R . - DOCUMENT RESUME - G
| . ’ T RESU B o
ED 254 723 , ' o CE 040 999 -

TITLE - - 'Mxllwrxg t Apprentxceshxp Related Traqn1ng Modules
' ) 9.1-9,7 Pumps.

!

~ INSTITUTION Lane: Community Coll., Eugene, Oreg. .
' . SPONS AGENGY . Oregon State Dept. of Educatzon, Salem, .
- PUB ,DATE ?
- NOTE: " pr For related documents, see, CE 040 991-041 007
. * Many of the modules are duplicated in CE 040 983.
. PUB TYPE . Guides - Classroom Use - Materialss(For Learner)
//. L .. ' (051) ' » 4 :
o o, ' t 4
EDRS PRICE - MFOl/PC09 Plus Pohtage.
DESCRIPTORS *Apprent1cesh1ps Behavioral Object1ves, Heating; Job

Skills; Job Training; Learning Modules; Mdchine
. Tools; *Mechanics (Physics); Postsecondary Education;
: R ~ *Power Technology; Pressure (Physics); *Trade and
' , ‘Industrial Education ‘
IDENTIF I ERS *Millwrights; *Pumps ] . o '
ABSTRACT . o | ) \ : | '
. « ~This packet, part of the 1nstruct1onal materials for '
<the Oregon apprent1cesh1p program for millwright training, contains .
) seven modules covefjing pumps. The modules provide information on the /
. " following topics: types and classification of pumps, applxcatxdﬁs,
B construction, Calculat1ng -heat and £1ow, operation, mon1tor1ng and
- troubleshooting, and maintenance of pumps. Each module consists of a .
goal, performance indicapprs, student study guide, vocabulary,
"introéduction, information sheets illustrated with line drawings and
- ‘photographs, an assignment sheet, a job ‘sheet, a self-assessment test
with answers, a post-assessment test with answers for the Anstructor,
and a list of supplementary references. (Copies of supplementary - ‘_r,/
refer&nces, which are sections of lectures from a correspondence
, course’ publ1shed by 2he quﬂﬂern Alberta Institute of Technology,‘are !
. included in the packets.) ) _

v »

{
- % -
a ! ' ‘
: i - . 7
’ - ‘—."( )
J r * s’ ¢ 'y
q ~ N 's -z
{ ¥ -
. 4
-~ R ~
' 1 /
S \ v ' )
. / ) .
- ’ ' .
******************‘**‘R**************7(**********************1&***********
* Reproductions supplied by EDRS are the best that.ran be made *
. from the original document. * .

**********************************************w*******#%*********%*****

[ .
. o * | [ : ?‘h
' T : ~ he




EDZS4?23

i

1

! \
- - xl
APPRENTICESHIP. )
M@EE%&EE@%@
. RELATED .
_ TRAINING MODULES

9/ Q9.7 Pumﬂ:

{ 4+
.0_
]
~
.'/V"\ \\
"6

' ]

~. KLQ/-'




.

S, STATEMENT. OF ASSURANCE - S

AT 1S THE POLICY OF THE OREGON DEPARTMENT OF * EDUCATION
THAT NO PERSON BE SUBJECTED TO DISCRIMINATION ON THE N .
BASIS OF RACE, NATIONAL ORIGIN, SEX,. AGE; HANDICAP OR
MARITAL STATUS IN ANY-PROGR;M,SERVICE OR ACTIVITY FOR
WHI1CH THE OREGON DEPARTMENT OF EDUCATION IS RESPONSIBLE .

- THE UEPAéTMENT WILL COMPLY WITH THE'REQUiREMENTS;OF STATE
AND FEDERAL LAW CONCERNING NON-DISCRIMINATION AND WILL - v
STRIVE BY ITS ACTIONS 1O ENHANCE THE DIGNITY AND WORTH

OF ALL PERSONS.

* STATEMENT. OF _DEVELOPMENT |

THIS PROJECT WAS DEVELOPED AND PRODUCED UNDER A-SUB-CONTRACT
For THE OREGON DEPARTMENT OF, FpucATioN BY LANE COMMUNITY ;
COLLEGE, APPRENTIQESHIP Division, Eusene, Orecon, 1984

LANE COMMUNITY COLLEGE IS AN AFFIRMATIVE ACTION/EQUAL

OPPORTUNITY INSTITUTIOM.
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—~ o MILLWRIGHT
: ~ RELATED TRAINING MODULES

SAFETY

. General Safety
Hand Tool Safety - _
Power Tool Safety ' "
Fire Safety : L :
Hygiene Safety ’ i
‘Safety ahd Electricity
Fire Types” and Prevention
Machine Safeguarding (includes OSHA Hancfbook)

- -

a .
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ELECTRICITY/ELECTRONICS

Basics of Emergy
Atomic Theory . .
Electriocal Conduction
Basics of Direct Current
Introductlon to C1rcu1ts
Reading Scales. .
Using a V.0.M.
OHMAS Law o
Power and Watt's La
Kirchoff's Curre W ' . \
Kirchoff 's Voltaje Law 1
© Series Resistive Circuits '
Parallel Resistive Circuits-
Series’ - Parallel Resistive Circui ?
Switches and Relays
Basics of Alternatmg Currents—
Magnetisma )

% e o
W N -

X

L ] L] L] > @ - L ]
— bt = = = O O~ YN
'\lO\Ul:bUND—‘O

(S NENNENCN SR SN SESENRUE NI SN U S SR N
.

{ 4

4 ’
. !

COMPUTERS

1 Digital Language\ \

2  Digital Logic :

.3 v Computer Overview -
4 " Computer Software

4.1 ‘ Boring and Drilling Tools

4.2 Cutting Tools, Files and Abrasives

4.3 Holding and Fastening Tools

4.4 Fastening Devices . o
4.5’  Basic Science ~ Sinple l"schanics .
4.6 Fasteners LY
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" DRAFTING

'1\“ypes of Drawing and Views |
- Sketching

ya

" Working «Drawings for Machines
Machine and Welding Symbols

Blueprmt :

" Blueprint

-

Blueprint
Blueprint
Blueprint
Blueprint
Blueprint

Blueprint.
- Drafting,

Drafting,

-Drafting,

Reading,
Reading,
Reading,

Reading,

Reading,

Reading,
Rdading,

Visualization

HUMAN RELATIONS

Draftings
Drafting:

Drafting:
Reading, Dr

ing:

Draftyng:
Drafting:

Drafting:

Drafting:
Machine Features
Measurement

Cammmcat;ions Skills

~ Feedback

Individual Strengths
Interpersonal Conflicts
Group Problem Solving
Goal~setting- and Dec1sxon—mak1ng
Worksite Visits

Resumes

Interviews

~ Expectation , '
. Wider Influences and Responsibilltles

Personal Finance

BOLLERS .

Boilers - Fire Tube Types
_Boilers -~ Watertube Types
Boilers - Construction

. Blueprint Reading/Working Drawihgs

and Welding

Basic
Basic
Basgic
Basic
Basic
Basic
Basic
Basic

\

Print
Print
Print
Print
Print
Print

Print
Print

’

Boilers ~ Fittings
Boilers - Operation

~ Boilers - Cleaning
Boilers -~ Heat Redovery Systems
Boilers -

Instruments and Controls
Boilers ~ Piping and Steam ’!1:395

' TURBINES ~

*Steam-Turbines - Types* _
"Steam Turbines - Components

/

Steam-Turbines = Auxillaries

' Steam Turbines - Operation and Maintenance

Gas 'Iurbines R

ﬁeading
Reading
Reading

Reading

Reading

Reading.

Reading
Reading
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o PUMPS . > o ; | |
. 9. ¢ Punps - Types and'Classificétion “ . ) )
v 9.2 Pumps - Applications ‘ ‘ : '
9.3 Pumps - Construction ‘
9.4 _ Pumps - Calculating Heat and Flow
9.5 4 Pumps - .Operation
9.6 ~  Pumps - Monitoring and 'I‘roubleshootlhg
\ » 9.7 Pumps - - Maintenance o
; ¥ o COMBUSTION
i N ] . ) .
| . 10,1 Cambustion ~ Process B
Y 10.2 Combustion - Types of Fuel S .
' . 10.3 . Cambustion - Air and Fuel Gases ' ' : ,
- 10.4 Combustiong - Heat 'I‘ransfer \ - .
| 10.5 Ccmbustion wOod . e T | ' -
GENERATORS | N
. . %
1.1 Generators - Types and:Construction o
11.2 Generators Operatlon :
A , . . ' 4 1y
| 'FEEDWATER .
12,1 Feedwater ~ Types and Equipment o }
12.2 Feedwater - Water Treatments o , S |
12.3 Feedwater - Testing . : ' ' |
AIR COMPRESSORS | SR ’
' o 13.1 o A1r Catpmssors - Types - -
\ ; 13.2 Air Compressors - Operation and Maintenance
~ STEAM | | o ' .
' 14.1 . Steam ~ Formation and Evaporation | .
14.2  Steam - Types *© . - -
14.3 Steam - Transport , . @ -
14.4 Steam - Purification - : \ /
~ MISCELLANBOUS .-
‘ 15.1 Ingtallation - Foundations ’ ,
15.2 Installation - Alignment
15.3 Circuit Protection 4
' 15.4 Transformers S ’
| 15.5 . Trade Terms ‘ -
) . ‘
16.1 Linear - Measure ' !
16.2 Whole Numbers i '
16.3 Mditional and Subtraction of Common Fraction and Mixed Numbers |
* ~ 16,4 Multiplication and Division of Cqmmon E‘ractions and Whole and .
Mixed Numbers y BN . , '
SRS ' '
w b B T I . L '
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16.5°

16.6
16.7
16.8
16.9

. 16.10 -0

16.11 ,

17.1
17.2
17.3
17.4
17.5
17,6
17.7

- 17 08

917.9
17.10"
s 17.11
17.12
17.13

18.1

19.1

' ‘Campound Numbers SR ;@:;'”

Percent” . N
Ratio and Proportion = o

", Perimeters, Aregs and Volumes '

' Circumference amd Wide Area of Clrcle$

-

Metrlcs p .

HYDRAULics

\

H&draullcs Lever . :

Hydraulics” Transmission of Force

"Hydraulics = Symbols’

Hydraulics - Basic Systems —)

Hydraulics - Pumps .

Hydraulies - Pressure- Relief Valve
> Hydraulics -~ Reservoirs ‘.

1

Hydraulics - Directional Control Valve*7'

~  Hydraulics - Cylinders .
Hydtaulics ~ Forces, Area, Pressure :
ngr ulics
Hydraulics
Hydraulics

1

Troubleshootxng
Maintenance .

METALLURGY V’*{'hif%}

wW-3010 . o I
w 3011~ 1 i '," ' o "’l,T. RO
W 3011—2/ o o S :
MS 9001 (1—3-4-8-9-6—7—5—2-9)
.MS 9200 9201~ o = Ko

POWER DRIVES -
101. A-BC-D~E . |
102. c-p-E I

1030 B-C-D-E "J'}’ . ' e -
104, - A-C-E-F-G-H=1-3 .7

108, A A
v . . f/,uﬁ; o
WELDING . . ?f'n‘-","

\902. " A-B-C- D—G*I*L*M
603. A—B—P—G—I o

'W. 3011-1 refer; to Mettallurgy 18 1 ;@T;;\'“‘

WEo MA"'18/

Included are ILS packefs: SR

Conductors and Connectors

Area of "Plane, Figures and Vblum¢s of SOllo Flgures .a’"
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Note:

Supp]ementary
Packet #

B MILHNRIGHT ‘ ’
SUPPLEMENTARY REFERENCE DIRECTORY

,'Description

1 8
. ’ :]2 ."fl

:ﬂ.of Bo

'vagitoncepts & Techntques of Mach1ne Safeguarding, U S B Lu, 0 S

N -Correspondence Course Lecture 1, Sec. 2, Steam Generators, Types
':of BO11ens J S A.1, T., Ca]gary, A]berta, Canada )

Correipondence Course, Lecture 2 Sec 2y Steam GeneratOrs Type_
ker's II, S,A.I.T., Ca1gary, A]berta Canada - -

,fCorresﬁDndence COurse Lecture 2, Sec 2 Steam GeneratOrs, Boi]er
flConstruct1on & Erection. S A TI. T., Ca]gary, A1berta, Canada :

._-Correspondence Course Lecture 4 Sec 2, Steam Generators' Boi]eri
'1Fittings'11 S AkTo, Ca]gary,.A1berta Canada ;C f;?r"

.3 ,"2 T

| ,Correspondence Gourse, Lecture 4 Séc. 2 Steam Generator& Bot1er
-:F1tt1ng I,°S.AL.T. Calgary, A]berta, Canada . ,' SRS '

o P
0 »

;ZCorrespondence C0urse Lecture 10, Sec 2 Steam Generation Boi]er:?f
"Operation;,. Maintenance, Inspect1on, S.A; I T., Calgary, A]berta,', o ““\
: ,*Canada : I

v,

. ;morrespondence COurse‘ Lecture 3 Sec 2 Steam Generat1on 8011e ?‘h’:'yh
Detai]s, S A I T., Calgary, A]berta, Canada . :

.\

"@Correspondedce Course, Lecture 9 Sec 2 Steam Gener or Power '
,Plant Pumps, S.AT. Tv Calgary, A1berta, Canada e

G lg,‘.

. ;C’}Lovrespondence Course Lecture 6, Sec 3 Steam Generators Pumps, _wﬁ
g =“S, S.A I ., Ca]gqyy, A1berta, Canada e . :

-r;gﬁﬁTypes 8 C]assificatidhs“gu”
2. Applications.:. °.
4 - Calculating. Heat 3 Fdau -
+6°, ‘Monitoring & Troubleehootangg
. Maintenance - v, TR
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.;-Pip1ng II

Lo . S v
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“-aombust1on, o.A I T., Ca]gary, A]berta, Canada’

..... CorruspondenceCourse Lecture 12, Sec.

7Correspondedbe Course%

Generator Contro]s, S. A Ipr.uﬁalgary, A]berta, Canada

P -‘_3
e e

‘Correspondence Course5
S.ALT.

Lecture'll, Sec. 2 Steam Generators, '
(a]gary; A]bertau Canada

<
b e
-2 _‘.

Ty

Correspondence Course, Lecture 1, See, 4 Prime Movers, & Auxi]—
1ar1es, Steam Turbines, S.ALLT.S Ca]gary, Alberta, Canada _
Correspondence Course Lecturem4,<5eca 3 Prime Movery, Steam
Turbines I,.S.A.I, T., CaLgary,,A1berta Canada

"Correspondence Course, Lecture 2 Sec..d, Prime Movers & Aux11—
.faries, Steam: Turbine Auxiliar1es S.A. I T., Calgary, Alberta,
Canada» T S LR ’, _ .

Correspondence Cburse Le qture 6 Sec "3, Prime Movers, Steam

, Turbine 0perat1on & Ma1 Yenance, S. A I 1.5 Ca]gary,'A1berta, .
Canada ce g TIR v S
Correspondence Cdurse; Lecture,8 Sec. o
Turb1nes, S A I T

3, Prime Movers, Gas
Ca]gary, A]berta, Canada

-

Boller red with_wood & Bark Residues; D D. Junge, F.R. L.,
U Ss A\ 75 s

a'n? ]

»1'-

‘urre pondeuce 00urse Lecture 5 Sec. 2, Steam Generators, Fuel

"1\
Orrespondence COUrse Lecture 5, Sec. 2, Plant Services,}Fuel
& thbustion S A LTy Ca]gary, A]berta, Canada

; Steam Generatlon, Water
rreqtment S, A 1. T., Calgary, Alberta, Canada -

Cofrespondence Courge, Lecture 12, Sec. 2, Steam' Generation Nater
Trcatment S A1, T., Ca]gary, A]berta, Canada E
p ‘ ’ . . '

Related Training Modu1e"

14.3
7.8

J14.4

8.1

8.2

8.3 "Steam Turbines, Auxiliaries ;1;:

8.5

10.2 -

10.2

10.3

12.1

12.2 '

n  Treatments -

* Steam Turblnes, Operation ;
- & Maintenance

'Feedwater,

Steam Transport
Boilers, Instruments &
Controls

Steam Purification

Steam Turbines, Types

. -
~

Steam Turbines, Components

]

7

.

\

Gas ‘Turbines = ° o

[

Combustion TYpes_of;Fue]

Combustdon Types_of'FUel

Combustion Air &~.Fuel Gases
. o ‘ -

. o T
Types & - ¢

Operationw

Feedwater, Water
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Packet # Description = -~ - - o L ’ - Related Training Modu}e-
_17.3  Correspondence Course;, Lecture 7, Sec. 2, Steam Gendrators, Boiler  12.3 Feedwater, Tedting
v T Feedwater Treatment, S.A.1.T., Lalgary, Alberta, Canada ~ -,
8.1 . ', Correspondence Couf{e, Lecture 2, Sec. 5, Electricity; Direct . 11.1 Generators, Typgs.h
' . Current Machines, S.A.}.T., Calgary, Alberta, Canada} - - w  Construction , - _
TS o , ' ' : k - , ‘ AN
18.1 ~ Correspondence Course, Lecture 4, Sec. 5, Electricity,” Alternating 11.1 Generatofg& Types & ' 1“;
- 18.2 " Current Generators, SuA.1.J., Calgary, Alberta, Canad Construction
e L : ) S N \1?}3 1 **18.2 Generators, Operation
9.1 correspondence Course, Legture 5, Sec. 4, Prime Movers\s Auxii- 131 Air Compressors, Types
» iaries, Air Compressor I, S.A1.T,, Calgary, Alberta, Ganada - . .
w9 . 1 . Correspoﬂgénce Course, Lecthre 6, Sec. 4, Prime Movers|& Auxil- ;" 13.1 Aif‘Compgsggors, Types . -
S ' - {aries, Air Compressors II, SGA.I.T., Calgary, Alberta} Canada - 13,2 Air Compressors, Operation
. ' o A o L , & Maintenance '
i . : . e ‘ .
20.1: .© " Basic Electronics, Power Transformers,-EL-BE-51 ' "15.4 Transformers
: . . . ¥ ' ; o . ’ . ’
21.1 , Correspondence Course, Lecture 6, Sec. 5, Electricity, Switchgear =~ 15.3 Circuit Protection
& Circuit, Protective Equipment, S.A.I.T., Calgary, Alberta, W - »
‘ﬁanada : R . ) . '
22.1 ‘Correspondence Course, Lecture 10,. Sec.-3, Prime Movers, Power 15.1 Installation Foundations

Plant Erection & Installation, S.A.1.T., Calgary, Alberta, Canada

- .




| hECOMMENDATfﬁNS FOR USING TRAINING MODULES -
°,'?/‘v"' J’H ' ' ) ‘

.

The following pages list modu]es and their correspgng1ng numbers for th1s

particular apprenticeship trade., As related training c1assroom hours
vary for,d1f$erent reasons throughout the state, we recommend that

~ the “individual apprent1g@sh1p commiftees d1vide the tota1 packets to
' fit‘!heir individual class schedu1es o ¢ .

There are over 13Q modules ava11ab1e Apprentices can complete the
whole set by: the end of their indentured apprenticeships Some
apprentices may a1ready have knowledge and skills that are covered
in part1cu1ar modules. In those cases,/ﬁerhaps .credit could be
granted for those subjects, al]owing apprentc1es to advance to the
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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Tape 1:
Tape 23
Tape.3:

Tape 4:

NOTE :

[}
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)

’ . ' ON CASSETTE TAPES'

N

SUPPLEMENTARY INFORMATION \

T

Fire Tube Boilers - Water -Tube Boilers

and Boiler Manholes and Safety-Precautions

(I ) . .
Boiler FittiAgs, Valves, Injectors,

Pumps and Steam Traps

4

Combustion, Boiler Care and Heat ‘Transfer
and Feed Water Types

Boiley Safety and Steam Turbines '

The above cassette tapes are intended as additional
reference material for the respective modules, as
indicated, and not designated as a.required assignment.
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The apprentié% will be able to
describe types and classifications
‘of centrifugal pumps.

Performance Indicators::

¥

1. Classify »punmps according to
their method of operation,
- Centrifugal
- Rotary .
"= Reciprocating

- . .
v 2. Describe types of pumps 1in
each ' major class.
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#  Read the goal and perforﬂance indicators for this package. ~ jfg@‘“"f-'u

#* Read the vocabulary sheet to becofe acquainted. w1th the trade terms that'.wlll
't te introduced in this package. . . KT y

# Study the in%roduction and inforﬂatlon sheets for technlcal 1nfornation.

' . v hd 4 ,"””u
* Complete the job sheet. | J SO
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e W Akial flpﬁ pump :
Iu‘}_f W Axialfylspiit tasihg'.
d e A Casing TR TSR
R Céritrifugal. flow' "’"1f.“q
o Ceﬂtrifugal force. ™ "t
R -* Gentrifugal\pUmp oo 'iﬁﬂf
.;gjn'* ‘Diaphragm pump R %nh;“
Sl v Direct drlven slmplgx pump
, '...!'.’":"I*' Dif:.use :' : r.;‘ e _ 1".~:“_’ -
| e acting. pump L e

< .Horizontal shafr punp P
#* -Horizonthlly Qpl;t éasmng A,
ImPEller o N T
: Lobe, me.‘ .‘“. . . o
==Miqu nlgw pump
‘* Multi»stage pump
vy * Pover, dtiven. pumg
R Punp discharge :

\:’*‘ :Radially spllt casing\q"j:"
HReC1procating pump ‘

e ‘Regenerative punp- s

¥ USerew, pumpl J\;Zp et

, ~g?; Single’ acting ‘pump -

W# % Sihgle suction inlet pump.., i

* Single stage pump ST AN . L

“Sliding vane pump . ' o o S ' Y .

. Spur, gear -pump . L VT P S

#
o *
S ) . \ . ] ) S
% ¥ ".Vertical shaft pump SR Rt
. M .
i

S

:E3Vertically splrt casing A o .
"“'Volute pump: ey N T VPRI IO

-

Y - X B . . . ) , . .
o [ - | . . o 0 - . . I . S
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» : ’ | : T - oy Lot Lo -
| ~  pums are used to move fluids from oné place to another. "There are many -uses of
. pumps in industrial settings. Those' yses imelude the movement of feedwater, e
: fuel, cooling water, chemicals and condensate vithin the,gowétwplantu e o
Pumps are classified into ma jor cléégea'accbrding'to their method of 'operatidnt' .
. Each of the major classes is subdivided’ into.types according to'their design or- ..,
| ,application. o R SRR ' i IR
; . ) - . . . . . . . ! o : . ' . \,‘.:j' . P . ) - .
. - The pump is an important sart. of a power plant. - The apprentice must understand
K the classes, types,- functions and applications of pumps in order. tob;pperaterjz ,
power plant equipment. - . - AT C e i LR
C ’ - : . : ’ B S ‘ ‘.3:;"7 "{'::-'Q " No"
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e t— 4 St DA TIPS S A s
L7 I orderto degcribe pumps, we must first classify then into. groups ‘with/si
Lo ‘characteristics.. “All ‘pumps’ can be ‘classified into'threeﬁSLOups'acdordi,
B rA;;‘vthéir;qfthod of operation; . ¢ ' S ST T
L ) 0 “.. . :"5'. . o - . . . . AN : 1 1 sl . P \ . ,
'« % .+ 1. vCentrifugal | . o . ,
) o ) P . '2. . Rotarx " . S : -\4‘. . " A . " T s
L. . . o B P - . e . ’ (3 .
o - "% 3,7 Reciprocating - = i 7 T -
" : . ’ - Lo T _ ,
o, S , , Centrifugal 'Punss, . . ... - »
- Lt . M - . ) [T o .
i o : L : . A _ -
A centrifugal pump has an impeller that rotates inside a casing. The rotation N
- . ef the impeller causes the ~liquid to move to the outside® because of
g "s@q;ﬂ;u*chentrifugalfforce.A As ‘the liquid moves' to 'the outsige, it is forced through the .
. <. . pump discharge.,. : s e RN I
R . Impeller " :
. N ?‘ .
[ 4
Types of Centrifupal Pumds ° .
! - Centrifugal. pumps nay be further classified .according to:
1. Type of flow -~ centrifugal, axial, aixed flow or regenerative.
2. ilumber of steges -- single or multistage. . .
3. Type of casing — horizontal or vertical snlit. . B y
4., Position of shaft -~ horizontal, verticel, suonmerged. :
5. Suction -- single or doubvle . ,
6. Applicatien -~ yenaral purpose, soiler. feea pump, condensate puind,
circulating pund. ’ i o
LNy . -
e . 2
’ : 5
4 | » .
i L4
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Typég\of Flow
. A centrifugal flow is one that pills the liquid into the eye of the impeller and:
““discharges it irom the outer rim of the,inpeller blades. The jncreased pressure

. forces the fluid into a discharge tube. + A" vqlute centrifugal nump congists of

an impellér made up of vardes that rotates inside a~velute casing. 'Vokute means’
that,‘the:casing increases in cross-section as it nears, the discharge area.” A
diffuser centrifuzal, pump is desipned with vanes or diffusers between the
impeller rim and the casing. The diffusers convert the high velocity 1liquid
into pressure. energy as it passes through tfe diffuser yanes, An axial flow
uses impellers ‘to. provide 1iiting actien on-the liquid. - The pugpais arraaged
vertically " and the impellers Jlift the licuid upwerd to the disch ge tube., A
mixed flow combines features of vglute apd diffuser centrifugal flow with axial
flow. The pressure is developed by centrifugal force and axial lift of impeller
vanes. A rejenerative vump uses an impeller with a double row of vanes in - its
rin. Liquid enters the outer rim and is rotated almost a.connlete circle before

-being discharged from the outer rim., The regenerative pum) is commonly called 2

" turbine regenerative ‘pump. The following;dia%*ghs snow the features of eech

type of flow. - ) A o
ImpeHer - ¥ 3, e B ;
Eye . , l-' _ N ) ~ .
/. ._.D,.F/..L/_Sf@ .
s ’ » i . . "‘__- . A x /n L * < B
_ Impeller . '—k
Volute ’ . . llllp#;l\'l e
Casing .
.4-"'\ - R b
. - e:l_::l .:: E:"Mrm’
: ! Impelice . b« Dump
; L ' dowly
. tagon ST

. . Nanonaty 'l)lllubx'\\.-t,\ anes

)

[t

v

Ce

JPECENEATIE

R

\

Turbine Pusnp Impelier

Py
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. l@nformation - ; A

- Hunber of Stages , e o

K ' ' o ot . -

LY ° .i" M / .~ ’ . . LN

A pump_with a $ingle -impeller is called a single stage punp. ‘Ylhen two -or aore -
irspellers are- operated in a geries to give higher discharge pressures, it
becomes a nulti-stage pump. = . | : R

Type of Casing’ | . A . ’

‘Position of Shaft

)
’

Pump casings are assembled in two sections so that the pump may be taken apart

for inspection and revair. If the casing is divided along a horizental plale it

is a horizontally or axially split casina. Ynen the casing <divides along
vertical lines it 1is called a vertically or radially snlit casing. . Tae
following pictures show the casing types. o ‘ " ! Discharge

: . - o

L 5AP> Y
.' "" »
- M

- - . o \ U-" . .
B p—

Punps are sometimes classified according to the position of the »umn shaft. °If

the shaft operates on a horizontal plane, - it is called a hotizontal shaft pump.

On a vertical shaft pump the shaft lies in a vertical position.

.*

’ Water piston

. Water cylinder
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Suction

Water enters the impeller through'the e&e of the impellér.' If water enters from
only one side, it is a single sguction inlet pump. One designed to allow water
_to enter the eye of the jnpeller from both sides is a double inlet puap,

~

4]
L o
4 e ¢ Rotary Punps
] lotary pumps ére_positiveVdisplacenent puads. Positive displaceament aeans that
the pump will displace a ziven amount oi fluid at any ziven time. Rotary pumps
‘ - tras the liquid and push it toward the discharge. The major types of rotary
pumds are; R S .
N \ : ‘
v 1. Spur gear pumps . : ,
- 2. YLobe pumps - o T V.
' ' 3. Sliding vane pumps v .
4, Screw pumps = _ S
- Spur Geaf}?umpsiuﬁ
‘f % . : ?_:.1) I{-I:-E N _ ‘
The . spuf+: gear pump consists of two gears that mesh ‘together inside a housing.
One gear;fs a driver and the other is an idler. The gzears rotate and trap the
.1iquid  ‘between the gear teeth.  Liquids are carried in the spaces between the
'_léeth'“EbQ?rd the discharge. The liquids cannot return to the suction because
.tthefteeqﬁﬁﬁesh at the points of return. ' The following ciajram shows how a jear X
pump operates to move liquid. . K R ' ' |
.‘ / . ‘.. | .
| s
..‘i _“’A \
t . '8 _ :
- Y, ==
24 , |
4 | ) ' { L
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Lobe Pump - .' L , : o e

The lobe pump operates much like the spur‘geaf punp excest that ig’uses ‘rotors
instead of gears for moving the liquid. The rotors have three lobes that trap
- the 1liquid and move it toward the discharge. L lobe pump is - shown "in *the

" following diagram. ' : : : : S

Sliding Vane Pump

[y

The sliding vane. pump uses an off-center rotor with sliding vanes to move
liquid. -The sliding vanes move out toward the housing by cegntrifugal . force.
Liquid is trapped between the vanes and moved toward the disggﬁrge. A sliding
vane pump is shown in the diagram below. ' ' )




hd

o . .

