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* RECOMMENDATIONS FOR USING EiT,RAINING' MODULES , A

The fo]]owing pages list modules and their corresponding numbers for th1s
particu]ar apprenticeship trade. As ‘relatéd -training,classroom hours ‘ L
vary for different reasons throughout the statg we recommend that

* the 1nd1v1dua1 apprenticeship committees d1v1d ‘the tota] packets to |
fit their individual class schedu]es .

) o |

There are over 130 modules avai]ab]e. Apprentices can complete the
whole set by the end of the1r indentured apprent1cesh1ps ‘Some
apprent1ces may already have knowledge and skills that are covered/
in particular modules. In those Zasé%, perhaps credit could be d

granted for those subjects, allowing apprentcies to advance to the B y .

-t
‘

remaining modules. |

We suggest the the apprenticeship instructors assign the modules in
numerical order to make this learning tool most effective.

.
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SUPPLEMENTARY INFORMATION

, " ON CASSETTE TAPES

.Tape 1: Fire Tube Boilers ~ Water ’I‘ube Bmlers
.and Boiler Manholes "and Safety Precautlons ,
Tape 2 v Boiler Fittings, ‘Valves, Injec'tors_, .

(
l “*f“'fTape 3:

Tape 4:

I'4

Pumps and Steam Traps

Cambustion, Bmler Care and Heat 'I‘ransfer
and Feed Water Types

| Boiler Safety and Steam Turbines

"
: : L
The above cassette tapes are intended as additional
reference material for the respective modules, as
indicated, and not designated as a required assignment.

T U
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Goal:

The apprentice will be able to
describe the common types of
steam turbines.

151 ¢ .

*

STEAM TURBINES -- TYPES

C

Performance. Indicators:

Describe

l. impﬁlse turbines.

2. Describe reaction turbines.
3. Describe compound turbines.
b, lescfibe velocity-bladingl

5. Describe reaction blading.

6. Describe turbine compounding.
7. Deseribe other types of

turbines.
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. Cross conpound turbine

- . . v .
" Compound turbines _ , F'y . \\ S ) ‘%}

» E ‘ ’ . . . R
: R

-Condensing turbine o _ : o -

. ) #
\ . - . . 3 ¥
. . C

Condensing bleeder turbihe
Extraction turbines \a\ ' : . .
Impulse turbines : ’ : ‘ ?

, - . . _ ' |
Kinetic energy

Pressure compounding i - ,

Pressure velocity compounding

Reaction blading

'Reaction turbine

Tandem compound Eurbine 

Turbine conpounding . . . o

T . ' ' ' '
Velocity blading ‘ ' : //> . »

1

. . R \'.
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Turbines are a type of motor that is mountéd on a-shaft and consists of rotor
blades that are actuated by steam, gas, water or other pressure. The steam

turbine is common to the Ameriean industrial setting. - v

»

Basically, turbines operate on.the principles of impulse .and reaction. Turbine

design uses these principles,” singly and in combinatien, to Aimprove ‘the
efficiency of turbings. .- . ' )

C . f i \ .' "
Efficiency involves capturing most of the f%rce or energy of the steam that

passes through the tutbine blades. Several methods of "Compounding" this energy
have been incorporated into the design of turbine engines. C




INSTRUCTIONAL LEARNING SYSTEMS -

_Information .

L 4

. -

/

{

.-in the impulse turbine the pressure remains the same as it passes through the:
A L g '

3

v ' . ’ . a
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The steam turbine is uged by industries where power and heat is needed to perform -
processing. Refineries, paper mills, food processing, heatﬂug"ﬁn;s and many

other industries utilize steam turbines as a prime mover.

, Impulse Turbines : . R B . "4

. ! L S
The impulse turbine uses.dtationary stean nozzles to turn a rotor with g‘Edes or -
" buckets.” Steam is,directed at high velocity at the blades, The high vekpcity

of. the steam is a result of lowered steam pressure. As steat® pressure is

reduced the heat energy of the steam is converted into kinetic energy. The

blade® of the . rotor convert the kinetic energy into mechanical energy which
turns the rotor and shaft. The impulse principle can be shown,

- LEADING ASTEAM-

~

Section of Turbine Blade

\OUT' - - S

y o T

The velocity increases and nressure drops as the steam passes thrbugh the'

nozzles. As the steam passes through the blades, the velocity drops bdt
pressure remaing constawf. On impulse turbines, pressure at the inlet to blades
is the same as that at the owtlet from the blades.

‘ - : »

Reaction ,Turbine &

Lol

-

. ‘ ® . .
In the pure form, reaction turbines are not used in industry. The reaction

turbine thatf/is common uses the principles of impulse and reaction. There are
equal numbers of rows of fixed and rotating blades on the rotor. The steam
velocity increases as it passes through the fixed blades. As' it strikes the
fixed blades, the pressure of the ‘steam is reduced and velocity increased due to

a change in direction.” This produces a driving force in the same manner as on’

impulse turbine. ‘The Bteam wjll next undergo a reaction process. The rotating
blades are arranged in a manner that will allow the pressure to drop. Remember,

o ) : . : . ~
. . ' '

| o s | : _ ‘ r/‘ X
./ ' ) A »

4

. | L

SR

: . § |




blades. In a reaction turbine, this pressure drop allows more heat energy to be

The reaction turbiné‘has.a,driving force.equal
to * the energy converted by impulse and that frome the reaction,
the pressure drop incfeased velocity; -conveYted heat energy to kinetic
energy into mechanical energy for
re often a combination of impulse and reaction types.

~converted into a driving force.

and converted kinetjc
. Commercial turbines

- ';iNST;i)AcﬂbNAL LEARNIN
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In both cases,
energy’

turning ‘the

. . »
) Compound Turbines .
. o .
» Compound turbines consist of two or more large turpines linked with orie or more
‘generators. A tandem compound turbine is two or rfjre turbines hooked in series
_with one gerneator. A cross compound turbine is a doupling of turbines in which

.each is on its own shaft and has its own
' ‘thie other,

TANOEM-COMPOUND TURBINE

e

Vélocity Blading‘A'

Velocity blading is a method of, reducing
exhaust pressure. Steam is expanded
through rows of noving and fixed blades.
moving blades. The fixed blades act
of moving blades.

blades, the
. row of blades.,
rotor,, For maximum efficiency,

' the steam velocity.

Since the velocity is absorbed by several
blade speed is less than if the velocity was absorbed by a
Velocity blading is a method for reducing the speed . of
the blade velocity should be one half that of

generator. The steam flows,irom one -td

e - ' CRO$5-COMPOUND TURBING

Al

~

steam velocity from boiler pressure to
within one set of nozzles and routed

The steam velocity is absorbed in the
to redirect the steam to the next row
rows of moving
single
" the

!

0y RN

rotor.




4 ~JReaction Blading _ oo : ' ;o S
‘Reaction blading uses the 0r1nc1p1 s of 1mpuls° and redaction turbines to pull
- the magimum energy from the steamf As stggp expands in the  fixed blades,
" Velocity increases and the pressure drops. ~ The increased velocxty hits the
moving blades and exerts a force on the rotor.- The steam Will continue to

. increase amy decrease pressure and velocity ag it passes through alternating
rows of -fixed and moving bYades. This type of blading "milks" the last drop of

A‘Emergy from,the passing steam. S o :
¥ . ?

[

Turbineé Comgpunding . o .
. &\ o —

Turvine design attempts t¥ utilize all of the kinetic energy available in stean

as .it passes through the bplades. A number of methqds are used to capture the

energy. Most ‘are ‘based upon the principle that when stean expands, the velocity

‘ ifkreases. Three basic methods for conpoundlng the energy of Stean are ‘utilized ..
the design of turbines.- . - ) uv"
\5 '.l. Pressure compounding - C
2. Velocity compounaing

3. Pressure-velocity compounding )
Pressure compounding drops the steam pressure in stages. <+ The Jressure draps
occur as steam passes through nozzles. This system uses several-npzz%esv that
are  fitted into diaphragms to keep each stage of compounding separate ¥from the
others. As the steam moves into each row of blades, the blade speed is reduced.
To get the proper blade speed, additional stages caq be added.

- Velocity compounding uses one set of nozzles and several rows of fixed and
moving blades. As steam passes from stationary to moving blades, a change of
direction of energy occurs. Velocity is abdsorbed by@more than one rbw of moving
blades. The blade velocity is reduced to a ratio ol maximum efficiency Some
small turbines 'have qnly single wheels and use return guides: or rsing
chambers to change direction of steam and force it to give up its useful .energy.
The singel wheel types are axial " re-entry or radial re-entry turbiwes.

