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* RECOMMENDATIONS FOR USiNG#TﬁAINING MODULES
The following pabes 1ist modules &nd" their ¢ rresp' ding numbers for this
" particular appreqticesh%pgtrade; As reldte traiJ{Zg classroom hours
‘\va}y for different reasons throughout the s R we recommend that
the 1ﬁdividua1'aﬁprenticeship committees divife the tptal packets to
fit their individual class schedules. N -
. , ’ .
there qﬁe'over 130 modules available. Apprentices can complete the
whole set by the end of their indentured apprenticeships. Seme
| apprentices may already have knowledge and skills that aré covered
. in particular modules. In those cases, perhaps credit could be
-g(anted'for those subjects, allowing apprentcies to advance to the

remaining modules. ) Pt ' o . \\\;;,d

We suggégz/the the apprent%ceShip instructors assign the quules'in
numerical order to make this learning tool most effective’

.
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NOTE :

/

SUPPLEMENTARY INFORMATION

-~ ., . ON CASSETTE TAPES

-y

A ]

E‘.].me Tube Boilers - Water Tube Boilers
- and- Boi;:Ser- Manholes and Safety Precautions

‘Boiler Fittir\gs,' Valves, Injéctors,
Pumps and Steam Traps

4

Cambustion, Boiler Care and Heat Transfer .

and Feed Water Types »

. LY | ‘Q
Boiler Safety and 'Stgqn Turbines
. ¥ . . .

The above cassette -tapes are intended as additignal
reference material for ‘the respective modules, as .
indicated, and not designated.as a required assignment.
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PUMPS —- TYPES AND GLASSIFICATIONS )
. Y
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s - /n

‘ ~ . . L ' l ‘

Goal: -Performance Indicators:
" ’ . '
\ The apprentice will be able to ' 1. Classify pumps'accordihé to
describe types and classifications . their method of operation.
of centrifugal pumps. - Centrifugal ’ .
: \ -~ Rotary : D
b N .~ Reciprocating .
\e ‘
3 £ 2. szscribe types of pumps in

-eacn major class,
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' M '. . . ' ) y \ ) .. r

- +

.
-

o Read the-goal and performance indicators for this package.

# Read ,the vocabulary sheeat to become acquainted W1th the trade terms that will

‘be introddcad in this package.

#*  Study the‘introduction and information sheets for technical information.

4
- . N

€' * Complete the job sheet. ' ‘

* Complete tne séli-assessment sheet and check yqur answers with the . answer

sheet.

® # "Complete the post-assessment and ask the instructor to check your ankwers.,

» .
. Y
.
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.

¥ %< axial flow pump

#  Axially split casing _ : L
* Casing , - ' : ,
* Centriifugal flow . . . .
* Centrifugal force - \ ] . T : e

* Centrifugal pump
* Diaphragm punp °
*  Direct driven 81mplex pump

¥ Diffuse - . : : . . S . !

#*  Double acting pump ' . R '

#*  Double suction inlet punp

#* Horizontal shaft pump ' i

# Horizontally snlit casmg - . .'

*  TImpeller S oo * ! Ce o
*  Lobe pump , ‘ ‘ . ' '

*  Mixed flow pump o ' S ‘ .

' . *  Multi-stage pump
*  Power driven pump
*  Pump discharge
* Radially 'split casing
*  Reciprocating pump
*  Regenerative pump
*  Screw punp
*  Single acting pump

* -Single suction inlet pump TN

#* Single stage pump - ‘ o : ¥

*#" Sliding vane punp " , ;
* *Spur gear pump S

* Vertical shaft pump

# Vertically split casing
#* Volute pump :

@ . .
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Pph?s

pumps -
fuel,

Pumps

. Fach

anpli

. I‘l‘lhe - p

the
power

-~

N o R : S R
. t g . ' .
N . . ‘
are used to move fluids from one-place to én&r. ‘There are Many 'uses ‘of . .
in industrial settings. Those uses include the-movement of feedwater, .. :
cooling water, chemicals, and comdensate within the vower plant. . - .
are classified.into major classes according to their method of operatioa,
of the major classes is subdivided into types according to tneir desian or
cation, oo

ump is an important %art of a power plant. " The apprentice must understand
Classes, types, fuﬂg}ions and apnlications of 'pumps in order to operate
plant equivment, ' _— '




.. INSTRUCTIONAL LEARNING SYETEMS

e

k'

~ Information

’

«

In order to describe um s, we nugt first classify then into groups with similar
pump _ y agroup _

R characteristics.  All  vumps can. be classified ifto threg sroups according , to
’ i nethod of operation: ~ ' o L
T 1. Centrifugal N - ' o N _
o 2. Rotary . ' S ,
;o 3. Reciprocating v .
t . . . . '. . ‘
- \ , .
) Centrifugal Pumds K
.- ' ] .
~ ctier o o .
- A centrifugal punp has an impeller that rotates inside a casing. . The” rotation

of the -impeller causes the liquid to wove to the outside because jof
centrifuzal force. As the liquid moves to. the outside, it is forced through the

punp discharge.

. " .LlnnpeHer
o J,
/ \ .
MAN ° -
' 3 ) %_.-— ,
_ S . ) I ‘
r \ ‘Types of Centrifugal Pumms .

Centrifugal pumps iay, be further classiiiec ‘according to:.
O\ .

1. Type of flow -~ centrifugdl, axial, mixed flow or regenerative,
2. Humber of steges ~- single or multistage. = T :
3, Type of casing -- horizontal or vertical split.
4. Position of shaft -~- horizontal, verticel, -subnerged.
5. Suction -~ single or douvle : o o -
6. Application -- yeneral purplse, poiler feed pump, condensate puinp,
* circulating pump. S S - :
g0 ) N ; .
| 5o |
- U

-
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je

Typeg of Flow

» <

A centrifuzal flow ?n
,discharges it {rom {the’o
forced the fluid ifto a discharge tube.
an impeller macde up of 'vanes that rotates inside a volute casin

/ncreases in cross-section as it nears the dlégharne

uter rim of tne 1npe11er blades. -

.

e that oulls the 11QL1d into the eye of tne 1m0e11 r and
The increased-pressure™
A volute'centrlfuoalggpﬂg_con81sts,0f
Volute means

L

that the:casing area. A
“n ~diffuser céntrifuzal pump is designéd with vanes or diffusers’ between the’
ﬁ . impeller rim and the casing. = The diffusers convert the high velocity Miquid .-
; into vressure energy as it passes through the diffuser vanes. An axial flow -~
uses impellers to provide lifting action ‘on the liqyid. The°punp is arrangec

vertically and the jinmpellers 1ift the 'licuid upward to the d¥scharge

tube.

A

A résenerative pump uses an impeller with a double row,of vanes in its

' nixed flow conbineg features of volute and diffuser centrifugal flow with axial
low. The pressure is developed by centrifugal force and axial lift of impeller
'anes.

rin. Liquid enters the outer rim and is.-rotated almost a complete circle defore
. being discharged from the outer rim. The regenerative pump'is commonly called a
: turbine regenerative pumw. The following diagrams show the [eatures of .each
, type ok fldw. . SN s ' "
VoLUTE i
: * .- Impeller il X . ’ v
- Eyc ' - ’ 1 Drscharge
5 . CAXALF AN
Impeller . ! -
Volute hinpelivs tay Stetionary
. Sheeve ---- 4 - - -
Casing
Shrarfr.. . 4. 4
\
| . g;,::.!-»._,:_ "; Beoring
l ! Impelier : _ wr ... wﬁ
Y
‘fvr I on J[H Propeller-

bell -

Stutionary Dittuser Vanes

type runner

AN
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. .dunber of Stages T —
NS T ~ '

A pump with a’ single imdeller is called a singte stage punp. . Yhen two or wmore ¢
‘impellers dre operated in a series to give higher discharge pressures,. it
*  becomes a wultl-étaoe - pumy . | -
' ) ! : . \ k - .
p : [yge of bas;;g " ) ' ' ' o .

LY

3

Pump casings are agsembled in two sectiond-~so that tha pump may be ‘taken apart
for inspection and renair. Ii “the tasing is divided along a horizontal plane it
is, a horizontally or axially split casing. \Vhen .the casing <divides along
vertical lines it 1is called =a vertlcallz or radially snlit casing. Thae
following pictures show the casing tyoes. '

Discharge 4

Puwpv are sometines c1388111n0jac”0rdin" to the pgsition of the pump shaft.- - If
the shaft operates on a horlzoﬁ*al )lane, it is called a horizqptal shaft pump.
On a vertical shaft pump the sﬁaLt lies ip a verffical position.

Water piston

Water cylinder
.

PR PP i

R LR Lath




‘tras the 11qu1d and push 1p‘tow9rc the discharge. The major types of 'rotary

Van . . S ' o SRR e

Suction ' ‘ ) o . ' ' .

t ) o T X . . Y \ i )

Water enters the 1mpe11er tnrouOh the eye of the impeller. °If water enters from o

only one side, it js'a singlg suction inlet puno.o One designed to allow water
to enter the eye 'of the inapeller from both sides is a double inlet puap. : .

\ .
. N - . 7
-

“©
4( . \ ’ -
: . . “ .
. . ‘ . o 4
\ {otary 2unps:-
. "@ . _ -
Jotary pumps are positive displacenent IS, /}ve “1s>1ahen°nt Jaeans tnat

the pumy will displace-a ziven amount oi fluid at any 3aiven time, Rotary pun)s.

punps ares

1. Spur gear pumps'
2. Lobe pumps )
3. Sliding.vane pumps . _ T : o, p
4, Screw pumps - Co. \

Spur Gear Pumps _ ' _ .

The spur . gear pupp consists of two gears that mesh together inside a housing.
One gear is a driv8g and the other is an.idler. The gears rotate and .trap -the
liquid between the gear teeth. Liquids are carried in the spaces between the
teeth toward the discharge.” The liquids cannot return to the suction becduse
the teeth megh.at the points of return. The followinyg ciagram shows how a gear
puslp operates to .nove liguid. :

P !




»

-

u - . f

- f - -

. ) o/ b

*The lobe pump operates much like the spur &ear punp excest that it uses rotors
insfead of gears for moving the liquid, “he rotors hav lobes that trap
the liquid and move it toward the discharge. L lobe{pu?o%& gpown. in \the

r » g 3 ‘
following diagram. : //O' , o h//’Jﬂ

L )

P b
' . [ .
[} : L
THREE-LOBE - .
v A
Sliding Vane Punn
9 . : | .

The sliding vane  pump uses an off-center’“rotor with sliding vapes to move
liquid. The sliding vanes nove out toward the housing by centrifugal force.

Liquid. is trapped between the vanes and\moved toward the discharge. A slldlno
vana”pnmp is showh in the diagram below.

o ‘v‘h
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1

Sctew Pump: ~ ' L -, ' _ L

A screw punp is made gith one drlver rotor sandw1ched botween two. 1d1er rotors: -
'The rotors are made of threaded 'screw augers, The ﬁlquid is carried along the
‘screv threads to the discharge., A 'screw puno id shown in the follOW1no Yiagram.

.

" ' , -‘).l:-l . -'. " N " " . ’ ) a0 . . . K ! .
- » » . .
NG R .J-_E.. = \ = .