‘Screw Pump

A sceew punp is made with one driver rotor Sandwiched between two idler rotors.

- " The rotors are made of threaded screw dugers.
| screw threads to the discharge.

-~

- ) . R ’

S =i
WIJ\\‘-&“‘H e R

\. “\\‘ ,// .vv—-; .

-

v A Reciprocating Pumps

-

;]

fluid through the pump.
Several types of re01procating pumps are.used in steam generation.

Direct Driven_Duplex Pump /

"This punp uses drive pistons to' drive the numping pistons.

minimum pressure. This tends te smooth out the dlscﬁarge of fluid
shows features of a horizontal duplex pump.

1. steam chest
2. slide valve
3. piston rings
4. steam cylinder

" 10. suction vulve
11. liner
12. pucking ring

"The liquid is carried along
“A screw pump is shown in the follow1n3 diagran.'

0. discharge.valve '

the

.

A reciprocatf‘& punp uges the action of- a piston, dlaph}agm or é;hnger to move
Reciprocating pumps are positive displacement

Jumps.

The oumping pistons
have overlapping action go that one is at maximum pressure-while the other is at
The diagram

5. drain cock
¢¥ stuffing box
7. cracdle !

8, piston rod

13. liquid piston

t‘~
18.
10.

liquid cylinder
discharge port
suction port

+

P Wi




R I B ST T T R T T T T T B

A i R . o A I

s' - T . " INSTRUCTIONAL LEARNING SYSTEMS

‘oo :
" Information
Steom piston Enhount nop wive
a o sep voe "
Steam cviindar J :3"“""':::"“""‘
Au-ul‘rv;t;wn‘
Pm«@_ ) ¢
‘ -
O
—-'/
vm.mm/
'."' . —a s veive
Werer cybinder
R _sver_Driven Pumys
Poﬁer' punps are driven- by some
: ‘ : external pover source througn a
Direct Driven Sinzlex 2umd , crankshaft. A single acting pump
' discharges water from the cylinder
This pump has one driving piston and ' only on- the downstroke of the
y one double-acting puaping piston. o punping piston. Doublé acting pumps
~LM The simolex pump nay be of vextical or " “discharge during each stroke.. A
horizontal tyses. : : sover pump is shown in the
: v nhotograph.
_ o,
Diaphraga. Punps . * . '\m
Diaphragm purps use a netal, slastic or rubber material foa_moving thelliquid.
The diephragn is a flexidble .nembrane that is operated mechanically ‘or
hyanulically.' In this ty»e of pumy, the iluid does not come in coatact with
the reciprocating parts of ‘the pumn. In a iechanicalle. actuated diaphragn pymo
an eccentric is used to flex the dianarfagn and cause a pumping action, In e
- hydraulic actuated diaphrazm, the piston pushes a fluid touarc the diaphreynm
' ausing 1id§ to rflex and 3give a pumying action, Diagrans of the two types oi
iaphragm pumps are shown on the n¥xt page. - g s
11 : Y T
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~Assignment |\ |

# Complete the job sheet, '
o ' #* Complete the self-assessment and check your answers with the answer sheet.
* Complete_thehpost-assessment and have the instructor check your answers.
’ \
|
$ i
¢ )
) \
A7) ‘ _7
Al A . g
~ -~
’
N
L 4 A
¢
4
. 13 .
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:: '. | . , \ A‘ t
- : . ' ‘ ]
Job Sheet : ~
. ' i * '.
}
INVENTORY~PUMPS AT. WORK SITE : ' SN e ; 'f
# Conduct an inventory of the pumps used at your work site. - Classify them ‘
according to the major class and type shown in package.’ _ g
¢ B . : v .
0 ) . - ' -,*"
3 . ' | oo
PUMP # LOCATION . CLASS . . TYPE ‘ o
' _ : Rotary, reciprocating, : b
‘ centrifugal '
N .]
[ |
1 c '
o '
#
3
' S
5 .
’ ‘ .
’ )
6 R
v
)

: . _ v .
{ A S | 1
-‘. / . . .‘.
* Yeep the completed invehtory sheet for use in otner packages on puaps.

¢

’

-

14 J
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10,

' JSelf
Assessment

Spur "gear’

7

Regenerative

Axial flow .
| §
Sliding vane

Diaphragn

Yolute

viffuser

Screw

Lobe

L]

-

1a Direét driven simplei
A o

15

b Match the” following punp types according to their
rotary, centrifugal )

A.
B.

C.

class. (Reciprocating,

Reciprocéting'
Rotary

Centrifugal
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o Self Assessment
- Answers




.POSt B . -
Assessment

4

Name 3 types of rotary pumps.

) o .

3. |
Name &4 types of centsifuéal pumps.

4o ' | N
5. : o - _ . B , .

6. |

. R

Name 8 types of reciprocating pumps. \ o

8.

9., .

17
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RSN

Instructor .
‘Post Assessment
Answers A

| . : L .
4, /. ' N
Aa 5- . . ' ) . : .
* ' . Volute, diffuser, axiel flow, mixed
5. ‘ flow, regenerative
@ o~
‘ 8. . .
v 9. R | o ~ Direct driven duplex, direct driven
. : “simplex, power driven, diaphragm
. 10. _ _ | : Ty
Y
\ » -

18
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o Supplementary
References

# Correspondence Courses. Southern Institute of Technology. Calgary, Alberta, _
Canada. - . ' - L
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PUMPS -~ APPLICATIONS -

Goal:_

-

3

" Performance Indicators:

i

+ The apprentice will be able to
describe applications and
linitations of various types of
punys. ' -

. ‘

’

1. Describe examples of pump

applications in power p)lants.

2. Describe 1imi£atiqns of pumps.

<o
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*study Guide .

-V

]

" #* Read the goal and performance indicators to find what is to be learned from ’
. _ -, ’ ) :

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

~ ‘package.

* Read the introduction and information sheets.

* ~Compiete the job sheet.

. #* Complete self-assessment.
* Comnlete post-assessment.
. ) A\ ]
& : . . » g 'y
[\
@ 4
/ ) \
l <
+ ,’ . l
|
¥ / -
| h >
% ' .
Yy l. ‘
- '
{ #
i
. + 4
’ N
[ ' ¢
2
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<A

# Boiler fegdwatéfﬁpudpé
| o g*;¢g;g§p{ating pumps .
1 | * Chemidal pwmps - T

v
-#*  Tondensate, punps

# Fuel oil pumpé

* Vacuum pumps’
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) ) Pumps .ar¢ often described in'relation to their intended applications, The \\
. apprentice must be able to.relate the various pump types to the negds of a power -
.plant. t R . re
\ ] _3 . . -

_ This_ package shows the ﬂ%jor asnlications ‘and the types of numps used for each
P application. The 'special features or requirements for those ‘applications are
' - - ghown in a chart in the information sheet’ L
C - The apprentice should learn the,épﬁlications of'phmps Qescribea in ,the previous
> . learning package -- "Pumps =- Tynes and Classifications". The job sheet will

provide furtiﬁ;,understanding of pump types anq applications. '
. . . L K ' . y
é * * / o . }
. ; ' Ny
. - s
‘./': 1 !
4 ’ , . :8“
' i / '
i
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Boiler Circulating-Pumps . ' o,
Most boilers. operate at high pressures and require forced circulation through
the boiler tubes. Pumps are necessary to keep a flow ;hrough ‘the boiler tubes. - ,
[ v R q ’ ) . \.' ) . T
4 . o : _”OTORLTERMIN : %m;‘du ) C&W
" | . ’_' . ' A'{“,x' ' “nv ) . . )
™ o e -’ o “ |
’ ’ . - : ' o GANNZD ROTOR ¢
. : STATOR :
* : o LOW PRESS
. o W%.
! o : &'W% M LINER
’ - . uf ; THAUST BEARING : ' o
. o | C . oL seam - BARNIER SEEve S R
. ‘ . e . | . L
- N 4 ‘ usc .
. . . PUMP CASING~ . MPELLER
: - _ A _ ~sction
Boiler Feedwater. Pumps '
. A

'Punps are needed to rovide the boiler with feedwater. The type of pump 1eeded
. - will depend acity and pressure of the boiler that is being vrovided
with feedwat , '

-

-.',

g N A

o ; A R
P c, mmmm-:nw .

" Condensate Pumps -

) .
Condensate must be remoJ:;~\:5m the condensor hotweil and -pumned ta the boiler
as feedwater. In some plants, the condensate juwap also serves ?F a feedvater

-
p v .
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-

condensors. These pumps .are sometimes called extraction pumps.,

T

'Circulating Water . Pumns

Large volumes of water must be moved through the turbi

steam into water form.

i

§=
eg; :

ump bod bracket
l pump slbow
10. shalt mationary dleeve
11. shalt

n. m sleeve key

18. vaDes

u. p body

u E:ZMV key

17. propaller

18, purap bod§ liner

9. propcllu aut

et iy
EEEES

Propeller Type Circulating Water Pump

LY

—

-y W
w2 -2

v

pump. High pressure steam plants use punps to extract condensate from the stean

densor to c501 the

T 41

Y U
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. Ash Handling Pumps

INSTRUCTIONAL LEARNING SYSTEMS

-'Fuel 0il Punps

[}

A punp is necessary for bringing the fuel oil from the storage tank to the boiler
burners. . e '

L i

Chemical Feed Pung% . X . | »

Boiler feedwater- is treated with chemicals to neutralize sone of the harmiul
effects caused by impurities in the feedwater. Pumps are required for handling
these chemicals. . : '

» Vacuum Pumps

Vacuun punps rerove air and gases from the turbine condensor. '

©

These pumps are used to- pump out ash that has been’ nlxed with water to - forn a
slurry. _ . ' - . »t

1

ke
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TYPES AND APPLICATIONS OF

"INSTRUCTIONAL LEARNING SYSTEMS | -

Y,

PUMPS

\ APPLICATION

TYPES OF PUMP

¢
$A;RACTERISTICS/LIMITATIONS

Boiler Circulating Conventional Drive. # Special shaft seals required
Pump : ~ wnen presures are high. .
- Submerged motor #* Waterproof insulation for
- = Wet type windings required.
- Canned type - '
#* Thermal barrier required to
. . retard flow of heat from
‘ : " pumped water into motor of
: pump.
Boiler Feedwa;er - Reciprocating : * Steam driven >umps linited to
Pumos - Direct steam driven ' pressures less than 2750 kPa.
- Power driven ' ' : o - -
' * Power oumps cost more than
steam Dumps.-
- :
#* Power pumps are subject to
increased wear vhen operating
R under nigh pressures and
. - temperatures.
‘ . Centrifugal * Bartel type casing required
- Volute when presscures exceed
| b v ~ Diffuser 10,000 kPa.
' - Regenerative
. o # ngenerative punp used in
g Y snall.&mfw—pressure plants.
« he ]
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oA
Information |~ |

-
) [

APPLICATTONS. TYPES CHARACTERISTICS/LIMITATIONS .
. s o, : ',

Centrifugal ¥ # Use larje inlet to avoid = |

» - Single stage - .flashing or cavitation, /

Condensate Pumps

* Shaft glaﬁds must .be water- |
!

gealed to-avoid air leakage..
‘'when on standvy.

A

# (Usually low head, large

. Circulating Water Centrifugal
- Punps - Volute . volume, low speed and single
(Cooling water) - Axial flow stage design.
. 4 B - pidxed flow ’ ,
. ' . N . # 50% capacity punps are often
' ' - used. .
_ . . __
Miscellaneous ,
Punps : : o S
- Fuel oil pump  "Rotary (positive # Requires’a relief or bypass
' ) : »  displacement) 4 valve to protect pump and
: ' ' : discharge lines against
. excessive pressure.
4 . N
- Chemical pumps Reciprocating plunger # Requires relief valve to avoid
' ' ' damage from over pressure,

type-motor driven
# Positive displaceﬁent.orAJeﬁ

- Vacuum pomys Reéiprocating piéton . _
: type pump ~ type. Jet pump uges high -
s " Jressure steam to operate. '
P ' . , ' ' .
- Ash handling Centrifugal (Single * Requires flat bladed impellers
uUnPs N - stage) .- of wear resistant alloy.
e G /
"9 ‘ ’ |
” S - » T
44 L ]
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Assignment ‘
* "Read pages 15 - 25 in supplementary reference. .
% Complete job sheet.
# Complete self-assessment and'chéck answers with answer sheet.
* Complete post-assessment and have the inétructor check your ansver.
‘ ' {
“‘ I
" '
‘ 4
\ -~
» ; ‘
-
e
\ .
¢ g
\
Y
4. .
(7* /
0
~
- 4 -
10 : — |
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* ANALYZE APPLICATIONS OF PUMPS AT JOB SITE,

* Use the completed iﬁ%entory from package (Pumps—~Types and Classifications).

#* Identify the application and characteristics/limitations for each pump on the
tnventory sheet. What is the pump used for? Add two more columns to the
inventory sheet for applications and characteristics/linitations

-~ . . \

A

PUMP # LOCATIOW CLASS TYPE APPLICATION ., C_H_ARACTERISTICS/ LIMITATIONS S
.Example: ' . ' ¢
' 1 Boiler Rn Centrif.l Single Condensate ~ Use large inlet to avoid
: . ' - Stage Punp . cavitation. '
;. . . L .

* isk your instr\}{ctor to review the completed job sheet and suggest additions.
\ - | ‘ . [

o \ -
/ " , - 14
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o .Self
Assessment

e .7 ¢ AR 8 MAAPY N P e A 8 RO 5

A M e 88 8 VR TI Y T AT

o oo e B S 4 B e L S e i 47 S S S

List one typésof pump that would be suitable for the following purposes. .

|
1. "Condensate pump . f

2. Fuel oil pump' o C .
3. Vacuun pump
4. Circulating vater pump (cooling water) . - ' e,
5. Boiler circulating pump T
‘ 6. Boiler feedwater pump |
:’
What is the purpose. of the Following? , .
. - S
7. Boiler feedwater punps'
- 8, Circulating'watén’pumps R L
9, Fuel oil pump g -
10. Vacuum pump
3 N -
o
J »
' \
a "
4
| . . . S
i A
v 12 rod .
v . \ —
o .
; \ ‘
|

. / X N . i l | . '. L ’_
e, : ' 47 . L o . "

o N W ) T
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o Self Assessmept
Answers o

1. Centrifugal - o . -t e

- 2. IRotary | .i, : ' —_— ///

1

3. Reciprocating

4. Céhtrifugal ' o >
5. Regiprocating ---conQential_ﬁrive or submerged water
. o | -
6. Reciprocating or centrifugaly - [

' 7. Provide boiler with feedwater N
X | :
8. » love cooling water through turbine condensor
A N :
9. Brings fuel oil from storage tank to boiler furnace
_ - i
10. Removes air and gases from the turbine condensor
’ L]
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Post
Assessment

A

ﬁatch the following applications'with the appropriate type of pump.

10.

. - Condensate pump

Bpiler5C1rculhting ump

f N .

Vacuum punp

. . Boiler feed@ater oump’

Circulating -water pump'

‘Fuel oil pump -

~

Chemical pump

Regenerative pump

Conventionél drive pump

Ash handling punp

T
.

Requires special shaft seals

Used in low pressure slants

Reciprocating-~-stean driven.
Rotary (positive displacenent)
Centrifugal--single stage

Reciprocating piston type

.. SubmergeG motor

. Reciproéatlng plﬁnger type

.

. . Centrifugal--volute, mixed flow

Centrifugal single stage

with flat bladed inpellers
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¢ Supplementary
- References

#* Correspondence Course. Lecture 9, Section 2. First Class. Southern
Institute of Technology. .Calgary, Alberta, Canada. '
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‘ - PUMPS -~ CONSTRUCTION C

Goal: ST Performance Indicators:
. : - : . ‘ ) < - . ’
The abprentice will be able to ' 1. Describe cohstfuction of

describe the construction of the o reciprocating pumps.
major components of pumps. v ’

r
.

2. Describé construction of
“ rotary humps. AR

b 3. Describe coastruction of.
"o . -~ centrifuzal >upps.

‘4. Describe pump drives.




‘Read the
package.

goal and performance indicators to find what is to be learned from I

‘ i .

Read the vocabulary list to find new words that will be used in package.
Read the introduction and information sheets..

. . ’ q, W,
Complete the job sheet. '
Complete self-assessnent.

Complete post-assessment. s - ‘ :
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~ Vocabular

g
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‘Axial thrust

Balancing disc
Balancing drum
Balancing holes

Ball (roller) bearing
Double inlet impellers

- External gear’ pump

Gland

Impellers
Induction/motor
Internal gear pump . .
Lantern ring (seal cage)
Lobe punmp *
Mechanical) seals

"O" rings

Packing

Pump casing o
Pump shaft sealing
Relief valve
-Rotatyhgnseal

Screw/ pump

Sealing ring:

Single inlet impellers
Sleeve bearing
Sliding vane pGap
Stationary sfal
Stean piston

tem guided valves

sStuffing boxes
" Synchronous motor
Thrust bearing
Valve disc seats
Valve stems

Water piston

Wear rings
Wing-guided valves

LY
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Relief Valves

]

Power driven reciprocating puhps require a relief valve to prevent dawnage from *
overpressure. The relief valve is.mounted on the pump discharge ahead of the
first stop valve. Relief valves are not needii on stean driven' recinrocating
pumps. - . ' :

Rotary Pumps

©

| Rotary pumps are used for handling fuel, liduefied gases ant”hydraulic oils,

These pumps use gears, lobes, vanes and screws to move liquids inside a casing.
Rotary pumps are made 1in many designs. Some of the common designs are-
explained below. . '

External Gear Pump .

' ! 2
This pump has two gears that turn in
opposite directions. The gears trap the _
liquid "and move it toward the discharge. -
Gear teeth mesh to prevent the liquid ey

from flowing back toward the inlet. .
' Q
’ ; . FXTFRNAL-GLAR

Internal Gear Pump

The internal gear pump has' one external cut gear that weshes with an internal
cut gear on one side. A moon shaped~partition prevents the liquid from passing
back toward the inlet.
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Sliding Vane Pump

The sliding vane pump has a‘rotor that is
mounted off-center in the casing. . The

\

rotor has vanes set in slots on the rotor.
The vanes rotate close to the casing on one
on one side and have clearance on the other.

This forces liquids to move through the
~clearance toward the discharge. '

. Lobe Pump ,

This pump has two rotors that are operated by external gears,
trapped %n the pockets of the lobes and carried toward ;he discharge.

Screw Pumﬁ

Y

i

+
J

Screw pumps are designed with two or three screw threads.
between the threads of the rotors and forced toward the discharge.

SLIDING-VANE

The liquid

Liquid is carried
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Centrifugal Pumps - . ¢
Impeller Types K
w Impellers -are designed in many ways. The design depends on the speed, pump '

application and how the 1liquid is to be drawn into the impeller eye.

Single inlet impellers pull liguid in from one side. The double inlet impeller

pulls liquid in from both sides. The impeller may be constructed like a
propeller or have vanes. Some impeller types are shown below. ' ®

13

’

e N
B

Centrifugal ~pump °casings are split so that the pump ‘can be opehed for
inspection. These ..pumps may be split horizontalgy, vertically or diagonally.
Horizontally split casings are called axially split. Vertically split cesings
are termed radially split. Some centrifugal pumps are encased in a Darrel

casing to prevent leakage along tne split. The barrel casing is an inner casing
fitted into the outer casing. -

Pump Casings

g
Wearinn Rin&g

' The impeller must be sealed in the casing to prevent leakage. The seel is:
R usually - provided by a close tolerance joint between the casing anc¢ the rim o6f .
| | the impeller eye. As .the pump operates, . the joint wears and more lzakage

occurs. At that poknt, the ¢learance must be restored by building un the worn
surfaces. The cost of restoring the clearance can be reduced by wusing wear
rings. Weagy rings are mdde of softer material than the casing” or impellege
Wearing riné‘v made of bronze or cast .iron so that the wear will be smooth.

' ..‘ '
: L]
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The rings are available in continuous ring or half-righ types. They. are fitted
into ridges or grooves of the casing and secured with set screws.

Pump casings

Wearing
g - cl:;% !
Tlmpellers.. Impelier
Pump Shaft Sealing o ' - - . . e

Leakage can occur where the pump shaft passes through the casing. To prevent .
such leakage, stuffing boxes or mechanical seals are uséd. A stuffing box is a
recess around the shaft that holds a aumber of packing rings. Packing is held

in place by a zland that compresses the rings. ' :

Gland Adjusting Nut
Casing :

Pump Interior

‘' | - o

S
.ii lllll“ll l(jéggnrjénndlqr

Packing Rings. .. - ump Shoft

A Packing rings aremade-of“matérials such as woven asbestos, nylon, flax or
teflon. = Metals sugh as lead, copper and aluminum are so.etimes used as packing
rings. The lantern ring (seal cage ) is a metal ring with machined channels that
distribute sealing liquid to the packing. The laptern ring is used in punps
that handle sghd’or other gritty materials. » '
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- Information
' b Mechanicél seals are used in pumps that nandle fuels, acids and other 1liquids
where leakage is objectionable. Leakage is less than can be provided with .
' - stuffing boxes, The mechanical seal involves two flat rings with polished

. sealing surfaces. One ring (the sealing ring) is held in position by a spring.
The other ring (mating ring) faces the sealing ring. There are two types of
mechanical seals. The rotating seal has’ the sealing ring attached to the shaft
so that it rotates with the shaft. - The stationary seal rotates the mating ring
while the sealing ring is attached to the pump housing. "O" rings are idsed to
prevent leakage between the rimngs and the casing and shaft. . _

-4 : -

Mousing

[} ’ ) 't;lm/:mg
) Mating ring > ’_.,,' ‘-\;‘- or i o
Setscrew _ : . ] _ Sering
; - )
i | S
, ’;’qy ',A" w
. Shovider [ . ] vshen °
¥ _ . Scahn.g‘ rmg. ' ::;..‘;.':.’. ‘:
! Rotating Seal . - .
_ - Punp 'Bearings . . Statlc_mary Seal
| ' _ o
| .+ . Centrifugal pdﬁps use bearings to support the shaft and allov it to tura ireely.
| Bearings _are either sleeve or shell or ball:or roller types., . Smdll punys have
bronze Bishings or sleeves that closely fit about the shaft, Large pumps use

_half-shell sleeve bearings that are made of cast-iron or steel and 1lhed with
babbitt, - Many modern pumps use ball or roller bvearings instead of sleeve
bearings. Smell shaft pumps use ball bearings while large shaft pumps " usa
roller bearings. ' ' ~

thtrol~gf A!ial Thrust

-~

¢
.During ,ghe ‘operation of a pump, forces tend to move the impeller out of
"position, This causes an axial thrust back toward the suction, Several ways
‘have been developed for control of axial thrust. Thrust bearings on the shaft
. of low cavacity pumps will control the problem. . DBalancing holes are used to
control . axial thrust on single-inlet pumps. Somdp?nes axial thrust is
controlled by facing impellers in a manner that the inlets are opposed to each .

o .
‘10. : | \\.'
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other. A balancing drum can be installed on'the shaft between the impeller and - :

* the balancing chamber. ~The drum tends to. balance the thrust. toward the
discharge instead of the suction. . Balancing discs can be- used to control axial

thrust when mounted on the shaft. The balancing dis¢ is aot. widely uséd becguse
it can have more problems than the balancing druma B cL S L

s

" Pump Drives

oL . . . i Lt e v
R - , tood -
K .. ‘ B ‘ i S - . ‘e
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. N B T a . . . . . ,", . S
i 3 .o . Yoy . o
N . [ . e .
Lot i
J

Pumps - are driven by many power sources. ~The most common power source is’ the
electric motor.. The squirrel cage induction motor is the most conmon.,, The

, synchronous motor is used for lar3e capacity .pumps. ~Stean turbines.are often,
~ . used to drive centrifugal and rotary pumps. = Internal combustion’ engines.,can'
. - also be used to drive pumps.. - N . , e
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ssignment
% Read paées 16-42 -in supglémentary reference and study didgrams.
o Complete the job sheet.
&

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

# Complete the post-assessment and have the instructor check your answers.
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‘Job Sheet
DISASSEMBLE A CENTRIFUGAL PUNP J | r : ; o /
# Obtain a centrifugal pump (functional or non-functional).j ' ' : o // .
#¥ ‘Remove half of the casing. ~ , R : | : /
* Identify: ‘ | /
= - Type}pf impeller (sihgle or double-inlet).
' - Type of flow (volute, diffuser, axial or mixed). <
\ - Type of casing (horizontal split, vertical split).
' - How wear rings are attached. ’ ; ;
- = How pump shaft is sealed (stuffing bix, mechanjical seal). !
- Location of gland. - ]
P -, Use of ldtern ring. . Sy
' + ‘Use of "0" rings. ) _ : N
+ Type of bearings. , )
\ ‘-~ How axial thrust is controlled (thrust bearing, balancing drupm,
- balancing holes, balancing disc). _ .
- tow pump is driven (type of motor, coupling).
* Ask instructor to explaid thbse things that you do not unders?énd;
. . , _ Cy
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Self
Assessment

, .

. Match'the.folibwing terms with the

proper applications.

1. Stem guided valves A. Used to drive large capacity pumps.
2. ‘Wing guided valves B. Prevents damage from overpressure.' .
3. Steam pistons : C. Type'of impeller.
0 ) _
4, Water pistons D. Used on high pressure systems.
» . 5. Relief valve ©. Sealed in piston with cast diron piston rings.
LK ‘ . ‘
!
R Single—iniet' F. Type of packing. S
7. Thrust.bearings E&#pgged_on lowsgressure systems h
. .. .' o .gg'
~ 8. Stuffing boxes \ H, - Sealed in cylinders with packing:
9, Synchronous motors - I. Used to seal between si ft and.hbusﬁhg.
10. Reinforced elastomer : 5.:JControls'aYial'thrust;
: : / ' B ‘
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‘Assessment

CRa
L A —————e e D

~

‘Match the following pump parts with their construction features.,

+

1. Valve disc seats . A. Used to hold packing in place.
L ' o T
2.# Induction motors. v | B." Casing opens along vertiqal_ling:
| ) ' |
N Balancingfdrpm C. Made with asbestos core covered
i vith canvas.
b, _Packing' _ \ X D. \Most common motor for pumps. -
: : w o .
& » . - .
: . 5. Synchronous*motors £. Used to drive large capacity punps.
| | _ .
6. Reinforced elastomer |, , * F. Made of bronze or alloy.
'™ 7. HMoulded cup . G. Pulls liquid into one side only.
' ) —uy
8. Radially split casings - ~* .H. Made with rubber reinforced with
- : 1 fabric.,
9. Gland : ’ : 1. Made of solid rubber rings and = |
- . reinforcement.
10. Single-inlet impeller N ' J# to control axial thrust? °
\ L4
. . -
s .
" Y ,
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lnstructor

'Post Assessment
Answers
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o Supplemem
References -

-

# Correspondence Course Lesson 6. Section 3.  Third Class.
Southern Institute of 'Fechnology. Calgayy, Alberta, Canada.
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Goal:

“

.

The apprentice will be, able to
calculate head and flow rates.

Performance Indicators:

A

Calculate net nositive suction.
‘head. '

Calculate change in pump power.
due to changes in size and 8peed

.of impeller. .

. Caiculate change in head due

to changes in size” and speed
of impeller.

- Calculate change  quantity

pumped due to changes in size
and speed of impeller. ’

70
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.Sht“‘dy Guide

* Read the goal and performance indi %éprs 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.
.- o & ., ) B . L L
* Complete the job sheet.
* Complete selffassessment, ,
* Complete posf-assessment . . o o
. ) 6
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| ' * Capacity S
* Fricticl)ln head | . _ - |
‘ kPa (Pascal) o )
*. ‘Net _positi,ve_éuction heaﬂ ‘
* Pressuré head ‘
T Pump efficiency ' )
* 'Pump ‘ﬁowér
* Static discharge head °
‘ *  Static hez;d ' » .,
" o Sta.t:ic s_uctic;n head N ,
* Sﬁatic suction lift v
* Total head A
* Velocity head. ' ( ”
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Pumps must be selec?@d according to the requirements of the job to be performed.:
In order to make wise selections of centrifugal pumps,

i

someone must be able to

calculate such things as head, power requirements-of pumps, quantities of fluids

that can be pumped and efficiency of ppmps.

An apprentice
" make calculations

calculations
to perform.

Q9

should understand the basic principles of pumps -and be able to
needed for selection of "pumps.

The ability to make such

will insure a better job of matching pumps with the jobs they are

a’i'f.

'
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Capaeitx
Capacity is the quantity of 1iquid handled by a pump in a glven period of tiﬁe.' |
- It is usually expressed as GPM (gallons per minute)

0
Static Head - - ' ‘ ’ ' - .

o

Total static head is the total distance that a liquid moves in passing through a
pump. :

Lsrotic suction tift + . -

Static Discharge Head

L | Y
d1scharge head is the vertical distance from the center line of the pump’
surface of liquid in the discharge well.

