'
U e e LA

PUMP QUESTIONS AND ANSWERS

Covering the Construction, Application, Operation,
Installation, Maintenance, and Troubles of
Centrifugal, Reciprocating, Regenerative, Rotary,

and Vertical Turbine Pumps =
o
ROY CARTER., A.B.,; M.E -
" IGOR J. KARASSIK, B, M.S.
cand Lo
- ELLIOTT F. WRIGHT, ME.
V. bEP. GerBeEreEUX, MLE.

'W. C. MUMFORD
' and :

AuBErT M. SHaw, B.S.
 all associated with

WORTHINGTON PUMP AND 'MACHINERY- CORPORATION

" McGRAW-HILL BOOK COMPANY, INC. |
NEW YORK TORONTO  LONDON
1949

-



PUMP QUESTIONS AND ANSWERS -

e —— . L A mm b e &

Copynght 1949, by the MeGraw-Hill Book Compaiy, Inc. Printed in the
: United States of America. All rights reserved. . This book, or parts thereof,
' may-not-be reproduced in any form without permission of the publishers.

.II R . . Iv

s o

Pyt i o ey
'




o d
3

{

PUMP QUESTIONS AND ANSWERS

Covering the Construction, Application, Operation,

Installation, Maintenance, and Troubles of
Centrifugal, Reciprocating, Regenerative, Rotary,
and Vertical Turbine Pumps

!






3 -

s ] . —

* To

| Albert. H. Borcha.rdt Assmta,nt Vlce-Presudent _
WGrthmgton Pump and,‘Machfﬂery Corpora‘.trorr_“ -

©eemmmmenlael - e s ,__r . L ---u--.;'—r.-.t.-uun- Spmm



!

'
Ix
r
i
i
P




Y

— s e - 2

PREFACE .

«“Question 1-1: What is meant by pumping?

“ Answer: Pumping is the addition of energy to a fluid to move
it from one point to another and not, as is frequently thought, the
addition of pressure. = Since energy is capacity to do work, the
addition of energy to a fluid causes it to de -work, such as flowing
through a pipe or rising to a higher level, . .7 _

This is the first question presented in the-first: chapter of this

book. It provides the-clue to the reasons—that motivated the
authors to prepare the manuscript of the book_and the publishers
to print and distributé it. Just as water, in the'form of oceans, seas,
lakes, ponds, and rivers, covers the major portien-of the surface of
our globe, so does the transporta.tion of fluids from one point to
another play 2 major part in modern civilization. The ‘elaim that
every single industrial process that underlies this modern civilization
involves the transportatlon of fluids is hardly sub;ect to challenge.
Therefore a pump, which i is the mecha.mcal means of achlevmg this
transportation, must be a p1ece of ma.chmery that is an essential
part of our everyday life. e T e e

The choice of the questlon-and-answer form for this book was
made in the belief that it is thé most compact means of covering
the subject to be treated and that it does away with a great -deal
of transition material that is used merely to-give cohesion to the
text. 'The contents of this book appeared first on the pages of the
magazine Power in the form of articles that ran consecutively from

March, 1945, to March, 1948, inclusive. They were prepared under

the active guidance and with the cooperation of F. A. Annett,
Associate Editor of Power, who edited these articles and to whom
the authors are sincerely indebted.

The book was written by a gioup of men, each of whom con-
tributed material pertaining to that type of pumping equipment in
which he has specialized for a number of years and, therefore, with
which he is intimately familiar. It is made up of five major sec-

vii



viii PUMP QUESTIONS AND ANSWERS

tions, dealing respectively with centrifugal pumps, vertical turbine -
pumps, regenerative pumps, rotary pumps, and reciprocating pumps.
The section on centrifugal pumps opens with a description of
these pumps and of their parts, as well as of the various classifica-
tions under which they are generally subdivided, and treats of the
.materials used in the construction of centrifugal pumps. The dis-
cussion of centrifugal-pump and system characteristics is followed
by an analysis of the operating characteristics and of the application
y of these pumps. The installation, operation, and maintenance of
T B centrifugal pumps are given very complete treatment. There is
M presented a complete discussion of centrifugal pump troubles, their
symptoms, and their causes. A final chapter on centrifugal pumps
‘treats of the very important subject of priming. -

The sections dealing with vertical turbine pumps, regenerative
pumps, and rotary pumps follow this same general outline.

In the section dealing with reciprocating pumps, two chapters
are dedicated to the construction of simplex and duplex direct-acting
pumps and of horizontal and vertical power pumps, respectively.
They are followed by a chapter describing the characteristics of
steam and power pumps. Because of the importance played by
the design and operation of the reciprocating-pump liquid-valves,
an entire chapter has been devoted to this subject. Similarly, a
chapter has been given to the deseription of rod, piston, and plunger
packing, and another to the analysis of cushion chambers. This
section ends with a chapter on the installation and operation of
reciprocating pumps and apother on remedies for steam- and
power-pump troubles. | o '

- Shakespeare said, “‘An honest tale speeds best being plainly told.”
The authors attempted to follow this advice to the best of their
abilities in the preparation-of this book. They felt that a clear,
concise presentation, in simple terms, avoiding pedantic complica-
tions of language that serve only to confuse the reader, would make
this book more useful to a greater pumber of people—and this,
after all, should be the aim of every book. To what degree they
~ have succeeded in this attempt, they will have to leave to the judg~
ment of the readers. '

- THE AUTHORS |
Harrison, N.J.
July, 1049
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CHAPTER 1

CENTRIFUGAL PUMPS AND THEIR PARTS

Question 1-1:  What is meant by pumpfng?

Answer: Pumping is the addition of energy to a fluid to move
it from one point to another and not, as is frequently thought, the
addition of pressure. Since energy is capacity to do work, the addi-
tion of energy to a fluid causes it to do work, such as flowing through
a pipe or rising to a higher level. In-the-closely allied field of
centrifugal compressors, ‘‘pumping”’ descnbes an unstable surging
that oceurs in many compressors at partlal ca.pac1ty

Question 1-2: Whatisa centrliugal pump?

Answer: It is one that employs centnfugal force for pumping
liquids. Liquid commg in at the center (eye) of the impeller (Fig.

.. Discharge

/mpeller
- eye . N - -
Fig. 1-1. Diagram showing the operation of a centrifugal pump.

1-1) is picked up by the vanes and accelerated to a high velocity by
the rotation of the impeller and thrown out by centnfuga.l force into
an annular channel, or volute, and to the discharge, as indicated.

. ) 1 o



2 PUMP QUESTIONS AND ANSWERS

I*I . |
!ji ' Question 1-3: What are the essential structural elements of * - )
4 any centrifugal pump? - ‘ :

L

]. Answer: They are the rotating element, comprising basically a !
‘ shaft and impeller, and the stationary element, made up of casing,

| stuffing boxes, and bearings (Fig. 1-2). All other parts are refine- |
ments of construction, supplementing the function of the main.

elements. .
c . = ___.Vo,ufe - Cr——
asing.—._ NN\ ____ St
Stofhing 1 1 Impeller
' 60.\" TN\ Stuffing box [
Gland, ', , ¢ (]
' ' C~ ”"{ f.
- 3 Suction eye—{ |
i Packing “LPacking|
! B
'\‘ s : - %
\“Bﬂ'” 6”"1.’79 { “‘Ball b “",..",.,.g,5 '

-n.-..,

Suchan chamber-’

Fia. 1-2. Axial cross section of a smgle—stage, -sirigle-suction, split-case, side-suction,
mde-dlacharge centnfugal pump :

4
Question 1-4: ‘How are centrifugal pumps classified?

Answer: They are classified according to:
1. Type of energy conversion: (a) volute, (b) diffuser or turbine.
2. Number of stages: (a) single-stage, () multistage.
3. Impeller type: (a) single- or double-suction, (b) open, semi-
open, or closed, (c) single- or double-curvature vanes.
Axis of rotation: (&) horizontal, (b) vertical, (¢) inclined.
_Casing: (a) solid or split, (b) location of suction and discharge
nozzles.

po. -
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CENTRIFUGAL PUMPS AND THEIR PARTS 3

6. Method of drive: (@) direct-connected (coupled or close-
coupled), (b) geared, (¢) chain-driven or belted.
There are other classifications, such as classes of service, features
of construction, and rotation. oo T

Question 1-5: What is a volute-type centrifugal pump?

Answer: A pump named from its spiral-volute form of casing
(Fig. 1-3), which acts as a collector for the fluid discharged by the

F1a. 1-3. Radial diagrammatic aection-' through a volute-type centrifugal pump.-

impeller. Wall. T, dividing the beginning of the volute and the
discharge nozzle, is called the “volute tongue”-or “cut water.”’

Question 1-6: What is a diffuser-type centrifugal pump?

Answer{ In this pump diffusion vanes (Fig. 1-4) convert the
velocity energy imparted to the liquid by the impeller into pressure

“energy. The diffusion-vane assembly is known as a “diffuser.”

Question 1-7: Whatis a turbine-type pump?

Answer: The name “turbine pump” has been applied to two
different designs. One, a centrifugal design, is now generally
called a “diffuser type” (Fig. 1-4), except for the “vertical turbine
pumps,” formerly called ‘‘deep well turbine pumps,” which are
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Diffuser._

Fluid
flow ™

K

¥l

-

Impeller---

Channel-—-

Fias. 1-5 and 1-6.
Fia. 1-5. Axial section of impeller periphery and waterway of a regenerative or
so-called turbine-type pump showing how liquid is recirculated through the impeller
vanes ag it travels from suction to discharge. ) ' -
F1a-16. Radial section of a regenerative pump showing circular passage of liquid
" from suction to-discharge.




CENTRIFUGAL PUMPS AND THEIR PARTS 5

separately dlscussed in Chap. 10. The second so-called turbine
pump is not actually a centrifugal type. It is now generally called

a “regenerative”’ type but has also been called “vortex” and
“turbulence »» Tn this type of pump the impeller acts on the liquid
on its periphery for almost a full revolution (Fig. 1-6) with the liquid
being circulated in and out of the impeller vanes (Fig. 1-5) so the
true path of the liquid is a circular spiral. T his regenerative pump
is discussed in Chap. 11.

. Valu'fe = .
Borit AT \ --lmpollcr S X _: :
or =30t | R '
bea”ng \‘T\N L _3- |y r':::::‘.'
\ iy ) o | ." I'._.,,,,‘.

\ LR | ..T-‘. "
s oS NN 7 ) S D

muu

ey N
.,/;, IR A a—— 'l- ~Z

il J‘ucﬁon oyel

‘Bm'/ bearing

‘.S'ucﬁan chamber

Fia. 1-7. Axial cross section of a single-stage, double-suction, split-case, side-suction,
side-discharge centrifugal pump.

Question 1-8: What is a single-stage pump?

Answer: It is one in which the total head is developed by a
single impeller (Figs. 1-2 and 1-7).

Question 1—9 : What is a multistage pump?

Answer:.--If the total head required is too high for a single im-
peller to produce, two or more impellers (or pumps) may be used
in series, the second impeller taking its suctlon from the discharge
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of the first impeller (Fig. 1-8). If all impellers acting in series are
in a single casing, the pump is a multistage design.

,Va/uf‘e
. . -~ Stage piece -
First-stogeimpeller-. _ . - :: - Second-stage impeller
Pocking A R 7 e N Stu Ffirg box :
\'E f "1 FPo C}I’f’g\

-

DONNNN

\
i

. N u S _
f:zizf;gj.:; S / - - N ~Return passage from

I\\\'

/ I
Lir

: firsf fo second stage

Suctiormeye/ \ ' / s
‘ ] . - . ':'_':i...r:'.'—

Fig. 1-8. Two-stage pump having aingl_e_—gﬁ_.ction impel].ors:f#'_f&_ing.,o'pposite directions. -
Question 1-10: What is a bi-rotor pump?

Answer: Bi-rotor and even tri-rotor designs were fairly common
in the early development of centrifugal pumps. These pumps were,
in efféct, two one-half- or three one-third-capacity pumps in one
casing, operating in parallel. ’

Question 1-11: - What is a singl'e-suction impetler?

Answer: It is one in which the liquid pumped enters the im- -
peller from one side (Fig. 1:2).

Question 1-12: Whatisa ddtil;le-suction impeller?