- N _‘\ ‘o W
l.“J A‘?/"‘h\l&%‘ M l ..' a.»1. W . .

' .J[—/) ' 1 .
14 - : \ .

oy, ) ) : ' . ) , , \ g l b
\“h: . e A Reciprocating Pumps o . ‘
A"feciprocating pump'uses the action of afpiston diaphragm or plunger to move v,

fluid through the pump. Reciprocating pumps are positive displacement pumps. -
Several types of rec1procat1ng pumps are used in steam generation. _ A

¢

Dlrect Drlvon Duglex Pd@p ' . !
This yunp uses dr1ve vistons to drive the punping pistons. The ounolng pistons

have overlapplng action so that one is at maximun pressure wnile the other’ is at
minimaum pressure. This tends to smooth out the discharge “of fluid, 1he_dlpgram

shows features:of ‘a Jerizontal duplex pump. -
. ' - . : _ - 1.%team chest #

- 2, slide valve
3. piston_rings
4. steam”cylinder .

. drain cock
. stuffing box'
. erudle

. piston rod

=t I~ ]

\

A dm(lnmge valve 18, liquid pirton

10. suction valve 14. liquid cylinder
11, liner -~ 16. discharge port
1.{. pucking ring 10. suclion port

Y ’lry,u/.vw N 7
il

/-4
itk
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N . .
) / Exhaun nop veive

Stesm pinon
\‘ Smc.n nOp vaive
®) .
Steam cyling : ‘
Vaive cheet for main snd
aniliery vaives .
i ‘f L . : Aunitiory wllvc rod
Piston rod —_— e o] A'f
4
0 , " )
§ .
~ M A L4
Discharge veive
4 S vatve
Water cylinder [
_ . * . ver Driven Pumys - ¥ L)
crrnnnk [} - ’ " ! ‘
N, ' _ .- . Power punps ere griven by some
® . .
, . _ - .external power source tihrouzn a

Direct Driven Sinnlex- 2umn ' : crankshaft. Arsingle acting nump

| _ . ¢ discharges water frog the cylinder

Tais puian has one driving piston and E ~only on the downstroke of the

one double-acting aunping Jiston., ¢ ' punping .piston. Double actinz pumps

The simolex punp nay be of Vertlcal or . discharge during each stroke. A i

horizontal L/)gs 3 . . power pump is shown in the v

¢ . ' - nhotograph..

Diaphraga Pumps » - | o

13

. ' [ 4
Diaphrazm punns use a metal, plastic or rubber material for qovina the liquid.
"The diaphragn is' a 'Llexible ‘nenbrane that” is oberated ~mechanically or
" hydraulically. = In this ty)e of puny, the ildid does not come in contact with C
the reciprocating perts or the puan., In a “ecnanically actuated dihphragn »dun
an eccentric is used to flex the. diannragn and 'cause a pypping ,action. In a -
hydraulic actuated. diaphyaym, ‘the piston pushes a fluid - toward the = diaphragm -,
causing it to tlex and give a pumping action. Diagrams of the two types of
‘ diaphrag"l ,)umps .age 'shown on, Lhe next page. = . Co ' '

’
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Hydraulically Actuated " Mechanically Actuated Diaphragm Pump '
. Diaphragm Pump o :
‘- |
‘
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: * Complete the job sheet.
* Complete the self-assessment and check four answers with the answer sheet.
# - Complete the Post-assessmeng and have the instructor check your answers.
7 | C | |
. . «
|
RN ¢ ¢
A}
- ) ) ;
. \
N\
£ ‘
<, . i
4
A
\ | .
N ' '
: ‘ v
Vig “
. o .
I X "/ 4 Y 4
- - + B X2
v
‘l
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'INVENTORY PUMPS AT WORK SITE

. 3 : . .
# Conduct an inventory of the pumps used at your work site. Classify them
according to the major class and type shown in package.
. :

¥

dotary, reciprocating,

PR LOCATION . CLASS - TYRE
h centrifuzal

*
3 .
A ¥
O
¢
5 ’
)
ot ’
R
.
a ]
14
. | ' . | |
. # Xeep the completed inventory sheet for use in otaer sackages on puans.
¢
' .
) - {
0
: ) |
.

14.
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Self o |
Assessment

&

Match the following punp types according ‘to their class. (Reciprocating;
rotary, centrifugal ) R

r

S
1.4 Direct driven sihplex : ~« A. Reciprocating » ; -
N . - | ﬂ | o | &
: ' : : Rotary . - e
2, Spur gear '

C. Ceatrifugal

3. Regenerative

f

4, Axial flow

5. Sliding. vane

6. Diaphragn




t

"

. : § [J
*INSTRUCTIONAL LEARNING SYSTEMS

o Selir Assessment

Answgrs

2." B ’
5. ¢ , *
b, C
5. B
6. A
,
7. C ' ]
8. C ’
.9. 3
10. B . - 7 v |
- ' o
| |
d 16 . ﬂ )

o -y 4 ey M L. W
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*
.

Post T
Assessment

Name.3 types of rotary punps.
1.
2.
3. o : o _ i p
Name 4 types Qf centrifugal pumps.

b,

Name 3 types of reciprocating pumps.,
8.

9.

17
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lnstructor

‘Post Assessment
Answers S

2. Spur gear, lobe, sliding vane, screw
> % Ry R
4,
5 .
. _ V(lute, diffuser axial flow, mxnd
5. 'r' B _ ' flou, regeneratlve
. 7. ] T . \L
| | c
8.
. g. T ' Direct drjiven duplex, direct driven
’ ' ‘ sfnplex "power driven, diaphragn
10. : '
P
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Supplementary
References
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#* Correspondence Courses, Southernllnstitute'of Technology}>'Calgaxy, Alberta,
Canadg. - , _ 3 . { R o
* : - -3 :
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Goal:

- The apprentice will be able to

- describe applications and
limitations of various types of
pumys.

Performance Indicators:

.1. Describe examples of pump
-applications in power nlants.

2. Describe.Tz;itations of pumps,

b

o . Y’
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’

‘ Kead the

package.

Read the

. Read the

Complepe

_ Complete

Comnlete

K
8 '
A ]
>
’

‘'goal and p

'self-assessment,

.

3

"Study Guide

e

.

erformance indicatars to find what is to be learned from

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

introduction and information sheets,

the job sheet. «

nost-assessment .

R.ATH

i
Y
.
@
L]
’
\
)
¢
<
"
. !
v, 4
L
4
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/ocabulary

* Ash.handling puﬁps

*®,. Boiler circulating pupmps
. - » ]

* Boiler feedwater punps,

“#*  Circulating pumps
' ’. . .

“#  Chemical pumps ’ - :
#* Condensate pumps
* Fuel oil pumps . N
* Vacuum punps . _ .
\.-;. a -
. -& ’
. .l. !
b
4 : v
- )

\

g
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“Introduction | /_/|

-

e

Ceow

y Pumps - are dﬁkthn &gscribed in relation to their -intended applications. The

app{entice;ﬁustipe able to relate the various pump types to the needs of a power
plant. .. A - ' ' ' \ ' -

This .package showstne major annlications and the types of pumaq*used for each
application. The special features or requirements for those app¥ications are
shown'iméaﬁchart in the information sheet. = '
RS SR S . = .
Tﬁéf”pgfentice should learn the applications of punps described in the previous
learning package -- "Pymps -~ Types and Classifications". The job sheet will
provide further undergfﬁﬁ{ing of pump types and applications. '

. _ i o

«

.
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Boiler Circulaking Pumps

. -
Most. boilers operate at hloh pressures nd requ1re forceﬁ"c1rcu1ation
the boiler .tubes. Pumg§ are 2§cessar¥\ 0

. S .. !
L P IGH PRESSUR
o . MOTOR TERMINALS J ) IMPELLSg FoR aGTR
= % - CAVITY COOLING
. -
‘ : .
IR
LOW PRESS .
! COOLING m%i !
TINLET—_ ' _
. RN CANNED ROTOR
. [e] -
: ’, o At ~CANNED STATOR
0 <
. : OW PRESSURE
' <y [ c'bounc. WATER.
X lo JACKET
LOw ES (o] . (o]
, sy LINER
COOLING WATER | \
‘I' N/ g- 0|, ~THRUST BEARING
RMA
RADIAL BEARI o BARRIER SLEEVE
- SHI T
- . w
-
DISCHA
1 PUMP CASIN © ON—IMPELLER
: . ot ” SUCTION
. < ¢ .
Boiler leedvater Pumps !

.

throu0h

keep ‘a flow through the 0011er tubes.

Pumps'are needed to provide the boiler with feedwater. The t/de of pump needed
will depend on the capac1ty and pressure of the boiler that is being wvrovided

witth feedwater.

L I TN R

R PRTR PRI Ny, 0 ¢ -] v

Condensate Pu

Condensate must be

removed from the condensor hotwet I umped to the . boiler

._us feedwater, In sone pldnts,. the condensale puap also serves as a feedvaler

{Emc |

JAruiToxt Provided by ERIC

o

-
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. pumip. High presdure steam plants use pumps to extract conflensate from the stean
* ', condensors. - These pumps are sonetimes talled-extraction pumps.

9

Circulating Water Pumns -

N T . . . :
" . Larze volumes of water must be moved .through the turbine

the
o steam into water form.

&

. motor

. coupling

gland

gland spacer

. gland packing
shaft sleeve key

. gland ;!:;im )

. pump body ket
, pump dischu* elbow
. shelt ataticnary sleeve -
. shalt

. shaft sleeve key
, guide vanes

. gl:mp body
aring

.
.
*
SnGRSScomNsanBie

) 3 16. propeller key
[z © L 11, propeller
~ . / . 18. pump body linkr ' : '
. ; .19, propeller nuy :

o |
- BESTCOPY AvAwABE 0

[ .

) i . .
. : LA
:-“ ' . 1 T4 ' ' v Propellor Type Clreulnting Water Puinp’ o
Q . § .'..' N e " 0

"ERIC” S .
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-~ Fuel 0il Punos

A punp Ls necessary for bringing the fuel 011 from the storage tank to the boiler

burners. _ . _

Chemical Feed Punps. o,

Boiler reedwater is treated with chemicals to neutralize sone of the harmiul-
effects cauged by impurities in, the feedwvater. Pumps are required for handling , -
these chenicals. N ‘

«

1 »
A . -
- v .

_Vacuum Punps

-

Vacuun pumds renove air and gases from 'the tur01ne conde1sor.

. Ash dandlmg Pumps : - : ' »

These punps are used to sum) out ash that has been mixed with water to forn a
slurry.
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TYPES AND APPLICATIONS OF

’»

PUMPS

APPLICATION . FTYPES OF PUMP CHARACTERISTICS/LIMITATIONS
Boiler Circufating Conventional Drive * Special shaft seals required
Pump - ° . o when presures are high.
Submerged motor * Watervroof insulation for
- Wet type -windings required.
- Canned type ' '
: . # Thermal barrier requjred to
retard flow of heat from
} punped water into motor of -
A pump. .
s '&*‘:*ex-m
. Boiler Feedwater Reciprocating % Stean driven sumps linitéd to
Pumps - Direct steam driven pressures less than 2750 kPa.
' - Power driven » T
#* Pover oumps cost more than
steam pumps. '
) L]
¢ ¥  Power pumps are subject to
increased wear when operating
under high pressures and
temperatures. ’
‘ h ’ ""K - .‘%
Centrifugal *. Bartel type casing reqyired
- Volute vhen pressures exceed'.
-~ Diffuser 10,000 kPa.
- Regenerative _
v *  Regenerative punmp used in
B shall, low-nressure plants,
'

A
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TYPES

s b

Ash handling
DUNpSs

Centrifugal (Slnglo

;
. APPLICATIONS® _ CHARACTERISTICS/LIMITATIONS
Condensate Pumps Centrifugal * Use large inlet to avoid
‘ - Single stage " flashing or cavitation.