Static

to -the
o TN
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i Static.Suctzon Heéd
| This 1is the vertical distance from the pump center 11ne to the surface' of the L j;
|

liquid in the source of supply. Static suct;onxhead bxbets whgn the supply is,_f, P

located above the center line of ‘the pump. ' e gL e

& .
| l v
- ) < * 1 ..
==7 _?. d‘:’%q’w‘ 1
»J s ’ . . ."" I
’ ' ‘ Stotic. V!
suction: '
' o Meod e T e Lo L

Static Suction Lift - g_..k S oL s R ) .

‘ P o ‘ N ) . : R ,

This condition exists when the source of “supply is below the center line of .the ;Q; o
.pump.. It is the vertical distance’ from the surface of the 11qu1d in the. suction jgﬁ¢ {,;F~
well to the center line of the pump.v B '\_ _ : R

:.“ T vor b 3
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e Frlctlon Head s g Sy \ o
_ : o P 1 ' . L : A
This is the head needed to overcome frlctionvof the liquid.flow, through the
‘pipes dnd\tittlngs. = , c ‘ Sl e S
- \‘l A

ERIC.

PAruntext provided by enic [N
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' “f jexpressed 1n a un1t called Pagcal or. in kPa (thousands of Pascal

B pe = pressure (Pascals)

Velocity Head

The head through which a liqu1d would need to fall to acquire pumping velocity.

-’
v g

e . . B .
Pressure Head "»; : S i '

-

;, W
vy

The.head caused by pressure of the liquid in the suction well or discharge well

Total Head ' RN : ,.“; | o - S
Total head is the sum of statio head plus Nelocity head plus friction head ~plus
preasure head wuq;p, “_ﬂ;_,,{ i LR

?Net Positive Suction Head' i /?3'@ﬂ5 .;fﬁ, '

;,,

5Thls is’ the total head of 1iqu1d in: feet at the\3uction nozzle, minus the vapor

'pressure of the liqu1d g R 190 AP . - o ‘
,..Calculatlng Head S P . .

"1In rder to calculate head, one'muSﬁ first calculate pressure.\ Pressure is

u

w = force ‘of gravity (maSS X density x 9. 8) g
h = height of free surface above point of measurement

» o -

For - example,. we wish _to measure. the pressure of water 5 meters below the
~surface. -Water has a density of 1, 000 kilograms per cubic meter. The formula

would be: . . o v R . _

M ) L d“- ,f -;;%Vfﬁpff ) vﬁﬁb C '. ) *
pgwh,‘-' k Rt

P = 1 000 X 1 x 9. 8: X 5 Ex 49 000 Pa or 49, kPa ;,

IR

L

;fOther liquids will have other densities whlgh will change the value of w in*the

']formula. ’For example, gasoline. has a relative: den31ty of .75. The same problem
_'as "above’ wouldzbe calculated ast :

1. .

p = wh' - "s'.':
p = 1 OOO'K 75 X 9 8 x 5 = 36 750 Pa‘or 36 75 kPa

r

Net 9081t1vej_suctlon hedd is used by pUmp manutacturers to express pump
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+ capacity. When selecting a pump, one must make certain that the Bet'pesitivé
. suction head requirements are met. The formula for net positive suction head
is: ' S o :

- . '
Net positive suctibn head = ,1048 (Pa-Py) + He - Hf
©  RD '
Pa = pressure of atmosphere or in the suction _vessel..
RD relative density of liquid at pumping temperature
He = suction head in meters, either positive or negative depending on
whether the pump is above or below the 'suction well
-Pv = vapor pressure of liquid at pumping temperature in kPa from steam
' table
Hf = frictiod head in meters of ‘suction piping

5

For example, a pump is lcoated 4,5 meters above the supply and is pumping 300C
water of RD of 1.0, - The atmospheric pressure is 101.325 kPa and the friction

head is .3 meters., Calculate the net positive suction head in “this ex example.

Pa = 101.325 kPa" . ,_
Pv. = 4,246 kPa“(from stean table) _ a v
RD = 1.0 _ C . \,
He = -4.5 meters { o
HfE = .3 meters. | -
, NPSH = .10148 (101,325 » 4.246) - 4.5, - 0.3 | )
- o : . ° 10 . . > b | i
NPSH = _9'.8516;’ - 4.8 | iy
. NPSH = 5.85 meters - I . -- 1

Célculaging Pump Performgnce‘(Centrifuéalfbumps) ; ,
The quantity.of water puhpéﬁ will be affected by the éfie'of the iﬁpeller ‘and
will. vary according to the diameter of the impeller. “Head will vary with the

square of the impeller speed. The power to drive the piimp will vary as the cube




DL BT
Fo ¢

INSTRUCTIONAL LEARNING SYSTEMS

.

-----

~Information

‘be compéred.

PO . o

o b . o . .

<

of the impellér’speed or diameter. .Head will also vary as the diameter of the®

mpeller squared.  Pump pg{formance at different speeds and impeller sizes can .=

. Pump,powef (KW) = Kilograms of fluid Distance fluid is lifted
' delivered per minute x in meters
6115.94 v
For example; a pump'is'%équifed,to 1lift 400 kg of watef for 8 meters:
KW = 400 x 8o
*  6115.94
KW = .52
If KW = pump power .
H = head (m) i
D . = _impeller diameter (mm) 3
E = pump efficiency
n .= goump speed (revolutions per minute)
Q. =

W\tity pumped. {litens per minute€)

We can compare two pumps through equatidns. The effects of speed and impeller
size on quantity pumped, head, power requireménts and efficiency are considered

o
=
i

<
i
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Example:

A céhtrlfugal pump delivers’ 20, 000 liters per minuté-of water agalnst a head of- -
40 meters when running at 2, 000 revolutions per’ minute. The pump efficiency is* - "

+ 80 percent and requires 120 KW ‘to drive the pump.' .The diameter of the: impeller

is 320 mm. If we reduce the impeller diameter to 300 mm and speed the pump toi,._

2,100 revolutlons per minute, what will be the: performacne of the punp° L

. e
L

e

) crLc
.—a

A

Quantlty pumped 02 = :Ql vx

| 02_ = 20,000 x 2100 X 360 | o | ‘
Q = 20000x105x 93 SRR
- Q = 19,520 liters per minute - .. o oo

. 'ghe change in 1mpeller 51ze and speed caused the pump to ‘pump 480 ‘liters less

water per minute. . ’

Let's take a look at the effect of those changes on head developed by the pump

_ n
40 x? >
Hy - = 40 x1,10x 86 R

N
"

-

':
G
1

?

The change in impeller size and speed would reduce the head 2 16 meters,

*

If' we wish to'fompare the pump power requirements, ‘the cube formula is used:

.

KW, 120 «x 2100) l( A

120 x 1.33 x .80
127,20

1§

KW
- KW

2
2

The. required pump power would be. increased by 7.2 Kw as a result of changlng the
size and speed of the 1mpeller. . : . P

v . L . -
. N T . .. . . ) ' ¢ . ,

10°

= . 37.84 meters L . L Ny
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ssignment

-

r
* ;Read pages. 33-38 in suﬁpLementary :eference; 
* Complete.the'joﬁ sheet .

#* Complete the sélf;dssesshent and check you; answerslwith'thé?ahSWer sheet.
#*- Complete the poét—aéééggment'and ésk=2pe instructor.tp thegkgyéaf_answerg.
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IDENTIFY THE RATINGS OF A CENTRIFUGAL PUMP AT YOUR WORKSHOP ..

* Find the.rated speed of a centrifugal pump impeller. (nl)

-Calculate the change in quantity that can be pumped by 1ncre331ng
the 1mpeller by 100 revolutions per -minute.

* Find the diameter of the impeéller- (Dl) .
# iFind"the rated-flow of the pump. (Ql) | o o

the speed of
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Assessment

. Using theé equations: . | | ‘ Y

Q

Q. ]

’.2 XD'Z X D ’ . j". B

M O . Y

Calculate the change in quantity pumped by the following centrifugal pump when

the 1mpe§ler size ‘is changed.
|

The .pump now delivers 12,000 liters/ninute against a l»0'1 head when“ running at

1600 revélutions,” The impeller»diaﬂeter is 300 mm, - If we change the impeller

size to 320 mm and increase ‘the speed to 1700 reVOlutions, how will the quantity |

of £1u1d numped ”hange" - . ’ B

Remember that Q2 = Quantity punped after c_hangé |
Ql = Quantity puniped before change \ *

N, = Punp speed after change

. 4
ny. = Pump speed oefore change .
»ﬁ ' o Dé = Impeller diameter after change
! . f Dl- = Impeller diameter before change, ‘ : - \ £y
. i ,
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oLl

o Self Assessment

- Answers

~

& Q2 = Ql X D_% X'QE'_
_ S n D
R S
Q = 12000 x 1700 x 320
I ) + 1600 300 (

© Q. = 12000 x 1.06 xj1:06- R ~

A

ey -~
v

Qz-‘iu 13,440 liters/per'mihute‘ Y

This is an inqtease of 1440 ligers/per minute
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Assessment

-

Lyt ’
o ¢

¥ o ,- ) ) '
Using the equation: o

H2 » Hf “x. n, 2 X _22 2_ ' _ .
LA™/ Dy | |

Calculate the change in head deveL6 ed by & pump as a result of changlng speed
and size of the impeller. ék

.Problem: . : ' ] - ' N o J

A pump delivers 12{000 liters per minute against a 40 meter head when running at
1600 revolutions.  The impeller diameter is 300 mm. If we’'change the inpeller
size to 320 mm and increase the speed to 1700 revolutions, what will be, the-
change in head developed by, the pump?

Remember:. H, = Head after change"
\ g .
. - Hy =W ilead before change

n, = Pump speed after change . ‘ ,
- np = -Pump speed beiore change ®
. . ‘\‘\ . ’
Dy = Impellé{ diameter aiter change
Dq = Impeller diameter before change
v ~ "': |
\ | . i
!
' 7 ‘
* ‘ ' . \
15 _ . ‘
[ 4 L]
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L
— . H2 = 40 «x [1760)2 X (320)2‘ﬂH o : | | "\

J e ;

Hy, = 40. x (1.06) x (1.00) -

2. S -
. o . ' . m ¢ *

Hy & 40 x 112 x 112
H2 =  50.17 neters ' ; 'fﬁ}f,', /y//; \
e larger impeller size and increased speed results in an 1ncrease of 10, \7 Tl
neters or head,
. ' .
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° Supplementary
bferences o

| | * Correspoidence Course. Lecture 9. First Class ‘Southern Alberta Institute

of Technology. Calgary, Alberta Canada. : .
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Goal: o Performance Indicators:.

. . ) :
The apvrentice will bejable to 1. Describe steps in[priming of - ' '
describe steps in operation of ) ~ pumps. .

DUMPS .« e _ Lo 4 _ , | :
2. Desecribe steps in starting a’

. . I pump.

Describe steps in stopping a '
pu; po ' i

4., -Describe cavitation. - T
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¢ INSTRUCTIONAL LEARNING SYSTIMS'
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Read ‘the goal and.pebbrmance'indicators*to find what is to‘'be learned from
‘Package. ' SRR ' ‘
‘Read the vocabulary ldist to j@nd new words that will be used in® package. L
. .o v i ‘ B . ) -
Redwe'introduc‘plon and information sheets. ‘ ‘. : " '
Conplete the job sheet. C ' ! S S
S ’ - i ' | . . S
Complete self-assesspent. _ R
Conplete post-ggsebsment. , , _ o,
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Priﬂing a_Pump

Reciprocating and rotary :pumps are self- pr1m1ng “when in. good condltlon anc under

..

hormal lifts:  Centrifugal pumps are not self{priming.. These pumps nust ~be ]}
V5. “prined with water before start—up When the pump, is located above the ‘sourcer .
ngollow the followlng prinlng.procedures: . : : v P
: R . ‘ « ,‘ ‘.
E -u”ﬁ 1, Fill sgct101 line and ca31ng with 11qu1& ‘through« discharge valve , .
ST hypass, auxillary line or be using a priming valve to draw air from the
S+ - casing.” N . :
T ! 2. A'foot .valve on the suction line will allow liquids to enter/ the. line
- _? _ but will prevent it from dra1n1ng out. . - ' ,
i ;If the pump 1s ‘located below~the supply, follow the Lollqw1nv proc@ures: ; ' '
S ;. -
Y ¥ L. Close discharge valve. . _ L, o, .
f_}.,f . 2. Qpen air vent petcocks. oL, S g, L -
“= ¥ =3, Slowly 8pen the suction. valve. .= ; : ' . S
!~ 4, .Close,alr vent petcocis when llguxa appears tqrough then. i G
5. . Open dlscharge vaLve hefore starting punp : ’ ! - L.
’ E e * ’ . ' n o - .
:*JStarting Pumpg . R ‘ ; S ..

Thé.ﬁbllowing procedure SHOUId beﬁfolloweﬂ when startiny centrifugal pumps.
e . ’ .

Yo

A

* Check oil level-in bearing hou91ngs oo
Turn on cooliny water fory-pump bearings. stuff;ng boxes and mechanical

1.,
2
5 seals, if parts are ‘water: cooled. , . y '
3. Open suction valve’ and close distharge valve. y e ' .
., 4. Close all~drains incasing, suction and discharge pxplng '
;. 9, Prime pump and open discharge" valve N _ |
/. 62" Start puiap-and-bring to speed. . o _ o e : ; o
; ,72‘_Checl 'leakage ‘of stuffing boxes. * e LTy : .
© 8. Adjust sealing liquid i. stuffing boxes. . S
9, .Check ,0ilirings on sleeve bearihgs:to, see that. they iurn creely. !
210, Check sucbiqﬁ,and dischargp Jressures.e .. . o Voo
11.. Feel mump bearipgs fot overheatino.v : e P ,
i'IZ. If ounp 48 beinj started for the f{irst tine. T {‘ o ;
=+ ¢« Check. that rotdr ‘turns. ﬁ{eely - R R
* Check:'alignment of nd driver. Cooe T T ., - -
- (h&gk dlrectiOﬂ of thatlbn 0[ deran notor. ; T S
) . {;«N - . Lt t . ) ' . : 7
W Rl A = L R
¥ R
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. Stopping Pumps . , | S N -
' Yhen stooping centrifugal pumns, ‘follow these procedures: ’
1.1 Close discharge valve slowly (large radial flow pumps).
2. Stop pump driver, :
o "3.v Shut off cooling water.
4. Close suction valve.
e Cavitation - - - o . _,'
. Cavitation 1is a condition caused by vaporization of liquids moving through a
“oump. It octurs when the pressure in the punp falls:below the liquid. vapor
.+ pressure, h vapor is formed as a result oi the unequal pressure. . Cavitation
‘ causes erosion of ‘metal parts, vibration and nulsations as vapor sockets hreak
"down. - Cavitation is caused by the f{ollowing: ~
.. oL velocity is too high. : : ‘ . o R
4, 2, " Suction lift is too high, o :
. 3. Temperature of liquid is too high., -
“ . 4. Suction line has too many sharp. changes in its direction of rlow.
|
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R ’ T, . .

" Assignment

. \ o . |

"' # Read nages 42-45 in supplementary'refereﬁce. q

# Complete job sheet., . S T ,
_ . . ,
¥ * "Complete self-assessment and check answers with answer sheet,

4 ' . { '

i 'Complete.Bpﬁérassessment.and ask instructor to check your qgéwers,
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T v =
. Job Sheet .

a .

~ PRIME A CENTRIFUGAL PUMP. -
* Locate a cejitrifugal pump at your work site and get permission to prime,

start and stop it.

& 1 ~ .
o

# Follow the‘pr%cedures outlined in the iniormation sheet.

\ .

* Prime, start Qnd stop the punp’in the proper sequence of operational steps.

e J : . ; i
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Assessment

o S4m cAS s e 44 - LA AT S . O ST YT Y

s

' !
L. punps.must be\,primed" before Starting.‘ - S 3
. L 4 .“ | . | A. . " , L . .- l . .‘
_”2. A . valve on the suction line prevents liquid from
: draining out during priming. _ : '
RSN " - . ,’:
’ 3. The valve must he closed before prining a centrifugal pump
'and opened before or imnediately after the pump 1s started.
‘4, .The air vent ‘ . fwust be open during priming. .
v . - ! ‘ h
5. ' is a condition that occurs when liquid is converted '
. to a vapor as it passes tHrough the ‘Qump. y .
& .
-
s
/
- . ’\ .
w
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v g \ . y
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.o Self Assessment. ..

“Answers -

H

I. Centrifugal = . : e | . - ' o

3 " “ e . ' ! ' ¥ . ) v & ‘. .
* s, ,‘ ’ L Tu ¢ o '
. 2. ,Foot valve : , . . _ . .-
-, - R B
- . . 1 ~
A ’ VA ¥ !
. [y ” f - Al .
. , ’ . L . ) X |
3. Discharge valve . . . ]
\ - . . ) s .
. . L d . ‘ R #‘ .
v, . e . . * : . .
- < 4, Petcocks .. ! ' : N : A oo .
. T \ = 'o - . o ' ° -
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txplain the priming of a céntrifugal pump when the pump' is located below the =« - v
source of supply. List the steps ,ih the order that you would perform them, _ o N
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general
source of supply are.

‘r

. ' » ' . .

[} M v
-

steps for prining a centrifugal pump when the pump

. , . . )
&f 13 Close discharge valve. . s
, 2. "Ovoen air vent dHetcocks. -
‘3. Open suction valve (slowly). .
4, .Close air ‘vent petcocks when liquid, comes through
5. Open discharge valve before starting,
s ' " | ‘ .
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“* Correspondence Course. Lecture 6. Third Class. Section 3.
Soffhern Alberta Institute of %echnology. Calgary, Alberta, Canada.
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, The apprentice will be able t:%é\ - 1.  Describe installation as it
. describe nonitoring and tro ‘ relates to trQubleshooting. .
* shooting~of .punps. . .o o =~ T ‘
2 : ; . < -2. Describe trdubleshooting ,**.
- - X , requfrenents of punmps.
s ' 3, Describe woritoring requirements
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-Read the 3oal.ano phrformance indicators to tlnd what is -to be learned from
.~ package. ., . A

. - J* ' . L y o \ .

-

v * . Read the vocabulafy list to find nev’ wORdS‘ghat will be used i paccage.~

(v . -

. & *Read the intrdductlon and infornation sheets., - - -
. . ) '..’; ‘A-. ’ . . ] 3 . .
o * Comple;e the Job sheet. - L A ) ' <
. * Complete self—assessment . M Y, . .
- # Compl°te posc-assessment N - ) o0 - ’ .
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.t while in operation. The médnufiacturer of the pump should be consulted about W

. - . . : : K tY
. - S . - . X . A .,'
pKH : . I . .. . : . o~ \:" .

The 1nsta11'at10n of a punp is very iﬂportant to nOnitormg and txoubleshootlng’" Vi ‘ﬁ_":"

NE
-

installatlodjynd their recommen atlons should be :ollpwed o '**:u-

Once installed the pump must be losely watched during 1Es operatlon. This is -?”ﬁxi} _
-;7called monitoring When a problem .occurs in the operation of the pump,- thq st o
‘opérator must: be able to correct the problem. Problem 1den¥ification dnd '
. correction is called troubleshooting. Troubleshooting is a,'quick fix" type of- fj_'
_repalr that involves simole operatlons such as replacing we r rlngs or; seals..' T,

. 'This' package is oesig1ed to introduce thc apprentice to the basinrconcepts of““v--v e
-installation, , nonitoring ahd troubleshootifg. Preventive. nalhtenance willube ,#jﬁaﬁ'jff
dlscussed in greater detail in a separate oackage.v - _ufw Foot T "
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_ be'" ' ;'1nsa océlhon' that is eabily acce331b1 for-

inspe tion and reoair. ¢ +Room ‘Shouls’ ‘be allowed for renoving the  cdsing -‘and -

. oFOtor. Reciorqcating pumps should allowv roon for. renoval of piston and’ rods. ‘A& . .
Tﬂwjum'ﬁshodld be- locatéd close; £o. the supply: to ninimize the length ‘of tpe suction °, _
line,_ Disenarge 1ines ghiould "be' short and witn ‘a niniuum of fittings to«reduce --'5' «
:vitation problems.;;;_gi,,l.r o e AN R "Q’ |

wnere a pump is. to Work ofi suction lift,. a Eeot valVe snoul.'ﬁe insthlled along
SuFwith as suction strainer. A gate vdlve~sho 1d be placea in the discharge line .
- Elose ;thevpump Also a chock -valve sho 1d be 1nstalled between ' tlie gate
valve and thefpump by . : . . T
ReciproCating pumps. . may require a surge chamber on the suction or - discharge
line. This. chamber should be kent charged with air. T water level gauge 1is °

'emﬂﬁ'needed to check the amount of air in the chaner

The puhp manufacturer’ should be gonsulted about the instal¥ftion of new punps.
Technical assistance should be raquested from the manufactyrer on'installation -
procedures._ Installation .and alignment of pumps'is a Qomplex. procedure arnd R
cannot. e fully explained in this learning. package“ Kddit i) nal, i fOrmation w1ll \
be needed ror proper installation " .
P ) : . ' - .

Troubleshooting - o .

co e fo - , :

‘. The operator should - always keep spare parts for punps. The ~parts naust be o
ordered .,in advance and catalogued. for easy reference. The instruction ' manual .
should ‘be’ .close at hand and used as a guide for troubleshooting ;32 specific . !
pump ‘that is giving trouble. Spare valves apd packing. should be adailable for
treubleshooting/reciprocating pumps. Bearlngs. shaft SLeeves, wearing tings apd -
packing will be needed for repairing centrifugal punps.  The instruction nanual .
for eaci punp. will provide gu1delines for troubleshooting - o

’ .
! . . > ‘ y

LS

Monitoring:PUmps S ¢ . S

\

The best way~é% avoid punp outaees is to establish 4 schedule of operatiomral
checks aqg a preven¥ive maintenance progran. /Ooerating checld should be  made e
. hourly, ‘nonthly, quarterly gemni-annually ang” annually. These checks are wade
in much the same way as automobiles are naintained . -

o b
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. In ‘addition to the operations checks fqr maintenance Jurposes, the, bbérator .
. ~ sheuld listen to the pumps and make visual inspections on a continual basis.
‘ ' Unusual noises should alert the operator to problens. \{Q§9.,of pressure, on’
pressure zauges should be detécted and -action taken quickly. : '
A i) L ’ ' ) . B C L,
Monitoring pumps  requires an opefator to use their .senses of hearing, sight,
smell and feeling of bearinjs that might be overheating. They nust possess a
sense of responsibility for the equipment and-%; alert to operating problens.
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Read pages 27-32 in supplementary reference.
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10..” Pripe and start pump.

11.. Allow packlng to leak for few minutes aqd then tighten gland nut to reduce

. " INSTRUCTIONAL LEARNING SYSTEMS = =

. -

O
o
~

Fae o . . .

REPLACE -PUMP PACKING O RECIPROCATING OR CENTRIFUGAL PUMP | o~

1., Shut down and drain pumjp. o - _ : | I .

4

2, Rémove aland adjuéting nuts-and slide gland away from ﬁacking._“

- 3. Remove all old packing with a packing puller tool.

¥

4., Check cop&ltion of shaft or shaft sleeve and replace or resurface the shaft
or reﬁlace shaft gleeve. : '

5. Determine correct size of patking to be used by: =~ - R : '
Correct Size = Bore of stuffing box - Diameter of shaft or 'sleeve

-

- -

- 4 . v

6.. Wrap packing around shaft and cut the needed number of rlngs by dlagonnally
cutting pa&klng coil w1tﬁ knife. . , 2

7. -Place packing rings on shaft one at a time. Use oil or grease on the inside .
of each ring., : N . '

°
P

-
8. 1anp the rings into the stuffing box. Use netal ring to push each packing
ring. 1nto place, Stagger the ring joint :
. . ‘
9. Replace gland and tighten gland nuts to squeeze packing. Slacken off on gland
nuts to finger'tight. _ K ' o .
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\c Self Assessmen
Answers -, |
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1. When pump works on sug¢tion Jift, ’ <, .
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. o S | ]
“ .~'“ 2& CheCk Valve. . v . '. N ’ . * —/ ’ N
- / 30" Air. & . . ’ a -
‘:. ’/ . » . R .
v "‘,/: "4, Spare valves and packing. _ N
Mo M
/ a . - v -
. ' ' N ,
5, Bearinks, shaft sleeves, wearing ring$ and pagking. .
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Assessment

punlps'? \ 9 .

’

o |

b, Spyre\\ valves and packing shoulfi be keat for-

4 . ’ . , . ) i
S. Bearings, shaft sleeves and w'earing rings are good spare parts for

L

-

' .

+

[

punpsg.

;’.

rs

\

. . What is“the best waw to avoid vp';Jmp'ohtages? .

’.
>

.

~
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Where can troubleshdoting information be obtained for specific types of
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lnstructor o
- ®Post Assessment o
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2, Instruction manual for each pump. Obtained ftom ‘punp- manufactyrer,. 7 ‘e
LI T ! v . Wt . ., » o ] |
' ] v ) . . - . ’\ . : ~— 4 . ’ . ) .,
3, For inspection and repair. : S ) .
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The wapprentice will be able to
descrioe ﬂalntenance procedures
for punps. . : i,

Performance ;"ndlcatOrs:

; -
. &+ k) ’
* ! \
. /
P .
. vt

. I

1. Describe $éhedu1es for nre-

ventive’ maéntenance of punvs.

2. Descffﬁe %Mbrication of pumps.
A
3. Descrlbe maintenance of punp

packing apd seals. .
b @

[

z '
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'fPreventmve Maintenance As the key~ to- success in pump operation._
. ‘outages "

he ou#d
A’ good malntenance schedule -

7.
tost o

can Je prevented by proper naintenance.

;o wii& assure that maintenance’ takes’ nlace’befotre oroblens arise.
. , il ! ' g ’ o
wﬂr Lubrlcgtlon’VOf pumps - wijll prevent vear of narts. Packlng and seals, must " be
ot replaced to avoi&’leakage and - loss in pump eff1ciency The apprentlce »shotld
' ,-*know hov  to“carenfor and maintain Sumps in a way that avoids costly outages.
Vi Otnerwxsex 31nple Malntenance needs . becone. ma jor, repair 1tems. G
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Mainténa ce Schedule , . v
. o : /e

*

Preventiv ﬂalntenance checks tshould"by nade to determine if the punp parts are
working as-, they should work. The followving items should be checked hourly
during operation' > . ® )
Bearing temperatures (by hand) . _ - v N
" Suction +pressure . _‘ -, ST . ® Y
Di'scharge pressure ' ‘ . A N
Lubricating oil predgure ahd temoerature o ] " . ,“ '
“Balancing disc leakoff ‘ ST . —\\\ :
Stuffing box leakoff _ 3 : . : " SN
Cooling water flow ' o
g water &
Cooling water inlet and outlet tenperatures : .
Anperage of driver notor ' ‘
0il' ring operation [ e .

' . . .
.- . rd . .

Rec1rcu1at10n or oypass flow
o .

When any of the above items are not functioning normally, the problem should be
corrected as quickly as possible,

* % &k ok Kk &k Kk k X Kk Xk,

-

ionthly checks should be made on the following: . . ' A
: >
* .Bearing temﬁg?giures (by thermometer to get'an ‘accurate check)
#  Correct hot bearing probleas by adjusting the lubrication or alignment
) of pump and driver.. Ball and roller bearings nmay run hot due to
* overlubrication. - This problem can be corrected by removing lubricant.
Sleeve bearings may not be receiving enough lubricant and run hot.
Additional lubricant will correct the problem. ~Realignment of punp and
.criver may be needed to correct pFoblems of. hot beqd}ngs. : i :
_ ) ) _
Quarterly checks should be made on:
l . .‘ ‘_0 . ‘ '
- " * Dismantle, clean and change oil id sleeve bearings..
# Check all grease nacied bearings for contaw1nat10n. If contaminated
. - flush, clean and repack . : : e -
*. ﬂeasurq all bearings for wear and replace of needed. .

]

. ® _—
Semi-annual checks should include: A
* Check stuffing box leaPage anG renew ?ac”lng.

*  Check shaft sleeves for wear.. :
. #  Check for vent shafts, vorg bearings and rot:or balance. I

’ s . . o T

s ]
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,' Annual c¢hecks may involve ‘a, comnlate dlsﬂantling of tbe punp if 1t{ is giving
poor perforna1ce. Such annual’ checxs would 1nc1ude° ' ‘ :

- e _

Checking the casing for corrosion and wear., ° et , v
Checking rotor for corrosion and wear. .

Measuring wkar ring cleerance and replacing rings« ﬁgg"

Renlacing worn shafts and sleeves. . . S ,

Flushing and cleaning coolant connections, ' -

Recalibration of pressure gauges. >

Checking bypass and’ recrrculatlnn valves for wear and, replacing them.when
needed, - . * . -

. , * Checking suction-and discharge valye assemblies on rec1procat1n5 purns. S

~

By x % % %

”
-

\
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-VWlearing Rings , . ." : S S | k

L4

i
~

The wearing ri1g seals the impeller of a centrifugal pump into the. ‘casing.
ings may be mounted on eithér the impeller or casing or both.  The rings are
made oI softer material than nﬁat of the? surface 4t will be wearing against ' so .
A that the impeller or casing does not wear. Wear rings are usually nade of
S pronze or cast iron so that the wear will be- smooth, The rinjgs are set into the
¢ ' impeller rim by threading .and neld in place by set screws, Rings c¢an De
purchased as continuous or half rings. When fit on the casing. grooves nold the
ring in place. - The diagran below shows the location -of wearing rings in a pump.,

Canng
Wetning
LILTY

(‘(nn‘ ) . )

. . - . '
'
‘ ] ) ) ’ 'ulmf
Busing

N . / , ' . B Impetier

Woaring

Cose e,
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- Stuffing Boxes

groove
[ an adjustable gland,
| )

{

N S
P

' Pump Interior -

Gland Adjusting Ruty : - o R
Casing ' 5 ? o - R

]

”

3
.