&

Pressure-velocity Compounding _ '.,J , ¢, . Z/,'

~This :system of compounding utilizes the principles of pressure and velocity
compounding. = Velocity compounded turbines are arranged in series’on the same
shaft. A number of sets of nozzles are added to 'give the desired. nressure drop.

. - ) ' '\._ P o N “.
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Othgg Classifications and Types of Turbines

\'

¢

)

C nden3115 turblnes exhausts stean to a condenser where. tﬁe neat of the steam is *

ttansferred to the ceoling water and returned to the bolder. - A condensing-

bleeder turbine ‘has places for bleeding &ff the steam at various points. The
bleed steam is used i# heating the feedwdter. - L -
v, . o \¢°

Extraction turbines allow ”steam to be extracted at one or more points? The

-extracted steam can be used for purposes dther than heatlng Leedwater as in the

case of bleeder turbdines. : _ - °

. . e * o

-

Gondensing-Turbines ' ' : _ o ,

- . ;

’ Conden81n0 turbines -&herate in conjunction with a condenser. The exhaust
pressure is reduced below that of atmospheric pressure., The condenser changes
the exhaust steam to water and-yeturns it as boiler feedwater.

Non-condensing Turbines C S .

Small turbines often discharge thé steam, pxhaust into the atmosphere or uses it
as process steapr. . When steam is not returned to the boiler it is called. a hon-
condensing turbine. Condensers are not part of a non-condensing turbine..

L} . . o ’

A
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. :ANALYZE(TURBINE SPECIFICATIONS

other source.

. : T
Obtain turbine specifications

*

»

'y ~ Is the turbine animpulse or reaction turbine?

- Is it a condensing, non-condensing, extraction, bleeder turbine? - - u:.4»

- How is the turbine

. T

compounded?

I3

10

~

| 4

.

Reéad and analyze the specifications of a specific model turbine.

Asi instructor to explain those features that you do not,understand.'

&

5.4

from a supply cataleg, equipment ‘manual _or”

*

!
& .

N
7
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Self o

. . . ' _wt). '

Assessment

P

"

Match the following tfirbine terms with appropriate phrases.

it o bl o :)ooo(:ﬁ W%xW@mﬁ <O
e .

1. Impulse turbine ‘ ' . A Method of reduc1ng steart

23 Tandem compound turbine , ‘ : B. Drops ste@m pressure in ‘
‘. ! ' . . . ‘stages. ’
. . ' ‘ C 3
3. . Reaction turbine . . C. Exhausts steam to a condenser.
' ' ' : ., " X
4. Croge compound turbiné e ~2 D; Converted from heat energy as .

pressure of steam is redyced. .

&3

5. Velocity compounding L » Energy that turns the rotor.

6. Pressure compounding . o ? I. Stationary steam nozzles.
. : / ] - ~
7. “Mechanical emergy * G. .Allows steam to begextractgd
. ' v ‘ - at various points in turbine.
, * 8. Condensing turbine ) ' H. Wot used in pure form by = - ’
industry. ' '
. 4 '
9. Kinetic energy " I.- Two or more turbines in series
o with one generator.
10. - Extraction turbine : . ~J. Two or more generators on their
¢ R . : ' own shaft and with their own
' ' ~ generator but uslng the same
v oo ' stean, -
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JPost Y
Assessment

ﬁm\

‘Mark the follewihg statements (T or F) trie or false. ' ) | -

1.

10.

ks steam expands in the nozzles oressure drops.

Reaction turbines in their pure form are not used in industry.
\ ' .

The so called reaction turbines use both impulsa“ang reaction = (-

vrinciples. .

-
Dy N ¢

Velocity increases as stean pressure is reduced.
[

< : ' | | '
A cross-compound turpimne is a series of turbines mountetd on a
single shaft with one generator.

. Velocity blading is a method of increasing the speed of the rotor, . .

Y

«©

. Velocity.compoundihg reduces steam 5ressure through a series of

stages or nozzles that are separated ‘by diaphragms.

4

Condensing turbines return their exhaust steam as feedwater
to the boiler by running it through a condepser.
/
A}

Pxtractiofl turbines allow steam to be pulled from the turbine for

other purposes such .as steam cleaning.

B ' M ¢ 4
Axial re-entry turbines are a large type of turbine.

13

()9
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Instructor ._
Post Assessment
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Alperta Institute of Tedhndlogy. YTalgary, Alberta, Canada.
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STEAM TURBINES -- COMPONENTS

152 - .
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Goal: Performance Indicators:
The apprentice will be able to . o Describe  casings, . rotors,
deScrlbe the major . components 11 . *fblading and casing drains.

of a steam turbine.

2, Describe packing glands,

. governors  and extraction
\ \ valves. ' '
3. Describe speed reduction

gears, flexible - couplings,
and turning gears,

4. Describe lubricating systems,

_ | thrust bearings, " ring-oiled

v o " : bearingzs and pressure-fed
bearings. ’
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P

* Read the goal and performance indicators to find what is to be learned_froﬁ
package., :

‘ >
RN _ : )
* Read the vocabulary list to find new words that will be used in package.
» ¥ Read the introduction and inforaation sheets. : *

* Complete tihe job sheet.
[ > . !

are

* Complete seli-assessment. ¥

#* Conplete post-assessment: : ' .

- L]
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VVocabulary -

h ) e e

{’Yaldd\_c p..cpcr o o« -
Blading

Cardon ring seal

Casings

Diaphragm :

Direct connected governor _ . ,
Disc rotor ‘ g : ' _ o,
Duany piston ' “ '
Znergency tri)

tnd tightening

Zxtraction turbine- o v - . .
Flexible' couplings - ' L .
Flyweight governor » ' )
Grid type extraction valve,

Hollow drum rotor - .
Hydraulic governor N
. Impulse blading

Indirect connected zovernor
Labyrinth seal

Lubricating systems »
Main governor
Mechanical governor
Cil circulating systenm
Overspeed governor
Packing gland

Pressure fed bearings
Pressure governor
Reaction blading . ' L
Ring-oiled: bearings

, Shroud [ o .
Solid drum rotor '

T

Mgk k %k % d % %k %k % k Kk k & %k k &k k k &k %k %k %k ¥k %k &k ¥k ¥ % ¥ -

wder
>

* Solid forged rotor

* Soeed governor A ‘

# Speed reduction gefirs

% Tang » g

* Thrust bearings . '

* Turning gears ' ' ‘ '
# Water seal o , .
* Welded rotor ' )
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~A--turbime--consists of many components and systens'for

] .

. ~ X o , N y

ntroduction

. : . . . I

L S : -

converting stean 1into
mechanical energy. An apprentice’must understand how these components function
and interact with each other’ to produce power.

This package provides an explanation of the basic conponents and systems. With
basic understanding of the turblne, the apprentice will have the framework for .
learning the techpical aspects of turbine operation. The ‘technical details of
turbines are too complex to be mastered iiff a learnihg package. A package can be

a starting point,; Experience. will bring technical competence with stean
turoines. ‘
' '4
[\
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s
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Information

Rotors

B}

*INSTRUCTIONAL LEARNING SYSTEMS

Casings

Turbine casings are of simple construction. They are divided horizontally so
that on® section can be reroved for inspection of the turbine. The casin,E
joints are nachined smooth to inake a close joint. High tensile bolts are us

to fasten tHe two sections of casing together in high pressure casings. A hole
has ‘been drilled the length of the bolts to allow for the insertion of carbon
heating rods., Heating rods-are used so that proper tensioning of the bolts can
be nade when the bolts are tizhtened. High oressure cgsings_are nade of cast
steel. ' '

Low pressure casings are made of cast iron or fabricated steel. The exﬁaustv
chambers aYe braced with plates or stays to av01d distortion of -the c331ng

 h bolted hlgn pressure casing is shown below.:

Hole for Heating Rod

’The hollow drum rotor is forged in two pieces. One siece includes the steam
- inlet and drum. The other piete is the exhaust end shaft and dis&c. . Aiter
- machining, the drum is shrunk into tne exhaust ead disc forging and secured by

bolts. Tie ‘hollow drunm rotgs linited to small sizes because it /is
susceptible to stresses. A solilW drun is :or*ed as 8 solid piece, It is useiul
in large out put reaption turbines, : '
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Information

. Disc _rotors are made up of discs or wheels which have been 'forged separately and
keyed to a central shaft. The outer rims of the discs are grooved for blades to.
ve attached. A disc type rotor for a low pressure cylinder ,is shown in the . ==
picture below. - . ’

