrubberd. A scrubber =
consists df corrugated steel plates or scrubber elements. -The scrubber elements

are closely arranged and overlap slightly.  The steam is forced’ to chapge" SN
" directions as it passes over the corrugated sections of the scrubber.. Moisture .
and solids that®escaped through the separator are thrown out of the steam flow.
The .water drains out and the-steam moves upward to the outlet. : ‘

©
»

i \ - ’ ) . . AN ) Y w
) WASMWATIA

/ .
. A
‘ - ; ~N ¢
/39
/ o c
’\ .
) . Y - N
\ . . - e Wb » . R | .
5 M Superheater - . Joam Was . ¢ " - o X
. After the saturated steam leaves the drum it 1s p‘pgd to a specialized heating

surface - that 1is called a spperheater. .The superheater wrings all remaining
- moisture from the steam by heating the steam ‘well beyond the temperature of -
*  saturation. This :is the-third stage of the purifica@ion process. A superheatér
consists of sev ral parallel tube circuits that run between ‘headers: :
Superheaters are classified according to the way in which they receive heat -
Jradiant, . convection or a combination. They can be classifiedy according to the

3 g location of the headers -- overdeck, interdeck,: /interbank and intertube. Some
| e superheater arrangements are shown below and on the next page. % '
., v
' ' 4 « /
/"‘\t *" ..' / ' N
.
y . A . ' N ., J

. ' ) ' *

. « D " 4

3 . ’ v )
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| : P -
J__* » N




1

L. ¥ INSTAUCTIONAL LEARNING SYSTEMS

T - . _ [4 . . ~ a *

~_Information

superhenter, srvonged In overdeck pesi-
tion, hes enmtre lurge redll o the bends
. 9

i/ - . - K
. . Steam TRAPS ' : o 4
Steam traps are an important part of the steam purification proéess. The.wéter ' |
removed in separation must be drained off without allowing steam to escape at _ |
. the .same time.  Several typea of traps have been dewised to remove the "Wwater
.from separators and lines.. These are classified according to the principles pf .
operation. ' . : g

°
-

1. Mechanical Traps -

¢ a, Ball float type !
b. Inverted bucket type - _ .

2. Thermostatic Tfaps

: a. Balanced pressure type
" . b. Liquid expansion type
. ‘\\\“é) ¢. Metallic expansion type N

*Thermodynamic Traps

- EE; - : a. Tilting disc “mpulse tybe L \ - : i .
S ; b. Controlled disc trap . y r . -
" . o A ,

L 4 : \
The _mechanich;. traps operate by a float mechanism which responds to the
difference in densities of steam and water. Both the ball float and inverted
bucket traps operate on mechanical principles.

.!I. “ - ‘ P | ; | - p o ) %
4= 107 T BESTCOPY AVALBLE.

T T T YT T T Y SO S R ST -F S A
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Inverted
Bucket

Ball Float Trap . N

The .thermostatic trap operates on the
difference in temperature between water ?
and stéam. The hot condensate enters

the trap and heats an alcohol mixture
that is encased in the trap. The «
heating of the alcohol causes increased -«
pressure and the discharge valve closes,
As the condensate cools, the pressure

will be reduced to open the valve. A E;
balanced pressure trap is shown.

;3 ”,f)" : X A - led ' .
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Thermodynapid traps respond to the heat of the steam and condensate,. A
controlled disc trap diagram is featured below.
) | Yy _
( ‘ " : . . CON‘l CHAMBER co«vnoltgn ouc cArsuLe INLET OMFICE ~
’ . T MEATING CHAMBER OUTLLY PASSAGES
’-
‘Sediment” Separator _ . v ¢
S ,Some provision must be made for keeping scale depoq%ts from foﬁlin up the steam
. traps. The traps should be fitted with strainers td screen out debris, ‘ e
o .
Trap Piping
. \ . - : ‘
The idstallation of traps should allow for clean out and repair. A typical
arrangement for trap piping is shown in the fdllowing diagram.
/ - T -
po . ) A | \
, \ *. Clobe Vabve “ ‘
S Drm w : .
4 1 @
. ¢ . ‘
2 :
: ”‘: ' ) , ' )
i T [Oude - ‘
Tat Valve ’ \ /
1 -
. Blow-Of (1 : : _
Valve ! oo )
‘I’ | r el L

&
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o ' * Read pages 'l - 15 in supplementary reference. J/ .
| ) N
) . .
LY o .
{ * Complete self-assessment and check answers. . _ . oo
, . . _
\ . . s T N . ’ . N <
| * - Complete ‘post-assessment;.and have instruc?or check .ansvers,
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Assessment N

T - . ' ) ) ! b 2 ' .
} . . ’ x . ) ‘ S ' . ' \
| . Match the following terms and phrases. ' - e
. ‘ . g . ) A E »
} L. Steam purification A A type of superheater g
3 ~ ’ ! - ) ' ' N -t .
2. Baffle type B. Second stage of purification
3. Balanced pressdré C.” First stage of purification
: \ 4 :
. 4. Inyerted bucket : ’ Di Removal of condensate from steam.
' 5.. Tilting disc impulse’ E. Tﬁirdﬂétage'of purification
. 6. Convection type’ S F. A t\:modynamic trap
7." Steam scrubber . - G. A type of steam separator
¢
N 14 T )
¢ » 8. Steam separator ' H. A mechanical trap s,
/. . . . .
. . . ,
9. - Superheater I. Corrugated steel, plates
N / : | ' :
10. Scrubber element . J. A thermostatic trap

11 ‘ , : k
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oPost o
Assessment ‘

—p

' ) 5 - | | S \
. L4 ' ‘ p
-~ 1, List two major types of steam sgﬁgrators.
N R L !
2. Where are steam separators ysually located in_'the steam flant?-

!

3. What'is‘gteam pﬁrificatidn?

-

’,

4. What equipment is used in the second stage of steam purification?”’

. 5. What are the corrﬁgated steel plates of a scrubber called?

6. What is the name ef the specialized heating surface that takes over the
third stage purification of gteam?

-, .
.Ou
. 7. List three types of thermostatic traps. , -
& . . .‘ “e . * .
¢ . ,.'..'-'I- N v Y ) *
8. List two types of mechénical traps. 4
/ 9.. List two types of thermodynamic traps.
: o & o

3
4

10. List three types of supefhehters based on the way they receive heat.

»
v
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lnstructor °

‘Post Assessme 't R
Answers I

.. Steam drum

. 'Removel of condensate

. . Scrubber elements,

R

Baffle, centrifugél.

'Y

<

Steam scrub‘be’rg o

' 6 Superheatef
7. Balanced pressure, 1iquid.expénsion, _met:alli&: expansic;n
8. .'Ball float, inverted bucket ° | - o
v ) . ‘- 4 )
" 9. Tilting disc impulse, controlled disc &~ ' \
10. Radiant, convection and combination

.
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CONDENSATE HANDLING

It is m.uvssary that all steam lines be constantly and 'lde(]U'lt(‘lV drained -
If this is not done then the condensate will be carried along

of condensation.,

with
pipes

the
and fittings.,

site nmv be

PIPING I

4

-

team and may produce water hammer and,
In addition to the d'mgér of water

»

as a result,

TECHINOTOGY . ¥

\

A

' Second Class
Lecture 11

rupture. of

hammer, the conden-
carried along with thc steam’ to cngmus .ln(l turbines wnth re-
sulting damage to this equipment., 3 ' C

Drainage is necessary even in'thé case of pipelines cirrying super-

heatoed

Cafter
ity that water may be ¢

pipelines,

mayv collect such as:
amwl ahead of valves and regulators.,

The drainage’ \.&Ht(?l!. must also remove aire (lnd (‘.ll'hon dmxxdv fmm the
()LL\('nnsv pitting and corroslon will -occur,

steam,

as condensation forngs du ring the warmm;, up pvxiod
“there is a* posslh)l-

-

the Imv has been warmed up and put into service
rarried over from tlm boiler by thc stclm

]. .