*  Shaft glands must be water- *
sealed to avoid- air leakage
when on standvy.

i ’
Circulating Water Centrifugal #  Usuvally lov head, lar%e
Punps ~ Volute volume, low speed and singlg
) (Coolind water) - Axial flow . stage design.
. - tixed flow
*  507% capacity puups are -often
’ . " used,
, [}
Miscellaneous
Punps ?
- tuel oil puap. - otary (positive *  Recuires a rclx;L or bypass
' displacement) ', valve to protect pump and
discharpe lines against
excegsive pressure. | j
-~ Chemical pumps Rec&pfocating plunger #  Requires relief valve to avoid
tyne-motor—driven damage from over pressure.
- vaduua DOMDS Keciprocating siston | # Positive displacement or jet
by "~ type pump tyne. Jet ounp uses high
‘ Jressure stean Lo operate.
*

Requires ilat bladed imnellers
of wea# resistant alloy. o

stage)
jﬁ

—
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-

Read pages 15 - 25, in supplementary reference.
Complete job sheet.
. s O |
Complete self-assessment and check answers with answver sheet,
Complete post-assessment and have the instructor check 'your answver,
C |
3 |
+
. - |
“ 1
, ;
: |
v
|
|
’ ‘1
i
|
( o ) %
‘ |
b . . . . ' ' .
L ;
\
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"ANALYZE APPLICATIONS OF PUMPS AT JOB SITE
#* Use the compléted inventory from package (Pumps--Types and Classifications).
~# Identify the application and characteristics/limitations for each pump on the
inventory sheet. Wnhat is the pump used for? Add two more columns to the
inventory sheet for applications and characteristics/linitations. S
PUMP # LOCATIOW CLASS TYPE APPLICATICN,  CHARACTERISTICS/LIMITATIONS
Exanple: *
. 1.: Boiler Rn- Centrif. Single Condensate "~ Use large inlet to avoid
. Stage' Punp . cavitation.
2. o _ \
. . N ‘\: 2}
3 d \ o ‘ '
7 ~' ——
+ * jsk your instructor to review thé.completed job sheet and"suggest additions..
I‘ -
- - p
¢
. -
L 4 :

- | ., Y]

o,
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Self o

Assessment o
~List one type of pump that would be suitable for the following pﬁrposes,
’ . ‘Condensate pump .
2. . Fuel oil pump R .
3. Vacu}pump g
. . v
4. Circulating water pump (cooling water) ' ‘
5. Boiler circulating pump
N ] ' S
o 6. boilet feedwater nump | |
What is the purpose of the following? ‘ ﬂij%i )
7. Boiler erdwater pumps - o . .
‘ Y ‘
8., Circulating water'pumps
9, Fuel oil pump\ : !
_ \ .
v\ ) ’ . L}
10. Vacufilm pump
. » . l \‘ .
-
-
.,
l\\ . ’ ‘ A
L . 12
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Y

o Self Assess;ment
. Answers

2.

» ¢
9.
10.
-
-
*
@
- l
o

\ 1. Centrifugal ' c ;

.

o

.

Rotary
Reciprocating

Centrifugal " -

.
-

Reciprocating -~ convential drive or submerged water

o

Reciprocating or centrifugal , .

Provide boiler with feqdwéter -

( l
. | | :
ove cooling water tirough turbine. condensor
. \
Brings fuel oil from storage tank to boiler furnacle

Removes air and gases from the turbine condensor

»

13

ERIC .

Aruitoxt provided by Eic:
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Post

Assessment

~ Match the following-applicg;ions‘wigh the approﬁriate type of pumno .

_ Requires special shaft seals

1. Boiler circulatihg oump A.
2. Condensate pump _ B. - Used in low pressure )lants
3. Vacuum punp _ o C. Reciprocating--stean*®riven
4, 3Boiler feedwater pump . "} - V. Rotary (positive disnlacement) | ‘
" - 5. Circulating water pump " E. Centrifugal--single stage "
. ' | 4 et :
* 6. Fuel oil Wﬁﬁ}/w ~ T F. Reciprocating piston type 4
N |
7." Chemical pump . : «G. Submergea. motor ..
8. Regenerative pump | | " H. Reciprocating plunger type,
'_,%L Conventional drive pump I.' Centrirugal--volute, mixed flow
10. Ash handling pump . o -~ J. Centrifugal Single staze s
. A R ‘ wvith flat bladed impellers jgil
, | \
14 o
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Supplementary Y
References I

* Correspondence Courge. Lecture 9. Section f Flrst Llabs. Southern ' ' ,
Institute of Te]chnology. (Jalg,ary, A‘lberta, Canada - o _ ‘| '
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Goal:

‘.
s

\

The apptentice will be able to
describe\the construction of the
a jor components of pumps.

PUMPS '--- CONSTRUCTION

Describe construction of
reciprocating punps.

Describe construction of
rotary oumps.

Describe construction of

centrifugal »Hunps,

~ Describe pump drives.

'Performance Indicators:

P A T U

51
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. * Read the
package.

#° Read the

J  Read the

* Complete

* Complete

*  Complate

-
.

*Study Guide

the job shedt.

INSTRUCTIONAL LEARNING SYSTEMS

3

"o

introduction and information sheets,

self-assessnent,

‘post-assessment,
e

goal and performance indica;ers,ﬂo find what is-to be learned from

vocabulary list to iind new words that will be used in package.
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/ocabulary

Axial thrust

Bgalancing disc :
‘Balancing drum - o e\
Balancing holes ' -
Ball (roller) bearing :
Double inlet impellers -
fixternal gear pump ' a,
Gland _

Impellers .
Induction motor ' ‘

Internal gear pump.

) ;

Lantern ring (seal cage)

Lobe punp ) .
Mechanical seals ' o

HOH rings

Packing

Pump casing : _ -
Pump shaft sealing ‘ _
Relief valve . . . .
Rotating seal :
Screw pump
Sealing ring
. Single inlet impellers’

Sleeve bearing = ' )
-Sliding vane puap

Stationary seal

Steam piston A

Stem guided valves ' ' © A
Stuffing boxes '

SynchrOnouétmgggif : f ' o
Thrust bearing _ '

Valve disc seats o ' '

Valve stems o . o .
- wWater piston

Wear rings

Wing-guided valves

*****************_**#*

» . -

F ok %k %k %k %k %k k %k x %k ¥ %k %k %k

-

: o o i
o .-
- : < N . . : :
. . . ,
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N

of punps is largely deternined by the way'its valves

soa

The efficiency and seal

function to prevent leakage of fluid back tpward the suction.” Also there is a
problem of axial thrust that tends to,move the inpeller back toward the suction
- end of- the pump, _

Sﬁecial Jacking and seals help to control the leakage=. Axidl thrust can ‘be
controlled by spec1allzed components that counteract the forces that. work on the
impeller. : : Ly ¢

Thid package introduces the apprentice to some of the construction features of

nunps.

“,




'« L\ NSTRUCTIONALLEARNING SYSTEMS . |

L

‘g
R

T - ) ,

Information

D ——

RS

~
w
.

o R -Coniponents of Reciprocating Pumps

s e R Pu&p Valves _ : ) S - : "
Valsp disc seats and stems are

made' of bronze or other alloy that will
be wear resistant. Reciprocating puins
have many different designs for valves.
The valves are stem-guided for low
pressure systems and wing-guided for
moderate and high pressures.

3T W v =

- .
. N
‘“

4
Z !
r; L“.’u.:: - "h-:»‘ .

X 7/ ' Wing-Guided Valve
- ‘ Stem-Guided Disc Valve '

V)

¢

riston and Rod Packing .
r : _
Keciprocating punps have a steam piston with cast iron piston rings fitted into
grooves. The rings prevent leakage between the piston and cylinder wall.
Water pistons. are sealed in the cylinder by square fibrous rings or packing.
Packing is made with an asbestos core covered wtih canvas. Other mneans of
packing include moulded cup and reinforced elastomer. The moulded cup is made
oi rubber reinforced with fabric. The reiniorced elastomer packing consists pf
’ solid rubber rings and reinforced elastoner. ) ¢ ' :

-

/‘PISTON ROD
- ; : J .

al
T~ pisToN

REINFQRCED ELASTOMER LINER

““—.Qk. ’
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Information
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Relief Valves

Power = driven reciprocating pumps require a relief valve to prevent dawage .from

overpressure. The relief valve is mounted on the pump discharge ahead of the
tirst step valve. Relief valves are not needed on steam driven recijrocating
pumps. N . » -

v . lotary Pumps

Rotafy pumps are used for handling fuel, liquefied gases and hydraulic oils.
These pumps use gears, lobes, vanes and screws to move liquids inside a casing.
Rotary pumps. are made in many designs., Some of the common designs are

. explained below.

. \
External Gear Punp

This pump has two gears that turn in
opposite directions. The gears trap the
liquid and move it toward thé discharge. "
Gear teeth mesh to prevent the liquid
from flowing back toward the inlet.

-

FXTFRNALGE AR

Internal Gear Pump

The internal  Fear pump has one external cut gear that meshes with an  internal
cut gear on one side. ‘A moon shaped partition prevents the liquid from _;)Jssingk
t  back toward the inlet, '

6 . INTERN AL.GEAR

] 5‘6 ‘ | [

1 v
T T T
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R

Sliding Vane Pump

B 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.

SLIDING-VANL

v

Lobe Pump - ) \ o w

’ This pump has two rotors that ark operated by external gears. The liquid is.

trapped in the pockets of the lobes and carried toward the dlscharge.

. Screw Pump ' )
Screw pumps are designed with two or three screw threads. laquid is carried

between the threads of the rotors and forced toward the discharge.
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Centrifugal Pumpé

Ilmpeller Types

Impellers are designéd in many ways. The design depends on the .speed, pump
 appljcation and how the 1liquid is to be drawn into the impeller eye.

Singbﬁ inlet impellers pull liquid in from one side. The double inlet impeller ' .

pulls liquid in from both sides. The impeller may be constructed like a

proveller or have vanes. Some impeller types are shown below.

Pump Casings

Centrifugal pumpf casings "~ are split- so that the pump can be opened for
inspection, These pumps may be split horizontally, vertically or diagonally.
Horizontally split casings are called axially split. Vertically split -casings
, are termed radially split. ~Some centrifugal pumps are encmsed in a Dvarrel
* casing to prevent leakage along tue split. The barrel casing is an inner casing
fitted into the outer casing. '

-

.
o . . . "
>

Wearing Rings
"'The impeller must be sealed in the casing to prevent leakage. The segﬁ is
/ usually provided by a close tolerance joint between the casing and the rim of

the impeller eye. As the pump operates, "the joint wears and. more leakage
occurs. At that point, the clearance must be restored by building up the worn
surfaces. The cost of restoring the clearance can be reduced by " using wear
rings. Wear rings -are made of softer material than the casing oy impeller.,

' WCaring rings are made of bronze or cast iron so that the wear will be smooth.
. ) L . . '

N 8 : ' e

B
v w
" . . o i o ! . .
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JInformation

-

} The ringé are available in continuous #ing or. half-ring types. They are fitted
' into ridges or grooves of the casing and secured with set screws.’