- WHEELS /'aLAoes

- ¢ . .. '.. \ ,. ,."‘
' » C sHAFT

-

yoooa-

Solid forged rotors have wheels and shafts machined from one pisce of metal.
. Their- single 'piece construction avoids problens of loose wheels. Machined
grooves allow bladlng of the wheels., = SR : :

: : o : _ Grooyes for Blade Fixing

Welded Rotons

4

Welded rotors are made by welding nmetal discs onto two shaft ends. Tihe discs ﬁh'f
are then welded together and blading grooves are machined into the outer "
. surfaces. A welded disc is shown.on the next page. . : o
.y .\“6 ' ‘

3b
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| Dunmy Pistons ~ ‘ ' - e -
Dummy Jpistons are machlned out of the rotor forging at’ tﬁe steam inlet enc. The o
vurpase of adunny oisﬂon 'is to balbance out the force caused by pressure drop as”

* steam passes across each set of blades: A balance )ip° helos to malﬂfaln the
balance of forces obtained by a dunny piston. :

Blading . 3 ' &
leaction biacing gives a pressure drop across both fixed and moving blades,-
Fixed blades are fitted in grooves in the casi®3. bMoving hlaces are fitted into
: grooves in the rotor. The blades are made complete vith sarguding so, that
1’ installation is easiar. The blades aré serrated and fit into serrated grooves,

' They are locked in place by side loc ing strips. Sealing between the fixed and
moving blades is critical for efficiént overation., ©nd tigzhtening is a type of
sealing provided by controlling -the clearance along -the ; line of shaft.

Impulse bladinhg uses bdlades that. are machined from a solid: bar. A tang isleft
. “at. the outer end for attachment of a shroud. The shroud helps to guide steam
¢ ~ through the moving blades. The fixed blades of an impulse turbine has nozzles
: mounted in diaphragms. Diaphragms have two:'fixed halves attached to the casing.

Nozzles are attached in grooves of the dlaphragm.} The- various blade types are

. shown on the next page,..

-

[
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Serrated «
Locking-Strip

' Radial
Fin

_Fixed
Blades

N

Moving
_Blades

Double
Knife-edged .
Seal

W) Serrated
". Locking Strip

H-p ReactlonTypemadmg |

ni : ‘ Gro,ovve in ’ )
.Diaphragm Plate

Bult-p Disphrsgm » BEST GOPY AVAILABLE
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- Information

‘drains keep the water within‘allwible lé\jels.
- . . . l .

. INSTRUCTIONAL LEARNING SYSTEMS ¥
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v
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1

Cylinder Casingz Drains

;

¢

Water tends to collect at the exhaust end of a turbine. Draining grooves are

formed in the casing to allow this water to drain to the condenser, Casing

’
e

Packing Glands - ' . ’

Turbines tend to leak around the shaft where it ener ges from the casing. ' Air
nust be sealed out and steam sealed inside the casing. Small turbines use
carbon rings that areheld in place by a wire spring. The labyrinth seal'is_used
by larger units. The labyrinth sq’l.conSists of a series of rings with sharp
projections that extend into grooves on the shaft.. The projections are in.close
tolerance contact with the shaff.gﬁd prevent steam frow passing .through them.
Some large turbines use a water seal to prevent leakaze at the shaft. A ring of

.water under pressure is naintained on the outer rim of a runner ‘which rotates

wvith the shaft. This seals the gland azainst leakage. A combination of carbon .
ring,/ labyrinth and water seals-can-be*useq to reduce leakage at the shaft
gland. : C "

Governors - S _
_— % _ ‘e

- Governors: control the amount of steam that enters the turbine. Governing is

A mechanical peed governor is shown in the fol%&:f?g"drawing:

usually controlled by two governors. Une is to shut off the stean supply. This

is called an oversveed or enerzeacy trip zovernor. The .second one maintains the
_turbine at a constant speed .and is' called the pain governer. The

fly weight governor uses weights on the spindle that revolve with the spindle.
Centrifugal force moves the weijgnts outward as the speed is increased. A

Hechanical = linkage connects the governor weignts with a valve. When the

centrifugal force becomes great enough, the steam valve will be closed. This is

a ilechanical governor. Ii the flyweight governor is linked with "a hydraulic

system, it is called a hydraulic governor. A hydraulic unit is activated by] the

centrifugal force. .The hydraulic system will release oi] under pressurg to

operate a spring-loaded piston. The piston then operates the steam-valve, -

On  large turbines, a valve is used to comtrol stean for each set of nozzles.
These .valveg _can be operated by bar 1ift irechanisns, coms or levers or by

N

individual } ic cylinders.

L) .
- 1 v
’ ! ‘ - ] Y

+
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v : A nydraulic overspeed governor 'is shown ia the following drawving:

EMFRGENCY OVERSPEED GOVERNOR _— .
~ )

THROTTLE

‘ C OVAWE—~——a) ..,
W EMERGENGY G- -
/ VALVE ¢
. . LATCH""L\:f
& ] ‘ :
‘* " . :
) TURRINE HAND TRIP M
. SHARFT f o P
KA |
. ' 8
- '

10
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K governor may pe direct connected to the Steam COMTrol valves througW e rimkage —
mechanism. In Ahe aoplication where the governor is linked with a hydraulic

unit which triys the steam valves, the unit is’'an indirect connected governor.

All overnors gonsist of three parts: C - '

1. Gover 'speéd sensitive element which is usually* flyweight. f“\~wn—ﬁr///
7. Linkage which tfansmits action of the zovernor to steam control valves,
3. Steam control valﬁes. ' | - .

Extraction Turbines : o T

Extraction turbines recuires a governor thit will contro} the flow of steam
beyond the extraction point. Steam must be extracted and yet leave a flow that
satisfies &team reauirenents beyond that-point. A crid type extraction valve

is made uwp of a disc that revolves on a_grid. cach have ports for steam to pass
through. If the vorts’ coincide, a full flow of steam passes through. Partially
matched ports allow only a portion‘of the steam to move by the ‘extrection point.
This' allows steam to be extrected and still maintain pressure to other parts of.

- the turbine. A arid type extraction valve is siown in this drawing.

7O PRESSURE GOVERNOR
7 3L\ - ,OPERATING PISTON . N

+

» ’ v .
The pilot valve is operated by the pressire governor to control the steaa to the.
piston. The piston action rotates the extraction grid. - A speed yovernor is
linked with the pressure governor go that the turvine speed is not changed by

steam’ extraction. )

LY
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~ Information [~

. 1.

Sneed Reduction Gears ?

"Often the speed of the turbine is too great for the speed of the machine to be.
driven. Speed reduction ggars are used to slow the speed of the turbine. The
gear sets are housed in casings and connected to the turbine and unit to be
driven by flexible couplings. - : .

Flégible Couplings

P

. Flexible and claw-tyse couplings are used to connect the turbine with generators
and otiner driven units. ' S r

) o - ¢

o SLEEVE
® _

HUB
- A
!

Oll‘S\UP"LV GE / 0155“5“[“' 0|L(5\"'!'LV - GEF?SBFAOYROR o
noZe  TEETM S ol oureer— -NoZZLE COUPLING JAWS TURNING GEAR
. } N . -
) ' Fleﬁible Coupling ¢ Claw Type Coupling
o . | < ; ]
'ﬁurning Gears . L e e -
P N Turning gears are used to keep the shaft turning after the turbine is shut down.
The turning gear is needed. to allow the shaft to cool evenly between bearings
and avoid distortion from high operating temperatures, It consists of an
p 3 P

clectric. motor and a reduction gear that remains disengaged when not in use.
The turning gear 'is disengageg‘)r engaged with the turbine shaft by use of a
yoke and worm gear arrangement..

Lubricating Systens

large turbines have oil circulating systeins that libricate bearings, governor
mechanisms and generator bearings. iiediunm %ize turbines use ring-oiled bearings
and an oil circulating systen. - Snall turbined are provided with ring-oileg
bearihgs with some hand oiling of moving parts. :

]

12 A . A .
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|

Thrust bearings are needed to control axial thrust and maintain position oi the .

moving parts in relation to the stationary parts of the rotor.

4

Ring—oilgd Beérings

.
|

The ring-oiled bearing rides free on the rotating journal of the turbine. As

the - journal rotates, the ring dips into an oil reservoir and carries oil up to :

the shaft. Grooves in the bearings channel oil to the bearings.
| ! ' ’,

Pressure~fed Bearings ‘ o v

The two mein bearings of a turbine require a high level of oil to lubricate and
contrel friction. The oil serves as a cooling agent as well as a lubricant for
main bearings. -To insure an adequate oil supnly to the main bearings, .a
circulating pump is used to deliver oilito the bearings.