A
-.

Also,

Dr 1|) or drain lines should be installed at all 1)01ntsr.whvl ¢ con(lonmltv
at ends of mains, alicad of expansion
If the pipeline does

Jjoints and bends,

notl contain natur .ll drainage points such as thos® listed allove,
should he provided at intervals of 150 metres.

hhead ()f risers,

then drains

At each |)(nnt of drainage a -

drip leg should he pr (‘)T'J(I('(I and these drip legs should be-the same diameter

as the pipe up to 102 mm size,
Larger than 102 mm size.

donsate to escape by g avity- from the Tast moving steam.

:\'l(‘.'l m SLi)g r:lto rs

ol

Steam 'scpm':ltors,
arate condensate from the steam,
and other suspended impurities,

are movmg .llon;, with the steam,

_ o |
The separator either causes the steam to suddenly change its direction.
or else it imparts a whirling motion to the steam,
actions cause the moisture, and other particles to be thrown out of the steam -
stream, ‘

flow

~.

also kpown as steam purifiers

and at least 102 mm di: 1m('lm for piping
The purpose of the drip leg is L() allow=the con-

Y

, are designed,to sepz,
They not only remove maisture droplets -
but ;will also remove poc ket.s of ‘wate r which

Bath of these

s




N Baffle Type Steam Separator '
' Fig. 1 - .
The separator in Fig. 1 features a corrugated baffle and corrugated -~ ,
~walls, These corrugations serve to collect the moisture and, in addition, .
the baffle causes a complete reversial of the steam flow. which causes the :
moisture particles™to be throy)vn.out. - oy, .
v o ’ ' .
' 9‘ “’. ’ ‘A ]
CENTRIFUGAL BAFFLES
’ L4
’
_ SECONDARY, BAF,FLs-?/ ORAIN - ‘ \
' Centrifugal Type Stearmn Separators
N "Il‘i Y 9 ¢ .
. g, 2 . .
- ' F .
A © 4
AR | TN
P2 -2 -1-2 - “y , ( “
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_ 'th scp.lmtor ‘in lls,. 2 m.\kvs/ use: of” ccntnfug ll bdffles. to rive thc
atum a whirling. motjon. ¥The mou,tur np.n'tu,lcs' are.thrown. out. 0’ “thewin- | ® -
- side wall of the separator and then /pass ‘to the drain’, "~ The punhed ‘steam LT

~w +then passes, through \bocond.ny blfflo,s to the- Sdet’dtOl outlét, - The b(,(,OHddry
bdfﬂb‘w {r\c Ubt’d to rcdmc«tho whirling ‘motion of . tlu, lcdvmg stedm. e

*. - The condensate’collected by the steam SLpd[‘dtO[‘b is dr.uncd off hom

.

them by means of a ‘trap. Gage glds‘»(,b are sometinies p!‘r"ovided on'the sep-
arator as. in F ig."'1 in order to ascertain-{f the trap is wor'kf'ng satisfactorily.
A ‘better way of chwkmg on the, opemtlon of the-trap is to use a 1est valve v
at the trap outlet _ . . . . ] .
_ 'Stc{;.pl 'I‘ra'p’s R . T o a
A steam trap is a devu,e which is- u%d to d}scharge the water of con- .
‘densation from steam lines, scparators,  and other equipment without permit-
ting stbam to escape, The mecthod by which the trap performs this function
varied with the particular design of trap, However, no matter what prmuple
~of op(,r.ltlon is mvolvul all traps should provide the.fo 10w1ng q.,,uy :
oo Lo Lo’ngr life and depcndzlblc serviee, R
©. -, 2. Résistance of trap parts to gorrosion. - ) v e
c RS " .I . v . . » . . . .
3. [-IIfficicnt ventir’xg of air and cu‘rhon dioxide. ) o : .
-4, Ahl]lty to operate .lg.nnht the back pxcbpuro which: W1ll be
o - present in thv return line. *
v w--:a;-...;\.n.,._...,'_..,. ______ e e - . ‘ LI (G
0o 5. ABililty to” ()pox lt(- smsfutonh in, lhv presence of scale . T
' or scdiment, - v
Clagses of 'l'l'z'lpé: - S B .
CTher® are o .great many different (lvs'ignl‘i of traps but they can be

-

divided into thred generval classes according ti their principle of operation,
- Thesce (llssos arc:  mec h miceal, thcnnost m#‘} and thermodynamic,

ad -

“ - X .
) . - )

L .Mcch:mic:ll ‘I'raps o S |

This type depends upon the difference m d(nslty between steam and
condensate to open or close the trap disce h\rg(. valve, This done by means
of a ball. th(, float .or a bucket type flont., * - » o ST
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Thermostatic.

. g

div 1

. t
Discharge , -
valve' )

. _ Discharge
oy ' Outlet
. _Ball Float Trap- HHe )
. . Fig. 3 ‘

[

»

. IFig. 3 shows a sectional view. of a ball float trap. 'As condensate flows :
into the trap, the stainless steel float will rise and 8ventuallv open the dis-
charge_valve allowing a flow of condensate to the discharge outlet.  Air and
other g?lses such as CO_ will escape to the discharge thfough the thermostatje,.
vent, When steam rfcaclhc‘s the trap, it will surround the thermostatio vent '
bellows” causing the” bellows to expand and close the vent thus preventing the
discharge of steam, In addition, when the condensate level in the trap drops
to a certain point, the float-operated valve will close and- prevent the escape

of steam, ° . . o
. . . e . - ) ) ' ¥ .
- Fig, 4 iMustrates the operation of a similar type of f.l_oub trap.
- " . "(
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.1, On start up, the main float-actuated
“valve is normally closed. Air is pushed
._through the open thermostatic air vent by-
system pﬂf:sure. When condensate reaches
~~ the trap (above), the float opens the main
lvalve to permit flow. Remaining air con-
tinues to discharge through the open vent.

.

[:] STEAM

. 2. When steam reaches the trap, thg thermo.

static air vent closes jn response to the
higher temperature. Condensate continues
to flow through the main valve which is
positionpd by the float to discharge con-
densate at the same rate as the rate at
which condensate is flowing to the trap._

Float’ Tarap Operation

(Armstrong Machine Works)

Fig. 4

R y
.Am ' L

3. AirMrom the system will now begm to
accumulate in the top of the trap. When
the temperature of the air drops a few
degrees below sqturated steam tempera- -
ture at the exisli& pressure, the balanced
pressure therqostalic air vent opens and

) . The float trap will work equally well whether the condensate load is
( light or heavy and its operation ts not affected by-changcs in steam pressure.
It does not become ajr-locked upon start-up when there is a large amount of

air present because it will discharge thlb air 1mmediately L?d automatically.

The bdll float tmp, however,

liable to damage from water hammer, and the thermostatic air vent is not

§ suitable for use with superheatéd steam,

suited for outdoor use

... Another
. shown in Fig. 5.