 Answer: It is, in effect, two single-suction impellers cast back-
to-back so that liquid enters the impeller simultaneously from both.
sides (Fig. 1-7). Normally, the suction chambers, one at each side
of/theiﬁipeller, connect to a common suction passage and nozzle.
_—Some large pumps have two separafe suction passages and nozzles
" connected to opposite sides of a double-suction impeller. This con-
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struction was used in the early development of double-suction
pumps for units quite small in size.

Question 1-13: What are the respective advantages of double-
suction and single-suction impellers?

Answer:

]

In general service, a double-suction impeller is favored
in single-stage, horizontally split casing designs.

It is theoretically

Discharge
l | (rTo‘ \[‘ ure

' Smi'._'ﬁOn '

I

- Disch

J
.

[}
y]

.

I

Suction

oA
!

ressure pressure

p
¢

I-l

Fia. 1-9, Axial hydmullc forces on both sndes of a dG’ubTe—sucfmq _;_mpeller equalize

each other.

in axial hydraulic balance as md.lca.ted in Flg 1-9 making an over-
sized thrusf bearing unnecessary. The greater suction area in a
double-suction impeller pérmits the pump t9_ qperaté mtl_1 less net

absolute suction head for a given
capacity than with a " single-
suction impeller. . For manufac-

turing reasons, the single-suction’
impeller is more practical than

the double-suction in. small

pumps because the waterways

- are double size and not divided
into two; but they require a
larger thrust bearing to take the
unbalanced axial thrust (Fig.
1-10), or balancing ports.
End-suctiori pumps with single-

et

® m el L 4. L
1 ] 7 ey 7 s—-
c I b -1———-——'4
S8 —— ¢ L 3
R S 3
S8 :~

3

A

recaure
L

/sc.

Fig. 1-10. Axial hydraulicforces on the
two sides of a single-suction impeller
without back wearing ring and balance

. holes are unequal, resulting in an axial

thrust.

suction overhung impellers (Fig. 1-15) have advantages that cannot
_ be obtained with a double-suction impeller, and -thus, in general,
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pumps with radially split casings have single-suction impellers.’
Because with an overhung impeller the shaft does not extend into
the suction eye, single-suction impellers are almost alwayé used |,
for pumps handling liquids containing suspended matter, such as

sewage. R |

Question 1-14: What is an open impeller?

Answer: Strietly speaking, an open impeller has vanes only,
attached to a central hub without any form of side wall or shroud.
With long vanes this design is structurally weak, and the vanes
have to be strengthened by ribs or-a-partial shroud (Figs. 1-11 an-

‘ f . Fre. -1 . % Fre 112,
Figs. 1-11 and 1-12. Three-vane open impellers. with ribs or partial shrouds to give
strength. T o
1-12). Generally, open impellers are used in small, inexpensive
[ | pumps or in those handling abrasive liquids. The impeller rotates
i _ between side plates in the volute-casing walls or between the stuff-
ing-box and suction-head covers (Fig. 1-15). Because of the clear-
ance between impeller vanes and side walls, water slippage occurs,
similar to that in a reciprocating pump, which increases with wear.
Restoring the original efficiency requires replacing both the im-
peller and the side plates, which costs more than replacing sealing
rings in a closed-impeller pump.

Question 1-15: What is a semiopen impeller?

Answer: One that has a shroud, or wall on one side only (Figs.

1-15 and 1-16).. This shroud may or may not have pump-out vanes

(Fig, 1-16) to reduce pressure on the stuffing box of single-suction

__puinps and to prevent solid material from lodging behind the im-
peller. -




CENTRIFUGAL PUMPS AND THEIR PARTS 9

Question 1-16: Whatisa closed impeller?

Answer: This design, used almost universally in centrifugal
pumps handling clear liquids, has shrouds on each side that totally
enclose the waterways from the suction eye to the periphery of the
impeller (Fig. 1-13). Water slippage does not occur in this design
as with an open or semiopen impeller, but a running joint is needed
between the impeller and the casing to separate the pump discharge

RN\=Shrovals

AN

Fie. 1-13. T 114
Fia. 1-13.  Closed impeller with straight (singlé-cuf{?atufe}'?aﬁés;'-:_g
Fig. 1-14. Closed impeller with francis screw (double-curvatuire)-vanes.

— - Bl o4
e T

and suction chambers. Thisrunning joint, generally formed by a
relatively short cylindrical surface on the impeller shroud, as at A
(Fig. 1-13), rotates within a slightly larger stationary cylindrical
surface C in the pump casing (Figs. 1-2 and -7y, T T

Question 1-17: Whatis a straight-vane—imﬁéﬂgg?

~ Answer: It is-_ one in which the vane surfaces are generated by
straight lines parallel to the axis of rotation. Vanes of this design
are also called “single-curvature.vanes” (Figs. 1-11, 1-12, and 1-13).

Question 1-18: Whatis a frahcis—véne impeller?

Answer: _Its vane surfaces have a double curvature, and it is
often. called a “francis-screw-vane’’ or “gerew-vane’’ impeller (Fig.
1-14)0 ‘ o
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Question 1-19: What is a mixed-flow impeller?

Answer: An impeller in which the flow is both radial and axial:
It is generally restricted to single-suction designs having a specific |
speed above 4200. Lower specific speed types are called” francis-
screw-vane.” Mixed-flow impellers having a small radial-flow |
component are generally classed as propellers. The definitions of
francis-screw-vane impellers, mixed-flow impellers, and propeller
have never been rigidly fixed. Thus, what one person may call a
S Aumprout

Discharge ... mmfhr wnes
noxzie”

\\\\\\

—=1ol

.\\ -S‘ucﬂon head
oty
- y-\ o
e ’ //IIIII/III/I/// \\\E ; . "
3 § ;
//////M N é

 Suction
| rezz/e

%%
&7 !

\

4
%, N
//I/////II///I//I/I/

\

V//////I/// .

vam:--""

h\\\\\\\\\\\\\\\\‘\\\\\

\\\\\\\\\\\\\\\\\\\\\\

o A A o o ot

Fig. 1-15. : Fia. 1-16.

Fia. 1-15. "Axial section of an end-suction type of pump with semiopen impeller.
Fia. 1-16. Séction of semiopen impeller with pump-out vanes on back of shroud.

high-specific-speed, mixed-flow impeller, another person may call a
propeller type.. Likewise, a low-specific-speed, mixed-flow impeller
might be called, equally as accurately, a francis-screw-vane impelier.

Question 1-20: What is a propeller or axial-flow impeller?

Answer: A true propeller or axial-flow impeller is one having
a flow solely parallel to the axis of rota,tmn, in other words, strictly
axial (Fig. 1-17).

Question 1-21: What is a non-clogging impeller?

Answer Usually impellers of centrifugal pumps have quite
‘sharp suction-vane edges and there are four or more vanes, six to
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eight being quite common. Only relativelysmall solids could pass
through the waterways of such impellers and if rags or stringy
materials reached the impeller, they would catch on the sharp
suction-vane edges. Special non-clogging impeller designs- with
blunt suction-vane edges and with large passageways between the
vanes are therefore used in pumps handling liquid's, like sewage,
containing rags, stringy material, and solids: - FOf—pumps up to 12-
to 16-in. dmcharge, these. 1mpellers have only two vanes; larger sizes

Fig. 1-17. Axial-low impeller.

usually have three or four vanes. Generally non-clogging impellers
are of the single-suction, overhung type.

Question 1-22: What is an overhung impeller? .

Answer: If the impeller is supported by bearings on one side

" only and the shaft does not extend beyond the suction side of the

impeller hub, it is called an ‘‘overhung impeller.” This design
makes possible the end-suction pump (Fig. 1-15).

Questlon 1-23. What is the suction eye of an impeller?

Answer The 1nlet just before the pomt Where the vanes start
is called the “guction eye.” Ina closed-lmpeller pump, the diameter
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]
‘ of the suction eye is taken as the smallest diameter of the shroud - .
] (Fig. 1-18). When determining the area of the suction eye, deduct
i that occupied by the impeller hub. . |
: |
Y] Discharge edge '
Outer. hub or Y of vanes or ?; :
wearing ring P |
hub \\ SR PRI 'evpfww‘gg;wqfﬂ_\:‘%g iodnta
0, K .1 L 4k 1 --la- j,. SR )
; Suction eye-p- NN A%, U EASRVEY TR | nw_r? Wi, Fh
| . Y’ XDsa i f e :Ei_:l'"{_’;*.""i.;'-’.‘"L‘-_'.'l'a‘.'};_';.-_'.".-"t:'_'::-:_:'
Suction edge " /] S A ¥
of vane A /4477 Bk LEE
) 3333
i - ~g: E €a s
| T 5.3 3 b
: ’ - R
! e —t 2 vi %
A 1.- o B
i1 ”“6"'"" . 3 S
: 'O
|
SN S
tl o Shroud-- f+~—Shroud i
2 - | _ o \
; ¥

| FIG. 1-18. Impeller nom-encla.t_ure..
Question 1-24: What is the hub of the impeller?

Answer: In a -centrifugal-pump impeller, it is the central part
(Fig. 1-18) generally bored out for the pump shaft. It alsofrequently
1) refers to the impeller part that rotates within the ‘wearing ring
| when it is the outer impeller hub or wearing-ring hub of the shroud.

Question 1-26: What af_e a solid casing and a split casiﬁg?

Answer: *‘Solid casing’’ implies a design in which the discharge
water passages leading to the discharge nozzle are all contained in
one casing. To install or remove.the impeller, at least one side

~ __must be open. Strictly speaking, a solid casing cannot be used, and
casings normally called “solid” are radially split designs (Fig. 1-15).

E
r——r- L.
- .
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“Split casing” implies that the casing is made of two or more parts
fastened together. - :

Question 1-26: What is a horizontally split casing?

Answer: This term indicates a casing construction divided by a
horizontal plane through the shaft center line (Fig. 1-19). This des-
jgnation is not entirely satisfactory, and many design engineers
prefer the term ‘‘axially split”’ casing.* As both suction and dis-

(N Casing split

N Casing split g
k- ‘,f’hcrr: N

- “nozzle

, “m~~Casing split here
Fia. 1-19. B Fra. 1-20.
Fig. 1-19. End view of horizontally split-case centrifugal pump.

" Frg. 1-20. Horizontal-shaft end-suction pump with casing split on _dia.gona.l plane
through axia of shaft. :

charge nozzles are normally in the lower half, this construction
permits removal of the top half of the casing to inspect the interior
~ of the pump without disturbing the bearings-or piping.

Question 1-27: What is a vertically split casing?

Answer: Like “horizontally split,” “vertically split” is bad
terminology. It is intended to refer to a caging split in a plane .
perpendigular'to the axis of rotation (Fig. 1-15). The term “radi-
ally split” is now used by some designers.to designate this type of
construction. s '
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Question 1-28: What is a diagonally split casing?

Answer: A horizontal-shaft pump*with a casing ‘split along a
plane passing through its axis but inclined diagonally from the
horizontal (Fig. 1-20). This construction, used primarily where
vertical discharge is necessary, permits convenient opening of the

casing for internal inspection of the pump.
Questlon 1-29: What is a twin volute?

Answer: A smgle volute (Fxg 1- 21) completely surrounds the
impeller. A twin volute (F 1g I 22) 1s, m ef’fect two half-capamty

—-D;scharge
nozz/e--_f.____f_

Volute

. " Double voliteinr
“Fig. 1-21. ) Fia. 1-22.

Fia. 1-21, In pumps with a single volute, radial hydrauhc forces do not balance.
Fig. 1-22. Ina tmn- or double—volute pump radml hydraul.lc forces balance.

volutes, each taking the dlscharge from 180 deg of the impeller in
a way that approximately balances the radial thrust. It is some-
times used in single-stage pumps, particularly those of large capac-
ity for high heads, and in multistage pumps developmg high heads
per stage.

Question 1-30: What is a. _tw_in-vo_lute.‘ diffuser? o

Answer: It is, in effect, a twin volute but cast separately from
the casing. —It resembles a diffuser with only two vanes (Figs. 1-23
a,;ld—"].';2/4) and is used mainly on multistage pumps where the diffuser
" also contains the return channel to the stage that follows.
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Question 1-31: What is radial thrust?