-

0il CirculatingMSystéhk | ' .
: - \ .

In an oil circulating systen, oil is delivered at full pump pressure to the

_ joverning nechanisn. The o0il is reduced in pressure and flows to anotier header
that sujplies the bearings and other working parts, 01l then returns to the oil

reservoir for recycling through the lubrication system. _ i
. AY 0
GENENATOR ) SECONELAYS v
. - TEAM AOMISSION
TURBINE STEAN e
: o sear X ) g/ PRIMARY OIL
. RELAY
EXCITER N | OVERSPEED
. GOVERNOR
‘ U L GOVERNOR
’ l . LOW BEARING-
t 9 ) ‘ IMAIN OiL PAESSURE
e o1, AP
l wmv‘ ,
» TAIP ANO
’ ' /m:ﬁ.'v't“
, RELIE? ;
: : VALVE _ PUMP 0
, . OVEANOR: ]
‘ TWIN ’ ' VAPOUR _'
. r STRAINER EXTRACTON
. oIl L H i, SIGHT
ue3T TOPY AVAILABLE 4\ T o Al T st
. . o CENTAIFUGE
) 7 13 R RELIEY VALVE, . OR FILTEA
. . AUKILIARY OIL PUMP" )
! on. AESERVOIA ~ryyr.
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Assignment |

~

Read pages 9 - 37 in supplementary reference.

)
o

Conmplete the job sheet .

{

Complete the self-assessment and check your answers with answer sheet. - |

Complete the post-assessment and ask the instructor to check your answers.

!

0-:_
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. . INSPECT A.STEAM TURBINE AND IDENTIFY ITS COMPONENTS
#* Locate a steam turbine at your job site or other location,  ° »
* (Carefully inspect the turbine and iééntify its working components, .
. l ‘ ' )
# Determine (if possible) -,
- . ‘ .
-~ How the casing is opened for inspection and location of heating holes in }
casing belts.
- Type of rotor - "
- Type of blading -
. - Location- of casing dfa%ns ’
- Type of-seals in packing glands ‘ .
- Type of gévernoring\pechanism '
-d Type of turbine (conéenSing, non-condensing, ‘extraction)
.= If the unit have a speed reduction mechanisn
"~ How turbiné is connecthd to generator .
" - If unit has turning gears ~ ) .
' - Type of lubricating systém .
] \
#* Ask a journeyman to explain components that are encased in housings or not
' obvious from your inspection. :
- y
4
. ”
¢ " -
. ?
* @ |
v N . '
: R
” 15 ]
. > - ———
]
’ . \4:- !
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* Assessment) |

. 1. High pressure turbine casings are made of L .
AN o |
2. ' : rotors are formed by welding metal discs onto two shaft
enas, ' '
3. . blading of a rotor gives a pressure across both

fixed and moving blades.

4. The clearance along the line of shaft can be controlled by a type of sealing
called

i

5. A ‘tang is left at the end of a blade so. that the " can be -
attacHed ‘ ,

e
g

6. List three types of seals used iﬂ pabking_glaﬂds.

7. A governor tgat shuts off the steam supply is ‘ i
qovernor,' . : v . R e

8. A‘govern@r that maintains the turbine at a constant Speed is the-
\ governor. . - ' ' . o T

. ‘\
’ : \ : hd '

9. A governor that utilizes a hydraulic unit to trip tie steam,control valve
is called a. . governor.

FA

10. : ' ‘bearings are used to control axial thrust of the .

’ . ‘moving parts of a turbine. ! L

I3 . N
R , oy
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h]
-

‘e Self Assessment
Answers .~

1. Cast .steel
2u WElded ,

~

3. Reacﬁion : . | - | | V‘
4. End tightening
5. Shroud

@ O Cenrines, lebyrinth ek, ater seal”

i
{

7. Ov?rspeed or emer%ency trip governor
!

|
. 8. lain governor ‘
. [
3 9. Hydraulic
. \, -
Y
- 10. Thrust
. .
}
’ L}
a ' -
& ‘ /
v Y
, I

. Nt o B !\
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'ssessment

i

S e ———

What type of lubricating system is used on large turbines?

-

What type of lubricating sYsteh is used on small turbines?

-

List two types of couplings for linking turbines with generators and other

acessories?

»

Turb1ne speeds can be slowea to-the speed af driven machines by the use
‘ gears.

of

List a'coumon type of extraction valve for governing extraction turbinds.

Which type of governor is used to maintain a constant turbine speed?

<

’

L4

s

)

-

Which type of governor is used to shut off the steam supply of a turbine?

wWhat i5 the purpose of cylinder~casing drains?’

What "is the purpose of the tang on a blade?

What is the purpose of a dummy piston?

18

-

48

BN




1,'.9’;‘}

INSTHUCTIOﬁAL LEARNING SYSTEMS

Lnstructor o
‘Post Assessment
Answers

10,

" Grid type , !

. . For attachment of the shroud

.0il circulating system . | o ' ' . ' _

Ring—oiled.bearings and hand oiling of moving parts o '
Flexigie and claw type ccuplihgs
Speed reduction gears

Main governor

Overspeed or emergency trip goverhor

Drain water that collects at the exhaust end of the casing

To balance out the force caused by nressure drop acrosq each set of blades.
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. Supplemehtary
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 References
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h Correspozdence Course., Llecture 4, Section 3. Second class. Southern -

' Alberta Institute of Technology. Calgary, Alberta, Canada.
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The apﬁipntite will be able to
describe\steam turbine auxiliaries
and their \unctions. }

\ ,

L A\

15.3 .

)

'Performance Indicators:

A

Describe condensers.
Describe feedwater heaters.
Describe deaerators.

Describe evaporators.

Describe cooling towers,
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»

1Y

L o

Read the goal and performance indicators to find what is to be learned |
from package. . :

Read the vocabulary list to find new words that will be used in package.

Read the introduction, and information sheets.
" 3
Complete the job sheet. -

Complete self-assessment.
Complete post-assessment . )
I : : g
' |
¢
i
~
« I
¥
&\ ”
“ 2 C

50
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< Vocabulary _

Air ejector
Air release valve _ v - . T :
Atmospheric relief valve . - © A, ' ' , ‘e

A}

Central radial flow condenser -
Circulating water pumps .
Condenser gauge glass o C . ' o
Condenser tubes ;

Condensate pump

Cooling tower :

Cooling water flow |,

Deaerator L

Down flow condenser .

Electrical purity measurement :

Ejector cdndenser

Evaporator . SRR - S o~
Feedyater heater o ' -
‘Forced draft cooling tower o : ‘

)

¥k k ok k Kk k k %k k k k %k %k k k k k %k %k k K ¥k %k k k ok k k k %

Hyperbolic draft cooling tower
Induced draft cooling tower _
Jet condenser ' ' . : .
Mechanical draft cooling tower : '
Non-return valve R

Regenerative condenser \ .

‘Relief. valve =~ ° : L ' , : ¥
Shell . ' -
Silver nitrate test

Surface condenser - S A

TubBe plates ' '
Vacuum pay-off relays
Vacuum trip relays
Waterbox

L' ¢ '
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- Introduction

hd @£

i

P ’ . o ' ' . l 1
]

- | :
- . .

. 14

L]

‘The steam turbine is the prime mover of a steam operated power plant, But the
turbine must have the help of other equipment to complete its job of converting' .

heat energy into mechanical energy.’+ The equipment that helps convert .steam

into mEChanfcal energy are called auxiliaries, p

A steam plant’ operator myst understahd the operation of tnslturbine and the
auxiliaries. This package 1s designed to acquaint the apprentice with steam
turbine auxiliaries and their function in power production. -

3
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Information

= A simple steam plant is composed of ‘the following components:

-

~

[ ]

Turbine f—=.

Super
Heater

(e oo g

Coohng
Water

. _ |  Furnace _.4——@_«——_.— ]

Feed Pump

.Condenser - .

P24
o .

=] Howwell

,
. . 4 - . K
- - I

Steam from the boiler passes through d superheater’ into'lthe turbine, The
exhpust steam 1is transformed into water in the condenser and stored in the
hotwell. A feed pump pulls water from thé hotwell and supplies it as feelwater
/) . back to the boiler.

\]

Condenser

.The condenser is a heat exchgnger. Its job is to convert exhaust steam to water
so that it can be recompressed at boiler pressure., A surface condenser uses
river water or a cooling tower to transform the exhaust ste into water,
Another method of cooling involves air cooling of finned tubes that carry the
steam. A condenser is made of the following parts: ‘

- Shell of -welded steel construction with attached hotwell, exhaUSt neck )
" and support plates. '

~ Tube Plates made of brass or stainless steel.

