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Note: Al reference packets?arecnumpered on the upper'r1ght-hand corner“of the resoective¢cover'oa§et"
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2.7 | - gorrespondence Course, Lecture 1, Sec. 2 Steam Generators, Types ) 1?.1 Bo11ers, Fire Tube Iype
- '.of Boilers I, S.AQ.T Calgary, Alberta Canada . .
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‘ﬂwCorrespondence Course, Lecture 11,

1

“Steam Turbine Aux1]1ar1es, S.AL.T.,

E A

1

{J”C’Correspondence Course Lecture 6, Section 3, Steam Generators, Steam

Ca]gary, A]berta Canada

Section 2 Steam Generators,
Piping II, S A.1.T., Ca]gary, A]berta, Canada
Correspondence Course, Lecture 1,
Steam Turbines, S A I.7., Ca]gary, A]berta, Canada

Correspondence Course Lecture 4, Sec. 3, Prime Movers, Steam |
Turbines I, S.A.I.T.;

. 8 A

Correspondence Course, Lecture 2, Sec. 4, Prime Movers & ‘Auxiliaries,
Ca]gary, A]berta Canada
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.Correspondence Course Lecture 6,"Sec. 3, Prime Movers, Steam Turb1ne

0perat1on & Maintenance, S.A.I.T.,
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Catgary, Alberta, Canada

S.A.1.T., Calgary, A]berta, Canada

Boilers- F1red with Wood and Bark Re51dues, D D.” Junge, F R.L., 0.S.U.

1975
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Combustiom, S,A.1.T. , Calyary, A1berta, Canada : e
Corresponden/e Course, Lecture 5, Sec 2, Plant Serv1ces, Fuel &
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Treatigent, S.A.1. T.s Ca]gary, A]berta, Canada
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Calgary, A]berta, Canada

Treatment, S.A. I T.,
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Sec. 4, Prime Movers & Aux111ar1es,'

, Calgary, A]berta, Canada ST

Correspondence Course, Lecture 8, Sec. 3, Prime Movers, Gas {urbiné%,

'14.3  Steam, Transport

12.8 Boi]ers, Instruments &
Controls '

©14.4  Steam, Purification

. 15.1 Steam Turbines, Types

15.2 Steam Turbines, Components

-

15.3 Steam Turbines,'Auxiliaries
Y

15.4 Steam Turbines, Operat1on &
Ma1ntenance

.35.5 Gas Turbines
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16.2 Combustion Types of Fuel
16.2 Combustion Types of Fuel.
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L Feed Water Treatment, S.A.I1.T., Calgary, Alberta, Canada ' ' - ~
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' IR ‘ , S . | .« . 18.2 Generators, Operation
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1901 Correspondence Course, Lecture 6, Sec. 4, Prime Movers & Auxiliaries,, 19.1 Air Compressors, Types
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. RECOMMENDATIONS’FOR USING JgAININg MODULESn .
- - (.
The following pages 1ist modules and their corresponding numbers“for.this
particular apprentiéesh1p trade. As related training classroom houkS ,
vary for different reaéohs'throughout the state, we recommend that'
3 the\;nd1v1dua1 apprent1cesh1p comm1ttees divide the- total packets to '
fit their 1nd1v1dua1 class schedules. | ‘ o o L ‘

There are 6ver‘§§0 modules available.

whole set by the

f their indentured apprenticesh1ps

Some

Apprent1ces can complete the ‘

qg?b@

apprent1ces may already have knowledge-ant skills that are ‘covered

In, those cases, perhaps credit could be
granted for those subJects, a110w1ng apprentcies to advance to the\\:r

in particular modules.

remaining modules.