+ h seal is required between the casing and shaft of a pudp. A stuffing box is a
on 'tne shait that holds vacking rings.

— .

- The ,packimg is held in place by

) i v ’ ‘ '.‘. 4 l
* : le— Giand
- N
. . \ - | . '
\ ) Packing Rings ump Shaft .
4 ) YI‘A . R . [y ) Lo . . . .. . - ) . .
\,\ o Stuffing Box with Packing .~ - o
‘ “ﬂ".‘ ) “ ,
\ L] 4 . .
N lantern ring supplies sealing liquid to the packiag to exclude air an< -.provide
. lubrication. The lantern riang is needed by pumps that handle sand or o}hﬁg‘ .
anitty materials. The sealing 1liquid keeps the sand from leating ‘up" “the .
pagking. ‘ : ' - : - : . _
. . Gland Adjusting Nut \“- -
_ 'a Adlusting .
. - - . Casing -~ : .
k- . - *—Sealing s ~ .
A Water Inlet
. . . <~ O\ .
o < ty : 129 7
| A L e
Lantern Ring *
..- i - » \

.. » ’ :
. . .
N > . L] .

s . ' k20
.‘ '
v . 4
. .

. - v
?

2

 stuftiRedlk with

¢ ' . -
L'anterp Ring

y}l- .
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Saait Sleeves

A pump shaft is subject  to vear and corrosion. Larze pumps .use shaft slesves to

~ .take the wear instead of the shaft. . When wear occurs, the_sleeve,1= replaced.
. The sleeve is keyed oa tnz shaft and held in place by the shait nut.

J . MPELLER . _ SHAFT GLAND

Y & IR« S e i L
SEPARATE -
. KEY .
! o
- ' ' \SHAFT L
T ' NUT
9 | , _ o
IMPELLER NUT SLEEVE SET SCREW .

Pump Packing

- [}

*

ding orthe operating’
ato the stuffing box.
2uiap-rionjtoring, and

Bump packing is usually renlaced every 3-6 montiis, de3
aénditipons, Packing rings are cut fron a coil and tamped
The details of replaciwg nunp packing are found in the\

'}roubleshootin5 oackage. 4

n:f'haﬂicél Seals _'_ ) .

On pumps that handle gasoline, acids and other touchy ‘liquids, a ngcnanlcal seal
is used in place of stuf;xng boxes. - ilechanical seals reduce Jump leakage «and

'l._ make it easier to work with such materials. A mechanical seal is#two flat rings

that rotate ‘at right angles #o the punp .shaft. One ring 1is called a
sealing ‘ring and the other is a matthg ring. The two rings are held in zongact
with each other by springs. On a stationary wmechanical seal, the sealing ring
is attacned to the punp casing and the mating rigg turns on the saalt. A
rotating mechanical seal has tine sealing ring attacied to the snaft aad " the

_i nating ring on the casﬁhg A seal betwean the rings und casjing are osrovidzl by

.t

"O" rings. . Y~

-
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. In the nalntonanca oi 'nechanlca1 S)éls, the operat’or should‘make certain that - -
: ! tne pump is never operated without being filled with 11qu1d * All air should be .. |
wvented from the seal hou31ngs before starting the pump. A flow of coollng' -
| . liquid rnust be kept over the- seals. - Mechanical seals way leak due to scom'lg, ’ -
| ) grooving, distortion, misaligament or vibration. ' Manufacturers ~instructionsy
‘ " should be "arefully £0110W°d 1% nalnbenance of pumps w1th necﬁanlcal se8151 ' : "l o

Nou_:mg , s

‘ . o _ . ' e a B rjo'utm;' Co l
\ A.“_’mb_ g » . Mating ring , '
Setscrew ‘ S o | % «5””'_'9, e .
- -
L~
. N .
. : . . : Shauidel
500///10 ring ’ ‘. . ~- .
Seandy ring )
s Rotating Seal . ) %
. ' . . . . ‘ . y . » ._ .. 1
Bearings - o : . : Statlenary Seal - .
’ ~ Sleeve or shell bearings snould be oifl lubrlcated oy drag?lubrlcators. Ball or .'-f:
- roller bearings may, be lubricated by/oil or grease. Ball or roller bearings L
 should be  lubrica%ed with a nigh grade of lubricant "and saoulé naver ° be PR
overlubricated. They should be ”1eaned and lubricated on a rezular, . scheduled ’
basis.  Ball bearlngs sre also called anti-iriction bearings. '
: ' : A
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27-32 %p sunplementary referen

° . i h . . .
. # Complete the job sheet. BT . ‘ ' ; . \‘
, ¢ Complete the self-assessment and checx answers with‘.answer sheet. }' "
: ’ . . . : ' - . ~ & |
. . *.Coumplete the po~3\pssessment and have instructor check your, answers. ' L] -
. ’ N
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COMPLETE AN HOURLY ‘CHECK OF AN OPZRATING PUMP | .

. .
. i . - °

#  Check the follbwing:

'-”‘Chgck“bearihg“temﬁeratures by hand o T S S e
- Check suction pressure ' C ' '
- Check discharge pressure _
: - - Check lubricating oil pressure and téhperature ' - o
- Check leakoff on balancing disc A ) :
- Caeck,stuffing box leakoff ) - o
- Check cooling water flow BN | o 1
- Check cooling water inlet ahd outlet temperature ™ ' s "
- Check amperage of driver motor : -
- Check recirculation or bypasg control
‘ # ' List those problems that need to be, corrected Keep a written list of your
' readings. ' ' .
. ") ) R ) . .

\ | ‘ | T :
_ * “Ask instructor to lidate your findings in regard to the maintenance problemss
T, of the punp. : . . _ o .
. | v . | : _
oo Discuss (with instrugtor) the best ways to correct nroblems,
)
v 3
4
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Assessme L

. Indicate whether the following punp items should be part of an hourly; moﬂthly,
quartgrly, semi-anpually or annually, operations check for preventive
.maintpnance. I

1.-/Cooling water flow
2. Stuffing box leakoff -
3. Bearing temperatures by thermometér

4. Bearing tenperatures by haad . : - ) ‘ ' o.
5. Clean and change' 0oil in sleeve bearinys

. 5. Renew packing iit stuffing boxes

7. Check grease ,packed bearings v ‘ \
8. Measu[: bearings for wear ' —
- ‘ | . _
.~ 9. Suction pressure - '
: o R
10. Anperage of driver motor ) & T
L] ‘/
4 ©
]
. o » . .

. . ) 'T
v * ! ‘-_»-."-«4.{

’ .
' M ' ' . . N
: | J
, . o .
.

12




L] .
’ » . )
. . . o

Answers

‘o Self Assessment

1. H Y
ourly ~ \ ‘ . \( ‘
2. Hourly
3. Monthly -
4. Hourly
‘ s !'
5. Quarterly ]
- [/ __~ 6. Semi-annually
’
" 7. Quarterly _ ‘ .
. y
) 8. Quarterly\_—- o . m
’, 9. Houriy | ' .
10. Hourly e
=
& .
‘ “ N .
/ “ 1
, AN
, 3y
‘A L]
¢ . .
? \ -
- /\. ‘
. . 4 ' .‘l ’)
L4 ) ' .
\ 13 . \
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oPOSt S
Assessment o

,1.  Packing rings are held in a stuffing box by the. ' )

' / ’
- . .

J 2, Sealing ‘liquid 1is supp.].ied to packing (on some pum‘As that pu'np sa,& or.

. .gritty materials) by a, | g ring. ‘ ' *?
. , » - . <
7, ’ . ~ .
_ 3. Pump packing_ should be réplacéd every onths,
» ’ : R .
‘ 9~ . ' o .

4. List two types of mechanical seels.

\ . N ’ ’ e . . . .
~ . . . - - ) 'ﬁ. ) ) ) /

e

5. ‘z?en are mechanical seals used? ' ;ﬁ”_ ' R

-

6. "h seal is provided between the rings of a nechanical seal arl the pump

“ , ¢+ casing by rings.
f _) :
4
7. ) ' bearings are also called anti-friction bearings.
8. Shaft are used on large pumps to re/d;u'ce wear on the-shaft
" itself. N ' |

9. A conplete dismantling of a pumpuis often a part of the ’ ' !
operations check. " . '

. .
. ot ‘ ! . )
! . . ! .
. B . Y
¢ f . ' . 1
¢ ‘ ’
. .

. 10, Wear rings are usually made of . or

v ' '

. I,

126 YA 'ﬁ,_'-*




lnstructor I

 ®ost Assessmept -
Answers |

5.

[

Gland
¢ » * ‘
Lantern : ' : o
b ) :

3 - 6 nonths I ‘ ' _ | UR :

| ( ( - | ' ) P
Rotating and stationaty _ _ LI

‘ o ‘ . '
wWhen pumping gasoline on@acid and excersive leakage is a problen.
_ ; ; ' ¢
"0" rings \.
< *
L X ‘\ . " ’
Ball : e ' . '
} _ w |
. ~ ; ‘ A
Sleeves "W
- .\ . ‘ ‘
Annual ' ' ) -
. u/.' .
_ _ é . o
Bronze or cast iron . r _ T N
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' K4 . | "~ Firs. Class
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-

STEAM GENERATION

y - POWER PLANT PUMPS

L ]

The purpose of a pump is to impart energy to a fluid in order to move it
from one point to anotherd Because of the many purposes and variety of servites
for which a pump'is required in a'power plant it can be regarded as the most
widely used item for power plant auxiliaries, Examples of pump applications in

. the power: plant are:sboiler circulating pumps, feedwater pumps, fuel-oil pumps, '
' chemical feed pumps, condensate pumps, ,circulat ng water pumps, and vacuum

e pumps, . ¥ Bl W | ' P
* . ' . ‘ I iﬁ 1 : M
( v , S , & : o

PEMP CLASSIFICATION ’ * . . ,.

\

/

o

reciprocating, centrifugal, and rotary.

“ Pumps can-be classified, according ‘to their method of operation, as

r

-~ 1'. RECIRROCATING PUMPS

Reciprocating pumpg are positive displacement pumps which use the
reciprocating motion of pistons, plungers, or diaphragms to move the fluid
through ghe pump, The ability of the reciprocating pump to produce high pres—

v A sures af@®closcly controlled flow makes them particularly adaptable for such
' .applications as chemical fecdms They are also used as boiler feedpumps in

small inQallations where modevate capaciti€s and high pressures are required,
In addmon, fuel-oil pumps are frequently t,.ve reciprocating type.
A The following sections discuss and illustrate some commonly us'ed typcs~
R *  of rccisprocating pumps, ' ‘
{ ' | ' 1]
_\‘ ' ( 8 ﬂ
} .
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1, Direct Driven Duplex o _ T » i o
- . . . b3 ] \

1. steam chest 6. dram cock e 9, diseharge valve 134 liquid piston
2 shde valve o.ostufling box - 10, suction valve IMd m‘lindcr
. 3. piston rings 7.ocndle 11, liner 15, dixharge port . . -
,) . . 4. steam, ey linder S, piston radd 12, pucking ving 16. suction pot ST {

. ‘Horizontal Duplex Pump Cross-Section SR I
» ' (Worthington Corporation) : IR R P S
' Fig. 1

The duplex pumpsin Fig, 1 uses drive pistons operated by steam or ajr - ‘
o to drjve the pumping pistons, The two pumping pistons, which are double- acting, A
are arranged so.that their operation overlaps and when the output from one pxston :
reaches zero,. the output from the other piston will be at a maximum, This
arrangement tends to smooth out the pulsatmg discharge inherent with recipro-
catmg pumps "

‘Direct dri@en pumps have good efficiency over a wide range of capatity, - o
However, they are usually high in first cost and require a larg(, floor space o
and superhsion during operqtion ' ) - ;

Vo -

2, Mirect Drivén Simplex ' , ' ', : "

. - The simplex pump shown in. F ig., 2 is another type of direct driven pump T,
It features one driving piston and one double acting pumping piston, Due to the '
single pumping piston, the discharge of this pump is more pulsating than that of

| the duplex pump, . g « ‘ - o

i | | | ' - e 1)1::1-%9;21 | \ |
4 | .. N Y - o .:. : ®
- S . BESTCOPYAVAILALLE
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P ¢
Steam piston ~_ Exhaust stop valve . T
S— : O # Steam stop valve' \ .
* . P
"$lzam cylinder ——p - ' _
o, S e J_ j ! Valve chest for main and
g, ! ' auxiliary valyes -
o . .. . - 4
' - +
; . : Auxiliary valve rod
y ' Piston rod _ o}’ |o =
v ;‘ . ) ; ’.‘H‘ . [
"y ’ (8
: ' . E i
Ve -, o (o)) O . (?
ot . . .
Vilve gear lever t .
. ’ u. LY /\ R '
L] - ' ‘
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A
, J
- ‘ N .
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N
! " . .
. ¢ " ’') :
- * - . .
© ’ . . - i
I . ’ a : ' " s ) ‘
Vertical-Weir Boiler Feed Pump
. . 9 : . .
" e Fi g.v 2 ' ’
\u
. N . @ - ’
type.

wall, e s

“duplex pump,,
requiring a targe
cylinder and- i}

Simplex pumps may be vertical as in Fig, 2 or they may be the horizontal

Their advantages and disadvantages are much the same as those of the

The vertical simplex however, has the added advantage of not ¥

floor space and in addition will not be subject

Ston wear as the weight of the piston is not car.rieLj by the cylinder
oL © _
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3, '._Powcr Driven Pumps | " : _ o (

Power pumps are those which have the pumping pistons driven by an exter~ ~
nal power source through a crankshaft, The power source is usually an electric 4 | . »
( motor but internal combustion emzines are also used, - | : T |

: N . _ ,

Normally the power pump is driven at constant speed and therefore pro- -
duces a constant flow rate over.a wide range of discharge préssures, All power
pumps should be equipped.with relief valves on the discharge to prevent damage
from overpressure which ¢ould occur if the discharge valve was closed during : o ®
operation or if the discharge was blocked for some reason, -

cylinders, The term " single acting "is useq beca 3¢ water is 'disc,ha'rged from
each cylinder on the downstroke only as oppos 0a doublc_a acting pump which

Fig., 3 shows a motor driven power&pukranp having three single acting
_ , e
discharges during each stroke, =

The drive is supplied to the three cylinders through an overhead crank«

- shaft, gearing and belt, Because of the three cylinders, this type is called a
triplex pumip, M ' '

Pl <2-9-4
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§ ( \4. Diaphragm Punfps ' s. S ' _ 7 L oo :
. ) ’ . . . . . . ‘
Diaphragm pumps. differ from piston type recnpr@catmg pumps in th'\t the . '
. - " fluid being pumped is completely isolated by the diaphragm from the rccnpromtmg E

mechanism theraby eliminating le'lkage and contaminﬂtlon problems,

The diaphragm is a Ilexible membrane whuh acts as the liquid d?splacmg
: componcnt It may be made from metal, plastic or more elastic materials quch.
as rubber depending upon the particular appllc'ltlon //_7

- . , The dlaphragm may be actuated mcchamoally or hydraullcally, lhe ’

_ ' mechamcally operated type is limited to discharge pressures below 850 kPa
because of the stress developed in the diaphragm, The hydraulic type uses a
fluid to move the diaphragm, This method develops an cven pressure over the
entire surface of the diaphragm resultmg in lower stresses’ and allowing higher
(Ilscharge pressures,

Mechanically Actuatod I)1aphmgm Pump

« A m@a’\nically actuatd diaphxn;gm pump dppmm in Fig, 4, The dja= - ERERRY

- phragm D which is of rubber ox¥ synthetic rubber is connv(‘fod to the piston P by - '
means of the dise B, An eceentric is uscd Lo produce. the reciproeating :motion . ...,
which flexes the diiphragm cau'ﬁimg pumpnm to ocouz I)isvi‘mxlgc pregsure in 00
Ullb pump is limited to 350 kPa —

. R R S
) . . e 1)’-.

: . . . [ . s . Lo A
s . . [ I R . : .
. ’ . ‘4 o . . i
. : ’ . . . [
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Hydraulically Actuated E (
Diaphragm Pump . o ' -\

Fig, &
Té

llw hv(lmuhc type of diaphragm pump shown in Fig, 5 is suitablw for

Cdischa o ;,(‘ Pressure to 2000 kPa. The diaphr agm D is caused to flex by nveans of
¢ L .| hvdr: mh(' fluid contained in the space between the piston P and the diaphragm,
“the |)l\l,()n is driven by an eccentric and when it moves upward it produces a
hwlx aulie pressure on the dl.lphr'lgm causing the diaphragm to move to the left,
When thc piston moves downward, a vacuum is formed and the diaphragm moves
10 the. li;.,ht In this way a pumping action is produced in the chamber to the left
of |I|%111‘||)le agm and the liquid being pumpcd is (h"mn in through the suction
valve .md «hs( harged. through the discharge valve,

FATI A

Pl : o . . . -

.- 1)1 aphragm pumps arc well suited for use as controlled, volume or meter-
,'" umpq as theit capacity can be adjusted by varying the stroke length or the
stoke: _fr.uluonq{", : ' '

1]

. i '
! ) . . .
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1, Volute Pumps /’ Liquid discharge
. ) ) _ : "y
" . . . d . s

""' .“ N _'7 -\

"2, CENTRIFUGAL PUMPS -

A centrifugal pump may be defined in a general way as a pump which uses ,
centrifugal forodto develop velocity in the liquid being handled, which veloc'ity,
being consequently dogverted to pressures. The centrifugal classification, how-
ever, can be'subdivi&k{aél)nto the following types: volute, diffuser, axial flow, B
mixed flow-, ,zmd.regeh rative.. , _ . _ l

-

Impeller t

5 B ¢
(3 - ¥
L f . S
y * R

)
s

. . LN ' . IV w 3 4 . ( . A .-..
l." K - . ‘ L4 ‘ y ’ K . B
q . - > ‘ ‘ A /
Passage between o . _
impeller vanes . N

. . ' -t M
‘ ST o " . Volute casing

Volute Centrifugal Pumnp -
Fig, -6

“  +The general construction of the volute centrifugal pump is sketched in ‘

Fig, 6, The liquid being pumped is drawn into the centre orfeyc of the impeller

and is discharged from the impeller pcriphery into a volute or spiral casing

which has a gradually increasing cross-sectional akea, This volute casing con-

verts the velocity energy of the liquid created bi/ the impeller to pressure energy, )

This pressure-varies around the circumference of the vlute and causes a radial
unbalance or thrust whi¢h may be sufficiently large to cause vibration and shaft
deflection, Because of this some pumps use-twin v6hites which are located SO
that they are diametrically opposed thus balancing the radial thrust,

. .

[§
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a

Voluté' pumps may be cither singl"e or multistage design. In general,
,single stage pumps are used for headsgof 120 m or less while the multistage’
I design is usually necessary for.heads of above 120 m. :

' 2, Diffuser Pumps .

g . ‘ 4 Discharge

’ Stationafy diffuser.ring

7
TSNS A SS oS -\\\g A

Impeller

~ Volute casing

, . - Diffuser Centrifugal Pump = € - (
' Fig, 7 -

The construction of a diffuser centrifugal pump is sketched in Fig, 7, The
diffuser pump features guide vanes or diffusers located between the imwllcr rim
and the caging, The high velodity encrgy of thc' liquid leaving the impeller rim

" is tonverted to pressure energy as the liquid passes through the diffuser vanes, -
As these.diffuser vanes are spaced Gniformly around the tmpeller circumference
there is no radial unbalance developed,. In addition, in the diffuser pump the

_ "vcloc_igy energy of the liquid is more completely converted into pressurc energy
than it i in #he volute pump. As a result, the ditfuser pump is commonly used
for high.capacity, high pressure service.. - .

N

/ .
o, I
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-
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Vertical Axial Flow Pufnp
Axial flow pumps, also referred to as propellor pumps, use im :llers
with blades similar to those of an aircraft propellor, The pump head is dwyeloped
) by the propelling or lifting action of the blades on the liquid,

The arrangement of the pump is usually vertical as in Fig, 8 but horizon-
tal and inclined shaft arrangements are also available. For the smaller pumps, °
fixed blade type impellers are used but larger pumps may use ishpellerg with
adjustabMe/or variable-pitch blades which can be uged to maintain efficliency at
loads which differ from the design lpad,

. ’ .

)
v . o . .

PE1-2~9-9




\

‘ ] Although the mixed flow pump in Fig. 9 is arranged horizontally, this type

- 10t o ' .

S ¢ B , ',' . ‘
~ Axial flow pulmnve the advantages of compact size and abil ty to oper-
ate at high speeds while their disadvantages include low suction lift capacity and
relatively low discharge head capability, - They are used mainly for low head,

high capacity applications and are available in the single stage design or the multi-
stage design as in Fig, 8, o , .

“~

4, Mixedml“low Pumps . - oo

~

Mixed flow pumps combine some of t characteristics of the '\'/olute and- .
diffuser pumps together with some axial flow pump features, The head developed

by this pump is produced partly by centrifugal force and partly by the lift of the
impeller vanes on the liquid, . . e .

~
‘0
- ,In?pc//cr:,‘ : -Vo/ute casing
. ' . \\\ .
{\ Enmnf P e
4 L.
- N
o Vil
[ i
Intake
~l ) 7 e .
. » / . "
“ © :
: ' ' L - --’~-—-D'/'schargo
. P .
Ty - &
~ Mixed Flow Pump - »

Fig, 9 '

The mixed flow pump shown jn Fig. 9 has a single inlet impeller with the
flow entering the pump in an axial direction and leaving the pump in a direction
somewhere between axial and radial,

)

of pump, like the axial flow type, is frequently arranged for vertical operation,

With the vertical arrangement the pump can be placed directly in.the suction well
and thus be primed at all times,

-

A

. . .

Like the ax{al flow pump, the mixed flow type is used mainly on low head,
high capacity service and like the axial flow pump it may be fitted with variable
pitch impeljer vanes, ' ' ' : .
PE1-2-9-10 .. - -
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Discharge

<400 kPa

, 9.0 ISk .
O/ - i g ‘ :‘, o it \‘\.:\ ‘
. . " 200kPa { . ' (

( | _ : ‘Turbine Pump Casing and Impgller B :
S Fig. 10

‘The regenerative pump, or turbine regenerative .pu'mp as it is also called, -

" features an'impeller having a double row of vanes cut in the rim.as illustrated in

- Fig. 10. The liquid being pumped enters at the periphery of the pump and circu-
lates almost 360 degrees before being discharged at the periphery.’ >

-

‘ The impelle;‘ vanes travel in a channel in the pump casing aMd as the impeller
- : rotates, the liquid being pumped recirculates between the impeller vanes and re-
ceives a number of impulses from the vanes. This series of ilmpalses has the
same effect as multistaging in a centrifugal pump and the liquid pressure will
increase uniformly around the pump periphery from suction to discharge,

*I'he regenerative pump can develop several times the discharge pressure of i
' o~ a centrifugal pump having the game size and speed. The head produced may be. '
v ' in the range of 550 kPa or higher depending on flow and design. A relief valve
should be installed on the discharge line as excessive jressure can be developed
if t}}_e pump is operated against a closed discharge. ' ‘ ,
The shaft speed in this type of pump may be as high as 6000 rev/min in some
units. However, clearances are close and rapid wear will occur if the pumped ' .

% ' liquid contains any abrasives. ¢ . : Y . “?

)
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' ' t
Although the efficiency of the regenerative pump is low, its compact size
\and low mass can be considered advantage'é. It is best suited for low capacity, |
high pressure service and this type is often used for boiler feed pumps for sma
" boilers, condensate return pumps, liquified petroleum pumps and for pumping.
refrigerants,

- . ' ' 4 -
3, ROTARY PUMPS . .

Unlike the centrifugal pumps discussed previously, rotary pumps are

- positive displacement units, Instead.of imparting high velocity to the liquid dye
to centrifugal force as in a centrifugal pump, rotary pumpsg trap the liquid an
push it around} closed casing to the discharge, However, due to their rotar
characteristic/ they do produce a continuous and smoot}l flow like the centri gal
pump and unlike the other positive displacement pjmp, the reciprocating,

A great variety of rotary pump designs are in use, a few of which are
described as follows, . ) _ N

-1, Spur Gear Pump .

'Gcar‘l’ump N .
Fig, 11

The spur gear pump shown in Fig., 11 conqlqtq of a housing containing two
gd'i\rs the driving gear at the top and an idler or driven gear at the bottom,

As the pears «rotdtc the liquid is trapped hetween their tegth and the
‘aging and is carried around to the discharge, ‘The mc";hinp,r twth yrevent eseape
‘of the liquid back to the suction

. I
.
o ‘
-
;

[
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' . %
‘ 4 L el -
' ( — 'l he top or drlvcn goear is keyed to a shaft which may be drivcn directly by
an electric motor ovr indiroctly I)y means of belting or gearing.
. _" ' \\. ) A . -
- The spur gear type is gencr ally used as a high pressure pump for low viscosi~"

ty liquids. They are (lcslgned for spceds not exceeding 600 rev/min. and for pres-

sures up to 10 000 kPa. Cipacity is, not usually above 450 litres per min. - , /’
. ’ v : . : . “w . ‘
. . " . . i .“/ B ‘g‘ 1) / !
2. - Lohe Pump T \ » j
. . - ) | | ' . | . . /:1
. . j
Y . r /
f 1
1 ) ]
, Lol
4 t——‘“\‘-
’ !
’ 4
) J
: . | :
/ [}
o | "' Lobe Pump
' \.- . . -
' \ . Pig. 12 _ : \ .

The lobe pump in Fig. 12 uses two rotors, each of which has three lobes.
“The rotors are synchronized and drivend by external gears and as they turn, the .
liquid is trapped in pockets formed by the lobes and the housing and is carried - .
around and forced out the discharge. "

C l(nlr.mu- between the lobes, and between the lobes and the housing must be
kept to a mmimum to pr cvo;nt l(..clk«l[.,() and maintain efficiency.
i

R

The lobe pump is suitable for L)paciticb up to 12 000 L/min and heads of
up to 76 m. A _
+ * . ,
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' : .
3, Sliding Vane Pump - SR . ¢

—
Sliding Vane Pump
SR Fig, 13 - ‘
< - Ta -~
} In the sliding vane pump, l"ig.. 13, the rotor, which is off centre with the -

'housix?g, contains a number of sliding vanes,” These vanes are free to move rad-
ially within the rotor anél tend to move out against the housing due to centrifugal
force, As the rotor turns, the liquid is trapped between the vanes }wd the housing
and is carried around to the discharge, o

This type of pump can be built for prebsures up to 700() kPa when operating
at 1200 rev/min. .
There are several other different (lC‘;lgnS of sliding vane pumps, In one
. typv the vanes are held in position by spacer rings that are concentric with the
casing, In another type the vanes are pushed out agdinst the wsing by liquid
pxuisulc which is bled into the spaces behind the, vanes,

4, Scrcw Pump

° \
\\
v A
'\ \‘ .
L | o
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\ -
'] ) K
.
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( ' screw pump in I‘u; 14 features a power rotor situated -betwgen two idler
:}o’r‘?‘ The liquid is drawn into both ends of thgrotor where it is u%inpcd in the
' ckets forpred by the threads. The liunried along between the screw
threads along the axes of the screws as i rew conveyor. The idler rotors are
> driverbby liquid pressure ‘md there is no metal to metal contact between idlers and - = o

power'rotor. This debign may operate at pressures up to 7000 kPa and at speeds ;
up to 7000, lev/mm.

Ay

fUMP APPLICATION » R L
‘As mentioned previously, somefexamples of pump applicationb in the power " .‘ v | R
plant are: boiler circulating pumps ) feedwater pumps, fuel-oil.pumps, chemical AL
feed pumps, condensate pumps, circulating water pumps, and vacuum pump$. el
These applications w1ll be discussed- briefly in the following Sections. -

- !

4 .