-+ = Condenser Tubes of small diameter brass or alloy which are attached or
. . welded to the tube plates.

'\'U"’”VALLABLE 5 | | . ,‘ | -

. . Lo
, / i . . -
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- Waterbox made‘of cast 1ron and bolted to the shell with tube-plate ‘collar
bolts.

- Cooiing water flow that passes through thg waterbox.

The efficiency of a condenser is affected by the‘arrangement of tube banks. If

tubes are properly arranged, the condensate can b& reheatel and deaerated with

steam in the condenser. A condenser that can utilize condenser steam - for

reheating the condensate is termed a regenerative condensér. A down flow condenser

has a steam flow that is vertically downward. Central or radial Flow condensers

flows steam around the tube banks and radially to the center. Jet condensers

use a water-spray to cool the steam and both coolant-and condensate flow into
the hotwell. The ejector condenser is very much like a jet condenser. Exhaust
steam enters the cooling water flow and is condensed by mixing.

. Air ejectors are needed to remove air from i:he condenser., Air will build up and

blanket\the cooling surface. This reduces the efficiency of the condenser. The

air ejector expands high pressure steam through a nozzle which converts the heat
to kinetic energy. The air ejector jets trap air amt remove it from the
condenser. . '

A condenser has a number of safety' fistings. The atmospheric relief valve

releases pressure when pressures within the shell become greater than
atmospheric pressure. This prevents rupture of the shell. Large condensers use
vacuum pay-off relays and vacuum trip relays to protect against excess pressure
in the condenser. A condenser gauge glass shows the level of condensate in the
condenser hotwell. Excess water levels in the hotwell can be detected by a high
water level alarm., Detection of leaks in the cooling wpter can be detected by
an electrical purity measurement with a dionic tester. A silver nitrate test

will detect salt in the cooling water. Manufacturer's instructions for specific .

condensers  should be carefully followed in operating a condenser.
Circulating watep pumps for moving cooling water are usually a vertical,

propeller type, or mixed flow pump. Centrifugal pumps are used with large
condensers., Condensatdq.pumps remove the condensate from the hotwell to the
aerators. Most condensate pumps are centrifugal type.

\ Fegglater Heaters

In bleeder trubines, steam is drawn off for the purpose of heating feedwater.
As 8 result of bleeding, less exhaust steam is delivered to the condenser and
: the "efficiency is increased. Feedwaler heaters are used to help capture the
"I’ energy. that is normally lost as steam meets the cooling water. There are two

’
-6

b Y
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Information

clgsses of feedwater heaters--low pressure and high pressure types.
heater has several safety and operational valves:

. Deaerators

,,

-

lw‘
A feedwater

o

Saﬁe;y valve on the steam side to avoid overpressure problems.

Relief valve on the waterbox to prevent excess pressure from - thermal

expansion of water,

Non-return valve to prevent steam from returning to the turbine.

- Drain valve for draining off condensate on steam side. Another drain
valve*on waterbox for draining water.

- Air release valve on steam side to bleed off excess air that blocks enfry
of steam. : _ .

A dearator removes the air from the condensate and heats it at ‘the same time.

Dearators are often called deaerator-heaterd.
boiling point which releases all gases.
" ‘flows down over a series of trays. .

The condensate is heatedgto the
After the condensate is heated, it
The” condensate flows to the bottom of the

tank and the gases move to the top 'where théy are vented off to the condenser.

A tray type aerator is shown below.’

BEST COPY AVAILABLE

DISTRIBUTION
TRAYS -
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Evaporators

Boilers require a pure feedwater. ' The .feedwatér must be free of minerals. The
best supply of Fhre feedwater can be obtained from bleed steam evaporators,
Bleed steam is directed at evaporator coils which produce a vapor. The vapor is
condensed 1in a low pressure feedwater heater. The evaporator shell is made of
steg and contains a coil and header assembly. The coil is looped ingide the
shell, Raffles on the colls separate water from vapor. As the water
evaporates, the solids (mineral portion) of water are left in the . evaporator.
The evaporator must be cleaned regularly to remove scale and solids from the - .

_ evaporation process. Clean.surfaces offer better transfer of heat.

Y
VAPOR OUTLETY
IM STEAN INLET ﬁ
WRPAGE N ¥ jv
&‘#’.’. -
CRACKING
NLEY = WATLA
f M INLET
y p
b
-
— [}
s =
. COIL VENY 0IL ORAIN SHELL ONAIN
- )
. . AL
Cooling Towers . ‘ Y

/!In some settings, cooling water must be used over and over. This requires'that

the water by cooled after each use. A cooling tower or cooling pond is a common
method for re-cooling water. In a cooling tower, the warm water is pumped o
the top of the tower and allowed to drop over a series of splash . bars. f&e

. water returns to the reservoir\ by gravity flow and {s cooled along the way. A

hyperbolic draft tower provides a chimney type suction that moves air- past ‘thg

cooling water,
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. P CHIMNEY SECTION

¢
] L d
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' o (WATER OUTLEY -
®
A. mechanical draft tower forces air through the tower by a fan. If the fan is
located at the base, 1t is a forced draft type that pushes air toward the top of
the tower. An induced draft type has a fan located at the top of the tower and
pulls air from ‘he bottom. '
o L
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* Read pages‘i - 37 in supplementary reference,

* Complete jo@'shéet._

»

* Complete the self-assessment and check answers with answer sheet.

* Complete the post-assessment and ask inptﬁgctor to check your answers.
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ANALYZE A POWER PLANT FOR AUXILIARY EQUIPMENT o

.* 'G’tain:pefmission to inspect,a-powér'Plant.,
' * Inspect the auxiliaries that support the turbine and boiler.

* - Identify by observation and interviews with empioyees:

" Type and ports of the condenser
Air injector location :
. ,Safety fittings location and function .
Feedwater heater arrangement
Deaerator arrangement
Evaporator arrangement
Use of cooling towers or ponds and their arrangement

I T T T

!

- Sketch the flow of steam through the power plant boiler, turbine and
auxiliaries. : :

vy
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Self e | A |
Assessment

v - -

Match the following terms and descriptive phrases.

1. Condenser shell ' g A. Used with bleeder turbines. '
2. Waterbox S o - B. Uses chimney type suction for
- ' ' ' air flow, .
3.. Tube plates B , -+ C. Removes air and gases from .
: ' condensate.
4, Feedwater heaters - D. Has a fan located at bottom,
5. Deaerator ' E. Made of welded steel construction.
6. Mr ejector - F. Removes mineral from feedwater,
. ' . Y P
. 7. Evaporator . . _ G. Made of cast iron. N :
. . ( !
8. Condenser gauge glégs C ‘H. Made of brass or stainlegs
: g steel,
9. Hyperbolic cooling tower I. Shows level of condensate in -
) hotwell
10. Induced draft tower - ' _ J. Removes air from condenser.

82

S L . S N
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“Answers
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Assessment = 1n

.. Salt contamination of cooling water can be detég;;:/:;:;:;> //

'

A ST YR U R oD 4 AP S
AU AL A ey S ATy ST oP vt bstniinhins bttt 08

' ’ .~ /'

A ( »  pump pulls water from the hotwell and - supplies it )
as feedwater to the boiler. 7 o I
. . . ' ‘ | R ‘ // .

A e condenser uses river water or a cooling tower to /:-

transform exhaust steam into water. ' . /

A condenser utilizes conoenSe(\steam.for reheating
the cofddensate. ' | -

: /
condensers use a wa%er .spray to cool the’steam. -

’l
. Looling water leaks can be detected by an
heasurement with a dionic tester.

test
Most condensate pumps are : ' type pu?%s
A : removes. air from the condensate a d heats at the
same time, _ - : : \
¢ . . ‘arl
~ The best supply of pure feedwater can be obtained by using - R
evaporators, , —— - - \ :

X . . . . \

A mechani@ml draft cooling tower with a fan located in the base 1s a .
. draft type. . \
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lnstructor

Post Assessment
Answers

2. Surface

3. Regenerative
b, Jet

5. Electrical purity

7. Centrifugal
8. Deaerator

9. Bleed steam

/’\10. Forced

15

. 6. Silver nitrate ' .