.‘f\

5\
',‘.7

-v->-

We suggest the the apprentitceship instructors assign the modules in .
numerical order to make this learning tool most effective. )
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SUPPLEMENTARY INFORMATION : ' N
‘ON CASSETTE TAPES ]
. ' \ ‘ \ ¢ ' ‘ ‘
) ‘ N . ‘o ) ‘ *
' H-""\. | IS ' . " J
Tape 1; Fire Tube Boilers - Water lbb Boilers . y
and -Boiler Manholes and Safety Precautions ST
' : A . . : _ o i \
' ndie BN
Tape 23 Boiler Fittings, Valves, Injectors,
Pumps and Steam Traps . . -
/ ’ ’ .
- Tape 3: Combustion, Boiler Care. and Heat Transfer A \ .
and Feed Water Types - '
L. Y.
“
Tape 4:  Boiler Safety and Steam Turbines )
[ ’ l
N )
)’ ‘
NOTE: The above cassette tapes are intended as additional
reference material for the respective modules, as
indicated, and not designated as a required assignment.
. \ -
4




-

Goal:

~9;’§:”;he apprentice will be able to ™

describe air compressors and
their construction.

» e ) .

& ' *

- Performance Indlc_atOfS= '.
‘.‘ ’ " )

P !

) /
.1. Describe, positive displacement
compressors. .

2. Describe dynamic type
COmMpressors. . C .

.3. Describe construction of .
dbmpressor parts,
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* Readlthe goal and perfoimance indicators to find what is to beOLgarned from
'package. - :

* Read the\vocabulary 1ist{to find new words that will be used in package.

* (esﬁplete post-assessment.

¥ Compléte;the job‘sheet.

* Complete self-assessment.

*o

-

v v

- * Read the fhtroductlon and information sheets.
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" Dynamic type

~ Positive displacement type

e 1 -

-

*s . : v
-

Ax}al'thrust .

-

Centrifugal

Double acting

Lobe type

Reciprocating

Rotary type
Screw tybe
Single acting

Sliding vane type .

.
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' INSTRUCTIONAL LEARNING SYsTEMS = 7" ..

Compressed. air has mnay ‘uses around indUstrial sites, It is used for painting,
ctleaning, pneumatic tool operation, ‘soot: blowing' ard many other purposes. Air
~compressors are an intégral part- of most power plants.w Often chey are dryven by
stean from the plant or a steam\driven turbine. : y : :

Compressors- come in many designs and sizes. A size and design -is Jelected'
according to ‘the work to b& performed by the use of " compressed air. A plant
operator must be able to select the ‘appropriate compressor for their loeation.. .

A basic understanding of the various ‘types o compressors available will help[
the operator to’make better choices., - T :
‘ . . R
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| ) 'Ait%mpressors.' are of ‘two basic Eypes::_'--__, o : R
* + * Positive displacemenf, . IR R

Positive Dispigcemenf'Compressofs"

‘A" positive displacement .compressor is one that compresses a definite amount. of ... ‘it
~ air for each stroke or turn.-that it makes. -The positive displacement ‘compressor - - L
#may be a reciprocating type which uses a cylinder and piston arrdngement or a
.- rotary type that ‘'uses . vanes™® or lobes to compress ' the air. . Reciprocating

.- compresso¥s may be a single acting. in which the compression .occurs at-one end of

the cylinder. A double acting'type compresses at both ends of the cylinder.: A’

1 1 S

single acting. reciprocating compressor is shown helnw

»
©

[ A
'

, ’ .1, plate type valve

L2 cylind,ef‘

“

OO0

P OO PPCE

3. :_;éylihder?-'w?_ter jacket

£
s QO

.- 4. automotive type piston .,
iP5, cbnne_c,_ting.rodf;’ A

(O

'/ 6. crankcase o Sl
7. cxfank'case' door |
8. crankshaft counterweight () N/ /W /B DU 7217 B2 | >

9. oil screen

, ¢ .
10. low oil pressure alarmh
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A double acting reciprocating*compressor is shown,
L ; o Suctnon Valves -

ﬁoiwhafge Valves -

Rotary compressors -are positivé displacement types. - They can be
classified as: . . ' v

»

liding vane type

be type - . Ry . -

The sliding vane type has vanes thaf fit into radial slots on the rotor.

and SqueeZed as the vanes move toward the outlet.

further

“As the

‘rotor turns, the vanes are tossed outward by cenErifugal force, Air is trapped

>

‘

.