Referring to Fig.

¢hiarge valve open,

through the open discharge
_t.er will collect at the top of the inverted bucket giving it buoy.mcy and L
causing it to rise thus closing the discharge

also collect at the top

ddge of the hucket to fill the trap body.

as it will freeze up:

valve to the outlet.

of the inverted bucket

commonly uscd mu,h mi(,gl trap .is thc in crt:ed bucket tx.lp

+ at the top of thc_' bucket to -the upper part of the trap -body

s
1A

Y LY L

discharges the air. P
" ) »
/'
does have the dlsddvantdgc “of b(mg
In addition, this type of trap is not’
. : . {
5, initially the bucket hangs down holding the dis-
Condensate enters the trap and flows under the bottom
Then the condensate will flow out
Any steam which enters the
valve. Air and CO gas will
and will pass through the vent
v L 4




0 ‘ + . Inverted
- o E ~ Bucket

e : . Inverted Bucket Trap. _ o,
o o~ : (Armstrong Machine Works) . o S °
| < o | L ' ' . Mg, 5 . v : ’ -
A Sy i - I
» ' - ' .
. 3 ~some steanr will also pass through this vent but will condense in-the
.. cooler environment sncar the top of the trap, As more cohdensate enters the

trap.and as the steam within the inverted bucket condenseg, the bucket will
sink and again open. the discharge «valve,  The ace umul.ly ar and (3(,)2 will
. disc harge first and- then the condensate will discharge until more steam enters
the' bucket to onct\'u.lg:nn cloao the discharge valve, -
o \ . ) . ) _
+ Another design of the inverted bucket trap. fc.ltuxc a large-vent at the : o
‘ top of the bucket and this vent is controlled by a bi-metallic strip.  In' this '
- case, air and CO, will escape freely through the vent, but when steam enters
the Inu ket the b1~mctlllw strip will closc the vent And the St(,.lm will remain
\vnthm thc buckct untll it (ondc nscs. - .
The- mvortod buvkct tr.lp is sxmpl(* in construction and easy to dismantle .
for inspection and (,lunmg It can be used for draining superhcated steam C e
lmvs and jg better able to. w:thstmd watm‘ hlmmu than-is the ball float -trap. -
Y a This type of trap, howevc r, will not disc h.ngv]m rapidly and. may be ™
subject to air binding. Also, like the ball flo.lt trap, it is liable to freeze if B
exposed to low mbient tompe atures : : : (
mz 2-11-6 , ' - g : o
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" temperature between the steam and the condensate.

trap. o ~ ‘

2. Thermostatic Traps 4 - . o

e ’

The operation of the thermostatic: trap depends upon the difference in
Three general designs. are
used: the balanced pressure type, the liquid expansion type, and the metallic
exp.mmon type. .

Fig. 6 shows the main elements of the _ggldnced ‘pressure thermoatatlc

Balanced Pressure Trap . ¢ g
- Fig, 6

Referring to Iig. 6, A is a secaled corrugated element which is filled
~-with an alcohol mixture, B is a metal shicld surroundmg the .clement and C
is the trap discharge valve, ' . .
* On gdrt-up, the.trap is in the-open posnhon as shown in Iig. 6. The
air in the system is quickly dischapged through the wide open valve.  ‘Then
cool condensate will flow, into the trap and will be discharged. However, as

!th(, condensate entering the trap becomes hotter, the aleohol within the element

Cwill begin to boil and. produce pressure which wnll cause the element to expand -

and closesthe discharge valve, The hot condensate surrounding the element T
. will then cool allowing the alcohol mixture within ,the clement to cool and its
vapor to condense,  The clement now contrac ts np('r‘ng the'svalve and the -
cycle is repeated, :

‘o T Pr2-2-11-1




) - . \ . ’ e
This type of p is small and compact but it neverthcless cian handle
@ large amount o condensate,  The large amount of air present at start-up
is alsg discharged®rapidly. Another advantage, of this type is that it i self-
‘draining and therefore will not fredue up. ' : y

A disadvantage of this trap ig that the corrugated clement is liable to
damage from water hammer or from -corrosion, Also, it cannot be uged with,
superheated steam ag high"temperature will create excessive pressure within
N the element, . : ' -
: , a ' -~ . / " .

The 'liquid expansion trap shown in Fig, 7 uses a thermostatic element
or tube, which is filled with a gpecial oil, to contrpl the opening or closing
of the trap discharge valve, .

- i

Relief . N - N o ‘ _ " ¢
Spring Tube.  Plunger Rod Valve ,

..." . - m.uu “ “ : l‘nr . h . S |
g e = -
{ - ' el . ' .

.- Adiustment X * Outlet ' Sealing
) Screw : , : '
Bellows
.,1;‘ )
N . ' - Lrquid Expansion Trap ' NI
A . . "
- . P I-‘ig, 7 .
_ v Referring to Fig, 7, .thv. operation of the trap is as follows: upon the
, ‘ start-up of the system, the trap discharge valve is wide open allowing a flow
, of air and cool condensite from the system., When hotter condensate ox steam

enters the trap, the liquid withip the tube will expand and push the plunger .

alodg, thus closing the valve by mecans of the plunger rod. When the concden-

site cools, the liquid within the tube will contract and the plunger will move
- back thus oyaning the valve and allowing e cool condensate to L£seape,

o ot ' ' . " /‘“
. A ;
. ‘ - D)
. .

.
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( | The sealing bellows ac&s as a packless gland to prevent leakage of

liquid from the tube, The relief spring prevents damage from water hammer
or over-expansion of the element due to sudden high superheat temperatures., .
The adjustment screw allows the trap to be .adjusted to discharge the conden-
- sate ‘at the desired temperature, ‘
'I‘he llquld oxpanslon trap has thg advantages of being adjustable and not
- subject to* ffeezing. Also, it can be used.with superheated steam and can .
" withstand water hammer to some extent, It is, however, liable to corroslon
.of the tube if the condensate contains corrosive substances. ‘
~ .
Na The metallic expansion trap uses the expansion of ¢ither a long rpd or
a bi- metalﬂc strip to operate. the trap discharge valve. ' 5
“

These types 0Ere ,only used for special appllcations ‘as they have certain

di\mdvantagea, In the case of the rod type, in order to get enough movement
" of the valve the r has to be quite long (about one metré in lenfth). With
the bi-metallic type the movement is also slight and the valve tends to not
" close tightly.

@

3. Therafodynamic Traps

o .

: The thérmodynamic trap utilizes the hecat cne-rg‘y-in steam or in hot
( K condensate to control its opening and closing. . . '

> v ‘ . .
A

A commonly used type of thermodynamic trap, called a tilti
impul_se trap, is illustrated in Fig. 8. ' :

Referringgto Fig. 8, when cool condensate or air cnter the tra fhey o
flow upward through the mlet orifice and tilt the disc upward to pass through‘ .
holes in the seat plate and through the discharge portt; to the %rap oullet,
If steam cnters the trap it flows at high velocity under the djsc causipg a
reduction in pressure at this point and causing a prgssure lbuild up in|the
chamber above the disc, This forces the disc down‘thus closirg the
If hot condgnsate enters the trap it will flash into steam as it T&'wes
inlet orifice. This flash steam will also flow at high yelocity under the dise

force the trap ‘closed. The trap will remain closed until the steam abpve
r * the disc «wondenses, . '

T ¢ *
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Seat Plate ~ Disc ' Inlet Orifice’
: %ischarge
Inlet ° Port
Outlet
14
_Stréihcr ’
»
' - Blow-down Valve
‘ T . ’ ‘- 4
' Impulse Trap (Tilting Disc Type) . . SN
- (Yarnall-Waring Co.) ‘
Fig. 8

This_trap features an integral strainer to prev&x_t particles from entering
the operating portion of the trap, Another feature is an Allan wrcnch—opcmte«i

‘blow-down valve for thi@purpose of blowing out any sediment which may collect at
the strainer. ' ' o

All stainless steel construction of the trap body and parts reduces the

possibility of corrosion, .