¢ X . ~
. |

Y
Pump casing~
______ Pum,
-~ casing
A
Wearing % . : : .
g AN FVearing '
“dmpeller.-. “~Impeller

. v
. Punp Shaft Sealing

Leakage can occur whefre the pump shaft passes through the casing. To prevent
such leakage, stuffing boxes or mechanical seals are used. A stuffing box is a
recess "around ghe shaft that holds a number of packing rings. .Packing is held
in place by a zland that compresses the rings. -

. Gland Adjusting Nut _
Pump Interior )
i Casing e

A

L DL
% e - \\y B | ' o
: . ump Shaft - ) o :

N — Macking Rings -

Packing rings are made of materials such as woven asbestos, nylon, flax or
, teflon, Metals such as lead, copper .and aluminum are soactimeés used as packing
g .rings, The lantern ring (seal cage ) is a metal ring with machined channels that
distribute , g liquid to the packing. The lantern ring is used 'in purips
‘ that handle :vl)r other gritty materials. .

i

=t
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Mechanical seals are used in pumps that handle fuads, acids and other liquids
wvhere leakage is objectionable, Leekage is less than can be provided with
stuffing boxe®s., 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 sedls. The rotating seal has the sealing ring attached to the shaft
so that it rotates with the shaft, The statjonary seal rotates the mating ring
| while the sealing ring is attached to the puM housing. "O" rings are used 'to
prevent leakage between the rings and the casing and shaft.

v

Housing voele g a i) :
. - 2 ‘-,(»‘;:\6\?.,%;_,'# ‘rjousmp
o9 iad. Led v g QAN 1 £
Moting ring )

Serscrew

Snouvider

a ' Smlmb rmpl

. Rotating Seal L E - . L ‘ N
P.ump BearingsN o C i Stationary Seal
_ ' e | |

Centrifugal pumps use bearings to support the shaft and allov it to tur. ireely.
Bearings are either sleeve or shgll or ball or roller types.  Small punys have
bronze bushings or sleeves that closely fit about the shaft. Large pumps -use
half-shell sleeve bearings that are made oi cast-iron or steel and lined with
babbitt. Many modern ptmps use ball or roller bearings instead of sleeve

" bearings. Smell shaft  pumps wuse ball bearings while large shaft pumps us®
roller bearings. . ' ’
Control of Axial Thrust : ' - v
- | e b— ' ‘ ’ ’
During ~the operation of a pump, forces tend to move the impeller out of
nosition, This &auses an axial thrust back toward.tne suction. Several ways

have been developed for control of axial thrust. Thrust bearings on the shaft
of low cap?city pumps will control the problem. ‘Balancing holes are used to
i thrust on single-inlet punps. Sometines axial thrust is

: control arial
. controlled by facing impellers in a manngr that the inlets are oppoSed to each

' [

10

*
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other, A balancing drum can be installed on the shaft between the-imoeller and ??,_. L
the balancing chamber. The druf- tends to balante *the; ' thrust: _toward, . the tooont
discharge instead of the suction, |Balancing discs can’ be used to connrol ‘axial. . : ,¢"1
thrust when mounted on the shaft. [he balancing disc¢ is” not. w1de1y used because 13 ke
_it ean have more problems than the’ lancing drum. YL ) e U
: | - Pump es . !
K S A T N -
. ® : . A B v
, . T TR ",',‘,.'.. g
Pumps are driven by many power sourtes; The most comnon power source s the -
electric wotor. The squirrel cage induction motor is ' the ‘most!: conmon. :
synchronous motor 1is used for large capacity, pumps.: - Stean: turblnes are
used to drive centrifugal and rotary pumps. Internal COﬂbUSthﬂ' engine
also be used to drive pumps. - fﬁ ST jf @‘_pzzahf:
' ' L
.
\ l »
X4
Voo '
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. . 4

o s L o T T T



YLt INSTRUCTIONAL LEARNING SYSTEMS T

S . A "
- . .
R . T S . \ i j . ‘ \
. ‘ h l g ‘-"b ' "' . E . ot ‘- < '.I .'..' ’ ‘ € ' *
» B . -~ . . ) ;

“{-"h' B o o ':g_” L
B '.'f*- ﬁead.pages 16*42'in'supplehentary reference and study diagrams.
o ﬂggmpléte the j0b sheet." '.. o S C , | :

-

- -

-

# -Complete the seli-asgessment and check answers with ‘answer sheet. -

(2 ooy
" a 0 .

' °.*-:§Qmplqte'bheﬁpost—assessment and "have the instructor check your answers.-
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DISASSEMBLE A CENTRIFUGAL PUMP:

"

3

#_ Tdentify:

Obtain a centrifugal punp (fdn¢tional or non-functional).

Remove half of the casing.. -~ . _ |

- Type of impeller (single or double-inlet).

- Type of flow (volute, diffuser, axial or mixed). . v
- Type of casing (horizontal split, vertical split). '

4

- How wear rings are attached.
- How pump shaft is sealed (stuffing bix, mechanlcal seal)
- Location of gland. - _ -

';\i . Use of lantern ring.

3*

Use of "0" rings.
- Type of bearings.

- How axial thrust is controlled (thrust bearlng, balanc1n° drum,

balancing holes, balancing disc).
- tow pump is driven (type of motor, coupling).

Ask instructor to -explain those things phai yqu'dﬁ not understand.
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' *fﬁgtéﬁiihe' éllleno’Lerms w1th thé prépe;happlicatlons‘ b _
e o R U NP f._{'-» ;’: Dol " '. ‘r Gae Cos .
 tt.~ Stém gpideﬁ;Y§i§e§_- J357'QA.:'Used to drive large capacxty pumps,
ﬁ’ﬁ}_";;_.;i }:‘f ; '£f“';¥f j? .‘ o RN
i 2; Wiggjéuided‘vé}Ves' 7; '>';Q§ VPFév?ngéfdémagé'from overpressure.

”31 Steam@bistons; s f-w_;_';CJ

4. Water pistons - .- .  D.

D N ) . X
. i

!

;

V6. Single—inlet ' ] | © " F.

]

7. Thrust bearings
8. Stuffing boxes. ~ - H.
9. Synchronous motors 1.
. & ' ) T

i

a'.

n N

;QType.bfvimpéller.

; . 5. ‘,/Reiief val’ve c B,
: . : / . . . g . . | . ‘

Reinforced elastomer J.

0

e

 Used gn_high’preSSure Systems. f .

. I
. ) _ . '/ ' . Vo
Sealed in piston with cast iron/piston rings.

Type of packing.

~

!

Used on low pressure systems/

Sealed in cyliﬁdérs with pé;kinO._
- I |

.

‘Used to seal between shgft and housing.

.

Controls axial thrust.

' . Sy
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Post

Assessment

S
hY

Match the following pump parts with their construction features. '

-

1. Valve disc seats ' : A,

2. Induction motors - ' B.
3. Balancing drum . C.
4. Packing , D.

‘ 5. Synchronous motors £,
6. &Finforced elastomer: ' F,

7. Moulded cup G.

8. Radially split casings ' ﬁhr

9. Gland - : 1.

10, Single-inlet impeller SN

|
..j.
16

Usgs to hold packing in plaqg%J

Caszzé\gfensalong vertical line.

N

Made with wsbestos core covered

-

with canvas..

Most common motoyr for pumps.

Used to.drive 1lange capacity punps.
Made of bronze or alloy.
Pulls liquid into one side only.

Made with rubber reinforced w1tQ_,,»””‘.
fabric.

Made of solid rubber rings and

relntorcenent .
v /

Used to control axial thrust.

7
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%ost Assessment - |
Answers

»
2 D ’ ’
3. J
4 C )
5. B
T,
. ’ _ .
. 6. I
7. H. .
S N
" 10. G IR /
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. Supplementary
References

# Correspondence Course. Lesson ‘0. g'Sectioh 3. Third Class.
- Southern Institute of Technology. Calgary, Alberta, Canada.
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1

‘Gaal:

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

!
v

Performance Indicators:

Calculate net positive suction
head. '

CSiculate ch;nge in pump power
dde to changes in size and speed
of impeller.

Calculate change in hqgad due
to changes in size and speed
of impeller. ‘

-,

Calculate change in quantity
pumped due to changes in aize
and speed of impeller.

—~—

L ¢

69
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“Study Guide

»

\
. S —— -

: : 14 .
*  Read th$’ goal and performance indicators to find what is Yo be learned from
packagea ' k ‘ i K

. . ‘ | .
* Read the vocabulary list to find new words that will be used in package,

* Read the introduction and information sheets. \
/ . . v
- * Complete the job sheet.
s
~* Complete self-assessment. o

* Complete post-assessment.




" | S N TL T XRR L7 IVER1VIL T o oy ey, YR TR VTR W W RN R W T J3W)

"‘J

‘Vocabulary

N .
* Capacity - o ! : ' "
p y P _ *
s /
* Frlctlon‘pead )
_ _ _ ) . |
# kPa (Pascal) o : ' | | '
. . _ - , .
#° Net postieive-suction head S ' .
o * 'Pressure head
. (]
* Pump efficighcy
*  Pump -power . | o
; * Static discharge head . .o . ‘ o
. # Static head = . X : | ‘
* ' . - ' ’ ! .
* Static suction head e N ’ ; ,
' 3 'y |
*  Static suction lift : : R e -
! # Total head ‘ o e
! ,
* Velocity head ' " ‘
-~ - . X
| @
¢ ! R . !
' *\ -
; : ' )
| " , ' o >y
‘ . | 2 . ‘ .
¢ b ‘ »
. ' . L]
@ { |
- ! ' . ' , , .
) 4 ‘ .
“
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Pumps must be selected according to the requirements of the job to be performed.

In order to make wise selections of centrifugal pumps, someode must be able 'to
calculate such things as. head, power requirements of pumps, quantitlgs of fluids -
that cap be pumped and efficiency of pumps.

" An apprentice should understand the basic principles of pumps and be able to
- maké calculations needed for selection of pumps. The ability to make such
- calculations will ipsure a bettér job of matching pumps with the jobs they are

to perform.

>

. )




/4

G LIV IVINA L L MATUNINGG D TO L LIVID

A

Information

»

Cagacity

. Capacity is the quantity of liquid handled by a pump in a given period of
' It is usually prressed as GPM (gallons per minute).

‘ Static Head

‘Total static head is the total distance that a liquid moves in passing through a

~ pump.,

{

7z
/

g

* Srone

dischorge

|
e |
! |
i A' |
|
(
(14
Y| L sroric suction litt
L

Static DLschargg Head

o

$ ..