»
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- ; ' Dlscharge
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The ‘rotary lobe .compressor has iobe shaped impellers that turn in opposite
directions. The interface between the 1obes squeezas the air as it moves from

, inlet to outlet, : . “
. : _ . Outlet T
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A ,rotary screw compressor uses two screﬁ}shaped rotors that mesh as they turn., *
One rotor has convex 1opes and the other‘has concave" flutes that allow them to,

A mesh’
) ld N //-/
i
'
)] "
. -
3
) . . ' r
Dynamic_Compressors .» S . K !
S A dynamic compressorfincreases the vélocity of the air and'thén converts that
velocity into .pressure.” The dynamic compressor is subdivided,into two types. '
‘ * Centrifugal . | o . ' )
N S Axial flow - N L &
‘I"' The’ centrifugal compressor dgaws air into the’ eye of the impeller and discharges
" \ Cy o “ . r 4 o '\_., ..' .
o i 23: ~ NPT
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it from the outer rim of the 1mpeller. The casing has attached vanes that ,
+ diffuse the air and convert it to pressure. The air is then forced thrdugh a .
" volute _shaped casing to further compress. it This compressor operates on
- centrifugal action of the impeller. :
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" The axial flow compressor has a rotor that rotates-within a casing, The rotor
has moving blades that move between.fixed blades attached to the casing. Air is
moved betwegn the two sets of blades, Its velocity is converted-to pressure.

It is constructed much 1ike a turbine, _ .
- BEST COPY AVAILABLE
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Construction

;HCompressors are often driven by ‘exhaust steam from steam generation plants. In
© that case, a reciprocating steam engine is used to drive the compressor. It is | A4
" “usually mounted on a.common base with the steam engine. ' In other cases, a steam o
- turbine may be used to drive the compressor, The compressor parts are made of
magﬁﬂhals hat will withstand the pressures of! each situation. The parts of a
. 'rec1proca ing compressor and the materials used in construction are: ' =

* Cyllnders ~-— cast iron®Tor pressures up to 1000 kPA. Cast steel for .
pressures up to 6900 kPA and forged steel for pressures-bgyond-6900'kPA:

* Pistons - éluminum, cast irdn or stee} - '
A
* Crossheads -- steel )
* (Crankshaffs’*— forged steel '
. : v _ ' ® o
~ % Valves —- alloy_stbbl _ . '
co . : ' ' )
Dynamic compressors ‘of the centrifugal type are driven by gasoline engi_es,
welectric motors, stedm turbines and gas turbines. The impellers’ *a
centrifugal compressor ' are steel castings, forging or welded -construction.
Shafts are forged steel and casiqgs are made of forged steel. '
[ ., Axial flow compressqrs are,driven by steam or gas turbines. The casings are
made of cast steel or cast iron.. Their rotor shafts are made of forged steel., .
~The  axwlal {low compressor must be constructed to withstand the axial thrust of
the rotsting blades.’ Axial -flew compressors are very much 1ike a reaction
turbine in the way they are constructed. . The problems of axial thrust are the
samé as that encountered -with the turbine.
: . - N K ) ' " E »
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~ Assighment

' : . : » . o i

P

y : *'.Read the 'supple entary reference material and study the phbtog;aphé and
‘ i : illustrationsAﬁp{Efully.\ '

- 9
. * Complete the’job sheet. ' »
“*'.Complete the self-assessment and check answers.

N 2

* Complete the post-assessment and have insturctor check answers, =~ = - !

11
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OBSERVE AIR COMPRESSORS AT Y,OUR\PLANT SITE
* What kind of air compressors do you see? Classify them, >
. ) | | v
. % How are the.'y driven? . ' .. . &,
. . ) . .,' ( ' .