1. Boi&cr Cn‘culatm;, Pumpb

e

I orw(l\lrculatwn hoilers, such as those described in Lecture. Iy bection 2,
. require a pump or pumps to prod?xcc the flow through the boiler tubes. . This is
necessary for boilers operating at and above the critical pressure .md thib method
"'is often used for boi‘lu's opemtmg above 14 000 k Pa. s

»
-

. ( Two types of boiler circulating pumps-iare in common use; the co_nventionul,-,‘ .
drive type, and the submerged motor type. : ~ :

—— Conventional I)rivé Type ’ ' { W s :

|
i ;
This type usually uses an clectris mot@x although bte.un turluncb are Some -

\ times used. The driver is connected to the pump shaft by means of a flexible =
coupling and the pump itself m‘ly be either a bmglc~bt 1ge or two—btage volute type "
centrifugal. e . ,

) , e . :

In industrial applications where pressures and tcmp{r atures gre not exces+
sively high, the pump shaft is sealed by means of a packing gland or a mechanical
seal. In central station practice, however, where pressures and temperatures
are higher, a special type of shaft scal is used and this seal is shown in Fig. 15,

e *
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_ In this type of seai_ a sealing {vatcr labyrinth is used between a throttling
“bushing and 4pe soft packing, The scaling water for this labyrinth, however,.
cannot ‘be"taken from the pump casing because this high temperature water would
flash in the seal and erosion would result, Therefore, cooler high pressure
ifjection water is taken from the boiler feed,pump discharge before the final
-feedwater heaters when the water is at a temper

the seal,

" | MiGo - PRESSURE

“~BOILER FLED PUMP

B 4
Q
-
1%
al

Boiler Circulating Pump Seal
" . (Combustion Enginéer_i-ng)\\/

. Fig, 15

Submerged Motor Type

Two designs of subnerged motor

Waterproof insulation is.used for the w

polyvinyl chloride,
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pumpg are used, Onec design, known as
the wet type, has the motor haused within the same casing as the pump ptoper,
The pumped liquid surrounds and contacts the stator, the Totor, and the bearings,
indings «and the material used is usually
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»  The other design of submer
: illustratediin F}g. 16, L

casing but contact with the stator and rotor is

BN VAR | | ’
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ged motor pump is the canned motor type.
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Canned Motor Pump
e, -, (Combustion Engineering) .

Fig, 16 | |

" In the canned motor pump the pumped liquid is allowed to enter the motor
prevented by means of sealing - .
High pressure cooling water is circulated through the space

jackets or '‘cans,

. between the stator and rotor cans by means of an auxil_iary}mpeller on the motor

shaft, This high pressure water then passes through an external cooler where it
is eooled by means of 16w pressure cooling water, -
" : _ |

‘ « _ Inthe submerged motor pump, a thermal barrier is required to retard
the flow of heat from the pumped water into the motor portion of the pump, This
barrier, in Fig, 18, 'is 'Iocated immediately above the main impeller and con-
~8ists of a-close fitting sleeve arnd bushing with an extended surface,

o
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2. Boller Feedwater Pumps - , . | - (

The t}‘pe of pump used for boiler feedwater service depends largely upon the

| capacity and Pressure of the boiler which it serves. In general, feedwater pumps

. Reciprocating Feequter_Pumps

are either theyreciprocating type or, more commonly, the centrifugal type. .

a

. - . / .

The direct steam driven reciprocating pump i8 genera.lly limited to plants } -
having a capacity-of 100 000 kg per hour and under and pressures less than 2750 kPa -
and for this type of service either the horizontal or the vertical design may be used.

Steam driven pumps have the unique advantage of being able to vary their ca~
pacity from zero to maximum. indafndent of the discharge pressurefplus the
ability to vary their discharge preSsure from zero to maximum independent of Gh.c\
capacity. .o

Power driven reciprocating pumps are sometimes used in feedwater service :
in medium pressure plants and in high pressure plants may be used to supply fecd- S

-water to the desuperheater. _ . .

-~

[

When used for high pressure, high temperature service, réciprocating pumps
are subject to mcreased wear on valves, seats, cylinders and pibtonb. ’ , (
Pt{vjver driven pumps cost more than-direct steam driven types and are more . :

compact than the horizontal steam pumps. The steanmdriven pumps have high
reliability and low maintenance costs but unless the exhaust steam can be used

" for feed heating or process they are less economical than the power driven types.

Centrifugal Feedwater Pumps

. 2

‘Medium and large—blzed plants use centrifugal type boiler feedwater pumps
of either the volute or the diffuser design. The regenerative pump, which also
can be considered as a type of centrifugal pump is fr(,quenlly used for feedwater
service in small low pressurd’ plants.

b . q
The volut(, and the diffuser pumps may be of the split oase debign for serv- ) 4
ice up to 10 000 kPa. Above this pressursg, the bax’rel typ(, of casing. 1'3 nor - 4

mally u‘ploy(,d . Loe L LeTES T . PRI AR
‘ T R
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The split case pump in Fig. 17 contams 8ix btageg and is suitable for
prcssuges in th‘e range of 8000 kPa. T ] o o
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" one direction generates a hydraulic thrust equal to the sum of the individual

f
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' S _ DISCHARGE S - S
e ' SUCTION, :
Py OUTER CASE - )
- . I l
]
3 J o
g .
INNER CASE
- ' -
| Barrel Pump Casing A n -
e ‘.arre Pump Casing Arrangement o
Fig, 19 . ' o

-A multi-stage pump such as that shown in Fig, 18 and Fig, 19 must be
cquipped with some device to provide axial balance, A single-suction impeller
is subjected to axial -hydraulic thrust caused by the pressure differential between

its-two faces, A multistage pump with all its single-suction impellers facing in

impeller thrusts, To counteragt this total thrust a balance disc and throttle
sleeve may be used and this arrangement is sketched in. Fig, 20

Ce
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) QUT LEAKAGE FROM
INTERMEDIATE RELIEF
{CHAMBER TO P

SUCTION
‘THRUSY COLLAR PRESSURE

a\” |

BALANCE -

'oisc.

SPRING-LOAQED
KINGSBURY THRUST

AXIAL
CLEARANCE

" THROTTLE SLEEVE WITH . .
A RADIAL CLEARANCE -~ :
.;

Balance Disc‘and Slcevé
(Allis-Chalmers) . S , -

v

nce at the throttlc sleeve rcmamq
disc face varies with rotor

Rcisrring to Ij‘ig. 20, the radial clea
constant while the axial clearance-at the balan
position, - At startup, the diffcrentiall
the rotor to the right or suction cnd of thc pump, This movement simultancously
reduces thc axial clearance at the balance disc face, causing a pressyre increase
in the intermediate relief chamber, forcing the balance disc and rotor towards the
left until the proper balance of pressurcs and forces is established, CénverSely.
movement of the rotor to the left will increasc the axial clearance, reducing the,
pressure in the intcrmediate relief chambcr until normal balance is achieved,

The disc, with an'arca larger than that of the unbalanced area of the impellers
overrides the impeller thrust and maintains a precise clcarance to provide pres-
‘surc breakdown and axial balance, It is sized so as to maintain balance under
‘maximum possible loading and even with wear, is self adjusting, The system of

balance is unaffected by varying the pumber of stages or by changes in impeller ¢

diameter,

e created by the impellers will moveé

e

]
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A spring loaded Kingsbury type thrust bcaring i8 employed only to locate

“the rotor axially during startup, shutdown and duffig transient operating condi-
- tions, In .normal Operation, the thrust bearing does not supplement the halance

disc, ,
The leak-off from the relief chamber 'should not be retuzled to-the suction
-of the pump as this may cause flashing at low flows, Instead the leak-off shoulde,
be piped to an open heater ahead of the pump, There should be no valve of any
kind between the leak-off connection and the open heater

L L !

3. Condensate Pumps

~

- In power plants where low pressure steam is produced for building heating,

a common arrangement is to have a unit which serves as both condensate pump
and boiker feedpump, The unit usually congists of one or two single stage centri-
fugal pumps arranged to take their suction from a receciver tank into which the
‘condensate returning from the system flows The condensate pumps discharge
(hrectly into the boiler or boilers,

Although centrifugal pumps are most fnequently used for this scrvice some
rotary, regeneratlve and reciprocating designs may also-be used, ‘

In high pressure steam plants which SUpply steam to condensing turbines,

“the pump which vremoves the condensate from the condenser is known as a con-

densate or extraction pump, This pump, which usua‘lly discharges through low
pressure heaters to a deacrator, mugt-be of a special design having a low suctlon,
/hehd requirement, This is because é]e turbine condgisar is usually located in
thc power plant basement and the condensate pump cénriot be supplied with much

’

“suction head w1thout rmsmg the condenser or installing the pump in a pit,

-

-

- Centrifugal pumps are uqed for thlb type of service and, beeause the con-
donqat‘é is near the flashing temperdture the pump first stage lmpeller is designed
w1th a lnrgc inlet or eye which reduces the possibility of flashing and cavitation.

Fither hom/ontal or vertical centrlfugal pumps may be used, The vertical
type is often favored as it'can be sct into a pit in the basement flody and in this
way obtain a few metres of suction head. Plg 21 bhOWb a multi-stige eondcn-—
qate pump of the vertical type

I . “ . R
. /
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The shaft glands of condensate pumps must be water sealed to prevent air
leaking into the pump and the pump vent must lead to thg condenser as the pump

~v is under condenser pressure when standing idle on starfdby duty, The usual,

arrangement as to the numbgr of condensate pumps installed is two 100% capacity .
pumps, one in service and one standby, Alternatively, three 50% capacity pumps
may be mstaw in plants which operate at low loads frequcntly

4, Circulating Water Pumps

' . : : [
Circulating water pumps are required to move large quantities of cooling
water through the turbine condenser,

. They are generally of the low head, large volume type featuring low specds
and single stage design, Both the vertical and the horizontal pump design may be
used for this service, The horizontal type used is usuully‘ volute centrifugal
pump employing either a single or a doublé inlet, Vertical designs favored
include the volute type, the propeller type, and the mixed flow type,

h
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' _ Vertical Condensate Pump K
Fig, 21 o
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A .p_rqpoller type circulating water Pump'is illustrated in Mg, ..22; ) _ ( ~

. motor
. coupling
gland
. gland spacer .
. gland packing
. shaft sleeve key
. glund drain
. pump body hracket ’
© 8. pump discharge elbow
10. shaft stutionary sleeve
11. shaft .
12. shaft sleeve key -
13. gmde vanes
14. pump body
16. bearing
16. propeller key
17. propeller
* 18. pump body liner

TN e~

19, propeller nud .
v \‘ ) '
\ S
“ L4
- 0/ *
Propeller Type Circulating Water Pump
(Westinghouse)
‘I“ig! 22 ,

Frequently two 50% capacity pumps are used for circulating water service
as at times.of partial turbine load it fs ecconomical to run only one pump rather
than both, This pryctice is also feasible during cold weather when, because of

| .

the low temperature of the circulating water, the capacity of one. pump is sufficient

\ / cven at full turbine load, . N

\\ ' : . ’ b
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( 5. Miscellaneous Pumps

¢

Under this heading can be included fuél oil pumps, c’h’emiczil pumps),
~ vacuum pumps, and ash handling pumps, ' ‘

Fuel oil pumps arc usually some form of rotary positive displacement
—_ type, This type requires a relief or bypass valve to protect the pump and dis-
charge lines from excessive pressure in the event that flow is restricted, Direct
acting steam driven pumps are sgmetimes used for fuel oil service in smaller '

plants while in large stations centrﬁggal fuel oil pumps may be used,
v ' ' ' ' ' N

.

Chemical feed pumps are usually the hnotor driven reciprocating plunger

type. The capacity, or volume pumped, of this type can be varied by adjuatiné\

oo the stroke of the pump and.in this way the amount of chemioal fed to the boiler
can be closely controlled, -This type of femp should also be equipped with a.
relief valve on the discharge in order to avoid damage from over pressure,

Vacuum pumps which remove air and noncondensable gases from the
turbine condenser may be the positive displacement type or the jet type, The
positive displacement type may use a reciprocating pistgp or its design may
feature a rotor with lobes or vanes, The jet pump utilizes a jet of high pressure
steam as its operating medium and this high pressure steam may be applied to

(( two or three stages in order to compress the air and gas from condenser pressure

- to atmappheric,
SR

Ash handiing p'umprr,’which have to pump asHt laden water, are usually
single stage centrifugal using flat bladed impellers, Wear resistant alloy is
used for their construction,

1]

PUMP DRIVES S \

‘Pumps may be drivcn'\)) any type of prime mover but the most common
driver for p(\)‘»jcr plant pumps is the electric motor, Steam turbines are favored
under certain conditions while internal combustion engines, steam engines and

- gas turbines may occasionally be used for a power plant pump,

4 ‘

1, Electric Motors

The most simple arrangement for pump drive is to use a const-:mt speod
Vo induction motor directly.connected to the pump, This method can be used with
centrifugal, rotary or reciprocating pumps, '

(( ' - PI1-2-9-26
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" Another constant speed driver s the Bynchroﬁ(>us motor which 18 not only more
efficient than the induction motor but which ¢an be uged to improve the plant power
- factor. ' : _ .

A wound rotor induction motor may also be used for pump drive with the
advantage of controlling pump output by speed varjation. They are often used for
pumps which are required to opeMate at reduced output only periodically.

L4

Speed variation may also be obtained with a constant speed motor by means - '
of a variabhe speed fluid or mignetic coupling. This method is often usged for boilgr
feedplumps. < -

2. Steam Turbines : - : . .

The use of a steam turbine as a pump driver provides the advantage of simple
specd control plus the possibility of economical use of exhaust steam for process
or feedwater heating. Usually such a steam turbimﬂ@ used to drive a centrifugal
pump but occasionally is used for rotary pumps and even reciprocating pumps.

¢
For feadpump service in large central stations the steam turbine is preferred
swWhen KW requirements exceed about 5500. Various arrangements may be used in

,regard to the number of feedpumps rgquired. In some plants three 509 capacity <
pumps are installed and at full load two pumps would be in service and onc on’
standby. Other plants use only two 50% capacity pumps and in this case failure . (
* of one pump at full load would mean reducing load to half. Another method used

by many large plants is tohdve ly one 100% ¢apacity pump which is required to
have the same reliability as the turbo-generator itself. In the latter case, the

‘ feedpump turbine for a 1300 megwatt turbo-generator would be in the range of
00 MW.

‘ " Another method used in some large gcnbruting plants is to connect the feed-
pump through a variable speed coupling to the shaft of the muin turbine or generator,

3. Steam Engines, 1.C. Engines, Gas Turbines ‘ o

The only steam engine driven pumps found to any extent are the direct ;wting.
steam pumps such as the duplex and simplex types. These are used in some power
plants for fecdwater service, fuel oil service, etc.

v
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( Internal combustion engines are frequently ue%d for portable pumps and .
for e‘ergency fire pumps, _ O
) | |
) o AlthougH gas turbines are becoming popular for a variety of pump drive
K ¥ services such as petroleum pipeline pumping, they are seldom used for auxiliary
" power plant pumps,

® PUMP INSTALLATION, OPERATION, AND MAINTENANCE

In order to epsure satiéfactory operation, consideréle-attention must be
paid to the installation of the pump, The unit should be locYted where it is easily
accessible for repair and inspggtion and sufficient headroom should be provided . ;
for removal of casing and rotor, In'the cdse of a reciprocating pump, enough '
room should be provided for the removal of pistons and rods, The location
should be as near as'possible to the source of liquid supply in order that a short’
direct suction line cap be used, Similarly, the discharge line should be short

) and direct with a minimum of elbows and other fittings so as to reduce friction
losses, The piping should be supported independently of the pump to avoid strain
on the casing and if an expansion joint is used in the piping there should be an
anchor installed between the pump and the joint,

*

r(. . . If the pump is to work on a suction lift then a foot Valve should be installed ,~
{ in the suction line and this valve should have a flow area at least equal to that of
the suction line,

\

A suction straincr should be installed having a flow area of three to four
times that of the sucti,on line,

A gate valve ai,id check valve should be installed in the discharge line close o,
to the pump with the oheck valve between the gate valve and the pump, If the
| pump’is a positive displacement type then a relief valve should be installed in the
discharge line as (,los;e to the pump, as possible and before any check valve or l .

stop valve, . L
| ¢+

" In the casc of L reciprocating pump where a surge chamber may be re-
quired on the suction r discharge line, proﬁision should be made to keep the
surge chamber char g(,d with air and a water level gage is desirable in ord(,r to
check on the amount olf air in the chamber, ' \

!
i i
{
1
!
1
}
i
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P
/ ‘The foundation upon which the pump {s to be placed should be heavy enough ( .
. ~ to absorb vibration and to provide adequate support for the pump base plate, Be-
; : (. fore the foundation‘concrete is poured, the foundation bolts should, be located by
means of a template and plnced within pipe sleeves that are several sizes larger

than the bolts, ' ' -

b

. If the pump to be installed is a large expensive unit, it is advisable to
'own the services of the manufacturer’ s erection engineer to assure proper
installation and alignment, ¢ . | .

If the pump and driver are mounted gn the base plate when received from
tho manufacturer then the coupling halves should be disconnected and the units
- should be aligned after installing the base plate on the foundation. The base plate
- should be set on metal shims or wedges with a gap of about 25 mm between the
base plate and the foundation for grouting, The metal shims should be adjusted -
until pump and driver shafts and suction and discharge flanges are level,

The flexible coupling between pump and driver is not intended to absorb
misalignment but rather to compensate for temperature changes and to allow for

some cnd play,

‘The coupling faces should be spaced far enough apart so that they do not
contact each other when the driver rotor is pushed toward the pump as far as it / (
will go. Also space must be allowed for eventual wear of the thrust béarings,
The pump and the driver'may be misaligned angularly with the shafts con-
centric but not ‘parallel, or they may be mrsaligncd with the shafts parallel but : C
not concentric, : . .

*

A check for angular alignment is made by inserting a taper g'ige betwceen
the coupling faces at four points spaced at 90 degree intervals around the coupling, L
The coupling faces should be the same distance apart at all polntq for correct o .

angular .lli;:nment
’

) . ‘ ' /
Papdllel alignment is checked by placing a straight edge across both
coupling yims at the top, bottgm, and both sides, The, straight edge should rest
evenly of the coupling rims at all positions, .

Any misdlignrnent either angular or pardllel can be corrected by insert-—
ing shimq under the driver feet, ) _

ST JED IO e

-

e '
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( ' When the pump dfiver is delivered separately to the site and is to be . a .
mounted on tpe pump/base plate in the field, then the base pllat'e with the pump is ‘(/\
set on the foundation and levelled with shims leaving a space fog grouting, The "
driver is then plaged on the bage plate so that the coupling faces are the correct
distance apart, The pump and driver should then be aligned as described pre-
viously and thqrholdihg down bolt holes for the driver marked off on the base
plate, The dx{ive‘ais now removed and the bolt holes drilled and tapped, The
driver is then repdaced on the base plate, the bo{ts_ are'iﬁserted and tightened
after re-aligning the driver and pump, -

~

+ D
o
l'(

? w

. J . _ - _ _ :
‘> ' When the alignment of pump and driver is correct, the ynit can then be . « -
) grouted in, ‘' The base plate is cofnpletely filled with grout, with the levéllling |
. shims and wedges left in place, A_fter the grout is hardened, about 48 hburs ‘ o
after pouring, the foundation bolts can be fully tightened and the alignnment o
checked once more, ! '

' The alignmeni:\ should be checked again after the piping has been conhected.
“The unit should then be operated under normal conditions until temperatures have

~. .- reached operating condition then the unit should be shut down'and alighment
. .checked once more, ' : .

: o A final alignment check is made after the unit has been running for one ,
) (( . “weck and then the pump and driver can be dowelled to the base plate. - “
Co o .
{ Before the pump is put into operation, the stuffing boxes_; should be_in—:" , (
:spected, These are usually packed by the manufacturer before shipping the
pump, If the stuffing boxes are not already packed then they should be eleaned’
and packed, . If the Hquid to be pumped is dirty or corrosive then the stuffing - | S ‘
boxes should be sealed with a clgan sealing liquid from so'me other vsouré_e,' The t
packing shou]d be quite loose wli?the pump is first started and later tightened
carefully, There should be a slght leskage from the stuffing box during normal
rupning, . : . | ' B
D A ' L - ;
e If the pump is cquipped with mechanical seals then the 'mzmufapturcx"s' : '»
instructions regarding these must be carefully followed, o '

14

Sleeve bearings should be cleanced thoroughly before starting the pump and
should be filled with: the proper lubricant, When the pump is running, the bearings * o
spould be chocked to see that the oil rings are turning and the bearing tgmperatuxie '
ghould be checked frequently until the pump is run in, . ' "

N J ' .
] ' '
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If the 'pump is 'equip'pp‘d"'with a iKlngsbuny«ty.pc‘ t,hru'st« bearin'é, make sure that o (
enought oil is.supplied to protect the thrust shoes before Starting the pump. S

~_Anti~friction bedrings should not be» overlubricated and only the best grade of
’ ,,/’lubriczmt should*he used*. They should be cleaned and lubricated at'the required
“ intervals’ : ‘ L - el .
- ’ ' ” ’ ‘ . ‘ , ) _.' . e o Q’ ) i e
" Before the pump unit is started’for the first time, it should/be checked for o .
) . broper direction (')f'rqtatiog,,_ (- .W, v SR («//L\ : , L
. ‘ '. . '\" ) kd

. . . N IS
” . : .

‘Centrifugal pumps must be primed.before starting and priming is recom -

m'ended for: rotary and reciprocating pumps as well, Priming can be done by

' means of an ejector or éxhauster, driven by steam, compregsed air or water

- . pressure, which removes air from the pump and ‘'suction line. This method doeg
! not require a foot valve." : a T e L :

o P . x

“« . . '
o . LN , .

o

) ¢ ’ 1A ’ “ A

L v " If the pump is equipped with a foot vijlve then ~ut1 exhauster is not required - '
- + and 'tfe. pump can be filled with, ljquid from some outside soutce. ‘
’ L. . ’ " . . 1, ! . ) .

4

3 ‘ ‘ . ' ‘ . . R .
v, o~ Still another method of priming i8 to.use a vacuum pump to remove the air
&

‘- a LI fr.o_m-,thc pump and suctjon li,ne-a.nd. 80 -cause the pump to fill with liquid.

U\ B ‘ . Under ,nd circumstances is a centrifugal pump to be started unless the o ‘
Y - casing and suction are filled with liquid. v ' (’
. . . [ K . LIS .
il

» . Most centrifugal pumps"shopld ber started with the discharge gate valve shut, :
however in the-c¢ase of mixed flow or axial flow piimps more power may be.re- \
.7, quired with the:discharge walve shut tHan with it open and these pumps should he

_astarted with the discharge valve.open or partially open.

i " ) .
. L

-

ty *

. - , v r’ L
C Lt Pumps must net'be throttled by the use of a valve in the suction line.
. ¥ e . o, .

"

4 . " * Liquid moving through a pump will vaporize when the local absolute pressure -
falls to or below,the liquid vapor pressure-and this formation of vapor is called
- cavitation. Cavitation will reduce pump capacity and will cause erosion of metal,
4 vidiration, and pressure pulsations due to collapse of vipor pockets when arriving

'
-

‘at higher pressure regiony of the pump.
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l/ ' o - Coe v - !
° o ) R X ’ . -
‘ . M ‘ . . R ';.'-‘.“. - ) .
| . . s -
: r +

. s
. . . T -t
» y . (s .. v = et

- CPELN=2-9-30 ¢ L0 L ,

: DY




| 1 ( - " Cavitation is caused l')y:‘ o | : | \
/«

v N o . . > B * ‘ Ly ‘ o
Co ’ . - . - 31 - \
: . . .

\ Too high suction velocity .
h Too many sharp changes ih direction of suction line,
Too high temperature of pumped liquid, ; J :

Too high suction lift,
— . A . ] ) .
In order to provide for adequate maintenance of a pump, an adequate
-stock of spare parts should be kept on hand, These parts should be identified
- and .catalogued with reference to the prmp instruction manual., When ordering
spare parts the manufacturer should be given the pump serial number, size, and

AL LA

type and the part name and identifying number as well as any additional markings ’

to be found on the old part , 9
/
For reciprocating pumps it is usually only necessary to have spare valves
and packing on hand, :

. For centrifugal pumps it is recommenzgd thit the following be kept on
. hand: set of bearings, set of shaft sleeves, sel of wearing rings and an adequate
supply of packing, .

( In order to avoid pump outages, a schedule of preventative maintengnce.~
should be set up, This schedule may be based on the number of hours the Ptimp
is in operation or it may be based simply on time, For example, a schedule

‘based on time might involve the following intervals and operations:

Hourly - The operating checks that should be made every hour are:
bearing temperaturps (by hand), suction ptessure, discharge pressure, lubri-
cating oil pressurejand temperature, balancing disc leakoff, stuffing box leakoff,

" cooling water flow,]cooling water inlet and outlet temperatures, driver motor
amps, bearing oil Jevels, -oil ring,eperation, and recirculation or bypass flow
if pump is operati g at low capacity,

" Monthly - An accurate check of the temperature of each bearing should
be made with a thermometer, Ball or roller bearings that are running hot may
be overlubricated and this can be checked by removing some lubricant, Hot
sleeve bearings may be the result of dirty oil or insufficient oil, Faulty align-
ment of pump and driver is another cause of hot bearings, o

a -4 .
! N . P ‘ f
. » ., .

o
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-an indication of a bent shaft or worn bearings, or an out of balance rotor

- Quarterly " At three month intervals s-leevo bearin'p;e shquld be disman- | ( S
tled, cleaned, and the oil changed, Grease packed:bearings should be checked for * S
contamination of the grease by the pumped liquid and if contamination is present, L o
the bearing should be flushed out, cleaned and repacked All bearings should be Lo T

measured for wear, | ‘_ N )

Semi- annualll - Stuffing box leakage sibuld be carefully measured. and

" the packing renewed if necessary, Shaft sleeves should be checked for scoring =

and wear, l'f shaft ‘sieeves are not worn but packing wear is excessive, this is Ll

, In addition to the stuffing box inspectic;n, the alignment of the pump and / ‘,'5"'_':-"
driver -should be measured and the- condition of the bearing lubricant should be . R
checked o : o, , N AR

' Annually - Sdme pump. manufacturep& i‘ecommend an annual dismantling S / R
of their pumps while others do not’ Fecotriiend this until the necessity is indicated_ ,
by poor performance, noise, vibration, or overloading of the driver, o
m [y
If disassembly of the pump is carried out, the following shou}d be’
1nspccted _ ‘ _ ; ; y

horoughly cleaned, : . - /!

! .
Jd'he casing should be examined for corrosion and wear and should be .. (

The rotor should be examined for wear and corrosion,

‘Wearing ring clearance should be measured and rings replaced if

necessary, ;

Worn bearing shafts and shaft sleeves should be'replac/éd ' _ -

All sealant and. coolant conncctions should be thoroughly flushe(l out
and cleaned,

’

/
Pressure gages and other instruments should be repallbrated

Bypass or recirculating valves should be checkcty{or wear and ' ' 1 |
wepaired or r,eplaced . ; R . ' - ; -

Suction and discharge valve aesemblies on reciprocating pumps thould be
checked and pistdns and cylinders inspected :

.
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Lo - w%ll or to the point of free discharge

' Definitions

1. Slip- - In reference to a reciprocating pump this is the difference between

) the quantity of water ‘actually.delivered and the piston displacement or
L e theoretical discharge all expressed in litres or m3 per minute (L/min).

- Slip is due to leakage past valves, pistons and stuffing boxes and is ex-
preSsed in percentage of piston diSplacement‘.‘

' Example: If during one stroke the pump piston displaces 2 litres but _
only 1.9'litres of the liquid is forced into the discharge then the - .
.slip = 2.0-1.9 = 0.1 L.. Expressed as a percentage of piston dis- o

“placement the slip = 0.1 X 100 = 5%

W

2

2. Volumetric Efficiency - In reference to a reciprocating pump this is the
ratio of the volume of liquid delivered to the piston displacement. In

. the foregoing example the volumetric efficiency 19 050 = 0.95 or 95%. N
' : : ‘ \
3. '(fagamty - This is the quantity of liquid handled by the pump in a given [ ‘ ﬂ‘

. period of time.W is usually statéd in litres/min or cubic metres per !
minute (m /min) .

4., Total Static Head ~ This is equal to th® vertical distance from the surface-
' of the.supply source to the free surface of the liquid in the discharge

R -/
5. Static Suction Lift - Thiigdsts when the source & supply i8 below the
' centre line of thepump and it is theyvertical di tance from the surface

of the liquid ih the suction well to the centre li of the pu.rm)

6. .4Static Suction’ Head - This exists wheh the ‘Supply iF located above the ¢
centre line of the pump and is the vertical distdnce from the pump
.centre lin,e to the_ surface of the,liquid in the so ce of supply.-

.v‘

- ‘
-,,,-:

- 7. Static Dischar;ge Head /- ThlS is equ:ﬂ to the verti distance from the
pump centre lihe to the surface of the liquid in he discharge well.
P )

. ‘ . et . 4 . e . ~
8. Friction Héad - ~This xs the equivalent head expressed as metres; of
7 liquid required to -overcome, thefriction caused by the flow through
p the . pipe and fittings m the system '

‘

car ."'
I
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9. Velocity Hear - This is the cqulvalent head in metres through which the

) Tiquld would have to fall to acquire the pumping velocity.

N
10. Pressure Head - This is the head in metres of liquid in a closed vessel

from which the pump takes its suction or againbt which the pump

discharges.

14

¢
3

11. Total Head - This js the sum of the static head plus velocity head pllIb
friction head plus pressure head.

12. Net Positive Suction Head - This is the total head in metres of liquid

absolute at the suction nozzle of the pump, minus the vapor pres-
sure of the liquid in metres absolute.