] .

v
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STEAM TURBINES -~ OPERATION AND MAINTENANCE

’. . ' -

Goal: .  w= | - Performance Indicators: '

N

The apprentice will be able to ' 1. Describe startdng procedures.
describe steps in operating and ' : .
maintaining steam turbine : 2, Describe operational procedures.

equipment, . - :
RS v 3. Describe stopping ‘or %shut-down
" ' procedures., -

4. Describe routine mainténance,

5. Describe instruments, controls
¢ and .supervisory equipment, "

o
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'Study Guide

—_—

* Read the goal anll performance indicators to fiﬁd what is to be learned from
package. o _ . :

* Read the vocabulary list to find new words that will be used in package. .
) . .v"- ’ v . . V
* Read the introduction and information sheets: :

E
~* Complete the joblshget3

I % Complete selfrassessment. ' ”7” ._\ S
. * Complete post-assessment., -ﬂl/; R ' . .,f
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~ Vocabulary

Alignment

" Blade fouling

'Bridge gauge

Clearances N

Diaphragms '_' Lo

_Glandg

Horizontal eccentricity ‘

[
* Kenotometer

9.

*

— -

[4

. Supervisory equipment

Vertical eccentricity

|

e

3

'L .

a
1

-
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| 'Introduction o
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~ Steam turbjhe equipment is constructed in many types and configurations. Each

assembly will have unique features; The manufacturers instruction manual should.

be followed in the operation and maintenance of steam turbine equipmgnt,  Safe
operation depends on following the ‘recommended procedures 3in a -sequential
manner . M

.'This'package will describe the genéral procedures for operating and” maintaining
" steam turbines. . Apprentices should learn the general procedures and then turn

to, operator manuals for information %g the operation of specific turbines.

Al




INSTRUCTIONAL LEARNING SYSTEMS . N

Information

STARTING A TURBINE

. New Turbines

¥

When starting a new turbine for the first time, the operator should _take greaﬁ
care to see that the internal parts of the turbine are' clean. ~ Fe dpipes,
condensers and" other equipment should be cleaned to keep dirt out of theiiurbine
blades. The system should be well lubricated before it is started for the first
time. All safety devices, gauges and seals must be inspected or tested to
assure that thgy are functional : '

Starting Instructions

. » :
1. Check the condensing plant. Stgrt the circulating pump. Make sure that
. pipes and water boxes are full of water and clear of ‘air.

2. Check lubrication system. Start auxiliary oil pump and check bearings and
valves for oiling. Start jacking oil pump Y -

’
i

3. Engage turning gear to run rotors for warm-up period

b, \l?et drains on turbine and ateam lines. Open by pass steam valves.
I s, Seal turbine shaft glands and build up vacuum in condensing plant.
6. Start condensate pump and open recirculating valve on condenser

7. Test emergency trip gear. Shut stop valves and by-passes and open emergency
stop valves and test with trip gear. )
< .
8. Open stop, valve enough to start engine rolling, o
. : - ’ 4,
9. Close down the turning gear. s A _

10, Bring turbine up to running speed. - o » -

" 4

]
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' OPERATING A TURBINE

&
L J

Oierational Procedures

-

1. , Test overspeed trip after goverpof has takeﬁ over control.
- 2.. Check the following before loading:
- .Bearing 0oil pressures andl temperatures
- Condenser vacuum : ' !
—~ Steam drains
- Condensate recirculating valve
p ~ Thrust adjustment on spindle
. - Auxiliaries such as feed pumps and extraction pumps
. 3. Keep.careful watch on bearing temperatures, vibration and noise during
1oading.-
, 4. FEngage lubricating oil coolers as needed to control temperature of ‘turbine
bearings at or near 50 C. '
.

5. Monitor . the turbine under load for temperature and pressure ‘of bearings,
noises and vibrations. The operator should have some standards for normal
operation with. which to compare readings. Under load, the turbine
pressures will be constant for that specific ‘load. Experience will enable.

f‘ operators to recognize changes from the normal operating temperatures “and
pressures.

6. Check the back pressﬁre (exhaust vacuum) by use of a kenoiometer.za .

SHUTTING DOWN A TURBINE
' '
Stopping the Turbine ' | \ o ' ' "

?

1. pet thrust-adjusting gear for maximum clesrance.
. ]

2.

0o

Open condensate redirculating valves,

- Open main alternato switch after all load has -been removed,
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"

4. Check overspeed trips.

‘ 6. Shut down air ejectors to destroy vacuum.

5, Close stop valves on gurbine;

7. Open all turbine drains.

8. Check the guxiliary oil pump to s

speed 18 decreased.

9. Engagd the turning gear.

L y

\\ . 11,

' u\ Blade Fouling

fufbine y blades must be kept clean and frée of dirt and scale deposits,
‘The turbine can be washed

.,

INSTRUCTIONAL

<

ee that it starts to operate as turbine

i

o~

N "

A

-

MAINTENANCE OF TURBINES

“Information- .

P,

L]

cleaning'may bp done .by washing or mechanical means.
by forcing wet steam through the stop valves.

With the cylinder drains
/sthe opktrator can determine when the purity of the liquid drain indicates a clean

{ / turbine: Washing will not remove scale deposits.

I or replaced."

" Glands S
| 1

Y

\

' «fequired for seal
\ adjusted for clear

i used to remove insoluble materials.

the surfaces with an abrasive material.
\ during overhaul while the turbine is dismantled.
4 | ‘should be inspected for erosion and cra¥ks.-

tened as needed.

Dameged

4

i The operatof can detect problems in the shaft glands
ing. Duringﬁgverhaul,
ance or straig

/

s

-

¥

the gland patkings must

~

Shut off extraction pumps ‘and circulating water to the condenser.

.

10.  Shut off cooling water valves to the oil coolers to retain heat in the pil.

open,

A mechanical cleaning must be
This material can be removed by blasting

A complete cleaning should take place
During overhaul’,
aYes should be repaired

the blades

‘the amount of steam
be cleaned,
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. Diaghrégms . f/ g , ' o Con
Diaphrahms‘should be inspected for cracks, distortion, rubbing and fit. Nozzles \
should be cleaned and dressed. '

o , .

Alignment . .

The alignment. of turbine equipmeni should be checked if vibration is preseht. .
‘An alignment gauge is used to determine if alignment is correct. :

Clearances ) _ o

. LN ’ .

Efficient turbine operation -requires that correct clearances bg maintained

between fixed and’movihg parts of the turbine. If the clearance is too great,

steam power is lost. Rubbing and wear of parts occurs if the clearance is too
. little. When blades, nozzles or packing rings are replaced, the operator must

carefully check the clearances. The manufacturer manua1/4ﬁill’ specify the

correct clearances for maximum &fficiency of the turbine.
. .

arings . . s
Beari , ) . ‘. ®

Maintenance of bearings is critical to the successful operation of turbines,

., Bearings should be inspected for wear, grooving and electrolysis. The bearings

b should be checked for their fit and tightness and adjusted when necessary. The
: oil orifices and pasgages should be checked to see if they are open. Clearances
of bearings should be measuwred with a bridge gauge and compared with' recorded
measurements., Changes in bearing measurements show the amount of wear. If wear

'? eXteeds the pegmissable clearance, adjustments of replacgments must be -made, - %
P INSTRUMENTS,;QQNTROLS AND SUPERVISORY EQUIPMENT ,r” .
,;5 ' Controls and Instruments - o
) .; Some of the éypical controls of a turbine include: . / : o
1. Wattmeter to measure load. " T o
, \ . . - . ' [\
2. Pressure gauges to measure: - , e : J
. . . ’ ' ) 0 . )
. a. Steam presspre S . A o
‘- ¢ R ‘ | " /o
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lnformatlon

HW

b. Gland éteam leakof f

c. Bled steam pressures

d. Aerator pressure

e. ~ Exhaust pressure

f. Bearing oll pressure

g. Relay oil pressure for governor

-
I

3. Kenotometer for measuring .absolute pressure in condenser.
4, Diaphragm gauges for measuring sub—atmospheric preéSure. .
'S, »Deflectlonal instruments to show 1evels of water in reserve tank and aeratqr.