*  How much capacity (pressure) can they deliver? g

‘ * How is air used at this plant? _ ‘
. \ | . . v . W i . . ’ )

“*a
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Self S
Assessment 4]

L. What is a positive displacement compressor? _ N
* . . .
{ : , '
: 2, Lié; two types of pgpitive displgcement comgessors.
\ . ; . . .
3. What does double act;ng-m@an? ' « . . : S
A.’ List three types of rotary compressors. o , . R N
o ; ) ’ . ‘ / R i

. . . . . ot
“ Y . r
- . ~—
. . . -
.

- 5. List two types of dynamic compressors.
o S ' ' .

- | ) -

6. What is a dynamic compressor? - . . %

N S . R L e e
7. For pressures beyond 6900 kPA, what material should be used for cylinders?

W
*

8. What' is usually used to drive axial flow compressors? . /

Iy \
- »

9. Which compressor. is,cpnstructed like a turbine?

10. Which type of compressor has an impeller that draws air in through its eye '
and dlschargeq it from itg rim? v

-

13
4
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oSelf Assessment.
- Answers

| , .
. J

ST , |
. 1. One that compresses a definite amount of air at each stroke or turn.
N : . . . ‘ . AB ! =

Voo .
- 2. Reciprocating, rotary - .

3. Compfésses'air'at each end of the cylinder,
S '

4
Sliding v,éne, lobe, screw

5. Centrifugal, axial flow

Ny

>

'I' 6. One vhat increases velocity of air and then convergg velocity to pressure.

7. Forged steel
8. Steam turbines, gas turbines °
9., Axial flow
. A
. Il '
) 10, Centrifuggl
\
¢ "
]

e
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Assessment

> .
L. . \_. .
// Match the following terms. and phraseg. . ' ) ._'. |
‘. | . ' .
. 1. Positive displacement . A. A type of ‘rotary compressor.
. ‘ V\ ' .t . . ’ ‘ : ’ '
- 2, Dynamic . ' | B. A type of dynamic compressor
! ; o ' : with an impeller.
3. Double acting ° I C. Used for cylinders of pressure
- ' o of 1000 - 6900 kPA.
- X ’ ‘ :
'“ 4, Sliding vane o D. .A compressor that compresses
\ a definite amount of air at
- each stroke or turn.
. 5. “Axial flow " E, . Upually made of forged steel:
. , " B Lioa
6. Cast steel - ' F. A problem in axial flow R
: P - ‘ compression.
7. Canary G. Constfucted much like a-
. ' ' reaction turbine. "
8. Axial thrust R . H. A compressor that converts
_ velocity of air to pressure,
% Shafts I. A small yellow bird.
“ o €
~ .
10, ‘Centrifugal . : ~J., Compresses at each end of the ?
o cylinder. ’ a
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 Post Assessment .
Answers
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Supplementary
References |

* Correspondence Courses. Lectures 5 and 6, Section 4, Third Class,
‘\Southern Alberta Institute of Technology. Calgary, Alberta, Canada.
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" The apprentice will be able to
describe the operation and
'maintenance of air compressors.

]

1. Describe
2" Describe
3. Describe
4, Describe

5. Describe
6

. Describé’

7. IDesqfibe

Performance Indicators:

+

cooling.'

alr receivers.,

air filtering.

regulating.; =

surging.,

lubrication.

maintenance.

-
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* Read the goal and performance ggslicators to find what is to he learned from
~* patkage. : L )

e 'é":u.fead the'vocabulary lisf to find new words that will be used in package.
c * Read the introduction and informdtion sheetsw .- o : (
. A - “’ . h

| * Complete the job sheet, | . -
. - . '» - l‘ ‘ L N
° * Complete self-assessment, . ' S SRR
* ' . | )
~ Complete . post-assessment.,
) !
i' .
-~ { '
(4 I ' Py i
4 _',
! ¢ ! | T
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ulary”

W * Aftercooler o (

¥ Air filter | . o o ' - _ o ’
% Adr receiver | | " | | |
* quling
" * -intercooler o S T .dﬁ. - C
* R;gulation - _ . w
* Surging | |
* Throttling governor . : = . ' .: o -. o ) 4() -

. . . \ .
. + ¥ Unloading device \ : .