9

|

el

Srotic
dischorge

heoo |

’

! e |
ra|lal

stotic
ncad

&

A |
l?rcenr’mme, .
pump

-

.y

)

Static \dischaJLe head is the vertical distance from the center 11ne of the pump
fbo the ehrface of liquid iﬂ the discharge well, ¥
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Static Suction Head

This is’the vertical distance from the pump center line to the surface of the .

liquid in the source of supply.  Static suction head exists when the supply is

located above the center line. of the pump,. : .o
. ' . o . n ..". : ' ' \
| vl ;i]. o o
, ' " rogd [
. Totos ) o
. stohc¢ | .
‘ ~nrod I . _ »
| i __ —i— e R )
. 0 E. t 0 :
’ P ClEEE YA ,
4 Hod
» - T ’)I | r
] .
o LN P
' ‘ Shone | | ’
suction -
. head. ' , . PY
Static Suction Lift . ' P °
.. { . » . ] B

This condition exists when the source of supply is beldw the center line of ‘the

‘ . pump, 1t is the vertical distance from the surface of -the liquid in the suction
+ . well .to the center line of the pump, '
e ¢ '
- \
v , A a
" ,‘ “'—r‘“]‘ : ¢
’ Storec | : v . \

discnorge
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3 , |
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il , |
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Friction Head
. \

This is the hoad needed to overcome friction ol the lfqg; flow through the

- ‘l’ pipes and fittings, . ’ v .
- . ' ' ’ . . . . ' . . 6.
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Velocity Head a . o . - ’ S ';' o ; ' ' | ’ ‘,  '$_.
The head through whi;h'a liquid would need to fall to‘acqﬁire ppmping'veldhigy.

. . . -
3 7 . B : . . L

Pressure Head v

-

The ﬁead caused by %r@ssure of the liquid in the Suctiqn"Well.or disCharge;well.

o >

Total Head S RN : ', , ’ ' o o L
. « . - ;! . X - .' }" 'Q

Total head is the sum”of static head plus*veloc1ty head plus friction: head plus -

pressure head. . . _ ‘ . .

Net Positive Suction\Head - ' S . . DR Toe

hd .

. This is,the total head of l1qu1d in feet at the suction nozzle, mihué t'he'Qapor .
‘pressure of the 11qu1d : ) _ : ~ R

Calculating Head_ : T "‘ o : ,

- \

-

In order to calculate héad one must first calhulate pressure. Pressufe is, .
expressed in a unit Lalled Pascal or in kPa (thousands of Péscals) - S

-

A3

-~ » o L8

= pressure (Pascals) . _
force of, gravity (mass x density x 9.8) _ e

.

helght of free surface above point of measurement. - . %

il

p
C oW
“h

-
t P °

FFor example; we wish to measurg the pressure of water 5 meters below the.
surface. Water has a density of 1,000 kilograms ‘!m cubic meter‘ The formula

would 'bes . 'l : . . :

p = wly | | b. _ o 7 n ' S o

P = 1,000 x.1 % 9.8 x 5 = 49,000 Pa o 49 kPa L .

. ' " A
’ Y Other llqu1ds ‘will have other densities which will change the value 6f v in the Rod

formula. For aXample, gasoline hab a relative den51Ly of .75, The same problem
‘ as above would be calculated ass

p=wh | LT R R ST Y
| p = 1,000 x .75 x 9.8 x 5 = 30,750 Pa or 36,75 kPa . . e
A v ) " . B . ul:' )
. Net  positive JSuct ion head is used by pump  manufacturers to. express, jrump
- NN . ' . H ' . o
e
V 7 ' P "
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& . capagity!  When }Selecting a pump, ‘oné ‘must fiake certain ‘that the net positive
., 8yction  head requirements are met. -The formula for net p051t1ve suction head - J
S - P e L R _J‘ R - 1

T © . Net popltive suctlon head = 1048 (Pa—Pv) + He < Hf

e e R _ﬁ '“; RD "
- Pa = 'pressure of atmosphere or in the suction vessel :
" -~ RD "= relative density of * 11quid at ‘pumping temperature. L
o 'He«,: suction head in meters. eibher vositive or negative depending on '
. - whether ‘thepump "is. above or’ ‘below the suction well
Y . Pv = wvapor pressure of llqu1d at. pumplng temperature in kPa from steam
S . .table - . . » ] .
- HE r;j'frlctlon head in neters_of suction ptplng e

' A ' .'\‘ . ) . 't, L -u" . . A : _j._: . ;‘
. SR 2 x ;
' K ‘ s e CaL T b
N example, a’ ‘pump - is lcoated 4 S.meters above the supoly and 1sjpumping 300C _.”E ~
., ‘water of RD of 14 0 The atmogpheric pressire is 101.325 kPa and’ the friction \

.+« head.is 3.meters. CaT%ulate the~netap031tive suction head in this example- i

[, “PQ‘.*‘ 101 325 kPa :
B Pv £ 4,246 kPa (from sﬁeam table) a o
RD = 1 0 . .’u'i"‘ ; R o T . . b
‘He g ~4.5 meters I '”- ' .
"HE - 13 metars

LN

-«-,
- ?
k-3
" '.m :

. "mi,fi'su; .:&sz.s (101 325 - 4 2h6) ‘- ‘«‘ R

W o - " “’\l Q | R R ' ’
- o w10 - 4. s .

‘ﬁﬁ%ﬂ{ A 5 85 meterb ff‘,*T??? R T NG S o
-/, . PR T : ' L. . . e .

. . et Bl
& : . 5 K o Loy T : Vi ’
py N (,. .Q’, - . L B . ) -

Laltulatimg Pump Perﬁdean;el(Centrifugal ?umps) 'j%;}ﬁ??f'; L AR ’:.f | o

ﬂyh/%‘ o ’ e

e

®

. ‘« /1) "
L lhei quuntlty of water phmped will be affected by the :¥zo of the 'inpollur and 4,
Wil vary atgprd1ng to the dlameter of the impelleri. . Head will vary 'with the” v
Jn' qdﬂdrvlwf Lhe impelle speed., Fhe poWet,Lo drive Lhé pumanJll VdFW as ‘the cube )

k"v.*r,

AN
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of the impeller speed or diameter. Head will also vary as the diameter of the RS

" impeller squared. Pump performance at different speeds and impeller sizes can
/ v+ be compared. 5 i i : ' ' -

Pump power (KW) = Kilograms of fluid Distance fluid is lifted. : S
' ' delivered per minute x  -in'meters -
.. _ " l .
» _ . v

‘ - 6115.94
For example, a pump is required to lift 400 kg of water for 8 meters:

KW = 400 x 8

6115594
@ w - .2
If KW = pump power ) -
H = head (m) _ w , s
D = impeller diameter (mm) '
. - . : ¥
E = pump efficiency
n = pump speed (revolutions per minute) L, \
Q = quantity pumped (liters per minute) \

: |
We can compare two pumps through equations. The effects of speed and impeller

size on quantity pumped, head, power requirements and efficiency are considered
in the following equations: '

» o

. ' - ‘. ’ . ——
Qr, = Qqy xnpxD
2 T G _, ,
‘ 1. _ -~
s _ 2 7 2 .
L s "1"(“—2\ x<22> - |
ny Dy
7 v
3 3 '
KW, = Kw1,<%2 X (D ) . | )
1 1 . ﬁ‘.
y - : T
bl L2
- ' o ‘ ' 4
9
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@xample'

A deﬂ)rlfugal pump dellvers 20 000 liters per minute of water against a head f

40 meters whell 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 to o

2,100 revolutlons per minute, what will’ be the performacne of the punp9

Quanthy pumped Q2 = .Q1~ X 52 Y 22“ j)‘.

D] .

9 = 20,004 x. 2100 x 360 - o Cor

‘ ' 2000 320 . IR A
Q2 = 20, 0P0 x 1.05 x .93 ' L R B} s .
Q2 = 19, 5 liters per minute L

The - change in impWller size and speed caused the pump to pump 480 liters less :1.2_4
water per minute. '

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

| ead (i) = H ﬁ( 55% | : | a
& v, - tzlob 300 C . o
| _' 2000 | - o S
H2 = 40 x 1.10 x .86 - R ' , C
H2 = 37.84 meters b S

The change in impeller size and:speed would reduce the head 2.16 meter§; '

4
J

If we wish to compare the pump power requirements, the cube. formula is used: = -~ -}
. “ N3 3 L Con - | ’
Ky = X4 (ﬂe X (Qe) G \
S \Nn 3 D ) \ 3 o ‘o
W, = 120" 2100)_. izv,§99> [ S |
~ \2000 \ 320/ / ' : o
‘KW2 = 1200 x 1,33 x .80
: .sz' = 127,20
4 Py

The rcquired pump power would be in(reased by 7. Z,KW as 1 rosult of Lﬂanging the
- size and peed. of the impeller _ ) . . : SR o
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*'fkeadfpages 33-38 in supplementary reference.

'Eﬁ\\Completelthe job sheet.

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

» . ¥ .Complete the post-assessment and ask the instructor to check your answers.
\.;\-
f: A A - . e
. . ) ] N

“ ' - L] :
v ' . ' . .
: ' ' o LY
’ oo - : . '
I
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Jobsheet  |\J|

v ' C ‘ .
&
IDENTIFY FHI RATINGS OF A LhNFRIFUGAL PUMP AT YOUR WORKSHOP '

# Find the ratéd speed of a centrlfuoal pump impeller. (ql)
* 1'ind the diameter'of.the impeller. (Dl)

# Find the rated flow of the pump. .(QLQ-

}
_ \ o ’
Calculate the change in quantity that can be pumped by 1ncre831ng the speed of
the 1mpeller by 100 revolutions per minute. : -
: ' ~
3
'J

» l | ' P
- ‘>~ ) . . | g
. - “ ’ . , ' . |
;‘\' . . .' .l‘. w . . . . . v l. |
N . N 12 ) . . . .'
& . \. / " ' , . ) \ . ) ;
‘ / ’ _g)() | . . ‘ -
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JSelf
Assessment

Using the equations:

Q, "= Q, x- |
QZ 21. X %2 X ‘%2 h .
: g 1 1 . : Lo A
Calculate the change in quantity pumped by the following centrifugal pump' when
the ‘impeller. size is changed. » :

The.‘pump now delivers 12,000 liters/minute dazainst a AOm nead when running at

1600 revolutions. The impeller dianetet is 300wanm. f we change -the impeller
‘size to 320 mm and increase the speed to 1700 revolutions, how will the quantlty
of fluid pumped change?

Quantity pumped after chaage

1t

Remember that QZI

. . . Ql = Quantity pumpec before change o S
: np = Puirp speed after change
) Ay = pump speed -beiore change

J

..,lmpeller diameter after changze

)]
72

01 = lImpeller diameter before change
&
;oL 7
- ’ \ 4
’ . \ q "

. . ' .
Y T T U v o S S S . S T Sy U U Y Y U U Gy wp ey
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° Self Assessment
Answers

QG = @ x oz oy I S g

12000 x 1700 x 320
| 1600 . 300

s
fl

L
]

12000 x 1.06 x 1.06° ' | 5

t

. Qé 13,440‘liters/per minute
N .

/ . .
This is an increase-of 1440 liters/per minute .
. | _ g
’ \ ’L .
o - _— |
4 “ ’
: . .
! . - L} t . ) ,
\ . ) .
* » 4 .
N ‘ ¢
) .
T 4
w v v |
~A"Q
' . N i ]

e veaanteros st eramnraang esasamma. - R I —t - s - et o o

. , '
' . () . 1\ .