\‘\
. ©0.10148 (Pa - Pv)‘ _
N.P.S.H, = R.D.  He - H,
Pa = the pressure of the atmosphere or the pressure in the |
suction vessel in kPa~ = . '
R.D. = the relative denﬁy of the liquid at pumping temperatufe
He = the suction head in'metres, either positive or negative,
depending on whether the pump is _above or below-the ..
source of supply .
Hf = the friction head in metres of the sdction piping
Pv the vapor pressure of the liquid at the pumping
temperature. in kPa, as given in the dry baturated
steam table, column 2 if lxquxd is water. '
Examgles: -

1. A pump located 4.5 m above the source of supply is pumping 30°C wal’e{)_/_‘—"

K

of R.D. of 1.0, The atmospheric pressure is 101,325 kPa and the friction
in the suction piping is equal to 0.3 m of head. Calculate th(, available net

positive suction head

[

Sol'ution. Pa =7 101..325 kpa. PV_ = 4,246 kPa, R.D. - 1.0’

* ] X : )/
He = - 4. 5m, Hf =  0.3m .
N.P.S.H. - 0.10148 (101. 321504 .246) -4.5 - 0.3

= 9.5516 - 4.8 , O

PE1-2-9-34
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( - 2. The pump is pumping under the same conditions as in Example 1 except

! that the watgr is at a temperature of 80°C and has a relatiVe density of
i 0. 975 Calculate the available N.P.S.H, . . - . .

T Solution; - Pa = 101 kPa, Pv =" 47.39 kPa, He = -4.5ni, '
| ' R.D. =  0.975, Hp = 0.3m
., . 0.10148 (101.325 - 4739) 4.5 - 0.3 1.
N.P.S,H.= . 975 ,. .

- 5.6137 -4.8 e

0.8137 m_ (Ans. )

3. A’i?o‘uer feed pump is Supplied with 110°C water with R.D. of 0. 945 ‘from
/ - a deaerator operating at'170 kPa:s; The surface of the water in the deaerator

s : is 30 m above the pump. Suction line friction is equal to 1 m. Calculate
the available N.P.S.H. / v ' :

Solution: = 170 ’\I\)a' = 143kPa,  He = 30m
= . 1m, = 0.945" |
. 0.10148 (170 - 143) _
) ( N.P.S.H. = =ormgre—, + 30 -1
' = 2.9°+ 29 e S
K . . hd M . ' s v -.‘
\ ’s".31’.9m (Ans.) ‘ : _ L |
N _ N.P.S.H. may also be defined as thc head in metres at the pump suction h D

noule that prevents vaporiz:ition of the liquid being pumped _
: e : . / W ]

Each pump has a require'd or limiting N.P.S.H. which is determined
experimentally by the pymp manufacturer. It is, therefore, necessary

that the suction system for the pump be able to supply a N.P.S.H.

which is greater than the required or limiting N.P.S,H. : C

5.H. of the system is reduced below the

- required N.P.S.H. of t en the liquid will begin t® flash in
the pump. This conditio as cavitation. Small bubbles of
vapor will form in the liqu hese bubbles bubbequently collapse

causing pitting and - eroeion o impeller and casing. =
. v

13 \Cavnation - lfthe available
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'.114.' Liquid Power, kW -~ This is equal to the number\of %lldgrams of liquid

*

delivered per minute times the distance through which llquid is
lifted, dlvided by 6115 94,

e

 Wh

. Liquid kW :} §115.57 - : : | -
" W = Kkilograms of liquid per minute :
h = head in metres ‘ o "
. ' . .

15. Mechanical Efficiency E - o . - _ ‘
e . Liquid kW
' For gentrifugal pumps E " Brake kW
’ Liquid kW

For .stea.m c{rivefl pumps  E 1 kW of steam cylinder

Centrifugal Pump Perforln'ance -

'Effects .of Speed Change -

® o ‘
1.. The quantity of water pumped varies directly as-the impeller diameter.

. 2. The head produced' varies with the square of the impeller speed.

-3. The power needed to drive the pump varies® as the cube of thesimpeller speed.

. ®
For example if the impeller speed is doubled then the quantity pumped will
double. The head developed will be four timesras great and eight timeb as much
power. will be required to drive the puinp.

| I:,ffectb of (,h.mge in Impeller Size -~

1. The quantity of water pu:nped varies dxrectly as the impeller diameter..

2. The head produced varies as the diameter of the impeller squared.

3. The power,needed to drive the punﬂ) varies as the cube of the' impeller

N,

diameter.

»

C

The above rules can be summarized by the following equations in which: j

kW = plimp power required .
H = head developed by pump, m _ ‘ ‘ o
.

» . : ' »
.. .
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- Example:

/ | | b'.' ~ 37 - | o N:“m\nm....u*
: D =< impeller dlu{?\eter', mm - - ' |

v L . .\‘,
- E = pump efficienr}y
"n = pump speed in rev/min _ R
Q = quantity pumped in L/min /3
In the equations the subscript 1 refers to'the original conditions and the
subscript 2 refers to the new conditions, . ~ i’
. n D, ' e
. o . = . 2 ; _2_“ - . ¢ )
A R o Vil o3 S 7
: . a2/ \2
H, = H, x .2 x | ==
. 2 ) 1 ny 3_ D, o
\ . n, 'Dz 3
KVVZ =, kW1 o X D a .
‘ E - K - :
1 2 '
i
{

A centrifugal pumgp délivers 13 600 L/min of water against a head of 50 m
when runnihg at 1760 rev/min. The pump efficiency is 81 percent and the power
required to drive the pump is 125 kW.  The impeller diiometer is 343 mm. What
will be the performance of the pump if the impeller diameter ‘is reduced to 330 mm
and the pump, at.the same time is. speeded up to 1800 rev/min?

Sol!rtioh;q

1800
1760

. n 2
A 2
llz " Hl x(n )
: : 1
0 1800\ 2 f
RN 1760 A\

/ Ll :

A8.41 m (Ans.)

e - AN S

13 600 x
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To prevent this rapid temperature rise-at low flows a recirculation line
from the pump dischatge to the suction source is used and this arrangement

appears on Fig, 26,

Deaerating

Feed
Heater
L3
Pressure-Reducing
Qritice
Vaives
Suitable v
For Full ’
N Discharge N
, Pressuro Discharge
Suction N
. Hearrculoting—
’ Line

Puimp
! . IF'eed Pump Recirceulation

PI1-2-9-40\ . \ .

X




. . L -4 - | | : - e

(u _ The recirculation line in Fig, 26 has an orifice designed to pass the mini-
mum flow required to prevent overheating in the pump, The valves in the recir-
culation line may be operated manually or automatically ‘bnit they must be open
on starting and stopping the pump and when the'pur.np is operating at low flows,"

Pump/Warm-Up Procedure

/ In the case’of boiler feedpumps or other pumps which handle liquid at high’
temperatures, it is vital that the.proper warm-up procedur.e be carried out before S}
starting the pump, If this is not fone then temperature gradients will be presert -
within the pump which will cause rotor distortion,

: i To avoid these temperature gradients, the standby boiler feedpump is : ,
. ~ supplied with warm-up water which is bled off from an intermediate stagé of th o

~ .inaseryice boiler feedpump, This warm-up water enters at the bottom gf the

. standby pump casin'g and-leaves through the suction nozzle, ' ' ,

N ; " .

/l‘hc arrangement is sketched in Fig, 27,

i
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' QUESTIOMMSHEET k |

P

POWER ENGINEERING -

c - - First Clags
'- - ' Sect. 2, I,.ect.‘

1. Dlscuss in general termsa’ th&uses of the fo‘lowing classes of pumps: -

(a) reciprocz}ung
(b)' centrifughl " .
[

™,

. (c) rotary v

2. pfm cribe a type ot pump whlch would be suitable as a boiler ciroulating
p and explain how sealing problems are overcome with this type.

- 3. Describe with the aiti"dof a simple sketch, some method whereby axial

balance is provided for in a single suction multi-stage centrifugal pump.

4. Discuss pump installatjon in terms of location space required, fittmgs
and piping required.

5. Describe the method of aligning and gro&ting-in of a centrifugal pump
which has been-delivered to the site with the driving motor separate
from the pump and base plate.

b Discuss the following in regard to a centrifugal pump:
(a) priming’ - - v )
. ‘ \,) .
(b) starting '

, (c) cavitation
7. A pump.is required to handle water at 50°C witlr a relative density

of 0.986. The atmospheric pressure at the suction is 90 kPa and the
frictionin the suction piping is equivalent to a head of -2 metres.

The required N.P.S.H. for this pump is 2.75 metres. What would be
the maximum. negative suction head (suction lift) that the pump can handle? °

(continued)
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"

~ impeller diameter i8 560 mm. If the maximum capacity 18 to be
-reduced by 5 percent, what will be the new impeller diameter as- :

- pump. Explain what these problems are and how they may be avofded

B . ;
\" o N , .

‘, , 4 R . ’I. . * i | L | .n’ .- “_“.:.'.:.“.‘:I.;'-,.. B ]
' WKSTIONSHEET - Continued | o

¢

A centrifugal pump has a maxithum capacity of 9000 L/min. The

suming the pump speed remains the same ?
. o |

Flows below a certain minimum may cause problems in ix centr‘iju

at times of low demand.

A pump i8 to move 22 500 L/min of water of relative density 0,996.
The pump 18 1.5 m above the water supply and the point of discharge
is 18 m above the pump. The friction in the suction piping is equiv~
alent to 1 m of head and the friction in the discharge piping 18 equiv-
alent to 4.5 m of head, If the pump has an efficiency of 80 percent,
what motor power in kW will be required to drive the pump? !

A
A‘
, v
i \
, "
. ” -
}
v I
‘ af
<.
N
Y ﬁ \ ¢ .
PEL-2-9-Q-2




‘J’ ., - . .' ‘ . .. . ) ] . . ( I.
IR 185

~ SOUTHERN ALBERTA INSTITUTE OF TECHNOLOGY -
o " CALGARY, ALBERTA ~ . -

L)

s e

K13
[

o ' .o "' . Correspondence Courses | ”

Power Engineering

SECTION 3. - ' i L .
- ‘ oo | " Third Class
STEAM GENERATION . . | S "~ Lecture 6

. - . | . vV .
' o ' oot o ’

- © 7.7 PUMPS

¥

~

‘A pump can be definéd as a device used to impart energy to a flutd in

order to move it from one point to another, Because of the many purposes and
variety of services for which'a pump is required in power and industrial plants,
it can be regarded as one of the most impoxt plant auxiliaries, Examples of
pump applicatigns in the pov.. = Jlunt are: boifer‘feedwater pumps, condensate

pumps, fuel oil pumps,.{ch'emical f'e'ed"pumps,r cooling water circ_glating pumps,
fire pumps, eté, S '

)
N S N L \

r -

TUEORY OF FUMPING & . .

e For the 'proper'vunderstandi'ng of the pumping cess, pump selection,

~ the calculation of pump cépacity and the power required to drive a pump, it is
necessary that an engineer.be, fully familiar with the te rminology used in pumping
technology, Below follows a short discussion of most opthe common terms in use,

. Pump Head | , | \ . - . o
N . . : - . .

) " Pum head refers’to the pressure a pump has to overcome ipbrder' to be
ablé to move'F liquid through the system, This pressure is somet{mes expressed
in kPa but, mo¥e commonly, s the height ( expressed in met rés) of a column of -
the liquid pumped that would produge the sante pressure. The height of this' ™ -
column'is known as '""head ", . - | P / . .

Pump head comprises s,(nv:a'pal componepts which will be described with
U}e gid of Figs, land2,, .° -~ </ % -
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1. Static Suction Lift - the vertical distance, in metres, from the
liquid supply.level to the pump centre line when the pump is above
the supply level, Figs, 1 (A ) and (B), :

. Static Suction Head -~ the vertical distance, in met.};eié from the
liquid supply level to the pump centre line when the pump is below
the supply level, Fig, 1 (C), :

3. Static Discharge Head - the vertical distance, in metres, from the
. centre line of the pump to the free surface of the liquid in the tank
/. pumped into, Fig, 1 (A); or tothe point of frae discharge,
 Figs,1(B) and (C), S

[ Y
Q

4. ‘Total Static Head - when pump is mc\)unted abovg source of supply
total statig head is the vertical distance, in metres, from surface
of source of supply to surface in discharge tink, Iig, 1 (A), or

- 710 the point of free discharge, Fig, 1 ( B). .Thus'total static head

-

‘1*; static suction l#ft plus static discharge head, -

’

v .

Wﬁcn pump is mounted below source of supply, total static head is.
the vertical distance, in metres, from surface of source of supply

to surface in ischarge tanky or to point of free discharge, Fig, 1

(C)H. Henc{totaf static head is static discharge head minus

static suctiol '

While static head is“ﬁlm‘y#resent in ihmled system, _;Whethgfrsthcsr'

" Jquid is in motion or got,” the following heads must be. considered =
« Wwhen the liquid is moving through.the piping,. B ATt
S R . '. . ': ’ - . -'_.‘h'\." . - .
( PE3-3-6-2 ) TR R
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( ' . 5%; F riction Head - this is the pressure, expressed in metres of
L T +-head, required to overcome friction caused by liquid flow through
I o “ pip ng, valves and fittings in the system

6. Velocity Head - the pressure, in metres of liquid head required
to give the liquid its motion through the system at a given velocity,

' 7. Pressure Head - the pressure, in metres of liquid head, in a
" closed vessel from which the pump takes its suction or against
which the pump discharges :

“8. Dynamic Suction Lift - the sum of static suction lift and suction
friction and velocity head, Fig, 2. ‘ . .

9, Dynamic Suction Head - static . ' Toi_al hoad
head minus suttion friction and o ) 3 -
velqeity head, Lo o Velocly i o
; . 3
10, Qynamic Discharge Head - static - ;3 ‘ 5
v K discharge head plus discharge ' :T"‘ 5“'},09;";,, 6

-
=.
a
-4
O

friction and velocity head, Fig, 2, Houd

1, Total Dynamic Head - the sum of
: dynamic suction lift and dynamic
. discharge hedd, 'Fig. 2, Where
( - there is suction head, total dyna-
o . “mic head is the difference between S ) R
dynamic suction-and discharge head, . Hg. 2 "3'...'2_“.~.-,..-"-’?-".‘:'-::‘5 T

. Suction luf‘t

Ty

2 " When source of supply and dlscharge tank are both under atmospheri( :
pressure, pressure head will be ml but if either ohe pr both 4r0 umler )
pressure, the difference in ‘pressure: head must i)e ad(,ied to the' total

. _dynamio heaéﬂ . }. LNy

12, Vapor Prcssurc - all liquids form \)apors at their freewurface
~_creating a préssure, known as vapor pressure, which incr,eases

O

. in value with rising liquid tcmperatures " EE P

“In a closed system complctely filled with liquid no vapors wiil form
. a8 long as the liquiy’ is subjected to a pressure that is above ti&e vapor K
. ~ pressure corresponding with the temperature of the liquid," However,
R . ‘8hould the pressure cxertcd on the liquid be allowed to drop below the
LR ' " vapor pressure. some of ihe liquiiwill flash lato vapor Lona

.

- - Thigis.an important factor to consider in & pumping sy.swvm whorc thc ,

..t % ... préssure o the guction side of the pump ‘could drop below the vppor :
e A "presSurc of thtl Jiquid due to insufficient suction- ‘head, high suction“
R s ‘ ' g ) ~_‘9A.\'. PR L 3 . o L b\"'"

R '__":‘ . .. N +
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v . ' ,
S _lift, excessive frictioq head or high liquid temperature, Should . C
: " this occur, the liquid will form vapor which could partially or , '
| ' " completely stop liquid flow into'the pump, The pump is then said - . .
. o to be vapor-bound, . : . : . _ . '

- 13, Cavitation - w@en the pressure at any point inside a centrifugal /
.. S pump drops below the vapor pressure of the liquid, vapor bubbles
will be formed which create cavities in the liquid flow, These
" bubbles are carried along with'the flow until they reach a region co
o’f higher pressure where they collapse, producing a shock wave, T
This phenomenon is called cavitation, When the bubbles are - '
- carried onto the surface of the impeller and collapse there, the |
impact of the liquid suddenly filling the void-and. hitting the metal s
- wil damage the surface by gouging out small pieces, When this | . - ¥ f
»  action is repeated in rapid succession, it is a'ccompénied by noisy . o
operation and vibration, Prolongdd operation under these conditions
may result in mechanical destuction of the pump,

14, Net Positive Suction Head - to pre'ventﬂcavitation and vapor-binding
~and to ensure maximum flow through a pump, it is necessary to pro-

- vide sufficient head on the pump suction so that the suction pressure
will ‘always be greater than the vapor pressure of the liquid handled,

. " This pressure available or required at the pump suction is expressed
in metres of liquid head and is called the /' net positive suction head ",

. 15, 'Slip - referring to reciprocating and rot;u'y pumps, the term " slip "
~ means the difference between the actual volume of 1liquid « discharged
by the pump and its theoretical capacity, Slip is caused by leakage

past valves and pistons in reciprocating pumps and the stationary and
rotary members of rotary pumps, It is usially expré{sed as a per-
(ienwge oif the theoretical capacity, ‘

. oat

- : ':. 1_6,- Volumf:tric Efficiency - again referring to reciprocatinﬂg and rotary

o ' ~ pumps, the volumetric efficiency is the ratio of the actual volume

¢ B discharged to the theoretical capacity of the pump, It is also .
L expressed as a percentdge of the theoretical capacity,

4
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' _plungex* piston or diaphragw or on both sides

Fig, 3, The action o the pump is as follows. _

. . B . . N o ) o .
-k . e Y . § o . .
.m o | AR
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PUMP CLASSIFICATION e e
According to their method of o eration, pum,ps can be diugsed into three s ~. ‘
' main classes: reciprocatin rotary and cent rifugal, ' o L

- Each class can be, further subdivided intaia number-oi différent types, e

- A description of the basic operating principle of the pumps i& each class |
will,follow, ds well as a more detailed description of some of the more- oomgion
types of pumps in each class used in power and industrial plants,

- Reeiprocating Pumps -

-

In this type of pump the pumping action is'produced by the tq and fro
( reciprocating ) movement of a plunger, piston or diaphragm within a cylinder,’
The liquid being pumped is drawn into the cylinder through one or more suction

ﬂalves and is then forced out through one or more discharge‘/alves by direct con~

tact with the plunger, piston or diaphragm,

Reciprocating pumps can be divided into two classes according to the A .
pump drive

1, The direct acting,éteam driven pump in which the movement of the
piston in the water cylinder is‘produced by*a steam piston in a steam ’
© cylinder, The pump is called direct acting because the piston rods
of steam and water piston are directly connected together,

2. The power driven pump which has a crankshaft driven by a separate
power source, usually an electric motor,
0 " Reciprocating pumps can also be classified ais single-acting or double- °, !
acting depending on whether pumping actlon takes place only on one side of ' "

1, .Plungcr Pumps: . - I

The basic desgign of the plunger type reciprocating pump, is shown in

!

'y

When the plunger )tarts moving from, right to left, the pressure in the

.. cylinder drops below that in the suction line and the liquid is drawn into the

cylinder via the suction ball check, The high pressure in the discharge line keep . - ~* .~
the discharge ball check firmly on {ts seat. At the end of its travel the plunger - ' :

i

{.

v

~ : . . '

( PE3-3~6-5)
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rL.’,Y‘v’,meSv;’fdirgct;loh' a‘htii's,tz'_x_'_rt_:;’:z;iw\)'ing' from left to right, This causes the pressure
o in the cylinder to rise;above that in the discharge line and the liquid is forced out
 via the,dlscha'rge,,ba!l"cheCl(; ‘while the suction ball check is forced-to close,

C ot PACKING, - .. PLUNGER
S et DISCHARGL DALL CHECK
u' s - . o . . ,".’"
. v V N @/
v, e ‘( ' \ (0)0
T e ) N 009,06 SUCTION BALL CHECK
R S
Q .” . '.. L - . N
!"‘.'_c' ) .4 ‘f - \ » .
B T Plunges Pump ( Single Acting ) .
s .

Fig, 3

The movement of the plunger in one direction is called the stroke of the
-~plunger, The distance the plunger moves in and out of the cylinder is the length
~ of the stroke, ' ' '

As can be seen in'the sketch, only one side of the plunger takes part in
the pumping action and liquid is only discharged during one out of every two
. strokes, lHence, the pump is called single-acting, :

/
[ ]

_Fig, 4 shows a cross-sectional view of a power driven plunger pump,
This pump is widely used as a chemical feed pump, It hak an adjustable stroke A
for volume control and a double set of suctjon and dischatge ball checks in.step’
arrangement for high pressure applications, : _ SN

-

Power Driven Plunger Pumyp (Cross Section )

Fig, 4

( PE3-3-6-6) B ' ~ o ) !




’ Fig. 5 shows a large capacity triplex plunger pump,' "As the name imp -
“it has three cyllnder"s._ -The pump is single-acting and its plungers are driven L . ’
a crankshaft'with three cranks plaq%d, 120 degrees apart,

Diseharge ¢ . ' - ' K
Connection ’

.:--,-J

Sutrtion
Connectien
A

Y

q
Power Driven Triplex Pump
-/? . i ( Frank-Wheatly Industries )- ' T
) : i l"i ’. 5 .' ‘\.
2. Piston Pumps .

-

The basic operating principle of a double—a_ct'ing piston pump is shown in
Fig. 6. The pump has two'discharge valve;s, D.A. and D, B,, and two suction _
valves, S.A, and S, B,

-

. When the piston moves from left to right, ( a) the liquid is drawn into
the left side of the cylinder via suction valve S,A, At the same time the piston
forces liquid out of the right side via discharge valve D, B,

( PE3-3-6-7)
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Double-Acting Piston Pump -
« Fig, 6 '

¢

!

_ When the piston rgverses direction and moves from right to left, (b) |
liquld is drawn into the right side of ht'he cylinder via suction valveS, B, and dis-
charged from the left gide via discharge valve D.A&' \

With the above afrangemeént, both sides of the piston take part in the
pumping action and liquid is disgharged when the piston moves in either direction,
- ‘hence the name " d(')uble,—acting " - '

. e i A
(a) Direct-Acting Steam Driven Pumps
(i) Simplex Pump
[ . R L " . L oa
Fig, 7 shows a vertical direct—a_cting steam driven pump,
R ‘commonly known as a simplex pump, The pump has a single, - dotih]e«
' acting water piston driven. by/a single, double-acting steam piston; the .

pistons are connected by a common piston rod. The suction and dis-

charge valves of the pumping cylinder are mounted in a common valve '

housing connected by channels to both ends of the cylinder, [n the sketch,

only the suction and discharge valves for the upper end of the cylinder are
" shown, - The operation of the pumping c‘nder is similarto the basic

operating prirqxciple described above, . ‘ X -

( PE3-3~6-8.)
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P Vertical Direct-Acting Steam Dgven Pump ‘
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.. The steam piston is driven up and down by high pressure stean controljeds
by the

ain steam valve which moves horizontally across the cylinder steam
admission and exhaust ports in the valve chest. When the valve is in its extreme
‘right position it admits high pressure steam underpthe piston and simultancously

’ i

-
v . .
. . _ .
L ) ( PE3-3-6-9)
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connects the upper part of the eylinder to exhaust, capsing the steam piston :o c
. rise, At the end of the upward stroke, the valve moves over to the extreme left,

now admitting steam above the_piét(*nd allowing the steam in the lower part of '

the cylinder to exhaust, This forces the pigton to move downwards again, :

The movement of the main valve is controlled by the auxiliary valve
which is moved up or down at the €nd of each stroke by the piston rod by means
of the valve gear lever and the auxiliary valve rod, When placed in its upper and
lower position, the auxiliary valve admits live steam to the space behind one end
of the main valve'and it connects the space'on the other end of the valve to exhaust,
causing the main valve to move horizontally from one extreme position to the

opposite, placing it in the proper position fog steam admission to and exhaust
from either end of the cylinder, ( ‘ -

(i) Duplex Pump

Stieam Chest

Sleam

\ .
Inlet Mischarge

K tlet

Inlet

'Horizontul.l)uplcx Pump ( Worthington ). )

“ Fig, 8 o
. .
“The duplex pump, illustrated in Fig, 8, is a horizontal, -direct-acting .
-steam driven pump, It has a double set of steam and pumping cylinders mounted
«  side by side, The steam cylinders have a common’steam chest, the pumping
cylinders a common valve chest, A cross-section of one side of this pump is
shown in Fig, 9. . . - R

PRI ! t L.,

o

The operatlon of the liquid pumping end of this pump is*similar to that
of the simplex piston pump descritved above, _ -
L]

( PF3-3~6-10) .,
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The steam required to drive the steam pistons is supplied to the com-
mon steam chest which contains two slide .valves, ore for cach gylinder,” Each
slide valve distributes livc%wum alternately to cither side.of the piston, The
slide valve on one side of the pumping unit is moved to and fro by means &f a
lever 'mechanism actuated by the piston rod on the other side, A view of this
slide valve actuating mechartism is shown in Iig, “10‘ It consists of a class 1
lever system ( pivot in center ) which causes the slide valve on one side to move
in opposite direction of the piston on the other side, and a class Il lever ( pivot.
at end ) which moves the second slide valve in the same direction as the opposite

piston,

Stide Valve Actuating Mechanism
for Duplex Pump ( Worthington )

o Fig, 10

Y
]
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o Fach stcam Lylindcr has four ports, Fig, 9, The outer ports are steam ) '

admission ports, the inner ports exhaust ports, A triangular fifth port, the ex-
» haust steam outlet, can be connected Lo either{one of the inner ports by means of

K3

I . the hollow centre of the slide valve,

The operation of the duplex pump is as f ow*‘ Referring to I ig, 9, the
slide valve of one of the steam cylinders is shown in mid-position coveging all
ports, The steam piston however, should be at the extreme left end of the cy-
linder, When the slidc valve is‘moved to the right by the movement of the oyfpo-
site piston rod, it uncovers the left steam admission port and the right exhaust
port, This allows live steam to enter the left side of the cylinder and spent steam
to exhaust from the right side, The resulting pressure difference forces the pis-
_ton to start its stroke to the right,

|

~

'\,)) - Nca.t the end of tho&ko roke the piston il slide over the right exhaust port:
' trapping the remaining ste n the right side o the cyltnder and continuous- '
movement of the piston will'then compress the ste m, At nearly the same time,
the movement of the opposite piston rod will move the slide valve back to mid- .
position, cutting off steam supply to left end of‘aylin er, This, combined with
the compression of the steam on the right side causi‘% a cushioning action, will .
bring the piston to a smooth stop at the end of its stroke, After a short stop the ;
slide valve is moved to the left, opening steam admission on the right dide of the .
cylinder and exhaust on the left side; ®ausing the piston to start its-stroke to the - (
left, The same actlon takes place in the second steam cylinder, the movement of
its slide valve being controlled by the piston rod of thL first oyllnder
v
If the slide v.llvcs were rigidly conngcted to the valve rods, they would e
" not stay open for steam admission and exhayst long enough for the pistons to&'om- .

plete their stroke and the pump would shorthst roke, resulting in‘reduced capacity,

To overcome this difficulty, the valve gear is given lost motion, Lost motion is
v the clearance between the valve rod nut or nuts and the lugs on thesback of the valve
against which the nut (sy press in order to move thc valve, One lost motion ‘ N

)

" arrangement using a single nut is shown in Fig, 11, Lost motion allows the valve - ’/
to remain stationary until the piston has nearly completed its stroke, It agy R
allows one piston to pause at the end of its stroke until its gieam valve is actuated
by the movement of the second piston since the plstons do not complete their

strokes at the same time,

&

( PE3-3-6=12) .
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If the duplex pump is to work properly, the slide valves and linkabc must
" be adjusted to be set in correct relation to the stealn pistons, The proper pro-
cedure is. zis follows. ' . -

1. Shut down and isolate the pump at byth the steam and water cnd;,
Open the steam cylinder drain cock# and drain the water cylinder,

2. Place both steam pistons in the centre of their cylinders, To do
this accurdtely. the piston is pushed over until it strikes the cylinder
head and a mark is, made on the piston rpd at the face of the stuffing
box gland, Then the piston is pushed back until it strikes the head
at the other end of the cylinder and Another mark is made on the
] ( piston rod at the gland face, The distance between the'two marks
' is divided equally and a centre mark, is made, The piston is then
" moved¥ntil the centre mark on the piston rod lines up with the gland .
face and the piston will now be centered, ‘The other piston is then
centered in a similar manner,

‘3. Set.the slide valves in the'centre of their travel, 'This is done by
. removing the steam chest cover and moving cach valve so that the
valve ends just cover the bteam ports, With the valve in this
position, the valve rod nut must be exactly half way buween the
valve horns, This can be checked'by sliding the valve in ohe
direction watil it strikes the nut dnd then measuring the amount of
port opening, Then slide the valve in the other direction until it
strikes the nut and measure the amount of port opening at the other
: end, Fig, 12 {llustrates this procedure, When the port openings
. ' are ¢qual, the valVe is correctly set, If the port openings are un-
_ ” equal, then the valve rod should be unlinkcd and screwed into or
‘o o out of the valve rod nut as required,

( PE3-3-6-13 )
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4. Before rc;')l\:l('lng valve chest cover move cach va\ve to give a AW
port opening to s am at'oppositc ends so that the pump will be .
: \ able to start Se l},g 13. . _ A% : : .o,
. '\‘
" 4
\ .
N <
S .
r ¢ ' °.
. i , 1 ) - v ' 4y .
~ Measuring Steam Port Openings - Qpening Steam Port}y before Starting
. i A T
] , - '
(b)) Roéwer Driven Piston Pump : ' : u \
- . ’ ) . ’ . ‘ ’ » ': . ‘ ) I .Y
A poyer driven, ‘double~acting rcuprocuting, piston pump is shown in. ' ‘
Fig, 14, The pumping end is similar o that of a steam=driven pump but the -
"~ piston ib moved back and~forth by a crankshaft, Power is supplicd to the low- e .
bp(,Od crankshaft by an electric motor via a V-belt drive and a uducmg gear, /
. " 9 b
‘ Electric Motor » . , » -
Air Chambe N '
L‘ . - E Belt Drive \\.\ ¢
Discharge
‘ -,
- /
. . . uction , Crankcase
- o l ) . . & ". ¢
- . Power Driven Piston Punty .
" K Fig, 14 )
i L] .
(PE3-3-6-14) o < oo
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| purh) ig th t the fluid belng pumped is completely isolated by the diaphragm from.