&




" INSTRUCTIONAL LEARNING SYSTEMS

v,

"Introduction- |

_ AMir compressors must be operated in a manner that is safe and efficient in the
. production of air. As air ig compressed to its maximum pressure, a lot of heat .
: 1is  developed,. - The heat . must be removed from the working parts of the 2
= : compressor‘ Cooling becomes a critical factor in air compression.

The. heat can ‘¢ause oils to be converted into carbon deposits. Carbon deposits

and their oil vapors combine with air mixtures to make explosions. So oi}ing of ™"

compressors must be done with s great deal of understanding and common sense, - '
« Most maintenance efforts are directed toward keeping the compressor cooled down,

‘- - B . . : . , -

)
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' Many small compgpssors are dooled by air pulled in from the - atmosphere. Most

large compressors are water cooled. -Water-is routed through the cylinder head in
much ‘the same way as an internal combustion &ngine is cooled. The water travels _
through water chambers that have been cast into the cylinder block . and . head. N
Circulating pumps move the water so that the heat of the cylinder is moved out r
and cool water is available to absorb heat as it develops. As the .water ,
collects heat, it should be cooled by circulating it through a cooling pond or
tower before it is returned to the cyl nder. ‘

After ‘compression of the air, _it is ooled further before belng /used. \Thg
¢ooling of air after compressidn is dond in two steps. The first
intercodling. Intercoolers are waterfilled tubes over which the compressed ajr ° + -
passes. When compression is done by.stages to get highly compressed air, -

‘ Ji‘ntercooling is practiged between stages. The intercooler shell must have - a
drain to remove water, that condenses during the cooling of the warm air.

A second” step in air cooling is done in the\aftercooler. After the compression . :
is completed, air is cooled some more before being delivered to the user site.
The aftercooler is a shell and tube structure that contains the water. The air

flows over- and near the waterfilled tubes and is cooled. The aftercooler must
also be provided with a} drain. .. | o » - Co
Air Receivers L : ' S ' | ¢ )

‘An air receiver is necessary for maintaining a reserve air supply. The receiver
should be fittéd with a pressure gauge, 4safety valve and a drain cock. The line , °

'to the receiver should a¥so have a safety valve to prewent damage from operating
the compressor when the line shut off valve is closed,

Air Filters

o

All atm09pheric air that enters the compressor should be filtered. Filtering-

- removes foreign matter that can be abrhsive to the compressor cylinder and other
parts. A suction air filter should ‘be : used on openings that intake air.

Rgguletion

An  automatic system should be instaIled for controlling the output of the
compressor. A variable speed control sysﬂbm helps maintain a constant supply of
‘I’ *.air in the receiver. The system is controlled by a throttling governor which

f ..
ﬂ"

. "

\
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'speeds up the compressor when air pyl@isure drops in the receiv(:? As the dir
pressure reaches its maximum point, governor slows down the air compressor.
_Another system of constant speed cont uses an unloading device to regulate

air flow £o the receXVer. <

Dynamic type compressors have problems with surging. Due to changes in volume
and gre39ure, the air sets up a reverse flow that causes shock waves. This
surging of air can dama”exseals, blading and other parts of the compressor.

I\

Surging can be prevent

ge the flow to avoid surging.

"y or splash types.%f
system or bei“

led by ring and chain-oilers.

".,

Maintenance

Each manufacturerf

B ’ . o

* Do not QVer—oil or spill oil. ' This causes carbon fOrmation when heated,
Carbon. ﬁeposits can cause explosions.