6. Temperature meaguring and recording instruments for steam and feéﬁw ter.

. - 7. Dissolved oxygeh meters and hydrogen ion concentration meters for showing

condensate purity '
8. Supervisory instruments. _ ;
9. .Indicators and alarms that show malfunctions' o - -

Supervisory Equip@ent / '

Super visory equipment is triggered by electronic signals and is used to detect
problems caused by excess . vibration. Such equipment indicates and records:

o

1. Verticalyeccentricity

\ | 2. Horizontal eccentricity . 2 B . .
3. Differential expen319£( , ‘ - '
4. Shaft speed ‘ t . .t “ R A

Stupervisory equifpment is valuable to the operator in starting up, oparating and
. maintaning a turbine., It indicates the condition of the rotor and allows the ,
operator to correct vibration problems before they get out of hand, .
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"Read pages 17 - 30 in supplementqry. refere_nce._--'-"
- Complete job sheet. | . L T
. Complete self-assessment and check answer with answer sheet.
Complete post-assessment and ask instructor to check your answers. | v ’
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1NSPECT A TURBINE (,ONTROL PANEL

RS

* X Locate -a site that has a turbine control panel,’

* Carefully ‘inspect each dial and control inst:pmen;. and record on the -
following instrument, L ‘ ' : ’
. /
CONTROL INSTRUMENT OR - UNIT OF
SUPERVISORY EQUIPMENT PURPOSE . MEASUREMENT
¥

h ]

L
IS 2 -

- * Agk operator to explain purpose for those dials; gauges, controls that were

not included in this

package.

11
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Assessment L
1
Show the proper sequence of events for starting a turbine Show the pfopﬁr
sequepce in the spaces at right by numbering in 6rder 1 thru 10.
\ : % ~ e ., \
~‘1. Start condensate pump and_open_recirthlating valve, . . -
. 2. Set drains on turbine-and steam lines. Open byQpaés
steam lines. .t -
3. Close down tuynin . 7)
4. Test emergenéy ,
5 Cheék lubricat
6. Check condensing plant. Start circulating pump. and . | »
. ‘ make sure boxes are full of water and clear of air. - '

— 7. Engage turning gear for warm-up period.

RN

-+ 8. Bring turbine up to running speed.

9. Seal bine shaft glands and build up vacuum in _
-condef®ing plant., _ : ‘ : . -

10, Open stop valve enough to start engine rolling.
) ¥
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eSelf Assessment
- Answers ~

!
s
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JPost
Assessment

y "

’ . N B 3 ) N
. ' - &
Match the following terms with their related phrases.

'R}

1. Caused by scale deposits on A. ‘Kenotometer
turbine blades. '

o ' ‘%. Problems can be detected by B. Deflectional instruments
. ! | the amount of steam require : ' .
/ \ for? sealing. N\ ‘ .
' : C. Dissolved oxygen meter
' 3, Shoyld be checked if v1brat10n . R
T "is present. ) ‘\‘
B ) _ - D. Alignment ! .

4, Used to check clearances on
' . -4 bearings. : .. _ '
. : E. Bridge gauge
' 5.. Used to measure purity of . '
condensate. -
| Ki ' F. Diaphragm gauges
" 6. Used to 'measure sub-

P 3 ' .

‘e atmospheric pressure. :
L G. Glands
7. Indicates and records '
eccentricity and expansion. : N . .
‘ H. Blade fouling . ’ ¢

8.. Measures absolute prgssure
s in condenser. i
.0 e I. Wattmeter
"9, "Shows levels of water in -
reserve tdnk and aerator. : ' :
) ] Je Supervisory equipment
10. Measures electrical load. . - i ) _

- Co * ‘-\ '- i

o
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lnstructor

 Post Assessment
Answers

M 1 ‘
(J 2. - A
D 3 |
.. |
| |
- .
C 5
® ~ °
o J 7

B 9
1 10.
» \ ‘
4
|
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* Corfespondencé Course. Power Engineering. -Lecture 6, Section 3, gbcond‘ »
Class. Southern Alberta Institute of Technology. Calgary, Alberta, Candda.
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GAS Tuma;t<

LY

’
Goal: ‘Pgrformance Indicators:
The apprentice will be able .to 1. Describe types of gas turbine
v describe gas ‘turbines and their systemb .,
operationl
, " . 2, Describe functions of Xegenera-
tors, intercoolers and Neheaters.
) ! 3..¢Describe components of a ga §
. *'turbine system.
\
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:"IEES;'lt: J ‘::I ‘l::ii i l!ijl . .
* Read'the goal and performance indicators tofind what is to.be lgarned from W,
package. ' ' :
' ' oo .
* Read the vocabulary list to find new words that will be used in package.
* Read the introduction and information sheets.
* Complete the job sheet . _ _ "
* Complete self-assessment. - ‘ o SN L
* Complete post-assessment, Q& ' ' \ - i
+ . b 3 J
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/
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*

*

*

*

*

*

*

*

#*

*

-

Axial flow type
.'Centrifugal type
Closed cycle systems RO

.Cpmbustion chamber - )

‘Dual shaft machines

 'ﬁynamic typé.

Ignition rod
Inner jacket
Intercoolers
» Open cycle systems
Outer jacket
Positivet displacement compressor

Regeneration

."\

#*
*
*

-

" Reheaters
Swirler

[Turbine

LI

L]

ocabulary

0.

———— N
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i

Power plants are sometimes locateddn areas where steam turbines are not feasible
or the purposé of the plant does not justify a steam powered ‘operation. Gas
driven turbines are often more suitaRle in those-cases. .

gas turbine operation has certain characteristics that make them suitable in

sme cases. .. They offer a simple plant layout with low installation costs. The

gas turbine requires a lighter foundation than a steam plant and a much smaller

location area. These characteristics make “them suitable for electricity -
generation up to 30 megawatts of output. Gas turbines find ‘wide usage in
aircraft oil pipeline stations and operation .of ships and railroads.

/ - ]
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Information

.
'
.
[l .
. v

. : . ’ . .
o The gas turbine operates by‘passing compressed, hot air through the blades of a
' turbine. The air compressor requires’about 2/3 of the energy produced by -the,
turbine. The cémpregged air enters the turbine at some 700 C.* Higher
temperatures increase the efficiency of the turbine but excessive heat will
" damage the blades, ' . L : LT _ . ¢
o S I ' 1 ' L i

- ®
: )

TYPES OF GAS TURBINES - | s

1 s . -, X
¢ -

Open Cycle Systems . . _— . | .

A gas turbine plant is compbsed of a compressor, combustion .chamber .and a

turhine. Open cycle systems pull inlet air from the atmosphere and dump exhaust . .

alr back into the atmosphere. Some units ‘have heat exchangers that save the |,

. exhaust heat and use it at the inlet. The process of saving exhaust hed® #s
termed regeneration. ' A simple open cycle gas turbine p%?nt is shown in the
following diagram. . - ' '

Exhaust - . " : ‘ |

: . Compressor | —m_- Generator |=— . . ‘
. - - l . . v .
- \ . ‘Starting ' : o
; \ N | . M__Q_E_Q_E_ ‘ o L
{ ' - . : o :

* Combustion
I-‘uell ' Chamber

87
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»A-%imple unit with a hedt exchhinger added is shown below.g 2N o R \
¢ ' ‘. . ' . <o Air . o \0' ) J
-. & '
$ . ) o
3
” _Generator
*
R . Heat " . /// \‘ Combustion - v S
. - Exchanger <. Chamber . S | |
. Dual Shaff Machines - _ p o )

>

Dual shaft machines(ﬂgre used ‘to improve efficiency in the heneration of
electricity when operating at part loads. The dual shaft arrangement allows the

compressor and turbine speeds to vary while the secondary turbine agd generator L
run af a constant speed A ‘dual shaft arrangement is shown in i‘e following /
diagram, _ : ' ‘ L _ . ST .
| 3 _ Exhaust
: - . - . ‘
- Alr ' '
B X ) »
L ) » . . l N
7 ' \ ’ [ "
v
e )
. ! E:m: Compreae;qr . ; Generator
Motoy - |

Combustion
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o }7

, . Régbnerators, Intercoolers and Reheéte&:i? o s . _
:./"/ ot Thé efficiency 'of a turbine can bg 1ncreased by the use of a regenerator to SR
: -« - -capture the thermal valve of the exhaust' .gas. and return it to the inlet air ° L

" th ° combustion -chamber, Another - efficiency improvement can be made by Ly
intercooling the air during compression. -This process reduces the work to the = o
cotipressor. If the ait is reheated during its expansion within the turbine, the = *
‘output of the turbine ¢an be increased. nteréoolera and reheaters are devices"'; “

_-’used to improve the efficiency of ‘gas turbines The diagram below shows the s
e _grrangement‘ of regenerators, intercoolers and re‘neaters in a dual shdft turbine. L
. o ' v : 4 ¢ ) . . . * " : . ‘ A
- ] - . - i , : . ’ ‘y_. ,)‘.-,‘ L - .
Tl e

1 Exhaust : ey . . ' . Som »

- ‘ o Stack | MM ﬁﬁ

»

ot | - Regenerator 1 - K

: \N‘EL—y—w ™ Cothbustion / ;
| , R Chamber :

- H-—p ' . . . /{ - »—-H ) ggpbcm . .‘u ., .‘.~.'
\d %) - L e .
Compressor _ TFuel® r

‘q = X o - S B
4 _ ! . ( v ) . . wht

“ - I_ . : . -r. '. . | : . l- Fuéll. ; 'g | A‘

WCombustion P -
| Chamber S

L o Lre |

L-p ! ' _ _ —
Gompressor a - ' L - R I DRV
' . . ) ’ “p y L '.'! o - o '.
Turbine 1t 'nggratc?r S R
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Closed Cycle SysLems | . T S
4 R ’ ’ - .