‘ [ y ] 3

. o -
. . l.
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Post -
Assessmeﬁt '

[T

S .
- , o ( | a

Using the equation:

i, " = x(g_>2 x<%2)2 )
v o - "/ 1

Calculate the change =in head. developed by a punp ﬂb a result of changing speed
and size of the 1ﬂpeller.

Problem: - , ' ~ a
A pump delivers 12,00C liters per minute against a 40 meter nead “when ruaning at
71600 revolutions.  The impeller diameter is 306 ma. i we change the 1noeller
size to 320 am and increase the speed to 1700 revolutions, what will ve the
change in head developed by the" punp? - ‘

Y

Remnember:; H2 lead after change
: Ty .

Hy = Head before change
no 2= Pump speed-alter change

o« v

nq = Yunp speed beiore chanie

]

4

[npel ler diameter aiter change -

Uy = tupeller diameter berore change

P R P P R TP

.
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lnstructor

Post Assessment
Answers

.

¥ | Y
¥ A ’: ( N
? ‘v "‘; "
3 v oo ‘ ! -
: f | ‘
;' - 2 S
1 d2 = X <%2> X (%2>%& i
’-’ 1 1 ) \ , |
. . y = 40 x t”OU)Z x(320>2
, . ~ {1600 300
. ‘ | _ .
”2 = 40 x (1.06)  x (1.00)
A | iy =« 40 x 1.12 x 1.12 . ,

iy = 50,17 mct't\rs‘

‘Tae larger impeller size and increased speed resu}ts in an increase of 10.17
‘neters or head. 0o ‘. ’

i




R R &

INO | HUUL [HUINAL LEARNING SYS 1 EMS -

o Supplementary
.+ References

. % Correspondence Course.. Lecture 9, First Class. Southern Alberta Institute
Jof Technology. Calgary, Alberta, Canada. ’ '
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Goal: - _ | Performance Indicators:

’ The apvrentice will be ablesto .1, Describe steps in priming of
_ describe steps in operation of - ' pumps. - -

Dumps . L
. 2, Descridbe steps in startiqg a
- . pumpo '
3. Describe steps in stopping a
/ , ‘ . pump. L
) ' 4. Describe cavitation.
/ .
' V
. 4
* | . '
' 1

N I

. e

. \‘ ) ? 86 ‘ *
® L e - o e
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* INSTRUCTIONAL LEARNING SYSTEMS

i

1]

¥ Read the goal and performance indieators to find what is to be learfied from
pr v package, ° o
r ‘ . ' ) 4
* Read the vocabulary lést to-find new words that will be uged in package.
» # Read the introduction and information sheets. "
. s o . T ) [ .l N ’ . - ~
* Conplete the job sheet, . !
"% Complete self-assessment, |
#  Complete post-assessment. - _ . S
® ’ * -
: v ™~ o
: . - =
‘1
. :
, ". ‘
. .
« \c' »
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¢
. - » “ )
{ 2 . ' s ‘. .ll ’ '
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e . .
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vent petcock

#* A ) -
Cas:vlng _ \ e ‘».. .

* Cavitation p N T
# Discharge valve . . .h 1
. | ) : . o . _"s ’."h\
| *  Priming, - N S
g | o . . ' . , . ‘:‘ n T i 5 L ’.
*  Suction line o, 5 o SR
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INSTRUCTIONAL LEARNING SYSTEMS

VX . ,
. Al
:

“'canwbe oqoblems if Lﬁe propet
ing, Starting ' and’ snopplng‘ o
steps that avoid problems«vith pvmp

This-

:-‘

4-,,‘

package ls”desioned to helpﬁthn apahahulceflearn'thafTproper operat10n31
.80 . that primlng, pumos Oill'bécone a\part of zwork

‘ starxxnzvandrstppping
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w:f ?rlmlng a Pump L Loty

N .. 4, :
@ 'A_._'n . W "

follow the” following priﬂing procedures.c' . L n
_ 1111 spctloﬂ llne and aslng w1th 11qu1d «through dlscharge valve
' »bypass, aux111ary 111e or be u31ng a priming valve to drawv air from the
c331ng.~- ' .

v

buL will preveﬂt 1t from drainlng out. PR

- -~

pump is loeated belOw the supply, LOllOW the :ollowlng procedures.

' Qpen dlscharge va1Ve before Startlng punp

T 11 iy Check oil level in bearlng housings. o ‘ S s oo
RS 4§2._ “Turn:."on ‘cooling water” for pump bearlngs, 'stuffing boxes and mechanical
B ?Hﬁ]{b" B seals, if parts are water ‘cooled. | . e

3. , Open suttion valve antl clgse dlquarge valve.

A \ Close.all-drains.in cg'sing, suction and discharg plpang
" 6. "Staft ‘puinp. and bring to speed. .
T, Checkfleakage of - stufflng boxes. o ) S
”3{{» g, Ad just segling 1Lquid in dtuffing boxes." | L .
e w}Check oil irings on‘sleeve bearihgs to. see that zﬁey turh Lreely.,
:Ciicck suction and: ‘discharge pressures. . .

il .

>
L2
—
=
4
*.

11 * Fedl- oump .- bearings for overheating., . . ' - T
14~. If .pump is being started for the first time: - .. 7 Coon
Cﬁeck that rotor. turns freely. - S o

Check allgnnent of pump. and driver. .

Y ) "

""Rediprocatlng and rotary pumps are self-priming- when in good condition anc under;
. snormall Jifts..” Centrifugalv punps ‘are not self-priming.. ‘These pumps nust be
praned ‘with waFEn before stagt-up. When the puﬂp is located above: tHe gburce -

’7A:foot valve&bﬂ the suctlon line will allow liquids to eﬂter the. line

o . B . EPL I T .Q\ .
Closa cischarge valve. S - R -//”-_ - o
Opeq ‘air’ vent petcocks. i & = . e . S
-Slowly: open the suction *he. ' ' '
+Close’ atr vent petcocks Fhen liquid apoearﬁ.thxough the] ’

__5 Pflne pump and open dischédrge vabve. v ' K _ .
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* " Stopping Punps o : - Lo - |
* Yhen sLooping centriﬂugal punvs, follow these pﬁocédures: : . (f,.
1 Chose dlscharge valve slowly (large radial flow pumps)
2. Stop pump driver. . | _ - - ?\ - .
3. Shut off cooling water. . o 5 t ! TN S
4. Close suction valve. . ' ' ‘ :
. : - _ C .
:Cavitation'

‘Cavitatfon js a condition caused by vaporization of liquids movingg through a
nump . It occurs when the préssure in the punp falls below the &iquid ,vavor -
pressure. A Vapdr is formed as a result oi.the unequal pressur Cavitation

causes erogion oi metal parts,. vibration aud nulsations as vapoT Qgckets break

down. Cavitation is caused by the xollow103 T
. Suctlon veloc1ty is too hlgh k’ _ _' o : -
. Suction lift is too high.. ; // o

1

2

3, -Temperature of liquid is too p1nh :
T4 §uctlon line has- ‘too many sharp changes in its dlrectlon of flow.’

o

v ’ . P
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ssignment
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‘Read péges 42-45 in sdppleméntary reference. '
P | | .
Complete job sheet. '

Comvlete self-assessment ‘and check answers vith answer.shee;.
k ) %] .

Complete post-assessmentsand ask instructor to check your answers.
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ORIME A CENTRIFUGAL - PUMP CR

* Ld_cate a centrifugal pump at your work site and get permission to pr.ime,
start and stop it. : . ' g _ '
P “ ; ;
* TFollow the procedures outlined in the informatiom sheet, -
‘ : i
N * Prime, start and stop the punmp in the proper sequence of operational steps.

A
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J Assessment

“self ' .

4 .
! -
1. pumps must be primed begfore starting.
2., A . valve on the suction line prevents liquid from
, draining, out during priming. . ' v L
3. Thne - valve must be closed before prinlng a centr;fugal QUﬂp

» and . opened before or immediately after the pumyp is started

] .
4, The air vent ' rmust be open during priming.
. 5. ) : is a condition that occurs when liquid is converted
to a2 vapor as it nasses through the punp. ’
’ . : °
t
. -
L]
«
/ \\. .
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4 g .
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o Self Assessment | _|
Answers - -

Y

+ 1. Centrifugal : | .
y 3 ' “
2. Foot valve
H

LT S

Y

. . Discharge valve -
4. Petcocks

5. Cavitation

'l' L
*y
*
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dxplain the priming of a centrifugal pump when the pump_is located below the
source bf supply. List the'steps in the order that you would perform them.

R i K / '\ N [}
' \

. -
- .
%
-
LY 1
0. - ¢
> .
f
« ~ \
P
| . .
v
W
. )
) ‘ 4
\ E]
) .
- L]
. A -
' , ¢
. .
. v P M *
L d
[ ’ .
.
0
\\/> .
4 L]
+ <
¥
* - . LY
.
L)
. - .
: . ’ b~
. . -
: 1)
‘s
, [}
hJ
/ o
. .
~J
.
v N [ 4
‘. - D
.
-
' 3
\ 0 -
M ’
»
.
4 ' ,
. y *
L
. w’
¢
' .
" ¢
s N 11 4
™ )
oy i \ v




4 )

INSTRUCTIONAL LEARNING SYSTEMS

lnstructor D ,;
Post Assessment
Answers
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P p u N . . 4 . 3
the general steyps for priming a centrifugal pump when the pump 15 below the

source of supply are; ' . . pe ’
Close discharge valve. . ; S
. -

Onen air vent petcocks. ' : .

1
2.
3. " Onen suction valve (slowly).

4,

5. * Open dischdrge valve before starting

Close air vent petcocks when liquid comes through them.

N
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o . . \
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Goal: ¢ Performance Indicators:
. . , ) » . . ]
v \ 9t ° ’ s
The apprentice will be able t 1. Describe installation as it N
describe nonitoring and trouble- ' relates.to troubleshooting.
shootinyg of punps. a T
2. Describe troubleshooting 3
> . ‘requirements oi punps. Y 4
\J ’ . ‘ .
P 3. Describe monitoring requirements
of punps. T o
. A~ \J ' o
L4
¢ . !
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¥ Read the goal an¢ performance indicators to find what is to be learned from
package. ' <
# Read the vocabulary list to find new wor¥s that will be used in package. ‘ -
* Read the introduction and infoxmation sheets. T )
: , S
. * Complete the job sheet, T v o
2s e . . -
] * Complete self-assessment. ) v )
*  Complete post-assessment. ' : . ' ' '
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* Installation
> . 2
¥ Monitering . : i\' '
' . v . — ‘
*  Troubleshooting ‘
¥ ' .
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‘operator must be able to correct the problem.
TroubleshOotlng is a.quick fiA ‘type. oI_..