S

" Such as plastie,:

LI
'

~?to and fro, resylting in pumping ) L
action, ‘ L * l’ump , - o
' ! o ( PE- -t 15)
. - . i.‘ L1 : !
. o, ’

pr

‘liquid displacing cémponent, The

The dl iphragm D is attachod to the

e . )
Pade ) . . i

¢ ' . o -
When a piston of a reciprocating pump stops and reverses at the end of -

-~

-each stroke, there is a momentary interruption of the liquid flgw which causes a

pressure drop in the discharge line, Ta dampen pressure fluc atlons the pump
is often (,qulpped with an air chamber ( Fig, 14). "This chamber contains’ air
Arized by the liquid in the discharge line, When the liqulq is discharged
from the pump, the pressure in the line tends to increase and some liquid is
forced into the chamber, incrcasing the pressure of the trapped air, When the .
pump stops at the end of the stroke, the discharge stops momentarily and the dis- e
charge pressure drops off, The compressed gir then forces the'liquid out of the
chamber and so maintains the ﬂow;md dampens the pre.,ssure fluctuatlon

¢ - . : », .
Air (,hambers are commonly used on single-plston pumps, they are not ‘ .

rcqulred on multi-piston- pumps becauséthese pumps dare designed in such a way b !

that the pistons do not reach the end of their stroke at the same time so that the © o

flow 18 never cqmpletély 'Stopp d and pressure fluctuations are much smaller } T

g

3, Diaphragm Pump :

~

3

-

.\Waphragm pump differs from the piston or plunger type reciprocating

the rcciproc ating mu,ha.msm thereby -eliminating leakage along plston rod and
plunger, L S

v ’ o L4

Aphe diaphragm is a flex-
ible membrance which acts as the

diaphragm c¢an be.made of flexible
metal or non- mctallic .matcrials
'rubber or neo- '
prene, (lepcnding on the fluld ‘
being pumpcd. .

<
L

, A croqq-scctlonal view
of a mechanically actuated dia-
phragm pump is shown in(l' ig. 15,

piston “guide P by the disc B, An
eccentric is used to producc reci-
procating motion of the guidc P,
causing the diaphragm to move

Mcchani(,ally Actuatcd I),idphragm'.




~ The amount of liquid pum*d per stroke by a reciprocating pump. is'detexw
. mined by ‘the area of the piston,: ‘plunger oy dtaphragm and the lengih of. ti;é stroke,
or in other words, by the volume diépl,aced p stroke. . Thig; amount mmains con~

stant regardless of discharge pressur For is yeason, the reoiprocattng pimp

is classified as a positive’ dlsplacement puinp, The pump capacity \dephnds Qn.the .
numbe.r of pumping strokes per minute el

I' f
H

Reclprocatlng Pump Components LT S T R T S S

1; Pump Valves ,-'“- \ e o

There are many different designs ofa v;ilvqs Genera.lly, the type of ' S '\

valve to be used in a pump is:determlned by the operating pressure-l%w, medlum P R S
or high and the properties of the liquid ha,ndled such as viscosity, temﬁperaturc
_clear or containing suspended solids, The walves can be stem-—gulded genemlly S
~used fér low-fpressure service, or wing-guided; u ed for moderate or high pr""Sir Ly

- sures, The face of the valve car be. flat or bevel\é Some of the valve designs ﬁ =

are ghown in Pigs\ 15 to 18

v
|

iy
1

S o Fig, 16 showe a stem-guide ddisc valve
stem are usually made of brpnz,e But othe
suitablu for hot and cold «water servwe

with flau, face Ihe disc ‘seat, and
r alloys may be.used w’Ihe valwe is ‘:.“",‘b
al; modemte pressure St e e

e 3616 ) "

§




Fig. 17 ghows a flat disc valve wlth Bynthetlc lnsert "'i‘he Eeat hasuin- -

E cunqd ribs whlch direct: the llquid so that-it. rotatps the disc slightly at e&wh stroke..a
equaltzing wear on the d\sé T . ; g

wing guided valvewitgt;cveled mw

u§cd for high p}'essurc cleur liqu }s shown .

in Fig. 18

; A Ball valves ;sed where friae .
" opening of suation ahd % chargerls i‘equired
Fig. 15, 3 .

,Q prevent leakage between“tht ;ilawn

- and éyfinder wall, the steam pfstOn is. usually
eqmpped withi'cast ifon ri,ngsi’ fitted’in grg)qves ng~Gulded Valw-

: mag:hiried: m’ ‘the perighetey of the piston The, - T e
", water pigton -is usually sealeddn the, t}ylmder A ‘ ‘—'&"-:7-Ej ' o
by squaie hard fibrous rixigs, or. by rlngs made of; & soffer piiab’le mdtc nal suc,h

a8 duck ‘packing, (; asbestos core with canvag Oumr layer), I‘tg. . woqt.m
means of sealmg are Ahown:-in F 1g. 197 A shows a platon‘fﬁtvteﬂ with'mouldbd eup
backmg “Thecup is made of rubber remforeed with fabric, H‘s‘hows a piston o

equipped wit~h vings made of so1id »rubbu' and rein‘forcod ebastomar 3

.
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3. ‘Relief V'a-lves SR f tn | _ P (\
. R Yooa : * ' ‘ o N
| When a power driven re.ci;Srocating pump is started accidentally with the - h
** dis¢hdrge valve closed, or a valve in the discharge line is clotd inadvertently : '
' during operation, t the pump pressure will build up excessively and rupture of-pump -
parts or piping could occur, To safeguard the pump against possible damage due
to over prc,@ure it must be equipped with a relief valve’ mounted on the discharge

of the pump ahead of the first stop valve,

5

A relief valve is not necessary on the dlscharge of direct-acting steam
driven pumps because,’ with the discharge valve closed, the pressure in the water
* cylinder can only. build up a limited amount, ©Once the force on the water piston
eguals the force acting on the steam piston, the pump simply stops - ’

" K ) . . A

Rot,LryPumps I T u 3 B ¥

' ‘

v , The namie-'" rotary pump K is given to those pumps which consist ofa,,closed
T casmg in which gears, lobes, vanes or screws rotate with a minimufn of clear-
ST dnce,” These rotating parts trap the liquid and push it.around the caging fror
“suction to discharge. Unlike in the reciprocating pump, the flow of the liquid
" throuph the rotary pump.is c’htinuous and the discharge is smootﬂ ithout pres- A
,sure fluctuations. T S S | (
. . . , i .o _
Ié\otary pumps are uscd for fuel, mbr{catlng and hydraulic oistystems K
but also for many other liquids of variou'; viscosities such as liquefied gas'es
( propanc butane ammonia, Freon, ctc ). : '
‘ R Rottrry pumps.are available in many . different designs, Five common
types are shown in Fig, 20 and a descrlption of these pumps is given below,

SN . Ihe external gear pump ( a) has two gears which rotate in opposite
Saa dlrcctlons inilde the casing, Liquid drawn in vthroug}ﬁhe inlet s trapped between
| thc tceth of the gears and the casing wall and is carried to the discharge side, The
mcslnng teeth in thc contrc act as a valve preventing liquid from flowing back to

t}itg,lnlct:ida e |
» |/ A R _“a‘ M »«mok
. [ 'Ih(. intemal gear pump ( b) has an extcrnally—cut gear which meshe )
g 'f:_‘_wnh an intu‘nally-cui gear on one side and is separated from this gear on the .

“ogher side by a ‘crescent-shaped partition which prevents liquid from passing back
ke . frOm disehargeJ suction side, liquid fromy the suction fills the spaces between
o the teeth'af bath gcars when they unmesh and it is forced out of these pfces

o -into ghe dmeharge when thc, gcars mesh again,
B ) \; . : . ‘ ~ ‘v

. o - . -\;' . ‘ I

3 . .

S (Pl-n .M, w.)
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- The sliding-vane pump e (‘) hag - rotor contammg vanes wuhm slots, '
The mtpr is mounted off-rg(ntrc in the casing with minimal clearance on one side,
The vanes are forced out against the. "lSlﬂLM’lll by the. centrifugal force and the
hquid tr.lppcd betweeh thé va,neb is carrwd -around from sucuon “o the dlscharge
. \ . ‘s ‘e » -'\'o ‘» . '
Lo The thrco*lobe pugr_ll_( ti ) h’il"s two rotors each with three lobes, The )
rotors are driveh by external pe rs” thh .synchmm/c the lobes, The liquid : ~
= {rapped-in the po(‘kﬁ,ts [qrme(l by the lp\;e zmd thc ulsmg is carricd to thc dis-
" L ) : . [ ‘,\,, N
(h‘l”‘L 4 \" ' ' w I .
(R v ." o a T ’“ i *e ’
oy \ L AR . .
N lhc tWo«scrvw yump ( ¢ ) h 15 lwo rotors each with two opposing spirals * .
or serew thruads The liquid is-¢arried; bct,weeh the screw threads of the rotors , .
Ldnd is lc)rcc(l axially tow.lrdb the discharge ag the serews rotate and mesh,” '
. M \ o P tel . l
. ' " ! * ‘A sy -/ @ !
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Rotary pumps are positive displacement pumps and,_therefore, should be
) protected against excessive pressures by a reliel valve on the discharge side.of
the pump,

(cntntugll Pumps . : -

A centrifugal pump may ‘be dchncd as a pump whlchvus‘cs centrifugal
force to impa nergy to a fluid by givmg the flUld high vd‘locuy and then conve ri-
ing this velocfly lntoY)reSbure :

' - . -

-

. Because there are many different dcstgnb of centrifugal pumps,, they ean N

be divided into a number of types according to specific charactgrxstlcs,. J(lﬁx.égun

_ division according te the method of imparting encrgy to the fluid- gw? us the "'-'1";;_t A
? following types: volute, dif[user mixed flow, axia tl_ow ana rc;,encratr\}’e B T
. ! s m'g{;t : ‘- ’ ,._ ; ‘:‘ ]
/hc :an also be divided according to the; =~ . Tl LT b

number of stages - single or multi-stage \" . -

suction inlet - single or double suction -+ - o v

position of shaft - horizontal or vertical e "

: type of casing - horizontal or vertical split ' . .
’ " mounting - in-line or base-mounted . - - ‘5"'
v . . /

Centrifygal pimps can also pe ckxssmed -accordmg to the appfication such
as: boiler feed pump, general purpose pump, vacuum pump, cxrqglatmg pump, .
ete, Each application requires @ (hfferent deblgn of pump,. .

1. Volute Pump ' . e ' 5
Lo . / A .
.. um . . Y xkl
: Basncally, the'wolute cerft fugal pump consists of an lmpcller mad-c up of
-a number of vunes‘ which rptates in a volute statiohary casing, Fig, The
term " volute " refers'to the gradually increasing Cross- sectiondl area of the
dpiral casing, ¢ N : : , T

‘. ' . e .
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(’ . \ The ligpid being pumped is drawn into the centre or eye of the impeller, .

It is picked up by the vanes-dnd accelerated to a high veloeity and discharged into
the casing by centrifugal force, As the liquid travels through the volute c‘lsing to
the discharge, its vu.w energy is converted into pressure energy, Since the
- liquid between\the vanes is forced outward, a low pressure area is created in the
" eye and more 1 uid is drawn in throug,h the 'suction inlet, As a result, the flow
of liquid throughthe pump is const.mt A cross- bLCth‘ndl view of the vqlgdte

pump 1s shown in Fig, 22,

-~

&1 I)ischurgc Flange Packing Bearings : > o )

~

g U T L Inlet; ‘
v N « . -
NN R '
AL N Impeller .
¢ \:h:\» . * ’ \
e ‘
Vb -
L R ' _ Single-stage, Single-inlet Volute Pump " ' ' \
( , ‘ ‘ ( Goulds Pump Inc, ) ' . :
. . . ] , IlE’. 292 . . ‘ ) . )
i ' .. . : _ ‘ )
. 2. Diffuser Pump ‘ AN \
In the diffuser ccntrlfugd} pump, the high velocity liquid leaving the _ oo

impcller passes hetween a number of vanés-in a stationz ary diffuser ring, These
: vanes are shaped in such a way th.ll the channels between them gradually increase °
a * in area, Fig, 23, As the 1qu\d p'leeq through these channels, its velocity energy
is converted into pressu energy, “The liquid is then discharged either intoa '
concentric casing ( A) of into a volute casing ( B) where further velocity- pressure

u)nversion takes place, .

Since the flow of liquid in'volute and (liffuscr pumps is away from the
centre, these pumpq arc often class;ficd as radial flow centrifugal pumpb
\
.J . * . 3 { . . . . |

"
®

’ | o ( PE3-3-6-21)
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< Fig, 23 . ”
3. Axial Flow Pump - . , .
. - . _' . . : .
The axial flow pump, Fig, 24, often called propeller pump, uses an
m\pcllcr with vanes similar to a Shlp s propeller, The pump develops its head”
v . by the propelling or liftimraction of the vanes on the liquid and the flow of the
liquid is through thv casing, thus parallel to the shaft, It iscusually of vertical
design but'hqruontal units are avallablc ' v :
Al
. L4 )
& As compared to a radial flow .
"7 pump, the.axial pump has a low suction
litt and dévelops a relatively low discha rge .
r. » head but a ldrge flow capacity, . .
‘ ) ) M . Y
. . ’ . 0/.3(‘/7("'_("()
y . 0 - . , ) e/bow ..1
N v Sharft
stortronary
/ : - . sleeve - - -1
- » - ’ 13
. . . Shaft 1
Vertical Axial Flow Pump $her
‘ - Fig, 24 ° 1
Guide -
. . ] v nes sfearing ’
o o ) . . ,‘ 4 '.K’um;’
- ° ) . . e ~hady
' . . . . : St tron 'w\ Propeller -
o N o - ' N\ typ#ronner
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( ' 4 Mixed Flow Pump

“The mixed flow pump, Fig, 25

- combines some of the characteristics of
the radial flow gnd axial flow\ﬁumps. It
develops its discharge head by using both
centrifugal force and lift of the vanes on
the liquid, The pump is built for vertical '
and horizontal applications, and it is
comrhonly used for low head, high capa-
('c’lty operation, -

. * ,"‘.‘l
’ » N W
s .
Mixed Flow Pump
' . '
o Fig, 256 °
< - ’ * . . ® . '
. ‘ \
* 5, Turbine ( Regenerative ) Pump - o ] ¢
( The turbine or regencrative pump has an impeller which has 2 double row
of vanes cut in the rim, It is’r\r)uan concentrically in the pump casing, Fig, 26,
Oitchorge . & N
4.’(" kl'a
" N

mpelter

1S APy )
*

aw s 0K . ' ' '

v . . . _ ' * furbue Pvomp Linpeller . . -
' ’ e\ ) lurting P
o’ ' _
. L e Al H ’
" Furbine Pump. Casing and Impeller- - , . ’
’ . - 'u .Llﬁ'*“.g(i - * ’ ’

¥ : .
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- The liquid being pumped enters the ;;uriphury of-the impcllor.zm(l"t ravels
; almost 360° around the easing to the discharge, The impeller vanes travel in a
channel mfchined in the casing and as the ‘impeller rotates, the liquid is-given
forward mdtion, As the liquid speeds up, it is thrown ito the channel by centri-
fugal force but, due to the shape of the channel, the liquid is returndd again between
. 2 ' ' ' . the vanes, Fig, 27, This process is re-

. . ]

wated several times and, as a result
| '

7, - Impelier . ) . .
e vVans the liquid follows a spiral like path
Vi - Patho! | around the periphery of the casing.~ FEach
g"““’ time the liquid enters the vanes, it re-
aiween v
o impelier ‘cetves an impulse, this series of impulses
vanes  ° causes the pressure to'increase gradually
' from suction to discharge,
I.‘ilr 27 ’ .
' . ‘The turbine pump can develop several times the‘discha;‘@é' pressure of a
- N centrifugal pump having the same tmpeller diameter and speed, A relief valve
| should be installed on the discharge as excessive brcssurc\ ran be developed if the -
v o pump is operated against a closed discharge,
N ,
Turbine pumps are best suited : Drecharge
. for low capagity, high pressure ser-.
vice, They are often used as boiler
: feedwater pumps for small boilers,
condensate return pumps, hot watep
_ circulating pumps, ete, <
, Y An outside view ol a turbine
. ’ . . Ve . ’
pump is shown in Iig, 28,
/
L4 . .
\'- - ~ ) Turbine Pump .
' ¢ . . ( Aurogpa Pump Division ) »
| . . . ’ R
' ‘ ) Fig, 28
’ .« ’ A
A ) . ‘ .
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‘6,  Multi-Stage Pumps ' o '_ .
.o _ ‘ .
The pressure developed by o centrifugal pamyp with a single impeller is
usually, limited to about 1000 kPa, Boiler feedwater pumps, however, are
usually required to develop much higher discharge pressures, To obtain these
higher pressures, centrifugal pumps are equipped with two or moge impellers
operating in series, that is, the discharge of one impeller is conneeted to the
suction of the next i}npcllcr. These pumps are knO}vn as multi-stage pumps,
4
.
N
h 'l'bvo—stngc Volute*Pump
with Opposed Impellers
( Goulds Pump Inc. )
”
K Fig, 29
. o
\ .
. \ . . .
Fig, 29 shows a cross-sectijonal view of a two-stage volute pump, The
‘Suction of thd first stage 'is on the left. Liquid discharged from this stage is dis-
charged through a volute into the suction of tht high pressure iﬁﬂpollcr on the
right, This impeller delivers the liquid through a second volute to the discharge
outlet, L T . = : ¢
T ’ ‘ o . ' . Co ’
» ' A cross-sectional view of a five-stage volute pump for heavy duty service
is shown in Fig, 30, s , ,
»
\
Five-stage Volute
Pump with Opposed
Impellers
Fig, 39 .

N
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CONSTRUCTION DETAILS OF CENTRIFUGAL Pum®

-

-

Impeller Types D ' o

Impellers vary considerably in design, They can be classified accord-
ing to specifi¢ speed, the way the liquid is drawn into the eye, vane design and
pump application, Somec common designs are illustrated in Fig, 31,

v

ImpellarDesigns

Fig, 31

'n impeller, ‘A, has vanes attached to a central hub with a rcld—
I shroud.on one side, It is of end suction or single inlet dcsu,n* thus
nters the eye from one side only, B bh()wb a semi-closed, ‘single in-
A full shroud closeés off one side. "An cndlosul, single inlet mu)cl-
ler is shown in C. The liquid passages bu,wecn the vanes are closed off hy tho "
shrouds on both sides, Impeller D is also enc¢losed but it has a (l()ublo ml(l thus
water enters the eye from both, sides, Design F is used in paperstock puigps .
handling liquids containing solids, Impeller I is used in mixed-flow pumps while
G is a propeller type inrpc'l‘lc r, ' ‘ -

tively sm
the wate
let impelle

LU

Pump Casings
Centrifugal pump caqmgs may be split horlzontally, vertice zllly or dia-
gonally, A horizontally |split casing, also ealled axially split casing,\is shown in
Fig, 32, The suction anf discharge nozzles, are usudllv in the 'Iowcr lhlll of the
casing, T'he upper helf ¢an be easily lifted for Inspection,. - K f\ .

A pump with ventically split casing, also callul radmlly split, is shown
in Fig, 22, It is used fop pumps with end suctlon

I-‘or'multi*stagv pumpg of the volutc or diffuser type with dlsd}mrge press

sures above 10 000 kPa burrel uﬂng s are used to avoid the dilficulty in’ main-

4 .

( PE3=3-6-26)




. ( taining a tight Joint between the ‘halves ot a horizontally split casing and lhv sections

of radlally split casings, - i s ._ » .
L'}

[y

a

Volute Pump with Double-inlet
Impeller

Fig, 32

The barrel casing conqlsts of an inner cdsm;, httui in an outer casing,
The space l)vtwcen the two casmgq is subjected to discharge pressure which tends
A to hold the scotlons of the inner’ c.lsmg together, Thé inner casing may be made
I up of two halves, horizontally joided, . or a number of sections with circumferen-
. tial joints, The outer casmg thc barrcl has. no harizontal joints, It is closed
o by heads on cither end TR '
o A cross-sectional
view of a barrel type boiler
‘ feed pump is shown in Fig,
33, The inncr casing is
made up of circumféren-
tially joined ring sections,
. It is fitted into the outer
} - casing through one end which
t ' is then closed by a het ld

' i | o . o - ' o S Hi}zh Pressure 9-Stage Barrel
| ' ' ' ‘Type Feed Pymp - I*lg, 33

'( | S | : : ' C L (PE3-3-6-27)
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Wearin‘};l(ing’s . ‘ | - oy (

LY

‘I'he rotating impeller of the éentrifugal pump must be sealed .in the
stationary L‘zlsillg with a minimum of cledarance in order to keep leakage from
discharge to suction as small as possible, This seal is provided by the flat joint
formed by the rim around the impeller eye and a matching flat circular surface-in
the casing, Fig. 34 (a). However, during operation, the continuous leakage of p
the liquid through the joint will slowly wear away the surfaces of this joint and

~pump efficiency will drop off, When the clearance becomes too large, restoration

of original clearance will be necessary, eilhe_r\ﬁ-y building up the worn surfices:
or by replaéing casing and impellex", This, howWever, will be quite costly for all )
but the smallest of pumps, ' : \ '

The vost of restorarion can be considerably reduced by installation of
‘wearing rings on impeller, in casing or both, The rings are renewable and can
be replaced at a relatively low cost, '

Pump casing.

_Wearing
rings

-//;»pe//er

(d) / _ (

(u)

Wearing m\w,'s

Fig, 34

When a wearing ring is mounted only on the impeller, Fig, 34 (b)), it is
made of a softer material than that of the casing so that practically alliwear is on
the ring, Similarly,” when a'ring is mounted in the casing only ( ¢), its material
will be softer than that of the impeller. Most larger pumps are equipped with
wearing rings on the impeller as well as in the casing (d )." A ¢r@sg~sectional
view of a centrifugal pump with double inlet imp’c_llér having wearing rings on
impeller and in casing, is shown in Fig, 35.

Wearing rings a re often made of bronze or cast iron since these materials
“tend to wear in a smooth manner, ' : -~ , B

They are installed on the rim of the impeller by either threading or
S'hrinking nnd set serews are used Lo prevent them from working loose, Casing
Wearing rings consist of gither a continuous ring used'in vertically split casings,

. o | g ) _ B
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or of two halY rings for horizontally split '
ridge or into a groove of the casing whicl
the {ing work loose, ‘ . ' ' , L
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Pump Shaft Scaling # . o
_ In order to minimize leakage a round the pump shaft where it passes through
the casing, the following means are used: ' '
1. Stuifing boxes
b Y
2, Mechanical scals
-1, Stuffing Boxcs
: .
A stuffing box consists ot a cylindrical pecess around the shaft that holds
a number of rings of packing, which provide a scal between the casing and shaft,
~The packing is held in place by a gland that can be adjusted to compress the rings

in order to obtain the desired fit by tightening the adjusting nuts, The bottom or
inside end of the stuffing box may be formed by either the pump casing itself or by

a bottom bushing, The basie construction of a stuffing box holding five rings of
packing is shown in Iig. 36, !

’ ' ' | : : . : : . )
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U wet mn;,_ rings on impeller, in- casing or

. coils of square cross~sectlon or. in preformed die—molded rings PR DR ,:‘

x
/
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Gland Adjusung Nut

stationury (‘asmg wilh a minimum of clc ' il s»én,‘f,,’,"»-,; A
disch.arge to suct,ion as small as poss;.ble \- "‘,’o NWatei Intet (A

. B L3 :
O Gota s

foxmvd hv ‘the rim around the lmp ller ey _ N
Wit casing;  Fig, 34 ('d) However, thir %[ \ &

N@\illquld ‘through the Jomt wilk slpwly we | > .. Y B .
puMtp efficiency will drop off, When the'n: =

of ‘originak clearancé will-be necessary, Lo B R i
oF by rcplacmg casmg énd rmpeller ’I‘h 1 e .. ‘ == : =
but: the smallcst Qf pumps : [ S PR o)

lhe LObt of mstoration can be (

v v L ')\‘v' vl |r\\u nr\c’
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P%king’: rmgs are made of pliable yet. durable matermls stch as onen'
dsbestos nylon , flax or teflon etals sut:h as lead, copper or aluminum are:-
also: used in which case they are wound as a. foll around an ‘asbestos. or plaSth A B
core, T he packing is usually impregnated thh a lubrlcant Which makes: the pack-' ; oo
ing sclf-lubricating during the starttIp period, Packing is supphul m conhnuous o (

I

] " o . ),.,.:. . ;-~=' ; [T N C

l’ lckmg in stufﬁng boxes should never bc compre scd $0. t.lghtly thdt L S
leakage is oomplvwly st()pp(,d “The resulting ffiction would causc ‘exdessivi he at ~ N TR
build-up,’ the packing would burn’ up-and the shaft could be scvorely damag,vd by - IR S
scoring,  Instead, a slight lcakagc of liquid, should be allowui to prowde ldb(tlcq- g

tion l)ctwevn packmg an(l shaft ” R P C e -',T,'i-;-il' :. I'
. ot “ ] . ‘:‘ Q . "'”'v‘-.'. . c ) :. T ) P ) -'-. . . .".. i:". .’_ 1 .
Vhen a pump opcra—tes Wlth a negatjve. suctlion pressurc, a fully puckccl SR -
stuffing box as'in Fig, 36 will not provide proper sealing since air would be R

drawn intd the casing along the shaft’ stopping the rcqulred leakage ol“llquul "To
provide proper sealing, the stuffmg box is then fitted w1th a l‘mtu‘n rmg and a
b(‘dllhg water LOH[)OLthD as shown in I'Ig. 37. ’

. '
\ 4 -

Ihc lantc rn ring ( also called’ seal cage) is a mctal ring wnth channcls
machined in its inside and outside perimeter, connected by radially drilled holes,
It serves to distribute scaling liquid under pressure to the packing thus prevénting
™air infiltration and proviting lubrication, This sealing liquid is ustally provided
_ by the high pressure section of the pump casing, either through an external con- .
nu,tion Fiff, 38, or through an internally dnlled passage in the cuslng .

s
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i pumpq h.mtflm}., llqyldﬁ umtmmng mnd
e ‘.gm& or (‘)thc 1bm%ivos wmch (.oul(l

_: ntulhng I)ox. ; (:{IL‘ an acllmg., llquld pm*"" .
o ‘Vldui l)y as bvp‘u'ate‘ suurcc- ot l)y lhc R
d;bcham,c side of thc"pump via gy filter
or sepatator- wtﬂ thcn I\ecpxti]e"m‘my
'. substanccs out of thL stuff;ng box

Gy

bhaf;s are bubjccwd to corrd'lon, 'Ll‘()blon and: weu‘r""u the. stufling hoxc
‘whlcb wnll affect. thelr btrcngth 4and. makc elfedtive beahng, with’ packmg rmg
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R h.lfts of .smalle,r pumpb are usuallv thde of corrosion and W(’ll"‘l‘t‘blsldrﬂ
matcrmls for lon{_,cr llfc Largt,r pump k,halts however, are bu.llly protwtv(l

- l)y -renew able slcevcs, as shown in Fig, 39, The sleeve is sccurcd on the shaft

by th(. shafl nul a.nd lecve rotdt'lon s prcvvntcd by a key, ’
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(b) ch‘lacing Pump Packing | } o oo .