Answer: 1In a single-volute centrifugal pump (Fig. 1-21), fluid
discharged by the impeller into the volute produces hydraulic forces
that act radially on the impeller, as indicated by the arrows. These
forces are not equal around the impeller and consequently produce
a radial thrust that is transmitted to the shaft. At reduced capaci-

] ) F“_}_--I_"2'3.__" . __:.- .' ) ” | | . FTIE.__]T_-—?‘&: G- s L

Fio. 1-23... View of last-stage twin-volute type of diffuser.” o
Fio. 1-24. Back view of intermediate-stage twin-volute diffuser showing return chan-
nel to guide the water to the following stage.

ties the volute area is not correct for the flow, and the hydraulic
forces get considerably out of balance, producing a resultant force
that acts radially on the shaft.

Question 1-32: What is a stop piece?

Answer: A stop piece is a projecting fin or section in the suction
waterways of a centrifugal pump or its interstage passages guiding
the flow into the impeller. In multistage pumps there is often in-
corporated-in the interstage passages two or more vanes which may
be either short or long and either straight or curved but generally of
thin section (Fig. 1-24). These guide vanes function wholly or in
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{ part as stop pieces. In double-suction pumps the suction ﬁassage-_- ‘
*' ways on each side are now generally of the volute type (Figs. 2-6

and-2-7), and the stop piece (4, Fig. 1-25) divides the two sections |
' of each volute passageway. From the outside, its location is

K

, - B m-“}

-
H

1

&

E

Fia. 1-26. Stop piece for end-suction pﬁmp is radial fin.

gl evidenced as at B (Fig. 1-25). In a few designs of end-suction
' pumps, a radial fin (Fig. 1-26) in the suction nozzle is used as a stop

piece; i other end-suction designs no stop piece is used (Fig.
g |N: SR ~1215).  Oceasionally the suction piping design used with end-suction-
g # pumps without stop pieees results in trouble with prerotation.

R
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Question 1-33: What is prerotation?

Answer: Depending upon the individual design of the suction )
piping ard suction passages or suction inlet of a pump, the column
of liquid may spiral in the suction waterways some distance back
from the impeller. This phenomenon is called “prerotation.” It
results from several causes, such as improper entrance conditions
and shape of approach, and can decrease the net effective suction
head and pump efficiency.” Various meanis are used; either in' the -
construction of the pump or in the pump-approach design, to avoid
this phenomenon. There are cases, however, where the effects of
prerotation have been used in special applications to produce de-
sired effects in pump performance.

Question 1-34: Why do some end-suction, single-staéé'-;_ﬁimps |
with solid casings have casing suction heads- (Fig. 1-27) for im-
peller removangthergggyg stuffing-box heads (Fig. 1-28), and still

X '-"bf.s‘c@arge
1. noxzL/@——i-.

- —¥
. /,C'gr.sfiv.g - _
- Suctiort - T
- head
.-—--ﬂ
RN g z
% Ly b s
Ywproroz i) !
R _ vetion ~Stuffing box
e TR .nozzle head
i i, -
RN . I " -
/ aaaTec Impeller ./ Z v
\ H f _
! \_’ : / Impel/er -
-7 Fra. 1-27. 7~ Fie. 1-28.

Fie. 1-27. End-suction pump with removable suction head.
Fia. 1-28. End-suction pump with separate stuffing-box head.
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others have both a casing suction head and a stuffing-box head °= }
(Fig. 1-29)? : S §

Answer: For end-suction pumps up to 4- and 5-in, discharge '
and for the cheaper “contractor” designs, the volute and one side |
can be cast in one piece. The choice of whether the stuffing-box L

- +Stuffing-box - 4
/ 4
/' head
A [ =
H 1.
//‘ R' . - :
—h N 4
\ casing
N - ~ Suction . , s
. head - :
N . Lt
N K}
§ I . » L-
. \\§’I [ I N H .- R R !H
Fia. 1-29. End-suction pump with removable suction and stuffing-box heads. f

side or the suction side is cast with the. casing usually depends on
. the general design of the pump, with the aim to obtain the lowest
cost. For some larger designs, like those for sewage, there is a
demand for pumps of both rotations. A design with separate suc-
tion and stuffing-box heads (Fig. 1-29) permits using the same casing
for either rotation if both flanges are identical. Vertical-shaft
pumps can-best be dismantled by removing the rotor and bearing
ass_gmb1§ from the casing top, thus favoring a design with a remov-
able stuffing-box head.
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Question 1-36: What is a side plate?

Answer: It is a stationary part mounted within the casing (Fig.
1-30), used to provide a close-clearance guide to the water flowing
through an open impeller.

) S|
T
| IH
|
T .x‘:-\ - R
- Sidle plate
suetionr  |== T llllc 1 P
nozz/e---_,l o N e ——
7 W WIN -
7 R N

Open impeller---

F1g. 1-30. Section of end-suction pump with open impeller and side plates.

Question 1-36: Why are wearing rings used?

Answer:— In a centrifugal pump there must be a running joint,
formed by a portion of the impeller and a portion of the casing,
separating the chambers forming the suction and discharge water-
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ways. The leakage of liquid through thls runmng clearance joint
will cause wear on the adjacent surfaces, the rate of wear being
greater if there is grit or other fore1gn material in the liquid. In
most pump designs, the casing casting proper is protected from this
wear by attaching to the casing a removable stationary ;La.rt or
ring. Likewise the impeller is often made with an attached remov-
able part forming the leakage joint surface. These removable
casmg and impeller parts are called wearing rings. Naturally they

can be replaced when worn at a fraction of the cost of a new casing
or impeller.

///// ol
, N

N Impalier'

Fa. 1-3L. ' Fre. 132 Fra. 1-33.

Fra. 1-31. Plain leakage joint between casing and impeller without removable part.
F1a. 1-32. Leakage joint similar to Fig. 1-31 but with removable casing ring.
."Fia. 1-33. Leakage joint w1tb. L-aha.ped or nozzle, casing ring. a

Questmn. 1-37: Whatisa casmg wearmg ring? -

- Answer: Sometimes called an “impeller guide ring,” a casing

 wearing ring is inserted in the pump casing (Figs. 1-32 and 1-33) to

- protect the latter from wear.

-

Question 1-38: 'What is an impeller wearing ring?

Answer: To protect the impeller from wear at its running joint
within the casing or casing ring, it is fitted with a removable ring
called an “impeller wearing ring.”’ (Figs. 1-34 to 1-38).

Question 1-39: What is a flat wearing ring?

- /ZMW It is a design in which the leakage joint is a straight

annular clearance (Figs. 1-32 and 1-36). This type of ring has been

replaced extensively by L-shaped and labyrinth designs.
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Question 1-40:. What are double wearing rings? ... .

Answer: They are renewable rings on the impeller and in the
casing (Figs. 1-34 to 1-38). . .

Casing- | ,fmpeifer
L 'Cbgsf'ng \ wearing
ring--_ \ Fing

. _

{
!

wearing
ring ,

Relier” | ' \

AN

— Imipelfer L
Fiz. 1-34. eeer = F1a. 1-35.

Fia. 1-3¢. Leakage joint with L-eha.ped casing ring and L-sha.ped impeller ring.
Fia. 1-35. Leakage 10mt w1t,h rmgs of the mtermeshmg smgle-labyrmth type.
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Fio. 1-36. '  Fra, 1-37, 5 A= an 1-38.
Fra. 1-36. Leakage joint similar to Flg., 1-31 but_ynth double flat rings.
Fia. 1-37. Leakage joint similar to Fig. 1-36._hut of the step type.
Fia. 1-38. Double-ring construction with labyrinth leakage joint.

Question 1-41: What is an L-shaped ring? -
Answer: An L-shaped casing ring (Fig. 1-33), or nozzle type, as

" it is commonly called, gets its name from its “L” shape, with the

short bar B parallel to the radial surface R of the impeller, which
would otherwise be exposed to incoming flow. This construction
avoids wearing-ring leakage coming into the suction stream at an
angle almost perpendicular to it and causing eddy current and
hydrauli¢ losses. The leakage joint is along the long bar of the L
from L to Ll, with large clearance C' between the short bar of the
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L to avoid losses because of high-velocity leakage at rlght angles to
the suction flow line. An L-shaped ring is basically a flat ring with
a protecting apron. The construction in Fig. 1-34 uses L-shaped
wearing rings in the casing and on the impelier.

Question 1-42: Whatis a labyrmth ring? !

Answer: It has two or more annular- olearanee leakage Jomts .
connected by relief chambers (Fig. 1-35). - As the lea,ka.ge through -
the clearance between two rings depends on its area and length, the
leakage path of the labyrinth ring permits a larger clearance between
the rotating and stationary rings and still keeps leakage to a low
value. The -step. ring (Fig. 1-37), not. commonly used, and the
intermeshing ring (Fig. 1-38), often used, are other forms of laby-
rinth rmgs

Question 1-43: What is an intermeshing ring?

Answer: A labyrinth ring with two annular clearance joints of
different diameters involving a reversal of flow_is often called an
“intermeshing rmg” (Fig. 1-38). = ., -2

Question 1-44: What isa step rmg?

Answer: It is the name applied to a wearing-ring design utﬂlz—
ing, in effect, two flat ring elements of slightly. different diameters
on the total width of a leakage joint. It is not very commonly
used and could be classified a3 a SllblelSlOIl of the labyrmth-rmg
group (Fig. 1-37) oo K

Question 1-45: Is the location of the wearing rings restricted
to the impeller suction eye, or can they be placed near the impeller
discharge?-

Answer: The amount of leakage through a clearance joint is
sontrolled by its area, the length of the path, and the differential
pressure. To obtain minimum area so that leakage also will be
at & minimum, the clearance joint should have the smallest possible
diameter.~Thus, its logical location is at the impeller eye. There

f@gﬁ'ap/plications where it i3 advantageous to locate the wearing ring
" at the impeller discharge, such as in vertical single-bottom-suction
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pumps handling water containing sand or grit, which.will be idle
at times. If the rings are located at the impeller eye,.sand or grit
may accumulate betv-een the impeller and the suction-head wall.

> When such a pump is started, the sand will cause rapid wear of the

sealing rings and may do other damage. Besides having the dis-
advantage of increased area and rubbing speed, wearing rings at
the periphery of the impeller are objectionable in commercial lines
of pumps, because in small sizes impeller diameters vary widely.

Question 1-46: If it is feasible to have wearing rings at both
the impeller eye and periphery, why wouldn’t: it be advantageous

_to use both locations and thus reduce the leakage loss?-

Answer: This constructlon has been used 111 a. feW sewage pumps
to exclude solids from the space between the zmpeller and the side
walls and to reduce sealing-ring wear, which is relatwely ra.pld be-
cause of grit. It could not be advantageously used for high head
pumps, as the outer nngs increase the rotatmg surface area causing

Question 1-47: Are : rings w1th axml.c_le_arances practical?

Answer: Rings with axial clearances have been used for cen-
trifugal pumps but have not been as popular with designers or pur-
chasers as those with radial clearances (Figs. 1-34 to 1-38). Because
of variations in castings, it is generally desired that designs of
double-suction or multistage pumps particularly permit shifting of
the impellers on the shaft to center them closely in their volutes.
Radial-clearance leakage joints permit this, but axial-clearance
joints do not.

Question 1-48: What is the most desirable clearance-ring con-
struction?

Answer: This varies with the kind of liquid handled, the pressure
across the leakage joint, the rubbing speed between running and
stationary clearance surfaces, and pump design. Generally, pumps
have ring designs that their manufacturers have found best suited
to the service for which the pump is used
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Question 1-49: How are casing rings held in the casing?

Answer: With axially split: casings, it. is general practice to usé
a tongue-and-groove joint for the ring in the lower half, of the casing,
so that bolting the two casing halves firmly locks the ring in place
and prevents it from rotating (Figs. 1-2, 1-7, 1-8, and 1-40). In
radially split casings, casing rings are pressed into the casing or the
stage piece and are frequently bolted.in place (Fig.-1-29).

Question 1-50: | How are impeller rings held on the fmpeller?

Answer: They may be- pressed or screwed on the impeller hub,
depending on pump  désign, intended- service,- and- -the "éxpected
frequency of ring renewal. It is. also- general practice to hold
impeller rings in place by setscrews or other fastening devices. In
some designs, the impeller rings are shrunk onto the impeller, but
this is restricted to materials which permit such an assembly.

Question 1-61: What is dynamic balance?

Answer: A pump rotor is in dynamic Bala.nce it all the various
centrifugal forces. resulting from its rota.tlcn, bala.nce each other
Such a rotor runs st full speed mthout v1brat10n. _

Questxon 1—52' | What is static balance?

| Answer “A ] pump rotor is in statle ba.lance 1f When supported
on parallel and Ievel knife edges or their equivalent; it Wlll remam
statlcnary i’ any pos1t1on in which it may be placed

Quesﬁon. 1-53.._. What is the cnt:cal sPeed ofa pump shait?