An, open . _cyele: $ystem pulls its.air from the atmosphere and dumps it back as ,'* -

> exhaust A closed cycle system ‘e¢irculates the air through "its system o
continuously.. Alr heatersy are required for heating the air that® enters the o
. tarbine, Coolers are used to cool the air before it enters the compressqr. The . s
air  heater is the. ha jor drawback to the use of closed cycle plants. A diagram - R

of'a closed cycle system is shoWn below:;_' T LT e

3

\ -

“a P U COOIOI‘ ok Cah e N e ?& LT

L TS
4

oo . T e -
._!"‘ B P - s .

CompreSSOrs

Ppsitive diaplacemenn,compressors ’pull in air and compress it before releasing
it to. thé turbine. Sohme type of recdprocating piston or rotary device is - used
to . compress the air..' f” greasors are "
used im ga%
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- jnrormation ;
| " . . 4,. : . .
Id bt e a

o 1. Reciprocating type
_ 2, Lobe type =~ = -
- - .3. Vane type

Y \

L}

A dynamic. type -cémpgessor uses rotating blade$'to squeeze the air into a
" .'compressed state. Two types of dynamic compressors are used in, gas turbine
roperation. i - SR ! "* ¥ :
1. Centrifugal type : b D L S
2. Axial flow type i ‘ I R p 5 o
i The lobe type compressor is common to gas turbine eppliéations becpuse it can be
built #h lapge sizes and with maximum efficiencies. ' ; ’

o Combustion Chambers * ' S oY B / '
-.. S & . ) X . ’ L : i } ’M\\ . . ‘
e » The " combustion chamber "heats the air T,y T Swirler -

‘ between the compressor - and . turbine; .. ° S Y 7¢)}u /7 lgnition

o - Remember that the air is cooled beforé” ' '-//r’b T, “w Rod
, entering the compressor and heated before - IR U NN ) { | IV A

{’., entering the turbine. ¢At the top of the o L .

a ‘combustion chamber is a swirler . and .- = Fuel: In| -
ignition rod. As the air, enters near A Inlet -~
... ‘the bottom of the chamber, it moves upward ‘ 1! A
- -between an inngr jacket and an outer jacket. - . R ~1n ¥
<+ As it moves upward, the air mixeg with ixr . - : .
! combustion gases. At the top, 'part of ' . 1
the air is mixed. with fuel by the swirler ! ' o -
and is used #n the cdmbustion process. 0"“3‘74 s O Q] {nﬁef 1ui
- The hot gas Teaves the combustion chamber Jacket” 1 0 o wdacket
‘and . moves into the turbine., Igpition: - - ‘ ’ \ pe -]
. . rods are “used to light the combustion ' ‘
A -+ tchamber. : The following diagram shows
R parts of a combustion thamber. .

) v ‘ . ‘ Hot

RIS . , Gas

! - o P '\ Outlet

® A ’ o
. C - %

Y T A 2 S N
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. Turbines _ o o , ¥~ . u
LA ~ The major difference between gas and steam turbines are in the " blading. Blade -
" spacing 1is greater in the gas turbine because air 'flow requires fewer i stages

than steam, Gas turbine blades are subjected to higher temperatures and must be

constructed of heat resistance metals. “A typical gas turb%ge,and its components

. are shown below, - : S ' e
~ . . . : L . . § .
g R .. -. ‘ . . )' A
G' ‘
¢ »
@ & .
‘ Single Bearing Generator ) S
i | ' -
Mo Cabrication il Pump impeller »
: 4
’ - .
) P
- /. -3gngrctoe s
a - ;‘\ih A« Tocer “r
Doubie ‘Heical Reduchion 3ears
. . Sol'd “oupiing Jo Reducton ,a0¢
Cdmorassor ner Ert Heac g
=Csmypushen F narser v
I)
vTurtine Eingust tod HAegring
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. o o
Complete job sheet, "
Read pages 22 - 34 ind 41 - 42 in supplementary reference..
N Complete self—assessment and check answers.
Complete post—assessment and_ask instructor to check answers,
/
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* Ask permigsion to qbserve the unit. !

N\ INSTRUCTIONAL LEARNING SYSTEMS
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'
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: § N - S
INSPECT A GAS TURBINE PLANT _ ,' .

°-

* Locate a gas turbine pl@nt in the community.

* Identify the following:. L : 'y/‘\\\\\N‘~‘;‘/,4~\bﬂ

— Manufacturer of compressor and turbine
- — Single or dual shaft '
+ - Does it have a heat exchange (regene‘n;or)?
-~ Does it have an intercooler?
" -~ Does it have a reheater?
~ Location of generator:
Type of compressof '
Location of combustipn chamber

4

* Ask questions of bperator until you fully understand the parts and. function
of the ‘gas turbine equipment.

¥ Observe start-up and stopping proceddres if possible.

A
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Self

Assessment

’

1.
2.

3.

10.

.

" Match the followihg‘lerms and phrases.

Regeneration . .

Positive displacement compfessér

700.C

Lobe

Swirler

Closed cyele system
Axial flow _
Ihterepoler .o ?

) . .
Dynamic type compressor

Reheater

Temperature of air entering a
gas turbine,

Saving exhaust heat for improved
thermal efficiency.

Intercools air durihg,compressisn.

Reheats air. during expansion
within the turbine.

‘Continuous circulation of air

through system.

Common type of compressor to-

pas’ turbine applications..'

Uses rotating blade to
compress air.

Uses rediprocating piston or

rotary device to compress air.

Mixes air and fuel in combustion:

chamber . ‘ -

Type of dynamic compressor. - '
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1. An cycde turb1ne system takes inlet air from the
* : atmosphere and dumps exhaust air back into the atmosphere. N ,
. - . . N A
N 2. The process of saving exhaust heat is"wca.lled A - . o
| o | | ] A
3. Dual shaft: machines improve efficiency of turbines when operating -at ;
' » load. . ‘
e S ~ L ‘ . 3. ¥
. - . - i )
. 4, Reheating of- air during its ex‘pﬂsion in the turbiné can be accomplished by
the use of a ) ' ' .
.' 5. Cooling of air) during compression is accomplisbed by the use of an .
. * ’ . . - ) ! * v ' )
D_ v ’ " i u. ‘ . \ '
N - o . ’
6. A B . cycle turbine system continuously circulgtes. aié TN
. , through its system without dumping e“i'(haust into the atmosphere. C
\
) VOZ , ! . : \ ]
. . A é
7. ligt three types o} positive displaeement' compressors. ‘
. " N l ‘ An » .
o ‘8. List two types of dynamic compressors. " ‘ f . .
’ ‘ N : / ) t
s . \ . . ( *
‘ ' e a I N .
- o v _ ! ‘ . “ e .
r . . / . .. . . ' ' * ’
9, . 1 - rods arf used to light the colabustion cha‘mbers. :
. 4 (] . . _ . E
. -7 :
¢ . " L
« " - o . - “ S *
' 10. The ~ S _mixes air with-fuel at the top of the combustion ,"'
. . chamber, - . : v
] - to. ~ * R
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Instructor R
Post Assessment
Answers o

1 1
[
1]
1]
Y4
. )
,
L ]
e
T
.
*
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- P
?
4
*
A
I'4
L]
( L]
o

].v.. Oﬁen ) .
2. Regeneration® . o . .
f . © A - o
»2 3, Part ) .
Fo 4. Reheater ‘ . . ° \
: . . . . N X
5. Intercooler '
[ . . \ . .
6. Closed v ' Tty
7. Reciprocating, lobe, “Vene ' ' X
; 8, Axial flow, «<entrifugal
§ . ‘
. 9, Ignition ' .
10, Swirler -
' . & » \
) ‘ ?/ . .
v N .
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~ Supplementary
Referbnces | .
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* Corréspondence Course. Lecture 8, Section.B} First Class.’
Southern: Alberta Institute of Techndlogy Calgary, AlberFa, Canada.,
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