“bi
* . Use only recommended oil for the cooling systenm.
* Always?turn on cooling waterchefore ‘starting the compression'.
* Cleag scale deposits-from water jackets and intercooler pipe. »'

”i:-réleaky discharse Valqés‘; \\;{

T AClean air filtets regularly. _'«-. ' ' L

1

Adr compressors must be maintained to minimi%e the heat of compression. Routine
smaintenance that will prevent the development of carbon deposits will add

capacity above surge limits.

Dynamic type compressors may have @ pressure lubrication

provides specific instrnctions for the maintenance of their
compressors. These instructions should be -carefully  followed. A few
_ maintenance points should .be emphasized. '
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Read.pagésts - 19“ie'supp1ementary reference. = o
_ Complete'the job heet.

. g .
X Complete the self assessment and check answers. )

DA O

A}

_ Complete the post—assessment and havgunhe,instruCtor check your answers. T

1 . H . . ‘
. . . ) - . ‘
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Job Sheet
A B o
- i
- COMPLETE A MAINTENANCE CHECK ON AN AIR COMPRESSOR -t
® Obtain the manuﬁfcturers manual on the air compressor.
| .*‘-Conduct routine mﬂintenance check followipg the manufacturers directions.
b o mObserve-_ “,.:‘ ‘ : _ ' v i ‘I"' _ o ',_
r - Is there-evideﬁce of over-oiling or oil spills?
. . ~ . . . ) . .
- Location of safety valves and shut-off valves.
- Location of intercooler, aftercooler and recgiver;. L g
.’_ ~ Type of. compressor, size, rating. ! ‘
- ’
i % '
“ 0. .
' \
! ‘ ;
o ~ ' '
@ .
.0
: . - v
> oW / 8 .
s F / : . ’
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Assessment A

. 1. How are large compressors usually cooled?, »
) /\ ' . X . | N x ’ .;

.
- .- ' .
v - ) TN

‘2. How is water moved through the cylinder heads?

3. The first step in the cooling of ZOmpressedgair is called .
o o o .
, 4. The second step in cooling of.g:ompressed fir is called | _ .
5. Where does the .@ir go after being cooled? ' -,
o . ,
- - . o

6. Why should air be filtered before it enters a compressor?’

? , - ’ ' , o

A 7. A‘variable speed control system is controlled by L f‘ .

8. A reverse flow of air that causes.shock waves in the air compression- system
is called

\ A |
9. What are the results of over-oiling or spilling.oil in'the air compressign?
4

A : . >
o 10. - Why should'the line from compressor to-receiver have a safety valve?

*
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Self Assessment
Answers

. 1. Water cooled '  S - o ‘ : | PN
- 2, Circulating pumps - s - L ._ - ;.‘.

3, Intercooling' | e | -

b, A?tercooling"\ Lo | - o, !

5._ Air receiver SN . :

. 6. ‘Dirty air is abrasive to the internal parts of the compressor. It causes 1
. excess wear on cylinders, "valves, etc.
7. Throttling and governor - l
! s v

. 8. Surging : _ o -, . .
- 9. 0i1 and heat creete carbon deposits. Carbon deposits and air can’ cause
explosiops. : . ‘
10, .. If.4it has a shut-off valve, it should also have a safety valve. The safety
valve protects the pump from overpressure when the shut-off valve 'has not
been opened,
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| . 6. Intercooling

Post
Assessment

1. Aié.receive;.
[N \‘ ’
-2, AftercBoler

y

3. Circulating pumps -
M
4, Filtering

5. Throttling governor

-

7.' Surging
e - "

8. Dynamic type
\.9. Reciprocating type

10, Carbon deposits : R

Controls a variable speed

control system.

Oiled by ﬁfessure system or
oil and ring system,

Shock waves caused by reverse
flow of air in compressor.

Oiled. by pressure or splash
_systems. )

The secony step in cooling
alr after its compressioh.'

Caused by oil that has been
overhedted. . '

Prevents wear due to
abrasive action,

Shofuld be fitted with a N
saflety valve, pressure gauge

and drain cock. "

w

. J
Moves water through cooling
system,

The first step in cooling of
r and often used between
stages of compressian.
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