Answer. Any object of elastic material has a natural perlod of
vibration. " If a pump rotor or shaft rotates at a speed correspcnd-
ing to its natural frequency, any mmcr unbalance is- magnified.
Such speeds are called “critical”’ speeds. The lcwest is ‘called the
first critical; the next. higher, the second, ete:-- When: the rotor of
a centrifugal pump operates at its critical speeds, it vibrates ex-
cesslvely, its shaft deflections exceed mternal clearances, and the

- sha.ft/may fail. L e
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Question 1-64: What is_the relationship between a critical
speed of a pump shaft and its operatmg speed?

Y

Answer: Generally the shaft dunenswns of a smgle-stage pump_
cause the first critical speed to be considerably above its operating
speed. However, centrifugal pumps may operate above their first
critical speed without danger if the speed is high enough. This is
done in multistage pumps by designing their shafts so that the first
critical speed is from 60 to 75 per cent of the operating speed.

Question 1-66: What is meant by rigid and flexible shafts?

Answer: A rigid shaft he,s a first critical speed highei:"t'han its
operating speed. A ﬂex1b1e shaft has its. operatmg speed hlgher
than one of its cnt1ca1 speeds.

Question 1-566: What is the function of a shaft sleeve?

Answer: A shaft sleeve (Fig. 1-39) protects the shaft, thus pre-
venting corrosmn, eroswn, "and wear from aﬁ'ectmg lts strength.

SRR NS \\rﬁ\
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Fig. 1-39. Section of a four-stag'e pumpr rotor, 1den{'.1fymg various sleeves-and shaft
nuts.

Many forms are used in centrifugal pumps; the commonest protects
the shaft against wear where it extends through the stuffing box.

- On small pumps, a shaft sleeve may increase the outside diameter

of the shaft to a point where 1t seriously reduces the impeller suction
area and increases hydraulic and stuffing-box’losses..  Because of
this, small pumps are very commonly built without shaft sleeves,
making the shaft of a stainless steel which is sufficiently corrosion-
and wear-resistant to give a satisfactory life.
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26 PUMP QUESTIONS AND ANSWERS
Question 1-57: What is an interstage, or distance, sleeve?

Answer: It is asleeve (Fig. 1-39) that protects the shaft between
the impellers of a multistage pump. In some designs, impellers |
have long hubs that make distance sleeves unnecessary.

|
Question 1-68: What is the purpose of a stuffing box? :

Answer: When pressure at its inner end is below atmospheric,
the stuffing box prevents air leakage into the pump. When pressure
at its inner end is above atmospheric, the stufﬁng Box prevents
liquid leakmg out of the pump.
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Fia. 1-40. Partial section of a double-suction pump to show stuffing-box bushing
and other stuffing-box details.

Question 1-p9: What is a stuffing-box bushing?

Answer: It is a removable piece that forms the stuffing-box bot-
tom in some smaller sizes of centrifugal pumps (Fig. 1-40). It is
not split, even though the pump casing in which it fits is split

a,}:’i,all-y’,/b,nd is generally held from rotation by a locked tongue-and-
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groove joint in the lower half of the. casing.. On, large -pumps,
stuffing-box bushings are rarely used (Fig. 1-41). The use of stuff-
ing-box throat bushings is based mainly on manufacturing con-
siderations rather than on any particular operating advantage
They generally are used in small pumps, in which the diameter of
the bottom of an integral stufﬁng-box would lumt the bormg-bar
size to too small a diameter.

Question 1-60: What is the purpose. of a stuffing-box seal or
lantern ring?
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Fia, 1-41. o NELE ~Frq, 1-42,

Fra. 141. Section of stu{ﬁng box thh 1ntegral bottom
F1a. 142, Typical lantern ring or seal.cage.design....- .~ - . *

Answer: To prevent air leakage into the pump when operatlng

" on a suction lift, a water-seal cage or lantern ring (Flg 1-42) is
fitted into the stuffing box (Figs. 1-40 a.nd 1-41). . Water or seahng
fluid under pressure piped.to. the space provided by the lantern
ring. (Fig. 1-40) makes an eﬁ'ectwe seal beyond which air cannot
pass into the pump. This seal -~hamber also provides a reservoir
of watep or ﬂmd for cooling and lubnca.tmg the packing. A seal
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may also prevent inflammable or chemically active and dangerous
liquids from flowing out to the atmosphere.-

"Question 1-61: When is an mdependent sealmg hqtud needed i
in a lantern ring?

|
Grease-feed head--- i

LRC AR
.......
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.......

ear gk ~-.. §
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T -Grease
6mase 03
cup _ ' N
Lanterrr-
rings,
200

Fia. 143. Design of weight-loaded grease seal.

Answer: When a pump handles clean, cool water, the stuffing-
box seal or seals are usually connected to thé pump discharge
(Fig. 1-40) in case of a single-stage pump or to the waterways of the
first stage in case of a multistage pump.  An independent water-seal
supply should be used, if possible, when

L Suction lift exceeds 15 ft. o

. Discharge pressure is less than about 10 lb or 23 ft head.

~
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3. Pump handles hot water (over 250°F) and adequate cooling
is not otherwise provided. e

4. Water is muddy, sandy, or gritty. '

Pump is in hotwell service. S |

6. Acids, juices, molasses, or liquids other than water are handled,
with no special provision in the stuffing-box design for the

@

liquid pumped.
Scaling-wafer connectiorr; Cooliqu-wafef
| ' I “outflow
AL JE _‘_-"3,/___.-— e s . L
Cooling-waler
-? jacket
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Fia. 1-44. Water-cooled stuffing box integral with casing.

Question 1-62: When is a grease seal used?

Answer: Grease is often used as a sealing medium for a stuffing
box when clear water or a suitable clear liquid is not available or
cannot be used. Grease sealing of the stuffing boxes is very
commonly used for sewage pumps and low head drainage pumps,
even if operating on suction lifts. Grease seals are also used fre-
quently on chemical pumps. The grease is usually fed into the seal
by spring-loaded grease cups, but weighted grease sealers (Fig. 1-43)
are sometimes employed. - : e
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Question 1-63: What is the purpose of water-cooling stuffing - .

boxes?

Answer: 'Toreduce the temperature of the liquid leaking through
the packing or to remove some of the heat of friction developed at
the packing or both, pumps handling hot liquids and/or operating
with high stuffing-box pressures are generally provided with
jacketed stuffing boxes (Figs. 1-44 to 1-46) so a-cooling medium,
usually water, can be circulated through the jacket.
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Fio. 1-45. Water-cooled stufing box inserted in casing,.
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Question 1-64: What is a smothering or quenching gland and
where is it used? '

Answer: In many pump a.pphca.tlons, stufﬁng—box leakage to the
atmosphere is objectionable because it would create an explosion
hazard or be dangerous to personnel. This is frequently true of
pumps handling hydrocarbons at temperatures above their flash
point or vaporizing temperatures. When leakage cannot be cooled
sufficiently by the water-cooled stuffing box, provision is made for
circulating a liquid—either water or another hydrocarbon—at low
temperature through a channel between the packing gland and shaft
sleeve. This liquid mixes intimately with the leakage, lowering

Cits _temperature or, for volatile liquids, absorbing or smothering

the leakage.




CENTRIFUGAL PUMPS AND THEIR PARTS 31

Question 1-656: What is a split gland and when is it used? -

Answer: Split glands are made in halves, so that they can be
removed from the shaft without dismantling the pump, to allow
more working space during repacking. Their halves are generally
held together by the gland bolts or separate bolts, but other designs
are also used. Figure 1-47 shows one half of a split gland that is
held together by separate bolts

-—
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Fia. 146:7 Water-cooled stuffing-box arrangement for precooling stuf’ﬁng—box leakage
before it reaches packing. .
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Question. 1-66: What is a stuffing-box pressure-reducing..

device?

LY

Answer: When pressures- exceed “the- value "against-which the
stuffing box can be safely packed, a pressure-reducing device may

Frc. 147. Half of split gland provided lwith gland bushings.

.. Bleedoff connection
s fo low pressure
- Lanfern
/ ring
A ' Packing,
Pump 7N
interior ) ;
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. Fral ’1/-48. Stuffing-box design with serrated stuffing-box bushing acting as pressure-

reducing device. . :
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meshing labyrinth located between the pump-interior and: the stuff-
ing box proper, ending in a relief chamber. The latter is connected .
to a region of lower pressure, and leakage past the pressure-reducmg
device is returned to this point.

Question 1-87: What is a mechanical seal?

Answer: All mechanical seals, while differing in various physical
respects, operate fundamentally on the same principle. -In -each,
the sealing surfaces (Fig. 1-49) are located in a plane perpendicular

" to the shaft and usually consist of two polished lubricated surfaces
_running on each other (at §), one surface being connected to the

shaft and the other to the frame.—-The- polished or Iapped surfaces
of dissimilar materials are held in continual contact by springs.
The surfaces form a fluid-tight seal Between rot.etmg and stationary
members, with small frmtmnal losses -In Fig,’ 1—50,13. mechamcal
seal is 1nstalled on eachelde of the unpellera.t S U

L —— e
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Questmn 1—68 Why are n_1echamcaL sﬁﬁn&box seals used?

—

Answer For many gervice condltlons, a conventlonal stufﬁng
box with comp081t1on packing is impracticable for sealing-a rotating
shaft, particularly where the seal must be leakproof. A mechanical
seal provides a leakproof design with low power losses for a wide
range of fluids, such as corroswe acids and grltty of inflammable

- liquids.

Question 1-69: What bearing de51gns are used on centrifugal
pumps? -

Answer: Practically every design' has been used. Even the

~ same basic pump design is often built with two or more bearing de-

signs, as service conditions or the purchaser requires. For double-
suction, single-stage, general-service pumps,.two external bearings,
one on either side of the casing, are generally used. Formerly oil-
lubricated sleeve bearings were used, but most pump manufacturers
now useﬁntl-frlctlon bearings extenswely, Whlch. are either grease-
or oil-lubricated.
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Questxon 1-70: What is a self-aligning bearmg? -

Answer: It is made to adjust itself automatlcally to a change
in the angular position of the shaft. In babbitted bearmgs, the
name applies to bearings in which the bearing shell has a spheriéal
fit in the housing. In anti-friction bearings, it applies to those with
a spherically ground outer race R (Fig. 1-51) to perxmt the bearmg '
to align itself to the position of the shaft

Fio. 1-51. . Fe. 152
F1a. 1-51. Self-alignifig double-row ball bearing.
Fia. 1-52. Single—row_'t_ieep-groovprball bea.ring.

Questlon 1-71: What desfgns*of anti-friction bearings are used?

Answer. Vanous ball-bearing-designs are most commonly used.
Roller bearings are used to a lesser degree, but spherical roller
bearings (Fig. 1-57) are used quite- extensively on large shafts, for
which the choice of ball bearings is limited.

Question 1-72: What types of ball bearings are used? _

Answer:” The most common are single-row deep-groove (Fig.
1-52), double-row deep-groove (Fig. 1-53), double-row self-aligning
(Fig. 1-51), and the angular-contact type made in double- and
single-row designs (Figs. 1-54 and 1-56). All except the double-row
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self-aligning bearings can take both axial-thrust and: radial loads. -

The ball thrust bearing (Fig. 1-58) was formerly used to take thrust
only in combination with babbitted bearings, but now it is rarely
used on centrifugal pumps. Sealed, adapter, and other ball bear- -
ings are used in special applications.

;., T e e s e i e A R Ty ppa—

Fia. 1-63. . Fu 154,

Fia. 1-53. Double-row deep—groove ball bearing.
FIG 1-54 Double-row angular-conta.ct ball bea.nng

Question 1-73 “When are self-ahgnmg ball bearmgs used?

Answer: For heavy Ioads, high speeds, and Iong bearmg spans
with no end thrust, they are well adapted for line bearings on
centrifugal pumps. The double row of balls (Fig. 1-51) runs in
fixed grooves in the inner or shaft race, and the outer race is spheri-

- cally ground; it therefore operates as a pivot to take slight vibration

or shaft deflection. It has very little thrust capacity and is not
used for combined radial and thrust loads in centrifugal pumps.
With large shafts, the self-aligning spherical-roiler design (Fig. 1-37)

is used instead of self-aligning ball bearings (Fig. 1-51). Self-

ahgmng,sphencal—roller bearings can carry a combined radial and

-axial load with cons1derable thrust Ioad component




[,

CENTRIFUGAL PUMPS AND THEIR PARTS 37

Question 1-74: When are deep-groove ball bearings used?