R

: Pump packmg has to bc replaccd pu‘\odlcally due to” deterioration from

rar and loss of saturant, The frequency of packmg replacement will depend on v ;
opcratm;, conditions, quality. of packing, and the care with which the packing was ‘ '
instalied and adjusted, It may v'lry from three to v.ix months in case of severe
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operating conditions to several years under more moderate conditions, The pro-" . (
i '.5:'_-_‘,:?'0,'4_5‘_(1}1'1"0 recommended for replacement of the packing is b ricfly described below,

A : 1, shul down, isolate and drain pupzp, 1t pump is.eleetrically driven,
R B lock open motor switceh and put warning tag on switch, If steam .
) ' driven, chainlock steam supply valve and tag, _. , o

1 »

" ... 2. Remove gland adjusting nuts and slide gland away from the, stuff\ing '
' ' box. Then remove all-the old packing using some type.of packing
puller, Fig, 40, Make Surg the stuffing box is thoroughly clean and » '
free of any small pieces of old packing, .Check that the sealing water
connection to stuffing box is clear, = S

L]

L]
Removing Packing R

’ I"i r 40 ’ Ky : &5 )
e 2 o ‘ ‘ Cutting Packing Rings

o : ' o o I-1g,“41‘

o 3. Check the condition of the shaft or shaft sleeve, If the sunface of

' the shaft is grooved or scored, it should be resurfaced or the shaft
should be replaced, If the surface of the shaft sleeve is damaged,
replace the sleeve, : . . - 1

~»

1, Detérmine the'corréet size of the padking to be used by subtracting
the diameter of the pumpshaft or sleeve from the bore of the stuffing
box and dividing the difference by two,

. . S# Wrap a coil of the correctly sized packing around thc_;)umpshnﬁ or,
, \ if'not possible, a substitute shaft of the same size, and cut the
‘ "rgquired number of rings with a,diagonal cut as shown in Fig, 41,

.
Iy
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Staggering Packing Rings-~
Fig, 43 |

w .
L N ' ) ~

Fig, 42 T

X 6, Install the packing rmgs one at a time after putting a llght CO'It,lng of
' - oil or grease.on the inner diameter *
made of stjff material, slide them .
in Fig, 42, to prevent breaking of . ' " o
. stuffing box one by one using a spl{ , ' - )
* push each ring into place, Make s’ . s
Fig, 43, and ensure that the lanter
® ‘ scalmg water inlet,

~a

Pt gland into place and compress
- the gland nuts, Then slackep- thenrJ

Prime and start up the pump, Allc
‘dome minutes, then gradually tight
duced to that necessary for lubrica

I*he above described procedure of repacking the stuffing box of a pump

can b(, used for a ccntrlfugal pump as well as for a reuprocatllm, pump,
Y .

2, Mechanical Seals.

~

Leakage from stuffing b(_)xc's is objectionable on bumps handling liquids
such as gasoline, acids, ammonia, etc. Instead; these pumps are,equipped with
.. mechanical seals which reduce leakage to a minute amount, They are 'also used

on pumps where stuffing boxés canndl offer adequate leak protection such as high
pressure pumps, . ‘ ‘
h . P
A Basically a mechanical seal consists of two flat rings each with a polishe®
flat sealing surface, The rings are perpendicular to the pumpshaft, the sealing
faces rotate on each otbt . One of the rings {s called the scallng ring and it is
B held in position by .a sp mg. 'I he other ring, its face in contact with that of the

R
L . (PE3-3-6-33)
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.  sealing ring, is called the mating ring, : : - .
- . ‘ » 14 . . ‘ ‘a ’ ‘ .
: Mechanical seals may be divided into two general types: the rotating seal
*and the statiopary seal, . . ] - - ‘
_ | | | . PRI Y
' (i) Roluting Mechanical seal )
- 4 . 1y . ‘ N . ' . o
) ' The basic design of a rotalin;, seal is lllubtrutvcd in'I 1;, 44, The mating y

ring is held stationary in @ recessed part of the” pump housing: or the seal housing

cover, An O " ring provxdes a seal between ring and casipg to prevent leakage,
T A shell secured to the shaft by set screws holds the scaling ring so that it turns

with the shaft, lcaka[,c between shaft and 'sealing, ring is prcvcnted by a second

" "ring, As the pump Shaft turns, the scaling ring is held afrainst the m mating s ‘-

_ _ w‘ b . « .ring by a number of small’ springs cony S
. LN R _ ' -+ tained in the .shcll thus preventing - . .
' ’ ' . leakage I)ct\wcn the faces Thé springs ) '
L allow the vulm;, ring. Lnou;,h flexibility
s . S to maintain full face contact with the
. . o d mating nngn al a conbt&nl pressure NS

during, bll;,hl shifts in shaft position, . . S

T - . A cut-away view ol a pofating - ( e
' < mechanical seal is showrfiin Fig, 45, * . IS
In this seal, leakage between b(‘dlln}, ( ' _ -
ring and”shaft is prevented l)\ a tcl"lon o
. : wc(lg("rln;_,, between ma ltlm_, xlng aml '
* ' scal housing cover by a [lat te flon ring,
Fig. Hi The bull housing is pro\ulul with a ~ » - S
’ _ o quont‘hmp, liquid mlt‘ required on.pumps ,.., ; .
operating with a negative saction-pressure,  The liquid supplied to the scal pre- - K i ‘
vents air infiltration and pron(lca lubrication and cooling, If the liquid pumped ii‘, _
(rl'e‘nr, the quenching, llquul can be drawn directly from the pump (hb( harge but'if . o .
_ the liquid contains particles of toreign matter, a separ 1tor»bhoul(l he mczt.lllvd in .',:
. the qucnghinp, line, ' /

R

4
- . Rotating Seal .

( John Crane Co, )
: Eig 45

R : .
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wndical Seal
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| In this type of spul, the shell vontdining the springs and sealing ri
held stationary in the lar space-of the pump housing as sketched in 1ig 44 ‘.
| The mating ring is fastengdd rigidly to the shaft, usually against a shoulde r. Sd"r...“.
" Fhat It wotates with the shalt, The springs force the scaling ring ugzlil;%t th(’:'n M‘\

ing ving so leakage betwt;_f 1) the faces is prevented, "O rings are u\mi.d to pr:}"'.a {-

i . .
g and shell and between mating ring and shaft;

§.
'
B

ny 44

leakage between sealing f
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“Ihe choice of materials used for sealing and mating rings depends
many factors such as type of liquid pumped, temperature, pump speed and™t
design,  Jhe friction between the faces of these rings should be kept as small as
possible, ' Materials commonly used are bronze, carbon graphite, ceramics, '

stellite and tungsten carbide, . «

* When a pump is equipped:with mechanical seals, the following precau- ‘
tions should be taken before and during operation: *®

1, Never run the pump unless it is completely filled with liquid,
2. Vent all air out of the scal housings before start up..
3. Make sure an adequate flow of quenching or cooling liquid is

flowing to the seals,

It is extremely important that the scals never run in dry condition be-
cause this causes the faces to score and become grooved, Dry running seal faces
are often indicated by a squealing sound but absence of this sound should not be
interpreted as an indication that sufficient liquid is supplied to the seals, P

» T
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" A leaking seal may be caused by: : .
. 1, Seal faces that are scored or grooved,

2: Distortion of the rings due to unevenly tlwmbd bolts o‘""‘-“&?‘l“i%}fﬁ "
'the seal housing gland, o AR ot

3. " O " ring or other type gaskets that are cut or nicked ﬂm‘

. ins:tallatiop. \/ L R

1, Sleeve and shell beaz_'ings

2. Ball and ;ouet bearings

~

4. Sleeve and Shell Bearings

The bearings of small pumps ‘usually conslet\gg bronre bushings or
sleeves fitted around the shaft with a small eloarance, and held in place by the
~ bearing brackets attached to the casing, On larger pumps the sloove-typo bearing
~consists of two half-shells made of cast-iron or steel and }ined with babbitt,
Flg, 47, _ , .
This bearing is usually self-aligning so that it adjusts’itself automatically
to small changes in shaft position, ‘ ' '

d \

Sleeve and shell bearings are .usually oil-lubricated, On small btti{\pa
the oil is supplied to the bearings by drip lubricators, Medium~sized pumps uso
the lower part of the bearing housing as oil reservoir and the ol ts supplied to
the bearing by endless chains or rings riding on the shaft, Fig, 47, Large pumps
are usually equipped with a shaft-driven oil pump which supplles the bearings with
oil under pressure, ' ‘

L]
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2. Ball and Roller Betarings

]
- -

Ball and roller bearinfis, also'called anti-friction bearings have re-
placed sleeve bearings in many modern pump designs, Ball bearin 1 of single- or
double-row design are mostly, used on small and medium sized shaufts; rolleg |
bearings are widely used on larger shafts, Anti-friction bearings may be lubri- (. }
cated either by Jil or grease, Fig. 48 shows a single-stage centrifugal pump
fitted with oil lubriy:'at,ed, single-row, ball bearings, '

Single-stage Centrifugal Pump with Ball Bearlngs

- . e “ <
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Axial Fhrust o .~ . g ' .
— : ‘
. [ . 7 ’
. During operation a single-inlet impeller is subjected to hydeaulic forees
- which create an axial unbalance, This is illustrated in ¥ig, 49 which shows that  * o
the ared of the eye of the impeller is subjected to suction pressure while the par- o
. tial shroud on that side and the full-shrghd on the opposite side are subjected to ' o '
discharge pressure, The resulting imbdl:\ncc causes an axial thrust towards the :
suction that tends to move the impeller out of its proper position in the casing,
. , S
;’: _‘"M’:] A o \ » o .
49 —/— : '
[ xo&a______,._,__q . ’
) ca » Fig, 49
. . x:“ j ‘ kt A\
02 - —w
r‘ﬂl - ‘
& 3
¢ . \
SINGLE sUCTION N !
- IMPELLER ' ‘ ) . :
On low capacity, single-stage pumps, axial movement of the impclle ) +
, is usually prevented by installation of a thrust bearing on the shaft, On larger
capacity, single-stage pumps, however, -lhc axial 1mbaL‘lnce is elmnnated by one (
of the followmg methods’ : :
, 1. Single-inlet lmpcllehwith ‘backside wearing ring dnd balancing hales
As shown in IPig,848, the singlc ~inlet impeller is equipped with a wa;arihg
ring on its backside with the same diamgter 4s the one on the suction side, By
. . connccting the space inside this ring to e suction sidglby means of balancing
holes, axial balance is achieved, ‘ .
2, Double-inlet Impeller .9,'“, N
. o
:% E
§ By using a double~inlet unpellcr the %{;‘ . ﬁi,‘
Q
forces on the impeller are theoretic ally .
balanced, as shown in Fig, 50, In practice, 5‘5: &
¢ : tlﬁ- -
the flow to each eye is not always equal so -3
a light thrust bearing is still required, ]
§ 'DOUBLE SUCTION ;2
) IMPELLER
\ | Fig, 50

L PEY-3-6-38)
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g ' , 3. Opposing Single-inlet Impellers . _ ’ ' / A - .
» . .‘ . ) . . . . ‘ ) . P vl‘-}‘
. On multitstage pumps with single-inlet impellers, the axial thrust can /=

Q.

] ‘2 l}e climinated by the use of#pposcd impellers, The inlets of one HAlf of the o
impellers face in one direclion, the other half in opposite direction, Fig, 29 ands.’s
30, With this arrangement, axial thrust on the first half pf the impellers is {

eounter-aoted by the opposing axial thrust on the second half, ' / :
A i
bt B . On multi-stage pumps having the single-inlet impellers all facing fn one !
‘ direction, the axial thrust toward the suction end of the pump will be theoretically
equal to the sum of the individual impeller thrusts, This total thrust is partially. ,
[ : + or fully counter-acted by onc of the following hydraulic balancing devices: a
balancing drum, a balancing disc or a combination of drum and disc, 5 ,
- \ ’ \ . * . l
4, Balancing Drum .
“

A balancing drum, illustrated in Fig, 51, is installed on the shaft between
the last impeller and the balancing chamber which is connected to the suction side
of the pump, The drum rotates inside the stationary member of the balincing
device, the balapcing drum head, Drum and head are scparated by a small clear-
ance allowing dome leakage from the high pressure side of the pump to the low
pressure chamber,

1 . - -‘a ’ - . N
{ ' . . AAL ANCOG CnapiE R - - - N
Balancing Drum : INZZ: J\ ), N7
AN A Nt A,
) / X 4 . 17 ;

Fig, 51 At
Il 1 ‘. i v

"I)La?n \\ A ., N

- e

/ ' . .
INRALANCED ARCA A _. Anta p - DALANCNG DAGM - ARES (.

The (Inlhx_ is subjected to two f(')rccs: the discharge pressure acting on
. arca B and the suction pressure acting on arca C, Since the first force is greater
~ than the second, an axial thrust is produoed toward the discharge side of the pump,
'I‘hiS'thru;-;'t counter-acts the axial thrust exgrted on the in’pellers. :

) :

»

| - _ /
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. 5, Balancing Disc S s < o ‘.‘
'\" : ' ! o | \
‘ The simple balancing disc consists of a disc mounted on, and rotating \'

with the shaft, It is separated from the balancing disc head attached to the cash\tg
by a small axial clearance, The leakage from the high pressure side of the pum
flows through this clearance into the low pressure balancing chamber and from \‘
there to the suc}gn dgphe pump via a restricting orifice that normally keeps the !

. pressure in the ba

lancihg chamber well above the suction pressure, A simple bai\-' ‘
ancing disc is shown.in Fig, 52,

REAIM(TNG OB

B &y NU 094 <f M

. - ]

' ’ |
13
V) S Vo )
v RS m f BALANI NG (nauB(n . .
- - ’ M " N
"
X .

Simple Balancing Disc

Fig., 52 ‘

while the centre part of the fge

t{(mt of the disc is subjected to full discharge pressure
and the ring area facing the head, to a pressurc gradually dropping from dis-

charge pressure to balancing chamber back prcsﬁsu‘c, The difference in forces
« acting on the front and back of the disc produces an axial thrust which balances
the axial thrust on the single-inlet impellegs. When.the thrusts are balanced,

the clearance between disc and head will be a specific amount and the back pres-
sure will be maintained at a specific valuce, '

The back of the disc is subjected to the balancing ehamber back pressure

Should, du‘rmg operation, the axial thrust on the impellers increase and
exceed the thrust acting on the disc, the shaft would move slightly over toward
the suction side of the punip causing the clearance between disc and head to be
reduced, This will reduce the liquid leakage resulting in a drop in back pressure
“ . on the discw hich, in turn, causes the thrust on the disc to increase s6 that it
moves away from the head, increasing the clearafice again, The increased leak-
age builds up the back pressure again until an equilibrium in thrusts is réached, &
“The opposite will happen when tl)e thryst on the impellers decreases below that on
the disc, . !

.
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.- While the balancing drum provides only counter-thrust, the balancing
disc provides not enly counter-thrust but it also restores automatically, the posi-
tion of shaft and impellers if it changes position due to variations in axial thrust..'
The use of a simple halancing #lisc, however, has certain disadvantages.ang,it i s*

therefore seldom used, Most multi-stage pumps are now equipped with a combina- '

tion of balancing drum, and disc, this combination has all the advantages of both
hydraulic devices without any of theéir disadvantages,

-

L]
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PUMP DRIVES

. y .

‘Pumps may be driven by‘any type of prime mover, Mast pumps in power
plants, industrial plants, and commercial buildings are driven by electric motors,
Steam turbines are also favored in many plants, but internal combustion engines
such as gas turbines and gasoline, natural gas and diesel engines are also used for
specific applications, '

~ 4 E t
Electric Motors ' : -

1

The electric motor provides the simplest arrangement for a pump drive,

It can be directly connected to centrifugal and rotary pumps while reciprocating

pumps usually require some type of speed ;reduc_tion such as V-belt or(gear drive,
.

The most common type of motor used is the squirrel-cage induction
motor, - It operates at a nearly constant speed., The synchronous motor is often
used for large capacity pumps, This motor also operates at constant speed, -
Where control of pump output by speed variation is required, a wound rotor in-
duction motor is used, Speed variation over a wide range can be provided by the
use of a constant speed motor driving the pump by means of a variable spéed fluid
or magnetic coupling, " :

Steam Turbines

" Steam turbines are often used to drive centrifugal bumps’ and occasionally
rotary pumps, They are directly connected to the pumps, The use of a steam
turbine has the advantages of simple, wide range speed control and the possibilit

of the economical use of its exhaust steam for process or feedwater heating,

N .
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Internal Combustion Englnés

Internal combustion engines are frequently used to drive portable pumps
and emergency fire pumps, Gas turbines are seldom used to drive pumps'iﬁ power
and industrial plants, but they are usedgfor special services such as drivtng the -
pumps in crude oil pipeline pressure boovster stations,

-

PRIMING OF PUMPS
. / R

The term ' priming ", as used. in conneetion with pumps, simply mreans
the filling of pump-casing and suctlon line with the liquid to be pumped\ before
.~ the pump is started, \

J B _— . ’ |
PositiveA displacement pumps - feciprocating and rotary are self-priming -
~Tor total suction lifts up to about 8 metres at sea level when in perfect condition,,

But with long suction lines, high lifts, or ppor mechanical condition, they must
be primed, .

Centrifugal pumps are not self-priming, They must be primed before
start-up otherwise the impeller willsimply churn air and no suction will be
produced, Also, when the pump'is started without proper priming, the mechani-

- cal seals will run dry causing the seal faces to score or, if stuffing boxes are
used, shaft and packing rings may suffer, Some of the methods used to prime a

‘centrifugal pump are shown in Fig. 53, .

4

.PUMP PRIMING METHODS

L4
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During priming of a centrifugal pump, keep the discharge valve closed,

When the pump is below thc source of supply ( pump has suction head), PFig..53 A,

open the air vent petcockb on the pump casing and slowly open “the suction valve,
The incoming liquid forces the air out of the casing, When the liquid appears 4
through the vents, they can be closed. The pump is then primed and ready to he

started, : . , _ _

_9 When the pump is located above the source of supply, ( pump has suction

- lift ), various methods of priming can be used, The suction line should be equipped ‘

wifw':'l'foot valve, a flap-type valve attached to the lowest part of the suction line

acting as a eheck valve, The valve allows the liquid to enter the line but prevents @ e

it from draining out of the line, .

-

L +

' Fig. 53 B shows how the pump can be primed by filling suction line and. .
casing with liquid supplied through a bypass around the discharge valve, Vents E
are kept open until the liquid escapes, In C, suction line and caqlng are filled by '
liquid su’pplied through an auxiliary line, In D, a separate priming pump is used o

to draw the air from the casing, (‘I‘Cdlln[., a vacuul which draws the liquid in "
through the foot valve, ‘The same can be achieved by the use of an ejector as o
shown in E ' :

- . -

CAPACITY REGU LA'I‘ION OF PU leS - W &““ . i

. "
~ v

’c:

Reciprocatiffg and rotary pumps are classificd as posmve displacement

‘pumps which means that, at a constant speed, they move a specitic amount of
liquid regardless of pump head, The capacity of these pumps is usually regulated
by varying their spded,( The capacity of centrifugal pumps, however,. changes
when the pump head is L\hdnged hence, this pump is not a positive displacement

; pump, When the head is increasgd, the capacity of the pump decreases.and when

the head is lowcred the capacity increases, When the head is increased 80 much
that it exceeds the design head of the pump, the output drops to zero.

'I‘hc capacity of a ccntrifu_gal pump can be rcgulated by varying the speed
but this requires a pump driver capable of varying its speed ( steam turbine,
internal combustion engine, etc, ). Most éentrifugal pllmpb however, are driven
by an: electru motor, a constant speed drwe :

’

)

«. - o1

When drluerbby an electrw motor, the capacity of the most common

centrifugal pump-the radial flow type ( volute and diffuser pump ) can be.regulated

by adjusting the discharge valve, Throttling the discharge valve increases the
flow resistance, thus enlarging the friction head, and the flow will be reduced,
The discharge pressure-of the pump will increase moderately, but not enough to

. &
¢ .
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. 2 valve (,ompletcl_y cloaed “‘the pneabure m,creaso w1ll be well‘ within' safc linuts ,

- GENERAL s'r/\n'rmo PROCEDURE FOR CEN'I‘I{IFUGAL PUMPS e

,‘.--_(.1)13;3_..3,;6..“44).- ”! ‘ K o | C | ‘ . i . ( .'

ey

cn(langcr the pump as with positivt dlbplawment P“"‘PS Even wish thc ‘“SChdrg . (‘

I

, thn thc flow is throttlcd the powcr rcquir(,rnent of thwmlal‘flow,
ocnt mfugal pump is also reduced notwlfhstandtng the- resulting, pressuré increase,’ RPCEAET,
A(Iv‘lnt'u.,c is taken of this fact bv starting large, eleouﬁcal motor-driven centri- - RS 4
fugal- pumps. with closed (lia‘charg © Since the no-flow | pgwcr rcquirement is: re—lv T Y
llltl\l(..ly small, estswo powcr surg,ing during btart-up can be avmdéd = '-,'_- EORIR s3] D

' .|‘i

- T hc power’ requirement of axial and mixed flow centmtug@l pumps, when ,

opemted at low (’ap“%ﬁ actually ‘higher ‘than. at full capacity. ‘These pumps S
: bhould always be started with the dxscharge valve wide open, - T, : ‘

Laﬂﬁon :‘w, ' : o _

1, Ncever run a centmfugal pump continuously with thc dlscharge vnlve .
- completely closed, - The mechanical power- applled tp the impeller |
is dispelled as friction to the water trapped and churned about in -
the casing, This frlctlon causes- overheatmg of the water to the R :
point where’ 1t turns 1nto stcam which may result m (lamag(, to. the R T
pump, ! '

2; Always operate a Centx;ifugal pump with.its suction valve wide open, . - .
" -Never.use it for flow control, “Throttling or closing of this valye | , ( N
- starves the impeller: of its water supply, the casing becomes partially SRR
’,empty resulting in exowbwc vibrations which may ruin the bearings. ' -
- . The lack of llquid may dlSO damag(. mcchamcal seals and stuffing . o
boxes _ . I : N , e

1. Check oil level in bearing. housmgs if pump is equxpped for oil -
lubrication, . : N

| 2, ‘Turn on cooling water for pump bearings, stuffing boxes and - ST _ o
. mechanical seals, if these parts are water cooled, ' ' 7

3. Open suction valve.and close the dlscharge valve depending on- | R A:_'-l BRI
~ method to be followed for pump, , S h

4, ,(.,lolse all drains ln casmg, suction and dischdrg(, plping .

5,'::Prime the pump SRR R fa,_-

'4“. v B . Lo . ) B ., . ,- - :l‘:,l_ . . [ K
. B . .

,m‘ls\» 'al,{ C ‘:.: L v ;;-..' o '}“ : . S , :“
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’ ’ . ) ol ) . : . . . . . RPN
{0 ( o b Start pump and bring it up to speed
‘ . _‘ r 7.\If pump is started with closed dlscharge valve, open thls valve
e _ slowly,

. .
o ) N . | .
vt 8, Check leakage from stuffing boxes, v

-4 . . . . v . f
) Y, Adjust gealing liquid ?o stuffing boxes as required, \

10. 'Checm rings on gleeve bearings, T hey must turn freely. .. | .

\ ‘. lf, Qheck suction and discharge pressures ' J
’ IZJeel pump bearlngs for overheatmg.
RS In'case of a new pump being started for the flrht. time, or a pump being
, started after an overhaul, the followmg items-should be checked in addition to the
\ above items: > : . .
| 1, - Pump rotor should turn freely, » oy L
2, The alignment of pump and driver before pump is started and ﬂ{':
again after operating temperature is reached, -
.3, Direction of rotation of‘drfv_in_g motor, . ,

‘, ( General Stopping Procedure

| 1, Close discharge valve sfowl,y large radial flow c’entrlfug'll pumps)

\
/

2 Stf)p pump driver, ’ | S N
-3, Shut’off coolmg water, . |
4

Close suction valve,

¢
Y

., CODE REQUIREMENTS FOR BOILER FEEDWATER PUMPS

'. *‘."?.t-'d'; SR In paragraphs PG 61,1 and PG 61, 2 of Sectian I of the A, S, M, 1 Code"

Vs, comot ing surface shall have at least two meanssof feeding wWdter, and each source of, I

\ feodlng ghall be capable of supplying water to the bojler at a pressure of 3%

: ;-‘ higher than/the highegt ‘setting of‘any safety valve ofi'the $oiler, It is also stated
,‘-th.at for boilérs with solill fuel not in squension and boilers whose setting or heat

._feed supply is interrupted, one of the means of feeding shall be stearn driven,

1: S l":'-."*ef"":'llowever, boilers fired by gaseous liquid, or solid fuel in suspension may be’

';"‘f,‘g._;;,.. : ;‘5e‘qulpped with a single means of feeding water, provided the heat input can be

. ‘ t LI . W
LS .
oo / . ,
5 [N .
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o ol 1t 1$ stated that boilers having more than 47 m?2 ( 900 Jsquare feet ) of water heat--

B SN e i source can continue to supply sufficlent heat to.cause damage to the boilcr if the




-~ shut off prior to the water F,irobpi.',g. o the 19weét permigsible wa'ter-_le'vél. - et (
‘The most common arra.'.zé-—em in power and industrlal plants ig to use, two o
centrifugal pumps, each'capable /¢ supplying the boilfirs with the full Iéedwatex‘ re=~::" SRR
'qmt‘ement While one pump is i, ~zeration, the other'is kept op stand by. A basw e
diagram of a boiler feedwater BULL 5, ,utem, wnh two cemrifugal pumps in parallel '

. and the necessary plpmg ‘and v‘d,e\; m ‘shown in Fig 54 BT . U , R

The pumps .are supplled v.nb water through a commbn suction lmc from - - _.._f' L
either a deaerator ( suction head), or a hot well ( suction lift ), Each pump is /ﬂ\
equipped with a bypass from discharge to suction or to source of/supply to'provide _ I Y
sufhcnent flow through the pump to prevent overheating when it is operated ats low T R

load, o : : . N L IS

INJECTORS R - :

The injector is a device used to feed water into a’ste: am boiler under .
pressure, It is Occasionally USed in small plants as the secondary medns of- feed- o
ing water instead of a ump smce the device is'quite simple and relatively choap_ I
A cross-section of an {)njeclor is llluszrated in Fig. 55 and the descrlptnon of its -
operation follows, _ _ R .

( PE3-3-6-46")




o .. Steam at boiler-pre&sure enters
-, “nozzle R, While passing through
. the nozzle, the steam drops in
e , R lpres:-.une. expands and attains a
L SR . : : ' high velocity, This jet of high
- o \J o o Co L “velocity steam-then enters the

B AN / suction nozzle S and, in doing so,
Lo . -~ ... itdraws the air out of the suction
RN AN R - - 'chamber Y, creating a vacuum,

o Water Y. X " . - This vacuum, 'in turn, causes the -

-

Supply,

tl ne, olhc water is dlscharged via check valve P to the overflow,
flows to the boiler, the check valve closes and the ring on the uppe
D is den upwards sealing the opening between nozzles S and D, pre
- from tho,.; '

o S . water to be drawn from the source
L Gt \ o 7 R .4 X et - of supply via the. chamber into the
R - .suction nozzle, As the steam and .
’ o B water mix in this nozzle, the
' ' P.— . steam condenses, thus 1flcrcaqm5

' ) " the vacuum, It also imparts its -
velocity to the water, The con-,

KIS
LY

To .. | NS ~ densed steam and water pass-

Boiler N next‘into the combming ang deli- _
J AWy . Overflow ] ‘very nozzle,D, * Here the velo-
A 7 B A . city is converted into a pressure
BRI T T L high enouglvto force the water in~
o ' to the boiler, '

Steam-Operated Injector -
Dream-tperated Inj e _Wch the ll)JCCtOI‘ is first put into

Fig, 557 . . ' . operation, it needs time. to estab-
' o lish the proper jet flow and dig- .
- ¢harge pressure, During this
nee the water -
art of nozzle

s

ting air "

.-\ H

.!\\/cr xme ctor housing to be drawn " into the nouszle,

Ab

a boiler feedwater devxce the miector is not very practical since it

ope atcbilmost efflclently at,full eapacity only, At reduced flows it s dlffl(.ull to

_:control
B atcr wop g flash ihto'steam dueto the vgeuum in the suction chamber ‘and suction

'hd, becomes unreliable, 1t is 'llso unable to handle hot water, since the

-line, - Fofthese reasons, the use of thc injector for boiler feed has pcen largely *

TN
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T‘bfrd Class ..

- a 08

- ‘Bower Engineering ’ . .

s

, SN .-aj Define pump head apd list-all components comprising pump
- f head, : . -

o .‘ . 'S y

. _
What is cavitation ? ' . _ ~¥

Define the term ' Net positive suction head " /

'Explain with the aidof a basic sketoh the 0pe‘ra’ting principle

- . . of a reciprocating, double-actingfpiston pump,
v [ 4

. o . b) Explain why a relief valve is necessary on the discharge of a
4 . ) , power driven reciproating pump, but not on the discharge of -
' A steam driven pump, R X
3 Describe b'riefly the steps involved in setting the slide valves of a
. duplex pump, . S S

ra : * . v

“‘of a volute centrifugal pump,

b) What is the structural and operational difference between a

t : ‘Sect, 3, Lect, & -

.4, ‘a ) Explain with the aid of a simple sketch the eperating principle ..

What is’a multi-stage pump and why is it used? ‘

olute and diffuser centrifugal pump?

Xplain why a radial flow centrifugal pump should not be run
for-an extended perigd of time with its discharge valve closed,

¥

Why should the output of this pump never be regulated by

throttling the suction valve ?

o

L 4

, - :
List two reasdas for the use of wearing rings in centrifugal

* pumps, -

What is the purpose of shaft sleeves ?

Give two reasons for the use of lantern rings in stuffing boxes,
. . K > .

Describe briefly the difference between a rotating mechanical

seal and a stationary mechanical seal, .

List thfe prechutions to be taken in regard to mechanical 'seals,

” ( see over)

-
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. Question Sheet - continued o o . _ | 0
- a ¥ “ "
L ] ' ' ,8, a). What causes a.xial thrust in a centrifugal pump ?
: " , . _

b) Name the various methods used to counter-act axial thrust,

9. Describe the step-by-step progedure of startﬂﬁ; a largé centrifugal
pump equipped with stuffing boxes and water cooled, oil lubricated -
bearings, ’

- . L]
o 10, Make a basic sketch of a turbine pump and explain briefly lts
' operatlng principle

~ L st ) 00
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