7

! . ’ - - N . R R r
.o _ / v _ o . R
: ) .- . [ . . ’ PR .
l ¢ o s : [ . . R

1He installation of a punp is very igportant to nonltorlng.and troubleshootlng
it’ while in operation. The’ manufacturer of the pump should be 00nsulted about

' 1nstﬂllat10n and- thelr recomnendatlons $hould be followed. N

vy
4

Once installed, the pumpﬁmust be closely watched durfﬁg its operation?, This‘is
called monltorlng When a. problqp occurs in the operation bf the. punp, the
Proolem. °1denclficat10n and”
correction 1s called troubleshooting.
repalr that involves slﬂule operatlons such as replacing wear rings or seals. .
This package is- desigaed to 1ﬂtroduce the apprentlce to the b831c"concepts OL
installation, ronitoring -.and troubléshopting.
discussed in greator detall in a separat® »nackage. e e
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Preventive naintenance -will .bé -




CoDumw should be located close to the supply to n111mlze the Léﬁgth o tpe s¥fetion:

Idstallatidn e T L .f'"'  e gQA_n{f~.“fﬁﬁquk

R i
‘,' P . '.

- pump 'should Be imstalled ‘in a location * ‘that ié eabilyn ﬂgces31ble ﬁndr
1nspactqon apd reoair. Roort should bhe allowed for reu001n?, the . tasmﬁg. and
‘rotor.: ?ec10rocat1ng PYRMPS shouid allov rgon Tor genovdl of 5mston ahd ﬁbds.v A

(AN

. line. Dlscqgrge lined shouid be sﬁort and w1tn‘a h1n1mhm of. flthng “20'reduce‘;
cavhtatlon problens. : "3£v '”g,r,1 S -Az"i 0 »;_{x' , . R

"IA’ e :_'.". e e -an') . ‘z - i R E . S ?’ -_ v ,“.‘

Jhere a puip, is. to work on sudtlén lLft,J a ﬁoo ,valye ﬁhould oe.lﬂstalltd le"é
vith a suction strginer; '~A oaﬁe vaive shoyldvbe pL&ced 1ﬁ e’ dlscharge line’
close "to tHe pun-. A]so d%ﬂh»yk valv$ sho 1d: be rWstalled”oetween the gate

l,‘

valaﬁ and the pump St P SN Yo Ry
s o e Ee Y T Ll e

Rec1proch1ng pumps .may .redu1re a rge chamher,pn thﬁ sucplqn Lg; discharge
~line.” This - ‘tnamber#lhpuld De Lcot chﬂrge¢-w;tn alil “h wagel leWel geuge is
npeded to-check the amount of air in the: chamgkr. ’ L3 .

' 3 ’ 3 N ot ¢ '& . agee

“Thé pump nanufafturer should‘be consulneq about the in&tallétlon of ‘new pumps.

Cet

- ngphnlcal\ assistance: snould be requested from- thcpmanufacturér on installation

'libe 1eeded ;or prhpgr 1nstallation.

procedures. Installatlon and. alignmnent of puﬂps is a conplex procedure and
.cannot ve fully éxplained+in this leaFhing vacxab~.~ “kdditional 1nformat10n will -

“ o4
.

.Troubleshootlno A:I;vw ff,‘f - . AP A | .

.

'-“. . ' . .

. .y, : ' . . .
i‘The ' perator shpuld‘,aIWays keep spare parts for. punps. The parts nust be ~*)
‘ordered . "in advance ‘and catalogued fé6r. easy reference.  The ihstruction manual

should - be- close at hand and used as a guide for troubleshootlng the specific e
pump 'that:is giving ‘€touble. gpare valves and packing should be anllaole for.
stroubleshootlng rec1procat1n3 purips. Bearings, shaft sleeves, wearing rings and
packing will be'neeéded for repairing centrifugal DUIPS,. , The instruction nanual
1;~for cacn punp w1ll 9rov1de guxdullnes for Lroubleshootlng ‘

P ; ¢ : . ‘.

'ﬁMintorlno ?umps 'v' ' . - " e ‘ v
S % : - .

" 'The . best way to av01d pump outages is to esLabllsh & schedule of operational -
pﬁecks and a preventive maintenahce progran. Operating checks should be' made
hourly, monthly, quarterly, semi-anpually and annually. These checks aré ¥ ade .
in mych the same way as automobileswj;e namtamed ,

- . ’
, ' . L)
L}




. . . ') . P* I ‘ , . 3 L, ) "}' .
In additien to the operagions checks for maintenance 3urposes; the operator
should = kisten -to the pumps and make visual inspections.on a contlnhal basis. _
Unusual noises should alert the operator to probleus. Losa of: pressure on _ *

I

pressure auges should be detected and actlon taken qulckly.; ! -

4
. »\'

. . ) : . .
Monltorlnu punps requires an operator to use their- senses of hearlng, sight,
snell and teeling of bearinzs that nijht be overnea£1n They fwst. nossess. a 4

_—

sense of.respongibility for the equipment and be .alert to- operating probleums.
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)

~ Assignment

, | ) -

7 | | | : ) v o p S

%

Regd pages 27-32 in supplementary réf?rénae.v S e

’ 1

*

L "Complete joboaﬁget.

2
r : . & . e e ’
* Complete seli-assessnent and check answers with answer. sheet.
% Complete post-assessment and ask -instructor to check your answers.
’ - ' '
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- o
REPLACE PUMP PACKING Ol RSQIPROCATlNG OR, CENTRYFUGAL PUMP
1. Shut down and drain pump. - - | . S _
i : - ' S . *
2. Remove 0land adjustino nuts and slide gland'away from packing. '
3. Rgﬂove all old packlng with a packing puller tool
4, Check condlt101 of shaft or .shaft sleeve and replace or resurfaco the shaft
~or replace shaft sleeve .
. *‘ R .
5. Determine cgrreCt size of packing to be used by: o o
. e ) . ' l . . '
Correct Size = Bore of stuffing box - Diameter of shaft or sleeve -~ .o
N .= 2 S © 8 ‘
6. Wrap packing around shaft and cut the needed number of rlngs by dlagonnally .
cuttlng packing coil with knife. N . ’
7. Place Dacklng rlngs on shaft one at -a time. Use oil or grease on the inside~‘ ' .
of eacir rlng . - \J v N
r‘ . \ - *
8. Tanmp the éings into the stuffing box. Use mnetal ring to push eatit packlng o
ring into place.. Staoger the ring joints. :
- y - .
-9." "Replace OIand and‘tlghgen gland nuts,to squeeze pac&;ng Slacken off on gland
nuts to flnoer tlght L ,
’ . ¢
\ .
10. Prime-and start .pump . ‘
11. Allow packlng to. leak~for few m1nutes and Lhen tlghten gland nut to reduce . .
.leakage. g N v
&
.'
. . Lo
* N M ’ ’ = ‘
' . " Cutting Packing Rings o
. 3 v o~ 8 o , .
‘ 1 S ' el - —

’ ’ B : . . .\
: : - , o . .
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Assessment

. : S ¥ s . .
v * ,1. -When should a foot valve be {HEtalled on a nump. line?
S~ . : - , . .
. 2. A ___ valve should be located between the gate valve and
_ . pump. B _ _ .
» ‘\> . * .

a surge chamber of a reciprocating pump.
4

4. Which spare parts should be kept for réciprocating

A

5. .Which spare parts should be kept- for centrifugal pump repgir?;

-

.

3. A uater level gauge' is needed to check _the anmount of

I 4

g

-

pump troubleshooting?

2

o
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. Self Assessment
Answers o

Y

1. When pump works on suction lift,

4

. \ -
¢ .
-~

2. Check valwe, , o v'_ o o

i . "i T : : ._1‘
3. Air. . !

, ‘ .
4, Spare\Vqlves ahd packing.

Bearings, shaft sleeves, wearing rings and packing.
, _

’ N
]

a

o g | ; /.
- . - N .

e o et
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Jost I,y
Assessment o

*m'
.< L. .

l.- What is the best way to avéfd pump, outages? - | .
. » ,. ' S

&£

. : . / , .
- . . ‘

’

.
2, Where can troubleshootlng information. be obtained tor spec1f1c types of

punps°
. /
P ’ . . . . X -
3. Why should a pumd be located so that it is easily accessible? -
¢ ' )
4. Spare valves and packing should be kept for _ Dumps.,
. N ’ .' . :
5. Bearings, shaft slggves and wearing rings are good spare narts for
' /’ﬁﬁg%g*\ ' ’ '
. ’_/ X .. . |
' .
~.
' . )
]
"- .
. .
. . L)
4 » ’,
@ | ’
W - v
M '
11 o | - |
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-

" Instructor ~
- Post Assessment
Answers

e e A L. A AP . Y e VTR A ST WS $ T S e 3

e 00 1 e S . e AL X S 0 14 AR P 2 Y ML R A PR s M R S | MM L Mt

Preventive maintenance operations cieCk schedule.
[ ]

-
» s"-
- ) ’
‘ 2. Instrusﬁion manudl for each pump. Obtained from punp manufacturer. o
~ ) - t N . A .
_ v BV *
3. for inspection and repair. : oo |
4y \
L]

4. Reciprocatinj.

. 5. Centrifugal.

& »

12 o ' d
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° Supplementary
. References

* Correspondence Course. Lecture Y. Sedtion 2, First Class.
Southern- Alberta Institute of Technology. Calgary, Alberta, Canada.
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The apprentice will be able to
descrive maintenance procedures

for punps.
§

L

*

: " J) -
®. -
' Lo Nooumonat LEsne AT ,
. ) . | * 'k ! ‘
. e . cN _ “
~ - ¢ /
] ’ ) v . 9 .
. ’ i - e .‘
) ' ’ 1307 ¢ ) '
© DUMPS —— MAINTZNANCE
\ ' Y 7 ‘.
. ) 'y
N ¥
\ “ Py
o , |
] ] |
) % " . . . .
Goal: o o - ~|" Performance Indicators:

r

Descrive schedules for pre-
ventive maintenance bf pumgs.

]

Describe lubrication'of punps.

Describe maintenance of pump

packing and seals.
. »

i
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* ' Read the 2oal and performance indicators to find what'is to be learned from
package.” . _ _ : '
. ¥ Read the vocabulary list to find new words that will be used in nackage.
' : 4
#* Read the introduction and information sheets., -
« ~‘Comple£e the job 'she'et. ' " .
. . . » y
'S *  Complete se'lf—assessmént'f-.;'_'-: ' ' !
# Cor.\piete post-assessment. s X
‘ | . | oY v
o | ‘
o - y
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Glamd . | ,

Mating ring )

llechanical seals

JO" rings‘ o 4
Préventive maintenance
Pump packing.

Roller béarings”

Rotating mechanical seal

‘Sealing ring

Shaft sleeves

+ Sleeve bearings

Stationary mechanical seal

Stuffing boxes

g
Y

Wearing rings

M

f |
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o - L - .-
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. Preventive maintenarice is the key to success in pump operation. lost of the pump |
opkegrs can’ e prevented by proper nmaintenance. - A good maintenance, ‘schedule v
'will assure that maintenance takes place before problems arise. ‘
Lubrication of . pumps will prev;%t wear of narts. Packing and sealst must be
replaced to avoid leakage and loss in puup efficiency. The apprentice should - -
) know how to care for and maintain pumps in a wvay|that avoids costly outages. ’
Otherwisey simple maintenance needs become najor repair items, ' "
L - o | | - !
» \ ’ . )
(! ‘
) o |
. 4
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"Maihtenancé Schedule }
fPreVentlve nalntenance checks should -be made to, determine 1f the punp parts are
working as they should work. The followlng items should be cnecked hourly
‘during operation: ' ' o

i : . : - -,
Bearing temneratures (by hand) N
" Suction pressure , .0 '
Discharge pressure N ) ,
- Lubricating oil pressure and temoéfature - . :
. Balancing disc leakoff , : '
Stuffing box leakoff L.
Cooling water Ilow T ‘ :
Cooling water ‘inlet and outlet teriperatures’
Anperage of driver notor- -
0il ring operatlon _ .
Recirculation or nypass flow v - .