PE2-2-11-10 .




Controlled Disc Trap
(Armstrong Machine Works)

.

' : Fig. 9

" The principle of operation'of another type of thermodynamic disc trap
is. illustrated by the sketch in Iig. 9, This type is known as a controlled
disc trap, L : ‘ -

¢

Ay

Referring to Fig, 9, condensate and air enterifg thle trap-pass through
the heating chamber, around the control chamber and through the inlet orifice.
" This flow lifts thg dise off the inlet .orifice and the condensate and air pass
» to the outlet passages, hen steam enters the disce its increased veloeity of
flow across the face of the dise reduces the pressure in this area and the
pressure 'in the control chamber above the disc forces the disc against the
! ( orifice thus shutting off the trap, The steam in the control chamber gradually
' bleeds off around the disc and the trap will open once again, | It will then
discharge, any condensate presont and close once ‘again in the presence of*
stczln_\'. . : ‘ " ’- . .
_ CAPSULE .
) * o . ‘-_:\\
CONTROL CHAMBER ' CONTROLLED DISC.—, CAPSULE BODY
Hardenod Stainless Steel Hardened Stainless Steel’ Hardened Stamless Steel

~L

SHELL \

Carbon Steel

~ Controlled Disc Trap Constructi o .
/ (Armstrong Machine Works) . o

- o | Fig. 10 L

v . . G AN ) )
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) ‘ : .o , L trap.
L A
, o ' as the
: . ' d arc
Seat Plate “Disc Inlet™Orifice chermo-

ressures

Pressure Differential
»

The pressure differential of a trap is the difference in pressure between the..a

pressure at the trap inlet and the pressure at the trdp outlet.- For example, if
the trap is driining a main steam header operating at a pressure of 690 kPa g??gc
and if the trap is dischargipg against atmospheric pressure, thendthe pressure
differeftial is 690 kPa. If, however, the same trap is discharging against a
back pressurce of 70 kPa then the |5'ressxrc‘diffcrential is 620 kPa.

The smaller the pressure d‘&eqcntiul between the trap inlet and outlet
the smaller is the trap capacity,  ‘Fhe greater the pressure differential the
greater will be the strap capacity, ° ' '

Trap capueity also depends upon the size of the discharge orifice, of the
trap and the temperature of the condensate. The larger the discharge orifice
the greater will be the trap capacity and vice versa. The higher the temp-
erature of the condensate the smaller the capacity of the trap because the
htgh temperature condensate willgencerate flash steam which will tend to part-
ially choke the. digeharge orificg.

strainery
v . ’

(n onder to prevent dirt, scile, chips, ete. from gefting into the work-

ing parts of traps, @ strainer, also called a sediment separiator, should be

installed clogesto and ahead of cvery trap.,  The struiner will effectively trap

all forcign particles and will, in addition, provide a pocket for their accumu-

lation from which they can he blown out, ‘ ‘ . )

The strainer normally is made up of a gteel body with i woven wire or
perforated steel sereen,  Stainless steel or mondl is frequently used for the
sereen material in order to reduce corrosion,

- R P
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ERIC

Aruitoxt provided by Eic:

Fig. 11 shows a strainer featuwring threaded connections and a woven

wire screen. The connection at the bottom of the screen may be fitted with

v

a plug or, preferablw, ‘a blow-dff valve.

Trap Piping @ . . .

- " . '

N A typical piping arrangement for an inverted-bucket type trap appears
in”Iig. 12. The trap is fitted with isolation #lves and a bypass valve so
that it can be repaired or inspected. In addition, a strainer with blow-off
valve is installed ahead of the trap and a test valve is fitted at the trap out-
let. The test valve is, used to determine whether or not the trap is working
properly. : : ' i '
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Trap Piping Arrangément - K
Tr:r{lnstallation and Maintenyifite ' . ‘ "

A trap must be installed in the proper manner in order for it to operate
efficiently,. Some of the more important considerations regarding trap instal-
dation are listed as follows: : : '

e : . .
1. Make sure that the trap has the proper capacity .and pressyre
rating for the job. (Trap sizing g¢alculations will be covered
in the next section), : : :
, _

2. Before hooking up the trap, blow the lines through 4t full
steam pressure. Then clean any strainer screens installed.

3. The trap should be installed in an aceessible location close
to and below the drip point. Check dircctional markings on
the trap to mak-e-sur() it is not installed backwards,

4. Unions and “shut-off valves should be installed on either side
of the trap and in addition a strainer, test valve, and a - by-
pass valve are rccommended. (See’ Fig. 12), Do not use" A
piping smaller than the size of the trap connections. '

-

)
, . | . ' .
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N ( 5 Inlet lines to the trap should be{pitc_hcd toward the trap.

L

J 6. If a group of traps drain fnto a common return line then o
check valve should be installed between each trap and the
return line. . : .

7. Use solf;druining traps on installations su{j(\act to freezing
| temperatures,: ' o

8. gUse a scparate trap on cach piece of apparatus as short
circuiting will occur if more than one unit is drained by. : »
: a single trap. :

In order to determine -whether or not a trap is working properly, it
. must be tested. The most positive method of testing is to observe the dis-
charge from the trap by means of a test valve. (See Fig. 12).

By observing the® discharge it can be seen whether the trap closes off .
tightly, blows live steam, discharges. continuously or does not discharge at
o all.”’ ' ' ‘ ' -t

Other methods of testing are: determining the temperature before and
after the trap by.the use of thermometers or pyrometers, determining the
pressure before and after the trap by means of pressure gages, determining
the operation of the trap by means of a-listening deviee such as a stethoscope.

‘( L In addition to regular testing, traps should be dismantled for in'spcct‘{on s
o at least once a year. During this inspection the following things should be
done: . , _ - 4 . _ - ‘
e v » '

. The trap body and operating parts should be examined for
corrogion, erosion, mechahical. wear, cte. . '

‘ _ - 2. “All internal parts -should be cleaned and worn valves, scats,
levers cte., should be replaced as should cracked buckets,
. ‘ e .
\ floats or bellows. '
. :

: , 3. All gasket seating surfaces should be thoroughly cleaned and
¢ new gaskets used on reassembly.