Answer: Single-row deep' groove ball’ bearings (Fig. 1-52) are -
applicable to many services. They can take-both radial and thrust
loads. For conservative speeds, light thrust loads, and short spans,
these bearings are satisfactory. Double-row deep-groove ball bear-
ings (Fig. 1-53) are, in effect, two single-row bearings with greater
capacity both for radial and thrust loads. They are used quite
generally when loadings exc-'e‘ed.zgingle—row bearing ratings.

. Fra, 1-55 “ . Fie1-B6e

Fig. 1-55. Two snngle-row angula.r-contact ball bea.nnga mounted baek to back act
as & double—row beanng - N
- Fig. 1—56 Smgle-row angular-contact beanng.t £ "';?_33' e

can be” used only on centnfugal pumps when' there. wxll be-a thrust

at all times: m_h_g_z;e dnpptlon, and are hmlted pnma.rll)r to vertlca.l
matched pa.lr mounted back to back (Flg 1-55), a.re satmfa.ctory .
for thrust loads in either direction. Some pump “manufacturers
standardize on this double-row angular-contact bearing for com-
bined radial and thrust bearings and also use it for many applica-
tions where the double-row deep-g_roove design can be used,
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Question 1-76: What dictates a de51gner’s choice of lubricant.
for the bearings of a pump?

L

Answer: In laying out a line of centrifugal pumps, the choice of
lubricant for their bearings is dictated by application requirements,
by cost considerations, and sometimes by the preferences of a group |
of purchasers who use a major portion of a line of a particular design.
For example, almost all oil refinery centrifugal pumps have oil-

Fm. 1-57. Fia. 1-58.
Fra. 1-57. Self-aligning spherlcal-roller bearing.
Fia. 1-58. Spherlcally seated one-direction ball thrust bearing.

lubricated bearmgs,because refinery engineers insist on this feature.
On the other hand, in the marine field preference is for grease-
lubricated bearings. For highly competitive lines of small pumps,
cost is a main consideration, and the lubricant is chosen to obtain
the lowest cost consistent with the bea.rmg demgn a.nd the require-
ment for thh rehablhty of the pump in sex:vwe. P

Quesuon 1-77 How are ball bearmgs lubncated in centnfugal
pumps? ) | ,

/

An’swer. They are generally grease—lubncated a,lthough in the

)

Iarger size bearings oil lubrlcatmn is frequently applied. When

11+ A, i
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- grease-lubricated, the bearings are partly filled with grease, which
the rotating balls throw out on the housing walls, creating a slight
suction at the inner race. Because the grease is a semisolid, it does-
not flow into the bearing until a small rise in temperature occurs,
when some grease melts and runs into the bearing, lubricating it.
After this, continuous circulation of a small amount of grease keeps
the bearing lubricated and cool with the minimum of-atténtion. "~
Do not pack the housing of a grease-lubricated ball bearing full
of grease, as this prevents proper grease circulation in-the bearing
and its housing. A rough rule recommends {iling the housing one-
third- full. An excess of grease causes:the bearing to: heat and
grease to flow out from the seals. - - e '

- R
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Fro. 1-59. Water-cooled housing for ball bearing.

Quesfioxi 1-78: When and how should pump bearings be water-
- cooled? ' - S

Answer: If the amount of heat generated in the bearings is too
much t6 be dissipated by air ccoling, water cooling:becomes: neces-
sary. Thrust bearings are more frequently water-cooled than line
bearings. This can be done by circulating water or other cooling
liquid through a jacket surrounding the bearing (Fig. 1-59) or by
cooling the oil in a forced-feed oil-lubricated hearing. Water jackets
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- rebabbitting is periodically necessary.
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are most generally used with anti-friction bearings. W_hen pumps .
handle hot liquids, heat from them may be transmitted to the
bearings and their housings by radiation and by conduction along
the shaft, thus adding to the cooling problem. There are a few
installations where pump bearings are cooled with air forced by
fans through ducts in the bearing housings. - . ‘

Question 1-79: What is an integral-bearing bracket and what

are its advantages? N S Rt §

- Answer:  An integral-bearing bracket is one that is cast onto the
pump casing. Since the bracket is bored and machined at the same
time as the casing, correct alignment is assured. The bracket is
usually designed so that it collects leakage from the stuffing box.

Question 1-80: What are pedestal bearings and when are they
used for centrifugal pumps?

Answer: - Pedestal bearings have ‘their housings supported on a
flat surface, generally a pad on a bedpla,te-or a sole plate in the
foundation. They are best suited for radial loads and were used
quite extensively on earlier centrifugal pumps. They have been
generally superseded by bracket bearings, because of easier align-
ment and the increased thrust loads resulting from higher head
application. Pedestal bearings are still used on centrifugal pumps
to support a separate jackshaft or an extension of the impeller
shaft on some belt-driven and some large pumps.

Quéstibh 1.81: If a centrifugal pump is fitted with ball bearings,
should its driver have ball bearings or can sleeve bearings be used?

Answer: It is sometimes argued that both a centrifugal pump
and its driver should have the same type of bearings. The basis of
this claim is that, if one has anti-friction and the other babbitt
bearings, the. babbitt bearings wear and throw the two shafts out
of line. However, if a pump and its driver both have babbitt
bealjjngs;’%ear in their bearings is unequal, and realignment or
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‘Well-designed, properly lubricated babbitt bearings -wear very -
slowly, and the flexible coupling between the pump and driver
shafts compensates for the resulting slight misalignment for a con-
siderable period. Regardless of the type of bearings on driver and -
pump, check the alignment periodically and correct it if necessary.
It is immaterial whether bearings are 31m11ar

Question 1-82: Why are thrust bearmgs used on double-

suction pumps?

Answer: A double-stwtion pump theofetieé,lly should be in
axial hydrauhc balance, but it rarely is. A pump is prlmarxly a
product of a foundry, and minor 1rregular1t1es result that ma.y cause
differences in eddy currents a.round the impeller that produce an
axial hydraulic thrust. Condltlons in the suctlon piping may cause
hydraulie unbalance of the unpeller of the pump ‘A thrust bearing
to take thrust in either direction is therefore necessary to keep the
impeller in its proper. position. -

-E’ fmpe//er\ P ’—"Dfsc;,a’ge
: Question 1-83: What is axial W - oo Pressure |
hydraulic thrust? E / " Bar?ﬁgwearme“
T Tt S 4
LT 217 /
- ’ . — N/ /
Answer: It is the summation f /§ A [
_ . B th./ AN
of unbalanced forces acting on 'E= N[ //"
an impeller in an axial direction. */ h . 0‘0:0-
Single-suction impellers, if wear- JVIII/IIJ////// u’;;;,’//// .
. . . . . Suction ‘Bm'arnwng ~Suction
ing rings are no.t prov1ded I | pressure  hole  pressurd)
the back, are subject to an axial i
l_ -. . -

thrust because they expose more

back-wall surface to the dis-
charge pressure than the opposed
front wall, a portion of the

front wall being exposed to the:

~ Question 1-84:"
suction pump?

Fra. 1-60. A single-suction impeller with
leakage joints of equal diameter on both

_sides and with balancing holes to obtain

hydraulic balance.

suction pressure.

How can axial thrust be balanced in a single-

Answer: Balance can be achieved by providing wearing rings
of the same inside diameter on the suction and back sides of the
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Fiq. 1-861. Multistage pump design incorporating impeller design shown in Fig. 1-60.

impeller and by having balancing holes through _th{e_ latter (Figs.
1-60 and 1-61). In multistage pumps, all impellers may face in
| the same direction and the pump be provided with a hydraulic
- balancing device (Fig. 1-62). As an alternative, an even numb_er of
- impellers may be used and divided into two equal groups. ‘The
two groups face in opposite directions (Fig. 1-63), so that the axial
thrust of one is practically balanced by that of the other.

. 76 pump suction or
Secono/-stage  Third-stage Fourth-stage suction source &
impellers fmpe//eQ\  impeller; ‘,' %E
] H:
8-
First-stor Qo
r‘mpe//er?-e “ d
i
|
Balancing alancing-
_ - - _drum=--" rum fead
B T S mThrust--=" Balancing force

. ,FIGT/IQZ. Partial section of multistage pump with balancin'g drum to compensate -
for axial thrust resulting from unbalanced impellers. -
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Question 1-85: What are the most common arrangements. of
impellers in multistage pumps? _

Answer:

1. Several single-suction nnpellers may be mounted on one. shaft
each having its suction facing in the same direction and the
stages following in the ascending order (Flg 1- 62) Such a
pump requires a hydraulic balancing deviee.

9. An even number of single-suction impellers are mounted on
one shaft, one half facing in one direction and the other half
facing in the oppbsite (Fig. 1-63)'-.

Rourth stage —-L£f
first s:‘b_’g;er -

% "Z
-
il

P
‘
f

/////

4’////.’

4
ZWarr‘t','r--coc:/.‘.m‘ Lsosfdtions
igring
ball thrust ball bearirg
bearing , :
Suction? ﬂ;‘schalye

Fig. 1-63. Four-stage pump with two of its single-suction impellers facing opposite
the other two to give hydraulic balance. '

3. An uneven number-of single-suction impellers are used, and
shaft and interstage bushing diameters are chosen to give the
effect of a hydraulic balancing device to compensate the
hydraulic thrust of one stage.

4. Any number of double-suction impellers. may be mounted on
‘one shaft.

Question 1-86 What are a balancmg drum and a balancing-
drum head?

Answer: -THe rotating part of a ra.dml—clearance hydraulic bal-
ancing device (Fig. 1-62) is .a balancing drum, and its stationary

_part is a balancing-drum head.
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Question 1-87: How does a balancing drum balance axial :
thrust? -

Answer: The balancing chamber beyond the last-stage impeller .
(Fig. 1-62) is separated from the pump interior by the balancing
drum and drum head. The balancing chamber. connects either to |
the pump suction or to the suction source. Therefore, the balanc-
ing-chamber pressure is practically that on the suction, with the
discharge pressure acting on the oppos1te drum face. Then, by
proper design a balancing-drum diameter is selected to balance the
axial hydraulic thrust completely or to  within 90 to 95 per cent,
depending on whether the thrust bearing is to carry a portion of the

axial thrust, - -+ 777 o ossAn o
-Resfrrcfmg ar:ﬁce N

I T || A
To suction

Last-stage.

lb‘)pel/en ' e
' - 17 . Balancing
N Axia/ hamber-
/ \ |‘7¢amnce 7
\ 0 :
Dlscharge Sx 74
pressure ,_g%- 7
z 3 :

F1a. 1-64. Balancing-disk arrangement.

Question 1-88: What are a balancing disk and a balancing-disk
head? | :

Answer: The rotating part of an axial-clearance hydraulic bal-
ancing device (Fig. 1-64) is a balancing disk; the statlonary part is
a balancmg—dlsk head.

uestlon 11-89: How does a balancing dlSk balance axial thrust?

7 Answer: The balancing disk is fixed to and rotates with the
shaft, being separated from the balancing-disk head by a small
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axial clearance. Leakage through this clearance flows into the
balancing chamber and to the pump suction or suction source.
Balancing-chamber pressure exists on the back of the balancing
disk, while its face is acted upon by an intermediate pressure be-
tween the discharge pressure at the smallest diameter of the disk
and the*balancing-chamber pressure at its periphery. Inner and
outer disk diameters are so chosen that the difference between the
force acting on the face of the disk and that on its back balances
the axial thrust of the impellersi. .

If. the axial thrust of the pump increases, the excess pressure
‘moves the rotor to reduce the clearance between the balancing
disk and the disk head. This reduces the flow through the clear-
ance and lowers balancing-chamber pressure until the pump axial
thrust is again balanced. Similarly, a reduction in axial thrust
‘causes an increase in clearance between the disk and the disk head. .
‘ As a result of increased flow, pressure increases in the balancing
chamber until the axial hydraulic thrust is again balanced.

~=T0 Suction
v,
Rodial t g
clearance Balancing
cbq_mber
FAxiorl
N\, c/earance
Balancingdisk .
\he 775 S
“ ‘e ]
- | 5§ %
]
Last-stage ‘ \
Impeller l ' N
. Intermediate relief chamber-

Fra. 1-85. Combination balancing disk and drum arrangement.