* k % % % % X

r
. %k %
*

% ¥

When any of the above items .are not fuﬁctlonlqg normally, the problem should De
corrected as quickly as possible. . :

[

» Monthly checks should be made on the following: ST

/ * Bearing temperatures (by thermometer to get an accurate check)
’ - % UCorrect hot bearing~problems by adjusting the lubrication or alignment
’ of pump and dr1%%§. % Ball and roller - bearings nay run hot due to
overlubrication. is problem-can be corrected by removing lubgicant., .
Sleeve bearings may not be receiving enougH lubricant and run hot.
Additional 1lubricant will cerrect the problen. I Realignment ‘of pump and
criver may be needed to-.correct problems of hot bearings.

L}

Quarterly checks should be niade on: -

. G ‘ ‘ v . ’ N
. - % Dismantle, clean and change 0il in sleeve bearings.. : : :
#. Check all grease packea bearlngs for contanination., If contaminated
flush, clean and repack. - : : o

* Measure all bearings for-wear and replace of needed.
Sen1~a1nua1 checks should include: ' . ;

* Check shaft sleeves for wear..
# Check for bent shafts, worn bearinvs and -rotor balance.

. ‘va

\ . ' . . ’ ’ . . ‘ e

.‘ ¥ Check stuffing pox lealfagw renev packing,

ERIC= - 116
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'Wearing Rings : L .

Annual checks may. involve a complete dismantling of the pump if it ,is  giving
poor perfornmanced Such annual checks would include: ) :

e

* Checking fthe caéing for corrosion -and wear. .

* Checking/rotor for corrosion and wear. : Ay

* Measuring wear ring clearance and replacing rlnos. ' oy
#* Revnlacing wvorn shafts and sleeves. . .
* Flushing and cleanlng coolant connections. .

#* Recalibration of pressure gauges. e

3

needed,

-

1
v -

Checking bypass and recirculating valves for wear and replac1ng ther when

* Checklno suction and discharge valve assemblies on reciprocating puM»S ..
: . o SN & :

. The wearing ring seals the impeller of a centrifugal nump into .the casing.

”0

ings may be mounted on either the impeller or'casing or both. The.. rings
made oI softer material than that of the surface it" will be wearing against
that. the impeller or casing goes not wear. Wear rlngs are usually made
bronze or cast iron so that the wear will be smooth. The rings are set into
impellar rim by threading and held in place-by set' screws. rRings c¢an
purchased as continuous or half rings. When fit on the casing, grooves hold-

are
S0
of

the
ve

the

ring in place. The diagran below shows thé location of wearing rings in a pump.

; Casing
’ Weartha
f Ring -

\ .
Connl .

Impefier

. - LYY

s Hing
¢ Impdfiee

>
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Stuffinz Boxes -

- -

’

e
. - . - i '71‘
Mm——— . o ' -
.
. . ]

" A seal is required between the casing and shaft of a puiap. A stuffing box is é

e,
v

’ o« ' <
. ' : M
. . A
. s . .. . - . . ¥
4 . : S .

‘grooye on tne shait that holds packing rings. The packing .is held in nlace bw_'

,.an_adjustable«gland.’

) Gland Adjusting Nut . '~.
’ ’ S ___Pump Interior Casingﬁ ST . .
..1 . ’ AU ) * . - '
o - o . \ g l¢t— Gland .
, SR> e o
. . ’ r 1 - . - . .
. ! t ’ _ N} L . B o,
« : ' Packing Rings . \Pump Shalt o | .

| ‘Stuffing Box with Pa_ck"ing

- A lantern ring supplies sealing liquid to the packing to exclude air ancd provide
* lubrication. ~The lantern ring is needed by pumps that handle sand or; other
\ - . aritty naterials.  The gealing 1liquid keeps the sand from "eating .up" the -
packing. ' . . .
: Gland Adjusting r:lut '
4 - ']
e
v .
1]
]
¥ Lentern Ring ’
- . N
ait : .
A

: 3 ‘ .
Stuffing Box with Lantern Ring

\
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" A pump shaft is;subject to wear aind" corrosion, Largé\pumps,use shaft gleaves: to

take the wear instead of .the shaft, When wear occurs, the sleeve ig replaced.
The sleeve is keyed on the-shaff_and neld in Place .by the shaft nut’, '

BN : LI
Y ' » T ' N . fj . . '
IMPELLER . SHaFT ) GLaND. «
' o
/- t ‘
@ ‘: $
’
»
. NUT _ . v |
[N ‘o . . . .
. IMPELLER NUT  SLEEVE SET.SCREW - ol }\\
Punp Packing -

’

» - o . _
Pump paciing is usually renlaced every 3-6 months, devending on the overaf

.

conditions, Packing riigs are cut fron a coil aad tamped "into the stuffinm
The details of replacing pump packing are found in - the"?ump—monitoring |
Troubleshooting packape, - _ : : LT

LY i

9 .
o ~

o e - b

lechanical Seals

1s used in place of stuffing'b Xes. ilechanical seals reduce puzp leakaze a¥d '
make it easier to work with suc€ materials. A mechanical seal is two flat rings ’
that rotate .4t right angles to the punp shaft, One ring is called a
sealing ring and the otiter is a mating ring. The two rinﬁs are held in contact

On pumps that handie gasoline, acids and other touchy liquids, "a neéhanical seal

with each other by gprings. On a stationary mechanical seal, the sealing ring .\
is attached to the pump casing and.the nating ring turns on the _ shaft, A ’

\J rinBSq. . ) . ) L . ) BT - ] ' . X . ﬁ
R B o1 . . B : r § . . . , ‘ ‘ .

fotating mechanical seal has' the sealing ring attached to the shaft "and the
nating ring on the casing. A sealybetWeenvthe rings and ‘casing are provided by -

"

e ; ! i .~ 4 .
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k4

.

-In the naintenahce oi ‘nechanical seals, %ﬁe operator shert make certain that
tide pump is never operated wd;nout being filled with liduig. 11 air .should be
vented from the seal housidgs before starting the pump- .ﬂ%;%?dw of qoollngl
liquid must be k{pt over the seals. Mechanical seals may leéakK gue to scoring
grooving, distoftion, nlsallgnnen& or vibration, HManufacturers Lnstructlons_

should be carefully followed in maintenance ‘of pumps with mechanical seals.

. . .
. o )

Mousing - :
+ rlousing
Moting ring . . Moting ring .
Setscrew . ) 'y 8 fi = Spring i
‘ -
o -
0 " ." . 7 4 ‘ f b
Saoiing ring ; Shoulde: R 4 “Shetl
. ) Sealing ring 1
q W Rotating Seal : T - [ s
o . s
: . . N . \ . . -
- Bearings - . ' ‘ Stationary Seal
- v 7

roklér bearimgs may be lubficated by oil or grease. .Ball or ‘roller bearings

ovarluorlcated They should be "leaned and lubricated on a regzular, scheduled
baggg Ball bearings are also called anti-friction bearings..
:_'» ~
i V.

Sla ﬁe or shell bearlnos snould be oil lubricated by drip lubrlcators. ' Béll'df -

shéuld' be lubricated wish a uigh jrade of lubricant and should never be ™
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ent _
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. . » - . 't ) N - . . . -
“' #* Read pages 27-32 jn suopplenentary reWrence, ¢ o, o

* . * Couplete the job sheet, o v ! T R

f _ .
Complete the self-assessment and check ans@ers pith- andver sheet. .

#

Complete the poBt-assessment -and have instrpctor check your-.answers. e e
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"Job Sheet

. . _ —
v . k)

A

COMPLETE AN HQU«QY CHECk OF Al OPuRATING PUMP - ¢

.v

* Check the followlng

- Check bearing tenperatures by hand . ‘ R )
- Check suction pressure g o ' C .
- - Check discharge pressure ' : '
- Check lubricating oil pressure and temperature
- Check leakoff on balancing disc _ ' ' - :
- Check stuffing box leakoff " ‘ : y o
'.' Check' cooling water flow o ' -
‘- Check coollng water inlet and outlot tenperature
- Check amperage of drlver motor
"'~ Check recirculation or bypass control- . .
. * List those problems that need to be cyrrected Keep a written list of your - -
+ . readings. 2 . _ |
* Ask instructor to valldate your f1nd11gs 1hére)ard to the maintenance, problems |
of the pumn. _ o ¢
L] - ’ e

#* Discusg (with instructor) the best’ ways to correct nroblems.
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L]

.Self ] B
Assessment

Indiéate;whether the foilowing punp items should be part of an hourly, monthly,
quarterly, gemi-annually or annually operations check o for preventive
. maintenance. o © o “ :

A

1. Cooling water flow

ad
2. Stuffing box leakoff . o
3. Bearing temperatures'by thermometer | " . )
4. Bearing tenperatures by hand
5. Clean and_change oil in sleeve bearings A ‘,
B . 6. Renew pac.}caing in stu:f-fing boxes | | . |
l7. 'Chetk‘gréase packed bearings X | X
8."Measure beérinés for ‘wear ‘
w9, Suclioﬁ pressure | . . L .
'
10. Amperage Y drivef motor ) |
R
’ O
A
. | . . o |
. ‘ ‘
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o

o Self Assessment
. Answers

5\

17*“ﬂourly

2. Hourly

= 3. Monthly '. ) | ‘ e o ‘
4. Hourly °
5. Quarterly
.6. .Semi-anﬁually .
7. Quarterly .
I . : N

‘ 8. Quarterly . ~ ‘

9. .dourly “ , ' LY

. . ) ¢
10. Hourly ' : !
; .
- '_-4
L] &
4
©f
v !
L ]
+
N 7
‘ ;
« 4
4%
. 4Q'
(4 v -
L7
¢ 5
'y x
n -
v
I .
. s .
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o POst
Assessment

9.

L

N\

Packing rings are held in a stuffing b8x by the

/ .
Sealing liquid is supplied to packing (on some pumps that pump sand or
gritty materials) by a - ring.
Punp packing should be replaceq.every . months.

1 4

List two types of mechanical deals.

: >
When are mechanical seals used?

A seal is provided between the rings of a necﬁanlcal sedl and the pump
casing by rings. , : .
. bearings are also called anti-friction bearings.

. ._!'0

{

Shaft are used on large pumps to reduce wear on the shaft -
itself.. . . ‘ ' ' '

\
A complete ‘dismantling of a pump is often a part of the "
oporations check. . ' .
Wear rings are usudlly made of . or ’ ' .

i

. o

- 125

.
;o




“Instructor © .
‘I'-’ost Assessment |
Answers -

v 1, Gland }

2. Lantern

3. 3 - 6 nonths’

4, Rotating and stationary v

5. When bumping gasoline or acid and excersive leakage is a problen,

. "0" rings N : ' s ,
‘7. Ball - - ~ -
\. ‘ |
8. 8leeves o | - ¢

9. Annual
10. Bronze 8: cast iron ' | &

. Q.ou S

15
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