In addition to the inspection of the traps, all strainers should bhe cleaned
and inspected regularly and a record log or card should be kept for cach trap
showing dates and details of inspection, repair and replacement,

” ' ' ‘
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«\"Q\ Trap Sizing | . - | . : (

In order to determine the size of trap necessary for a particular appli-
, cation, it 1s necessary to calculate the amount of condensate to be handled by
A the trap per hour. ' _ i

In the case of a trap used to drain a steam main, the greatest rate of
steam condensatiow will occur during the warming up peripd when the pipeline’
is being brought up to the operating temperature. After this temperature has

. been reached the only condensation .will be that produced by norpmal radiation
( losses from the pipe. . ,

+ If the warm-up is done automatically, that is, without manual "supervision, )
then the trap must be sized to handle the;large amount of condensate produced -
during this warm-up period. ‘

If, however, as is usually the case, the warm-up is manualiy supe'x:{rised,
with the . initial. heavy condensate load being removed, not through the trap, but
' by means of '"free blow'" draii valves, then the trap need only be sized to
handle the condensate pro('i'uced by radiation losses ocggrring after -the warm-

» . up period when the "free blow" drains are shut, =~ * . : .
1. Automatic Warm-up B - R y ¢’
’ " ‘The warming-up load is ealculated by means of the following '
) Aformula. ;-
<491 -
_ . ‘ 0.494 M (L2 ty) ~
. -C ; _ L
CWIHERE: . - - | Cy
¢ amount of condensate kg, ‘ ‘ -
v . . ' . ‘b
’ ‘ 0. 191 specific heat of steel pipe. - .
M " total mass of pipe in ki, ' !
Ly final temperature of pipe ¢
Y initial temperature of pipe 2. b
l. latent heat of stgam at final temperature ki /kg.
‘Lhe wirming-up load ¢ ig then Nivided by the number of l.ninut(-\s re- ’ i

quirdd for the warm-up and then mul}iplied by 60 to give the load in kg/h, = ® -

EXAMPLE 1: . x
Find tha warm-up load in kg/hr in warming-up 39 m of 203.2 mm \
* Schedule 10 steel pipe to a working pressure of 1350kPa in a wartn ~up

time of 10 minutes.  Initial temperature of pipe is 109¢ . ,

- . : . i \ .
. ‘ . ’I. ) 4
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Aruitoxt provided by Eic:

'Y !

".'Al'lxamplcl G~ B - -y

'SOLUTION: - - | o : \
¢ - . .
. . 0.494 W (t, - t| ! |
o . I.J i ' , . R T
\.thrc W 1266 kg (‘Table 2 Lecture.10 Scetion 2)
"2 © =+ 1930C (Steam Tables) approx.. S .
t, =  10°C (Given) - . U
L = 1967 kJ/kg approx, - (Stcam Tables)
- 0.494 x.1266 (193 - 10) ’ . o ¥
- C = L. = b8.A8kg | : T
. 1967 > - " ]
, In order to accomplish this warm-up in 10 minutes, the condensate rate /hr
would b - L ' v
x4 : .
; i 58.18 x o -:M‘) kg/h  (Ans.)
e 10 —a

When choosing a trap for a pur/t-/i\lul:u‘ service it is usual to inerease the
caleulated condensate load in ordersto provide a safety factor. This is to ¢nsurd v
that the trap will have ample capacity in the event of a change in operating con-.
ditions such as @ drop in pressure in the line.  In Example 1, the safety factor
is not nccussnr&:}f the capacity of the trap chosenis such that it can discharge -
319 kg/h at a warm-up pressure of just above 0 kPa. Then, as the pressure v, .
riscs in the pipeline, the trap capacity will automatically increase.  Also, the
349 kg/h is the warm-up load and it'is much greater than the load the trap will
have to handle after the system is warmed up.

“ . . ) , 3 ) ~

-2, Manual Supervised Warm-up. ' - o -

i

S -+ In this case, as mentioned previously, the trap has only to handle ghe

condensate produced by radiation loss during the normal operation as the
large amount of condensate produced during the warm-up is discharged : : oo
manually by mears of free blow drains. '

L4
~

_ The amount of condensate produced by radiation ¢an be determined
from T'able 1 which lists amounts for'various pipe sizes. ' ‘

[y

Al
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Aruitoxt provided by Eic:

\ CONDENSATION IN INSULATED PIPES carrying
saturated steam in quiet air at 21°C. Insulation assumed ‘
to be 76% efficient,
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Table 1 can be used to find the condensate load due to radiation for the pipeline
in Example 1, which is 203 mm diameter size and operates at 1311 kPPa (abs) or
1241 kPa (gnage). .

L4 .
. . v . v -
The table shows that the kilograms of condensate per hour for 203 mm pipe at
1241 kPa is 0.98 kg for each lincal metre: As the pipe is 30 m fong then the con-
densate load is: ) :

0.98 x 30 29.4 kg/h at 1241 kPa . —
Ifi the trap is installed between the Boiler and the end of the steam main then a
safety factor of 2 should be allowed and the selected trap capacity would be:

’
¢

. ' 29.4 x 2 « 58.8kg/h at "1241 kla.

If the trapris installed at the end of the main ‘then a b'lf()t.y factor of 3 .should
be allowed and the selected trap capdity would be;

29.4 x .3 : ax._z kg/h  at 1241 kPa

: Y
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The condensate load for normal radiation losses can be caleulated By the
following formula if a table such-as T abl(, 1 i's not av.ulable. .

AU (t —..2 -‘ %j | '. ‘../‘

oo L < .
\ L . : :
where B | ; ’ {
. ©~ C = Condensate in'kg/h
A ‘= External area of plpe in m2 _
U = Heat losgafrom uninsulated pipe kJ/mz/ C temp.
: differen . \
;:[:1‘: = - Steam te ature °C ',,.'i' . S
. t, - Ar t'cmpcvature‘ oc ~' g
SR S o _
L .+ " Latent heat of steamat operating pressure
, i .1 = efficiency of insulation
kExample 2 Lo o ~
Find the (,ondenbat(, load dde to radiation in 30 m of 203.2 mm stu,l pipe
operdting at 1 344 kPa (abs) and cover® with 75% efficient insulatioh. ‘

' Given t-b,;,t— U, - 63.34 kJ/m&/O C and the ambient temperature is 210_(3.

SOLUTION: o ,
T . AU (t -1, E
L
where | A 0.69x 30 m2 (Table ‘1) '
: .U = 63.34 (Given)
‘ Y 193°C" approx. (Steam Tables) -
b, 21°C (Given) , '
& - 1-0.75 =10.25 (Given)
’ L - 1967 ki/kg (Steam Tables) - (
e 0. bJ X 30 X 63.34 (193 - 21) 0.25
| 1967
L 28,66 kg/h (Ans.)

‘

This amount must be inercased by the dppr()pri.lt(‘ safety factor of 2 or -

depending upon the trap location as explained previously.
!
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Water Hammer , _ ' 4 o ( &

The term '"water -hammer" is used to describe a series of hammer blow-
like shocks produced by a sudden change of velocity of water or other-liquid
flowing within a pipeline, These shocks may have sufficient magnitude to
rupture- the plpe or plpc fittlngq or to ddm’ugc connccted equnpment

/ T(hc -buddon change of velocity nccc.smny to pl()(lUCL w‘ltcr hlmmu may -

¢ caused by the rapid closing or opcning of a valve, the sudden stoppage in
flow duc to a pump trip-out, or by the rapid condensatlon of a pocket of
steam within the pipe.
. ) €
' In the cage of a valve being quickly closed in a plpeline through which
water is flowing, the first effect is the sudden decrease in the velocity of
the water and, a corresﬂ)ndingly sudden increase in pressure at-the valve.
This:causes a.pressure wave to travel back upstream to the inlet end of the
pipe where it reverses and surges back and forth through the pipe, getting
~weaker -with each successive reversal, This pressure wave due to water
hammer is in addition to the normal water pressure within the pipc and depends -
upon the magnitude and rate of change in velocity as well.as the clasticity of |
the pipe and of the water.  Complete stoppage of flow is not nccessary to produce
water hammer as any sudden change in veloeity will bring it about to . greater
or less degree depending upon the above conditions.