Question 1-90: What is a combination balancing disk and
drum?

Answer: In-modern practice, a simple balancing disk is not
commonly’ﬁdsed. A combination device with both axial and radial
clearances is employed (Fig. 1-65). Such a_device is called g “com-
bination balancing disk and drum,” -



46 PUMP QUESTIONS AND ANSWERS

Question 1-91: What types of couplings connect centnfugal. .
pumps to their power units? | .

- Answer: Flexible couplings are most commonly used, but pr'a.ct-i_-
cally all types of couplings and clutches have been applied.

Question 1-92: What is a rigid coupling?

Answer: It is a coupling that solidly connects the driving and
the driven shafts, making of them, in effect, a single shaft. These
couplings are used mainly on vertical pumps and generally must be
capable of transmitting torque and thrust (Fig. 1-66).

A.

===

Fia. 1-66. Flanged rigid-type couplmg )

Question 1-93 What is a clamp couphng?

Answer: Tt is a rigid coupling that consists of a split sleeve with
bolts so that it can be clampgd on the adjoining ends of two shafts
to form a solid connection. Axial and circular keys are commonly
used, so that transrmssmn of torque and thrust does not depend -

solely on frictional grip.
Quesuon 1-94: What is a compression coupling?

" Answer: Compression couplings are seldom, if ever, used on
modern horizontal centrifugal pumps. Their use is normally re-
stricted to vertical sump pumps. A compression coupling is essen-
tially a ngld coupling with its ceateal portion a slotted bushing bored
to fit the two shafts and tapered on the outside from the center to
both ends The two coupling halves are bored to sult this taper.
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When bolted together, they compress the bushing to the shafts with
a frictional grip that transmits the torque without keys.
Question 1-96: What is a flexible coupling?

Answer: A flexible coupling transmits torque from one shaft to
another as a rigid coupling does but is ef a design that permits

-

- b g

\.3.» S

FIG 1-67 Fle:nble coupling of pin and rubber—buﬁ'er type

-

- minor misalignment (angula.r, parallel, or both) of the shafts.

Figures 1-67 to 1-70 show four of many designs, and the captlons
describe them. : :

- Fio. 168. | Fio. 1-69.
FIG 1-68. Flexible couplmg of the internal-external gear type
Fia. 1-69. Flexible coupling of the flexible-metal-pin type.
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Question 1-96: What is an extension coupling?

Answer: It is a flexible coupling consisting of two single-engage-
ment elements connected by a sleeve (Fig. 1-71). This gives, in
 effect, the equivalent of a short
floating shaft drive that com-
LA pensates for greater misalign-
m¢ | ment than a regular flexible
' coupling. Extension couplings
are commonly used on pumps
handling hot liquids when ex-
pansion may cause misalign-
¥ ment. They are also used on
B end-suction pumps in which the
¥. impeller and bearing assembly
] ‘are removed axially toward
the driver. |

Question 1-97: What types
of couplings are used in dual-
driven pumps?

TR TIPS N € P e e S

Fic. 1-70. Flexible coupling of the steel-
spring-grid type.

Answer: On dual-driven pumps, it is generally desirable to have
one driver idle when the other is in operation, to save power as well

-~""Fia, 1-71. Boiler-feed pump driven by a motor through an extension coupling.
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as wear on the idle machine. Some design of quick-disconnect
coupling can be used for this purpose. The ideal coupling for dual
drives is one that can be readily disengaged and engaged. When the
stand-by driver starts automatically, a freewheeling or overrunning
clutch is necessary.

Question 1-98: Are clutches used between centrifugal pumps
and their drivers?

Answer: Conventional designs of clutches are rarely used, be-
cause most of them seriously increase the thrust load on the thrust
bearing of the pump, and they require an accurate alignment be-
~ tween clutch parts that may be difficult to maintain. Overrunning
clutches are used particularly. for dual drives. The most success-
ful designs have a flexible coupling built in as part of the clutch
“unit. Automatic clutch couplings that have their friction elements
applied radially by centrifugal force are also used.

Fia. 1-72. Flexible drive combining two universal joints for angular m.isahgmnent
and a splined section to compensate for variation in length.

Question 1-99: What is a flexible drive?

Answer: In some installations, to accommodate considerable
misalignment between pump and driver shafts, two universal joints
or flexible couplings are joined by an unsupported shaft or torque
tube. One design using universal joints provides for changes in

distance between the shaft ends and is called a “flexible drive” (Fig.
1-72). |

Question 1-100: Are magnetlc clutches used w1th centrifugal
pumps?

Answer: They are rarely used to connect centrifugal pumps to
and disconneet them from their drivers. One application where
they have been used is on pumps discharging into accumulator
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tanks or for similar service where the demand varies over a wide -

range. It is now general practice to start and stop the entire
pumping unit or, if the cycle is too frequent for that, to allow the
pump to operate at reduced capacity during the period of small
demand. If the demand will at times become too small for proper
operation, a by-pass is provided so that the pump discharge capacitjj
never falls below a safe value. :

Question 1-101: Are hydraulic couplings and magnetic drives
used with centrifugal pumps?

Answer: Both are used with centrifugal pumps where operating
conditions warrant changing the output speed to control the pump
discharge rate. They have about the same over-all efficiency as
wound-rotor motors with speed control and can give any desired
output speed, while the control of a wound-rotor motor gives only
steps in speed. ' '

Question 1-102: What are sole plates and when are they used?

Answer: - Sole plates are cast-iron or steel pads located under
the feet of a pump or its driver, or both. They are embedded in
the foundation, and the pump and its driver are doweled and -
bolted to them. Sole plates are generally used for some of the

larger units to save the cost of the large bedplates that would be - :

required for such units.

Question 1-103: What is the purpose of a bedplate under a
pump and its driver?

Answer: The purpose i3 to provide a foundation on which they
may be aligned with each other and on which they can be assembled
as a single unit for moving from one location to another, and to
simplify their installation. ' While bedplates are fairly rigid, they
do not provide sufficient support and must. be bolted and grouted
to a rigid foundation after being properly leveled. Because of
handling during transit and erection, bedplates sometimes become

distorted, which makes it necessary to check the alignment of the
~ unit after it is installed.
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Question. 1-104: When is it undesirable to provide a bedplate
under the pump and its driver? |

Answer: For most large pumping units, the cost of a single bed-
plate on which to mount and align the different parts exceeds that
of the field work necessary to align individual bedplates or sole
plates. In such cases, a single bedplate is used only when appear-
ances or the need as a drip collector justifies the additional cost.
These bedplates have a raised lip around their top edge and slope
toward one end to collect drainage in a screened drain pocket, from
which it is piped to a convenient point for disposal. Even for
- fairly small units, there are installations where a considerable dif-
ference in height exists between the level on which the feet of the
pump are bolted and the level of those of its driver. In many such
installations, a more rigid unit and one of more pleasing appearance
can be obtained by using individual bases or sole plates and build-
ing up the foundation to various heights as required for the different
parts of the equipment.

Question 1-106: ‘When must the pump and the bedplate con-
struction be made to give center-line support?

Answer: When liquid temperatures are high, it is necessary to
support the pump casing as nearly as possible to its horizontal
center line (Fig. 1-71) to prevent temperature differences from
seriously disturbing the alignment of the unit and eventually
damaging the pumping equipment. This construction is generally
employed for refinery pumps handling high-temperature hydrocar-
bons and for heater drain and boiler feed pumps operating at
temperatures of 300°F and higher. Some pump manufacturers
provide center-line support for all boiler feed centrifugal pumps,
regardless of operating temperature.

Questionr 1-106: What is meant by “pump setting”’?

Answer: Except for vertical turbine pumps (see page 172), it
usually means the distance from the supporting floor to the suction
bellmouth of vertical wet-pit pumps. This term is also used in a less
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Fig. 1-73. Typical section of vertical wet~

pit_propeller pump with axial-flow impeller.

_definite manner with vertical

dry-pit pumps, where it refers
to the distance from the floor
supporting the driver to either
the floor supporting the pump
or the suction opening on the

Question 1-107: Whatisa
pump bowl?

Answer: Invertical turbine- -
pump and propeller-pump

" ‘practice, the bowl is the sta-

tionary part containing the
diffusion vanes (Fig. 1-73).

ngéﬁpﬁ 1-108: Whatisa

© " pump-bowl assembly?

Answer: “Pump-bowl as-
sembly,” “working barrel,”
and “pumping element’’ are all
used interchangeably to mean
the assembly of all impellers
and pump bowls, together with
their rings and bearings and
those sections of the shafting
on which the impellers are
mounted, in vertical turbine
or vertical propeller pumps
(Fig. 1-73).

Question 1-109: Whatisa
discharge column? :

-+ Answer: The discharge col-
umn in a vertical turbine or
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vertical propeller pump is the pipe and complete shafting between
the pump-bowl assembly and the pump head or motor stand. It .
acts both as the supporting column for the pump-bowl assembly and
as a pipe to carry the water to where it is discharged (Fig. 1-73).

Question 1-110: What is a column pipe?

Answer: This column suspends a wet-pit pump from its support-
ing base. With propeller and vertical turbine pumps, the column
pipe acts as the discharge pipe and is also called the “discharge
column.” “The column pipe may also be called a “drop pipe.”

The terminology used for vertical wet-pit centrifugal pumps has

‘been that used in vertical deep well turbine-pump practice. That

type of centrifugal pump, covered in Chap. 10, has been widely
applied for open-pit installations and is now generally called
“yertical turbine pump” type.
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CHAPTER 2
CENTRIFUGAL-PUMP CLASSIFICATIONS

Question 2-1: What is a general-service pump?

Answer: A number of services use centrifugal pumps of the
same construction. For this broad application, they are called

“‘general-service pumps.”’

Question 2-2: What is a booster pump?

Answer: Any pump that operates in serxes Wlth another to in-
crease the head or to increase pressure in part of a system is generally
called & “booster pump.” Such a pump has numerous applications,
the most common bemg when water is avallable under insufficient
pressure and a pump is added to boost the pressure to that needed
creased to where the ‘existing pump or pumps cannot be used.
Accordingly, a booster pump or pumps is added in series to provide
the additional head. In some hlgh head pumpmg installations,
suction conditions do not permit a pump to operate at the best
speed for the head and capacity required. To eliminate suction
limitations, a low-speed, low head pump is installed to take the
liquid from the suction supply and discharge it to a hlgh-speed

- efficient pump that develops the major portion of the total head. |

In such installations, the low-speed, low head pump is a “suction
booster pump.”’ ’

Generally, a booster pump develops considerably less head than
the main pump. Fowaver, “‘booster’” is often applied to pumps in
intermediate stations of pipe lines, even though they develop the
same or greater head than those in the first station. |

Question 2-3: What location is preferred for a booster pump?

~Answer: When a booster pump has to increase the pressure of
a high-pressure pump, it is preferably installed as-a suction booster. |
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If it were installed on the high-pressure pump discharge, its casing
ond stuffing box would be subjected to high pressure. In many
‘nstallations this would result in high cost and a serious stuffing-box
maintenance problem.

Question 2-4: What is a circulating pump?

Answer: In the past the term was understood to cover a pump
to supply cooling water to a surface condenser. So many other
applications now exist in which water or other 11qu1ds are circulated
that this name no longer can be properly used for z single service.
It must be -qualified by giving the service for which the pump is
used, hke “condenser circulating pump,”.. “hot-water circulating

pump,”’

Question 2-6: Whatis a boﬂer feed pump? |

Answer: It is used in steam—generatmg power plants to dehver
feed water to the boiler. Depending upon the feed cycle, the
boiler feed pump may take its suction from a condensate-pump
discharge, a deaerating heater, or, in small plants, directly from the
make-up source external to the feed cycle. A boiler feed pump
generally handles water at a temperature of 212°F or above.

Question 2-6: * What is meant by a hotwell pump?

Answer: A pump to take condensate from the hotwell of a con-
denser, a stage heater, or an evaporator and deliver it into the
boiler feed system may be called & “hotwell pump.” In practice,
however, the term has been restricted to condenser hotwell service,
other applications carrying their own designation.

Question 2-7: What is a condensate pump?

Answer: It handles éondensape and, as such, the term could be
applied to any pump in a steam power plant c¢ycle. Its use, how-
ever, is restricted to a centrifugal pump to remove condensate from
a condenser. Sometimes any hotwell pump is called a condensate
pump, but this is not exactly correct in the restrictive use of the
term. '
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Question 2-8: What is a tail pump?