- 6 . ,

Where too rapid closing of u valve is the cause of the water hammer,

the remedy, of course, is to cnsure that the valve closes slowly.  The period . (
of effective closing of a gate valve t takes place in the last 209 of the valve . v
travel and this portion should be undertaken as slowly as pessible. 1f the
valve is equipped with a bypass, as large valves often are, then the bypass
should be closeéd last.. When opening a gate valve the first 209 of the valve
travel is the most eritical portibn and this should be opened as slowly as
‘possible after firdt opening the bypass if the valve is so equipped.  As a

. general rule, all valves should be opened and closed slowly and cautiously.

. L Where witer hlmn)u' is duc to the sudden stopping of a4 motor-driven
pump duc to a power failure, the following occurs. Upon the power inter-
ruption the . pressuresat the pump discharge drops and the water in the dis-

- charge line stops .m(l then reverses direetion. Suhscquvnt rapid c¢losing of
the cheek valve at'the pump will cause severe shock. when the energy of the *
reverse flow is violently expended against the cHeck valve disc.

s Devices which can be used to .reduce the shocek in a pump discharge line: »
are air echambers, relief valves, or check VllVLb baving - v built-in. dashpot :
to prevent mpld olosmg of the disc, '

.
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", ( L A pump trip-out may also causc. water hammer in the pump suction
~ line in oases where the water flows to the pump through a long line by gra-
. Vity or under pressure from another pump and air chambers or relief valves
+ may be used here as well, —~ ' L o

-

In the case of a stenm line, water hammer may occur if condensate is. .
present in the line, s the steam passes through the line above the surface
of the condensate it may sraise up behind it & miass of the condensate’ (water) : "
and thus an iselated pocket of steam is fornfed. Being in contact with the '
‘cooler water the steam will suddenly condense and a low pressure will be

L formed in the pocket, Wal8r rushing into this low pressure pocket will cause
severe shock to .the pipe an plpmg fittings. : - B}
> : ' - d

‘Abnormal “amounts of condensate will be produced within. a btéfll‘n pipe in -
the case wheré the pipe is contained within an underground tunnel or conduit
‘which becomes flooded . due to @ broken w,dtcr main or other causes. The
flood water coming in contact with the stcam pipe will cause excessive. conden-
, sation,  When this condensation cools be]ow steam tcmpcmturc it w111 cause
. water Immmcr. o

-~ It has hcon found thlt this type nf wiater hammer will occeur in o steam

B line that is hori%dntal or pitched upward from the source of steam and it will .
be dmost violent when the steam pipe is d(nlgl -ended by a blank or a closed ,
valve. It has also been found the it, if the condensate can be removed as fast ,
1s it forms, then the water hammc - will not ocgur, This points out the need

( Jor amply sized traps. ’

_ N _ .

. [n order to. reduce the damuage, should water hammer occur, rupture o .

. diaphragms may be installed, Also, the usc of cast iron valves and fitti?ﬁs '

should be lemdcd ' "

: To avoid water hammer in steam lines they must be properly pitched
v - and drainage points mstall(,d between valves and at pockuts in the line where
' water could accumulate.  The drainage points should be equipped with drip
pockets, free-blow drain valves, and traps. iu addition, gate valves in the
line must not be Installed with their stems below the horizontal because the
° -vialve bonnets would act as pockets, ' _
' ‘ & ) : ) _ .
-When warming up a steam line all drain valves must be opened wide
before steam is admitted agd the steam admission valve should be only cracked
open or only its- bypass opcned if so cequipped.  The valve should be slowly
g and carcfully opened fully after the line has been wiarmed up.  The drain ,
vnlve axe left open until all of the warm- up condensate tias been discharged, .
The tragy will then be able to handlo the (()ndcnmlt(, thit forms under normal '
. oper: ltmp; condltions '

o
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"PIPING INSULATION

.

Piping 18 covered with in

.__heat loss and condensation, totpr
B tures within the power plant, to prevent injury to pergonnel from
hot surface'; and to prevent sweating of -cool pipewurfaces.

sulation for the foll

A material suitable for yge *as an insulation:

characteristics.

l. High lnsulating "value,
2. Long life,
3. Vermin proof,

o
. Non corrosive,

- Ease of application an

-
4

Ah insulating material ma

4
5. Ability to retain its éhapc
6

N

owing reasons: to reduce . ..
event uncomfortably high ambient tempera-

should have the following

e v
> -
e
. a
and insulating ‘value when wet, .

d installation,

y be defined as one

whidh transmits heat

«

poorly and it has been found that substances h%ving 4 large nymber of micro- -

scopic air pockets dispersed throughout the mbe

mation of convection cufrrents and the ajr itself is

rial make the most efficient -

a poor con

inswators, This ig because the extremely small.air spaces ‘estrict the for-

The thermal conductivity k of a.m

heat that will he transmitted through thig material.
value of k for g material, the better will be jtg insulating ability. Most
Insulations have k values between 0.3 and 0.8 W/m /°C/m. The k vuls('
for any one matetrial will vary actording to the temperaturos to which it is
ial having a k valug of 0.3 at 1500¢ may

exposed.  For example, a mater

have & k value of 0.6 at 5380,

Pipe Insulition Materials

l. - Diatomaceous Silica

. ~ "
This materia] is bonded with ¢l

cost it ig generally used “for the
types of insulation. Its k value

.
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high temperature |
varies from 0,7 to
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uctor of heat,

. 8
aterial is a measure of the amount of

Therdéfore the lower the

-

ay and asbestos, Because of fairly high

ayer under less costly
0.8,
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2. Asbestos: | ' ' °
¢ . . .
' Asbestos insulation is processed from agbestos fibre and combnwd with
o - wwliatomaceous silica and heat resisting binders. Its k value varies from 0,37 L
. to 0,72, ., =~ T
‘ 1, : N ‘ . . ' "
. Calcium Silleate
_ This insulation is a compound of lime and silica with some asbestos
o fibre added for strength.. It has k values from 0.37 to 0,60,
-4, Glass Fibre R T _
. This is a comparatively low cost and lightweight insulation having k
values from 0.29 to 0,35,
. .
5. Magnesia (85%)
This fmaterial is composed of magnesium carbonate reinforced with
asbestos fibre"and has a k value of from 0,35 to 0,42, , y
, 6.  Plastic Foams' ) \/
- These ire plasties that have been processed into a foam during manu- -
v facture and then formed into pipe covering sections, Theyshave k' values
( from 0.09 to 0,28 and have largely taken the place of eork and felt insula-
tion which was formerly used for low tempemeture service. They are avajl- .
able for temperatures as low as -1709C and as high as 1209¢,.
' ’ )
7. Refleetive Metal Insulation '
[
b This is a fairly new type of insulation constructed of metal reflective
{ sheets of stainless steel, spaced and baffled to form iselated air, chambers
around the piping. The highly polished reflective sheets reflect the heat and
prevent loss due to radiation but yet absorb little heat by conduction, ‘I'he
k- factor varies from 0,53 to" 0. 66. ) :
. ¢ " '
/\mli(:uti(m.{ -
e
\' The following indicates the the general application of various piping .
) ' insulations for different temperature ranges,
Above 1040°C - refractory fibres are gencrally used or in some
cases reflective metal insulation,
650°C - 1040°C . - double layer construction is used with the innev
layer diatomaceous silica and the outer layer calcium silicate.
)
*
_‘( : . _‘ ~ : PR2-2211.23 '
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150°C - 660YC ~ calcium silicate is generally used with double layer
' construction for pipe températures pver 316°C. '

' 0 - ZQQE(L - glass fibre is most commonly used as it is generally

the most economical and has good resistance td normal abt,xsc.
§ . o
' «

»

The effectiveness of a particular insulation is expressed as an
efficiency E where: '

! Heat loss from bare pipe minus heatﬁ loss -
y E = from, insulated pipe S
' - heat loss from bare pipe
The heat losses are expressed in kJ/h/lineal metrow
o - Piping insulation is usually fabricated in half-cylindrical sections for
) fitting over the pipe. The sections are held together by metal wire or bands
.and then a surface finish is applied, usually of a canvas type. - '
Special shapes and arrangements of ;'nsulatloh are used for fittings such
. as clbows, flanges, and valves such as shown in Fig. 13.
Segmenys cul from Hpe‘ wsulohon '

sectonal pipe nsvlolon

Note lirst ond lest
segmen! exteniled
over weld beod

* {ocote expansion pin
) . within three feet of
hthng insulohon

- ‘ .
. Ppe insulofion '\ Flonge cover cut
’ ' from pipe inswalion

+
I 1bow Flange /
\ = Jop cover '
./. Hiviwt ong! + ) ‘
e t v fior VO e . - )
insulthen . ’Q’ b ' _

’ [nsulation of Fittings
Fig. -13

. . ; .




( VALVES : . ‘
Various types of valves are required in any piping system in order to -
control and regulate the fluid flow within the system. The valves represeit
-« & congiderable percentage of the overall cost of the system and therefore
must be selected with care and with consideration of the following dctails; .
4 working pressure and temperature, type of fluid (corrosive or erosive), flow ,
volume, valve operating cycle, and cost of installation and maintenance,

Valve Design : .

_ There are a number of Basi¢ designs of valves andl these include thé
gate valve, the globe valve, the angle valve, the check valve, the ball valve,

and-the butterfly valve, g §

+

1. The Gate Valve o

The gate valve as iljustrated in Fig. 14 consists of a gate-like disc,
actuated by a screwed stem and handwheel, which moves up and ‘down at right
angles to the path of Mlow. In the closM position the disc seats against two
faces to shut off flow.,  ~ L '

. a =ﬂ" L3 i
( " | | : .

 WHEEL
YOKE SLEEVE NUT

YOKE

YOKE SLEEVE i Gate Valve '
GLAND FLANGE

GLAND 8OLTS _ Fig, 11

GLAND

PACKING

STUFFING BOX

BONNET BASHING

*BONNET JOINT BOLTS

Ity
'& ‘BONNET

: {

-

\ .
N\

d
‘1",,. DISC SEAT RINGS
. ) Dfsc
e — BODY SEAT RINGS
r4—— BODY ' .
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. Gate valves are not suitable for throttling service or where frequent
opening and closing is required, They are suitable for conditions requiring
full flow or no flow, such as stop valves or isolating valves and they have -
the advantage that, when fully opened, the Tlow resistance is low with a min-
imum of pressure drop as the flaw moves in a straight line. .
Several different designs of gates or dises may be employed. The -
solid wedge disc is the most common and it is the type shown in Fig. 14.
Tt consists of a solid wedge-shaped disc..whith seats against matching tapered

seat faces. - . .

P, The double wedge disc gate vialve has the two disc faces arranged so
that they can move Independently of one another agajnst tapered seat faces,

¢

The parallel slide gate valve has a disc with
down. between patallel” set faces, . .

paralkel faces ‘which slides

2. The Globe Valve

/

The globe valve, shown in Fig. 15, is construeted in quch a way as<to
cause the flow &f the fluid passing through to change direction twice. The
dise and the seit are parallel to the main flow path and the disc is moved
toward or away from the seat by means of a threaded stem,

. <

+

lobe valve is ideal for throttling or reg-
Another
choaper
resist-

Due to its construction, the g
ulating flow with a minimum of wire-drawing and sgeat erosion.
advantage of the globe valveé compared to the gate valve fs that it is
On the other hand, the globe valve offers much morce
anee to flow than does the gate valve and also it presents pocket within
its body which may gnllé’:('t condensate or sediment, 1t is seldom used in
s1/es Lareer than 300 mm\(luo to difficulty in opening and (ih'»smu apainst

to manufacture,

031 -

(lurd pressure. SR .
.

As with the gate valve, the plobe valve may ¢ ploy different disc
desipgns. :
\

~

-
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STEM—"
PACKING NUTY , —
GLAND™
‘ PACKING
) STUFFING BOX
. BONNE?T
: UNION BONNET RING——
DISC STEM RING
LOCK WASHER. .
¢ BODY SEAT RING
DISC

300\

Globe Vvalve
: Fig. 15
{ ' .o
-y .
v The plug type dise is a long tapered metal disc which is most suitable

for severe service such as throttling, blow-off, “$oot blowers, cte. The
valve shown in Fig. 15 features a plug type disc, T -

- The composition dise is a flat disc fabricated from various materials
such as synthetics and asbestos which are suitable for a variety of services
such as Mr, steam, water, oil, ctc., where the throttling is not severe and
pressures are not high,

t
[

A third typé of dise is known as the conventional disc, It is a metal
disc having a short taper which fits against a nagrow scat.,  This type is not
suited for Scevere throttling service as the narrow seat and short tapered
dise are subject to crosion and wire drawing.

* \
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3, The Angle Valve

.

;.“'

ANGLE

WHEEL
WHEEL NUTY
STEM
PACKING NUyTt
PACKING ] "
BONNET
-y DISC STEM RING
e DISC ;
BODY

"Angle Valve .
Fig. 16

|
1
i

The angle valve, Fig, 16, uses the same seating. prineiple as the globe
valve and has the same operating characteristics. It is used when making a
90 rree turn in a line as it gives less restriction to flow than using a
globe valve with a 90 degree elbow to provide the turn. Another advantage of
using the angle valve is the reduction in the number of joints and fittings
required when a separate clbow is not used.

4, The Check Valve

The check valve is a valve which prevents reversal of flow in piping.
The flow of the fluid keeps the check valve open while gravity and reversal of
flow will cause the valve to close.

v
.
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: ( ) _ The two basic types of check valve which are {llustrated in Fig, 17"
' are.the swing check and the lift check. - . L~ _
. ) . b o ’
A
. v
- . ~-
o Swing Check A Lift Check
.t Fig, 17
The swing check valye features a straipht line flow and therelore offers
little resistance to flow., The dise which is hinged at the top swings frecely
in an arc from the fully closed to the fully open positions,
(e y The flow through th¢ lift check valve undergoes -two changes of dirdetion

as it passces through a horizontal scction upon which - the dise scats.,  The
disc moves vertically upward to allow the flow to take place and moves -down-
‘'ward to close if the flow should reverse. A dashpot is used to cushion the
action of the disc. '

5. The Ball Valve

The ball valve, Tig., 18, features a spherical shaped plug with a lbored
pagsage through it, The valve can be opened by means of alever so that
the bored passage in the plug or ball lines, up with the seat openings., A
90 degree movement of the lever moves the ball into the shut position with
the bored passage at r'ig.ht angles to the seat openings.