-

Answer: With low-level jet condensers, s, pump is reqﬁired to

take water out of the condenser against a head that equals the
existing vacuum plus any external head. These pumps are called
“tail pumps’”’ and are usually of special design, mechanically and’
hydraulically. ' o T

Question 2-9: What is a heater-drain pump?

Answer: Tt réemoves condensate from g closed-heater hotwell,

Like all hotwell pumps, ;t_hq.ndles_ liquid at a pressure equivalent -

to its vapor pressure. Unljke_conden_sate-removal pumps, how-
ever, the pumping tempera’tux_'e of a heater-drain pump may be ag
' - e high as 350.or 400°F, with a
. corresponding suction pressure,
- .4 Tequiring a suitable stuffing-
box design. =~
Question' 2-10: " What is a
condensate-return unit?

Answer: The unit is a pump
- combined with a tank or reser-
- voir and automatic controls
(Fig. 2-1). It is installed so
that  condensate- from various
sources, such as a building
heating or process system, can
drain to the storage tank.
When sufficient” condensate has accumulated, the control auto-
matically starts the pump, which discharges the condensate to a
boiler or to some part of the boiler feed system.

Frc;. 24. Condensat/e/retum umnit.

Question 2-11: What is a ﬁre pump?

Answe?-: A pump installed solely to provide water to fight fire,
and which is.not used for other services, is called a “fire pump.”’

It can be either a regular commercial pump or a specially designed

: pu‘ﬁp approved by the Underwriters.

PRI ARG, Sp: AP TS S e oy R tie t it fedia e o AN



ke e

Ay

C Ay e S R e

T

CENTRIFUGAL-PUMP CLASSIFICATIONS 57
Question 2-12: What is an Underwriters’ fire pump?

Answer: The National Board of Fire Underwriters and the
Associated Factory Mutual Fire Insurance Companies have estab-
lished specifications covering the mechanical design and hydraulic’
performance features for fire pumps. Pumps built to meet these
specifications and approved by the Underwriters are called ‘“Under-

writers’ fire pumps”’ (Fig. 2-2).
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Fia. 2-2. Underwriters’ fire pump with hose gates and qther Underwriters’ fittings.

Question 2-13: What are Underwriters’ fittings?

" Answer: They are accescories that the Underwriters require for
use with fire pumps before the installation can be approved. These

“include pressure gauges, air and starting valves, manifold with hose

gates, relief valve, ete. Local conditions dictate what fittings must
be included to have the installation approved. '

Question 2-14: What is a trash pump?

—

Answer: A non-clogging sewage pump was at one time called a
“trash pump.” The term is rarely used now.
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Question 2-15: Whatis a non-clogging pump?

Answer: 1t has comparatively large openings between vanes of
its impeller, which are well rounded at their entrance ends, to pre-'
vent clogging with strings, rags, and solids when handling sewage
or other liquids containing matter that tends to clog the impelley.
An ordinary centrifugal-pump impeller has comparatively small
passages between its vanes, which have sharp entrance ends and
are easily clogged when handling such liquids as sewage.

Question 2-16: What is a sludge pump?

Answer: Pumpg_ are required in sewage and some water-purifica-
tion plants and for some industrial processes to pump sludges of
various densities. - Most of them require pumps of special ‘design
called “‘sludge pumps.” Many sludges are too dense to be handled
by centrifugal pumps. ™ - " omeot L

Question 2-17:~ What is a dry-pit pump?. oL T

Answer: Some :vertical pumps are “mounted in a dry under-
ground chamber, generally called a. “dry pit.”- Vertical pumps
installed in such chambers or under similar physical conditions are
called “dry-pit pumps.” They— operate in air and are accessible
at all times for servicing. T

Quesiion 2-;8: What is a wet-pit pump?
Answer: Vertical pumps designed for susp;—:hsion in or for
mounting in their-suction supply, like a sump or wet pit, are

regularly called “wet-pit pumps.” A sump pump is the most
common type of wet-pit pump.

Question 2-19: What is a sump pump?

 Answer: In centrifugal-pump terminology, “sump pump’’ gener-
ally applies to vertical wet-pit pumps suspended in a sump or wet
well where drainage collects (Fig. 2-3). Sump pumps are generally
automatically controlled by float switches. Small sump pumps to
take seépage out of cellars in homes and small buildings are usually

~¢alled “cellar drainers,”"
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Question 2-20: What is a propeller pump?

Answer: The term was originally applied to pumps using axial- .
flow impellers, particularly those with diffusion vanes. The name
;s now applied to diffusion-vane pumps with both axial-flow and
high-speed mixed-flow impellers. Since most installations of pro-
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Fig. 2-3. :
Fra. 2-3. A typical sump-pump installation.
Fig. 2-4. Ejector-type well pump.
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peller pumps are vertical wet-pit applications as shown in Fig. 1-72,
the term generally suggests such an installation. - However, such
pumps are also installed horizontally and are called “horizontal,
propeller pumps.”’

Question 2-21: What is a vertical turbine pump? ‘ |

Answer: It is a vertical-shaft diffuser centrifugal pump of
single-stage or multistage design. It is suspended from a driving
head by a colnmn pipe that conducts the water to the discharge
level and also supports the shaft and bearings. This pump is pri-
marily designed for installation in bored wells. (See Chap. 10.)

Question 2-22: What is a sinker pump?

Answers Tt is used to deWater‘lﬁiﬂé ‘E‘H;fﬁg:rﬁxidfsimilar_' excava-
tions that have become floodéd. This pump is usually supported
on a hoist and is lowered as the water level falls, =

Question 2-23: What is an ejector well-‘p_u_i_n-g?_’ o

Answer: In an ejector type of well pljmp, such as illustrated in
Fig. 2-4, the ejector is suspended below the water level in the well.
Power water is supplied to the ejector by a pipe from the surface

and is discharged with the water it ejects from the well up another :- |

pipe into the suction of the centrifugal pump. |
The flow from the centrifugal pump is divided, whatever amount

| required going to the ejector, with the excess going into the system

or the storage tank.

A foot valve in the tail pipe below the ejector is necessary so that
the water in the pump and piping will not drain out. when the unit
is shut down. With preumatic systems, some device for getting
air into the tank must be incorporated.

Question 2-24: What is a close-coupled pump?

Answer: It is built with a common. sha,ft-' and bearings for the
pump and driver to form a single compact unit (Fig. 2-5). Some
vertical-shaft pump designs have the driver supported by the pump

~with. their shafts connected by a flexible coupling. There is no
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established terminology for such a design.. Some manufacturers
call them ‘‘pedestal-mounted” units, whereas others also call them
«tolose-coupled’” units.

Fra. 2-5. A close-coupled motbr—driven pump.

Question 2-25: What is is a mde-sucﬁoa—pump?

Answer: When the suction nozzle is plaped on the side of the
pump casing with its axial center-lime-at right angles to the vertical

center line of the pump, the pump is clasmﬁed ‘as a side-suction
- pump (Fig. 2-6). . e

Fig. 2-6. End view of double-suction pump with side suction.

Question 2-26: What is a bottom-suction pump?

Answer: When the suction nozzle of a pump points vertically
downward, the pump is called a “bottom-suction pump”’ (Fig. 2-7).

Smgle-stage bottom-suction pumps are rarely made in sizes below
10-in. discharge size.
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62 PUMP QUESTIONS AND ANSWERS

Question 2-27: What is an end-suction pump?-

Answer: It has a suction-nozzle axis that coincides with that-of
the shaft or is parallel to it and on the outboard end of the pump

!

hY

Fic. 2-8. End-suction pump (see Fig. 1-15 for section).

. (Fig..2-8). These pumps have their two bearings on their inboard

side,
Question 2-28: How is the rotatlon of centrlfugal pumps desig-
nated?

Answer. According to the Hydrauhc Institute Standards, rota-
tlon is descnbed as clockwise or counterclockmse when looking at
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the driven end of a horizontal pump, and down on a vertical pump.
some manufacturers, however, still designate the rotation of hori-
sontal pumps as it appears looking at the outboard end. Therefore,
to avoid misunderstanding, “clockwise” or ‘‘counterclockwise’
should always be qualified by the direction from which one looks

at the pump.

Question 2-28: What are meant by the mboard and outboard
ends of a pump? _

Answer: ‘‘Inboard end” and “outboard end” are terms applied
to horizontal pumps. The inboard end is the one closest to the
driver, while the outboard end is the one farthest away. In the
case of dual-driven pumps, the terms lose thelr mgmﬁcance and are

not used.

Question 2-30: What is meant By inboard and outboard bear-
ings? | |

Answer: On horizontal pumps that have a bearing at each end,
the bearing at the outboard end is known as the outboard bearing.
Overhung impellers have both bearings on the same side of the
impeller. On these, the bearing nearest the impeller is the inboard
and the one farthest away is the outboard. Generally, on a double-
suction pump with bearings on both sides, the thrust bearing is
placed at its outboard end and the line bearing at the inboard end.

./--'.
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CHAPTER 3
MATERIALS USED IN CENTRIFUGAL PUMPS

Question 3-1: What determines the kind of materials in cen~
trifugal-pump construction?

Answer: Centrifﬁg"al 'pﬁiﬁjiéh a,ré"liifiliiifaiéf*éd"‘bf almost all
lain, glass, stoneware, hard rubber; and eéven syfthetics. Service
conditions and the nature of the fluid pumped determine the most
satisfactory matenals Some of the factors that enter into this
selection are: - |
Abrasiveness of suspended sohds.
Corrosion resistance. - ’
Electrochemical action..
Liquid temperature.~ -
Head per stage.

Discharge pressure.
Suitability of material to the structural features of the par-
ticular pump involved. |

8. Load fa.ctor and expected duration of pumpmg installation.

Question 3-2' Why is there a preference for bronze pump parts,

‘other than the pump casing?

Answer: Bronze does not rust, and hence replacements of
threaded parts are easier. Bronze parts do not seize in pumps held
idle. Because bronze is easier to machine than iron and smoother
surfaces can be secured at less cost, higher efficiencies are theoreti-

~cally possible with bronze parts. However, bronze has limitations

that frequently make it necessary to forego its advantages.
Questxon 3-3: What materials are used for pump casmgs?

Answer Generally, centrifugal-pump casings are of cast irom,
“but sometimes alloy irons are used to obtam a more refined crystal-
64
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line structure. Bronze i8 frequently used for pump casings when
mildly corrosive liquids are handled, as, for instance, sea water.
When the pressure or temperature, or both, of the liquids is so high
that cast iron is no longer reliable, cast steel or even forged steel
may be used for the casing. - Stainless-steel casings are used when
the pumped liquid is highly active chemically. Under some special
conditions it may even be necessary to use & porcelain, stoneware,
hard-rubber, carbon, or glass casing.

Question 3-4: What materials are most commonly used for
pump impellers? '

Answer: DBronze impellers are generally preferred when handling
average waters, because bronze does not rust. Casting it in compli-
cated cored sections, machining it, and makingits surfaces smooth
are easy. However, bronze impellers in cast-iron casings are un-
desirable if the liquid is a strong electrolyte; therefore, iron, cast
steel, or even stainless steel may be used. The latter two, although
more costly than cast iron;"have several advantazes. Because
bronze impellers expand considerably more with heat than their steel
shafts, cast-steel or stainless-steel impellers are used extensively if
water temperatures exceed about 250°F. Sometimes monel im-
pellers are preferred to bronze when handling sea water.

Question 3-5: . What materials are used for wearing rings?

Answer: Bronze is the most widely used material for wearing
rings as it is for impellérs. Cast-iron, cast-steel, and stainless-steel

 rings are sometimes used, whether the impeller is of bronze or other

metal. . Cast steel and stainless steels are used when hardness or
other properties unobtainable with bronze are required.

Whether single- or double-wearing rings are used, generally the
practice is to make the stationary and rotating parts of materials
having different hardnesses. ;

Question 3-6: What materials are used for pump shafts?

Answer: In pumps with shaft sleeves, shafts are generally of
open-hearth forged steel. With some corrosive liquids, some seep-
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age may occur either through the pores of'the impeller hub or

through the joint between the impeller and the sleeves. Such con-

ditions require a noncorrosive stainless-steel, phosphor-bronze, or
monel shaft. Pump shafts without sleeves are generally stainless
steel, phosphor bronze, or monel, depending upon the liquid handledr

Question 3-7: What materials are used for shaft sleeves?