)
. [} ’ . '
Ball valves have the following advantages: quick open-shut action,
" little tendency to stick, minimum restriction to flow, easy maintenance, and
the lever serves as an open-shut indicator. ) '

~

P
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seot ring bdl'_ E boll mohu

- Ba]l levc' : \
* 6. The Butterfly Valve | ‘ " | |
/ 4 . (

» : .

The butterfly valve features a flat disc
‘that can be rotated 90 degrees from the
wide op(,n to the fully closed position.
The valve shown in Fig. 19 would nor-

mally bé fitted with a handwheel and an
electric motor, either of whmh can be
used to turn the disc.

The butterfly vadve is commonly used
in thermal poWer statdons, hydvroelectric
Cpower stations, the oil and pas industry,
and in water works and sewage plants.
They have the following advantages: case
. of operation, relatively light weipht,
- : little restriction to flow, and absence
of sliding parts. They arc not normally
used for pressures above 860 kPa.

\
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Valve Sten; (Spindie) 'Design ..

. . ! !
. . s paa
. . O .
: st . e
»
.

' The valve stems for globe, gate and angle valves may conform to any
one of several designs. -, ‘ ®

l. Rising Stem, Qutside Screw

In this design the valve stem rises when the valve is opened and lowers
when the valve is shut. In addition, the screwed part of the stem is outside
the valvg body. With this design the position of the valve stem will indicate
whethere‘he valve is open or shut and the screwed part of the stem is not
subjected to corrosion or erosion from the fluid within the valve and also,"
‘lubrication of the stem screws is possible.

~
-
3
£
s
:
:
3
:
§
~
.
T
s
S
€
a
3

@y o | (b)

Rising Stem, Outside Screw Gate Valves
. Fig, 20

Fig. 20 shows two rising stem outside screw gate valves, Wi'th the
valve in (a) the stem rises but the handwheel does not.. With the valve in
(b) the handwheel rises with the stem. The valves in Fig.,20 are also re-~

“ferred to as outside s¢rcw and yoke -valves as the threaded part of the stem

engage s with « threaded slu,ve held within a ‘yoke picce,: .

y - '
PE2=2~11-31
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yo—— Wheel

Globe valves-and angle valves arée
of the rising %tem type and may
~ or may not" employ the outside
, screw. design. - Fig. 21“shows a °
=7 Glond flange rising stem, outside screw and
“————Gland , yoke globe valve. _ v

-~ Yoke bushing

+—-——— Yoke bannet

U" . ) . : 4o0ck woasher Pond

Body seot ring
" Disc guide stem
+—Body : /

Rising Stem, Outside Screw Globe Valve _
Fig. 21 o , | o

2. Rising Stem, Inside Screw . LI ) .

With this design *the stem rises as the valve is ope but the threaded
. part of the stem is inside the valve body Fig. 22 illustrates the design for
' both gate and globe valves. . ,

|

Wil

3
; .

=bhe

Gate Valve ' ' ’ ' Globe Valve | .

\. Rising Stem, Inside Screw Valves : .
\\' Yig. 22 TR |
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3. Non-riging Stem, Inside Scrgé _ | : T

In the case where a gate valve ¢is to be used and shead room is limited,
then the non-rising stem, inside screw design is used, With this type, as

- the stem is turied, the gate climbs up the threaded part of the stem which
18 inside the valve body as shown in Fig. 23. : .
» ) » . : v | | . . . N{
\ - - , C ' R ' o
— Whaeel nut
- Whael . )
- Pockingnut - Non-rising Stemr, Inside Screw Gate
Packing . Valve '
s'.om..g box Fi . 23'
Bonnet
—- Stem
Body
Disc
. ( . W'u.ol
.‘G“:lnd“ohgo —‘
f ‘ Gland
© Poacking 7

Stuffing boax
Upper -(put.:dov
Spreader busm;\g
Disc seot ring
Bonnet .
Disc
S'.m .

" Body

Body seot ring

Lower spreader

Guide ribs
cost in body

Non-Rising Stem Valve
Open

I'ig. 24 shows the details of. a non-rising stem, inside screw valve in- -
the ppen position, : o
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BEST COPY AVAILABLE -0~

In order to simplify plans, sketches, blucprints ete., symbols are used
<y for the various types of pipe fxttings and valves, Fig., 25 illustrates the
symbols u\sed by the American,Society of Mech'lmcal Engineers :

SVMBOI.S FOR PIPE FITTINGS AND vAL VES

Weilded Seldered ﬂm Sorewed Wolded . Seldered

rere LEI o

N

’ Flanped
v
O“'—' O Ot— O— e oad U <t <t -]><(— Gleve Vaive |
g TR ? e
ot oy w»ﬂﬁ g e
. #?”“g #3*“‘ *%?Qr P ow NN AN e d e onea vane
ﬂ A e P S g oot
oy o o o
. T AT Er S0 OO e
_, oyt gt i bR R fe o o o
4Z*' Vs e N —;QEr-;;Er A ive
—uir +h +‘{“-<— 4£+ Q"" ww— %0@; "o Ve

3
7
.
3
é

A .
“Too - . Moter Oper-
4 ) . Outtet Up tied Gale
. alve

Ok Ok YOE O 000 e ¢ Mg
* ’ ated Qivke
[ I G REEV G YR mow H—D—-}:E—*:%«E} o
""@”‘ “’é" ')'&6; ) | swt“o '(Su'llﬂ -—_{D_q o : R.;‘:":x A .
- Down . . ,

*‘%*. *% 9% e%e o | = —ap— L= tnon
‘ I S | ~E}- X K- S

A= o I Ao O s :

. . ' ‘D— ""”*"" '—ah— Bushing ‘

. _"N -(}q— "h’- —&n,‘ Ghe '[tm::tu . .

£ . T Fig, 25
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QUESTION SHERET

Second Cl:lsb:
Sect. 2, Lect, 11
[

o _ .
t POWER ENGINEERING

- . _ - | -
1, Sketch and describe the operation of:

(a) a mechanical trap,

(b) a thermostatic trap.

i (c) a thermodynamic trap. . L ' .
« 2. (a) " sketch a piping arrangement for a steam trap.
. ° '0
(b) -Discuss the points to be“considered regarding trap installation.
L] ' .
_ o
3. Describe three Conditi.z)n_s which will affect trap capacity.
O ' ' . - ‘ :
' 4. Discuss "water hammer" in regiu*d to its causes, effects and
; remedies. : -
: R , | .
4 5. Discuss trap testing, inspection and maintenance,
-6. (a) Describe, with the aid of simple sketches, the construction -
a and operation of a gate valve and a globe valve. :
" . (b) Di@cussh‘the advantages and disadvantages of-each "t"yf)c. '
: 7. Describe an application for. each of the-fohowing types of valves:
. . i . . * ‘ . -
‘ / (1) angle valve - ' .
V! . 4 '-.
i' (b) * check valve
(¢) butterﬂy:vi&lve -
- o . ‘“: - .
P ) 8,\_ Describe the various types of valve stem designs and give the
S L advantages and disadvantages of each, '
:w.b_ o 9. Sketch and describe a steam :;cpzlrator and explain its purposes.
i - . |
' 10.  (a) 150 metres of 250 mm diameter schedulg 80 steel pipelat an ambient -
temperature of 21°C is brought to a working steam pregsure of
1750 kPa in 30 minutes., Find the warm-up load in kg of conden="
' sate. C ) o .
I ’ _ ’
' (b) If the piping insulation is 769 efficient, what is the copdensate load :
' during normal operation? . S ) '
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