Answer: Most of them are made of bronze. When bronze is
not satisfactory because of its relatlvely low resistance to abrasion,
stainless steel is used. A few years ago, steel sleeves were more
prevalent than stainless steel; -but today stainless is superseding
ordinary steel, and in some services, such a8 boiler feed, it is re-
placing even bronze as shaft-sleeve material.

A shaft sleeve that protects a shaft in a stuffing box must be
made of a material that ean be givena smooth finish for the packing.
Thus cast iron is rarely used for a shaft sleeve.

Question 3-8: What matenals are’ commonly used for pump
glands? _ o S _

- Answer: Glands are generally made of bronze, although cast
iron or steel may be used for all-iron-fitted pumps. Where pumps
handle hydrocarbons, iron or steel glands are bushed with bronze
to avoid possible sparking, which might- lgmte inflammable vapors
(Fig. 1-47). -

Question 3-9: What is meant by pump ﬁttings?

Answer: This /é/xpression is used rather loosely with two separate

meanings. In the sense generally understood, it refers to the =

general construction features of the pump, as, for example, ‘“ball-
bearing-fitted pump,” or to the combination of materials used in

- the pump, as an “all-iron-fitted pump.” 1In a different category (as

when applied in the expression “Underwriter fittings’) it may refer
to various pieces of auxiliary equipment, such as valves, gauges, or
even tools provided with the pump.

Questlon 3-10: What is a s‘andard-fitted pump?
An/swer The so-called standard-fitted centrifugal pump as de-

“fined by the Hydraulic Institute is bronze fitted. - (See the accom-

panying table and Fig. 3-1.) It has a cast-iron casing, steel shaft,
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MEeTALS AND ALLOYS FOR CENTRIFUGAL-PUMP CONSTRUCTION®
Parts Standard-fitted ~ All-iron All-bronze
pump pump pump
Casing Cast iron Cast iron Bronze
Syction head Cast iron Cast iron Bronze
Impeller Bronze Cast iron Bronze
Impeller ring Bronze Cast iron or steel | Bronze
Casing ring Bronze Cast iron - Bronze
Diffuser Cast iron or bronze | Cast iron Bronze
Stage piece Cast iron or bronze | Cast iron . .} Bronze
Steel Steel Bronze, monel,

Shaft (with sleeve)

Shaft (without
sleeve) )

Shaft sleeve

Gland

"~ | Bronze

Stainless steel or

" steel
Bronze

Stainless steel or_
steel

Steel or stainless

' sfee[ S

| Cast iron

or steel
 Bronze or monel

Bronze

‘Bronze

*Matecrials for bearing housin

by the liquid handled. -

" {Parts are numbered according to a propose

g9, bearings, and other parts are not generally affected

d standard listing suggested to the

Hydraulic Institute by Charles J. Tullo, Worthington engineer. This proposed
gtandard gives stationary parts odd numbers, and rotating parts even numbers (Figs.

3-1 and 3-2).

Fig. 3-1. Sectional view of a multistage closed-impeller centrifugal pump with parts

identified by numbers (see text and table).

~
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bronze impeller and wearing rings, and bronze shaft sleeves, when
used. Some manufacturers regularly furnish stainless-steel shafts
on pumps without shaft sleeves as standard-fitted pumps. "~
Various centrifugal-pump manufacturers have developed specific
materials for pumps designed for special services. When a pump
is so constructed it is generally termed a “standard pump,”’ although

sk U S L

it i A

F1g. 3-2. Sectional view of an open-impeller pump with parts identified by numbers
(see text and table). '

reference is sometimes erroneously made to a “standard-fitted
pump,” even though the materials do not correspond to the
Hydraulic Institute definition.

Question 3-11: What is an all-bronze pump?

Answer:_f,,When all parts/of a centrifugal pump that come in

o

contact with the liquid pumped are bronze, the pump is considered

~— an all-bronze pump. (see table on page 67).
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Question 3-12: What is an acid-resisting pump?

Answer: It is a pump in which all parts contacting the pumped
liquid are of materials that offer maximum resistance to the cor-
rosive action of the liquid.

Questlon 3-13: What materials are used in centrifugal pumps
handling sea or salt water?

Answer: Such pumps may be built with standard fittings—that
is, cast-iron casings and bronze trim—all iron, all bronze, or with
iron casings and stainless fittings, depending on. a multitude of
factors.

Thousands of standard-fitted pumps are used for sea water, but
occasionally they give trouble—mostly when the sea water is con-
taminated, as with harbor waters. - Failures are caused by galvanic
action between the bronze parts and the cast-iron casing, which
graphitizes and is ultimately a total loss. Under high suction-lift
conditions, galvanic a.ctlon is accelerated because oxygen is released

- from the water, ~

While an all-iron pump avmds the electrolytic action between
bronze parts and cast-iron casings, such action may oceur neverthe-
less. A certain amount of iron dissolution may take place, leaving
graphitized areas. They act as cathodes to the cast Lron, and the
resulting galvanic action is self-accelerated.

To avoid the graphitization and poor resistance to cavitation of
cast-iron impellers, these-along with other small pump parts may
be of stainless steel. However, an all-bronze pump should give
the longest life for sea-water conditions. Certain all-bronze pumps

have lasted over 20 years, handling sea or harbor water.

Question 8-14: What is meant by gfaphitization?

Answer: If the liquid pumped chemically attacks the molecules
of cast-iron pump parts and removes the produects of corrosion, the
action leaves a residue high in graphitic carbon. This phenomenon
is commonly called “graphitization.” The relatively soft surface
left exposed is readily washed away by jetting action of the water.
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Question 3-15: Are there operating pressure and temperature -

limitations on the use of cast iron for pump casings?

Answer: Yes. For several reasons, cast-iron casings are seldom
used for pressures over 1000 psi and temperatures over 350°F,

Question 3-16: What is sermsteel? _ [

Answer: There is no such metal. Ferrous meta]s must be either
steels or irons, and the difference between the two is strictly de-
fined. The nane has in the past frequently been apphed to high-
grade cast irons with a tensile strength of about 45,000 psi, halfway
between the 30,000 p31 of ordmary cast iron and the 60,000 psi of
cast steel. | C

Question 3-17: Are there any temperature hm1tat10ns on the
use of bronze for pump fittings? - -

Answer: Because bronze expands about 40 per cent more than
steel, and for other reasons, it is generally not used for pump fittings
when the temperature of the liquid being pumped exceeds 250°F.

Question 3-18: Does the pH value of the pumped liquid aﬂ'ect
the selection of pump materials?

Answer: While pH is not the only factor influencing the selec-

tion of materials for pump parts,” standard bronze-fitted pumps -

should not be used for pH values below 6.0 or above 8.5 at pump-
ing temperature. Below 6.0, all-bronze pumps or stainless-steel-
fitted pumps should-be used, whereas above 8.5, the pumps should
be all-iron or all-stainless-steel fitted. ‘

Question 3-19: Why should dissimilar metals not be used in
centrifugal pumps handling an electrolyte?

Answer: Severe corrosion may occur because of galvanic action
between the metals immersed in the electrolyte.

Question 3-20: Does the choice of materials affect the clear-
ances tlafat must be used for adjacent pump parts?

Answer: In general, stainless steels have a greater tendency to

" gall than iron, steel, or bronze. As a result, it is the practice to
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make running clearances between stainless-steel parts larger than
for nonstainless metals. _

Question 3-21: Why is the central hub of a double-suction im-
pelter cored out?

' /////,I'IIIA |

L
space : >ﬁfb$

—

Fra. 3-3. Section of double-suction impeller showing cored-hub construction com-
monly used.

~ Answer: Tt is generally cored out, especially in large impellers
(Fig. 3-3), to avoid a heavy cross section that might lead to porous
and imperfect castings. '

Question 3-22: Does the peripheral speed impose any limita-
tions on the use of bronze impellers? RS

Answer: The centrifugal stresses exerted on an impeller and the
resulting stretch at the impeller hub may become quite appreciable
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- at the high peripheral speeds used in modern high head pumps.. As"

an example, a typical 12-in. impeller mounted on a 3-in. shaft and
operating at 3600 rpm has a stretch of about 0.0011 in. for bronze
or cast iron. If the pump handles hot water, say at 250°F, there
is an additional temperature-expansion difference between the im-
peller and its shaft of 0.0014, resulting in a total looseness of
0.0011 + 0.0014 = 0.0025 in. This looseness can easily lead to

~ water-cutting of the shaft under the impeller. To avoid the cumu-

lative effect of excessive thermal and centrifugal expansion, the
empirical limit to the use of bronze impellers in pumps handling
hot liquids is a peripheral speed of about 160 ft per sec.

Question 3-23: How do the structural features of the parts of
a pump aﬁect the choice of materials?’ ool

Answer: While the choice of materials can often be made mainly
from the viewpoint of corrosion and abrasion resistance, the struc-
tural features of the parts of a given pump may play a definite role
in the final material selection. Some parts, for instance, may re-
quire extremely thin wall sections, and a material such as cast iron
is unsuitable, even though it may not corrode. Other parts, such as
shaft sleeves, require a high degree of polish, and only materials capa-
ble of receiving such a finish should be used for them. Wherever
the structural design requires pressed-on or shrunk-on parts, the
material for them must be suitable for this method of mounting.
For instance, when pump impellers have to be shrunk on the shalft,
bronze cannot be uséd, the choice being restncted to ca,st or stain-
less steel
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CHAPTER 4

CENTRIFUGAL-PUMP AND SYSTEM CURVES

Question 4-1: What units express centrifugal-pump capacity?

Answer: The standard unit of capacity varies with the field of
application as well as with the country. For instance, centrifugal-
pump designers work in terms of U.S. gallons per minute. in the
United States, imperial gallons. per minute in British territories,
and cubic meters per hour in countries using the metric system.
To indicate the variation within these dlﬁ'erent ﬁelds, the followmg

) units of capacity are used regularly in the United States: million

gallons per day, cubic feet per second, gallons per minute, barrels

_per day, barrels. per hour, pounds per. hour;. and: acre-feet per day.

Question 4-2: How should the reqmred pump capacity be
specified? - -

Answer: Pump capacity for an installation should be given in
gallons per minute at pumping temperature. State clearly any
desired or imposed variation in capacity. Centrifugal pumps do
not permit as great a capacity range without affecting efficiency as.
do reciprocating steampuiﬁps Furthermore, it is generally prefer-
able to have the maximum efficiency of a pump oceur at or near the
normal capacity.

While any centrifugal pump can oceasionally run considerably

in excess of its rated capacity, this may not always be practicable

or permissible. Sometimes operation at extremely reduced capaci-
ties even for very short periods presents definite danger, and means

- must be provided to avoid this. In other instances, the only dis-

a.dvantage from reduced-capacity operation is poor efficiency, which
is avoided by installing smaller units to opera.te durmg light-load
periods. _ N

| 73
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- Question 4-3: What are centrifugal-pump characteristics?

Answer: Unlike the positive-displacement pumps, a centrifugal
pump at constant speed delivers any capacity from zero to a maxis
mum value, depending on the size, design, and suction conditionsg
of the pump. Total head developed, power to drive the pump, agd
the resulting efficiency vary with capacity. The interrelation of
capacity, head, power, and efficiency are best shown graphically,
and these curves are called the “characteristic curves” of the pump
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Fi1g. 4-1. Typical constant-speed characteristic curve showing total head, power, anf
efficiency plotted against capacity.

(Fig. 4-1). It is usual to plot head, power, and efficiency against - .
capacity at constant speed, as in Fig. 4-1. It is possible, however, F
in special problems to plot any three components against the fourth, "§
For variable-speed drives, a fifth component, revolutions per
‘minute, is involved. In design studies, many other relations are

shown on the same graph. ‘ &

Question 4-4: What is a head-capacity curve? ,."
Answer: -The curve showing the relation bety\;een camcii:y and
total head is the head-capacity curve, marked H-Q (Fig. 4-1).
This pump at 144 ft head has a capacity of 1200 gpm, point 4
on the-HQ curve; and at 120 ft head, its capacity increases to

) 1680 gpm, point B on the H-Q curve.
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Question 4-5: What is a rising characteristic?

Answer: A rising characteristic, or, more correctly, a rising
head-capacity characteristic, is a curve in which the head rises
continuously as the capacity decreases, as do the H-Q curve (Fig.
4-1) and curves 4, C, and D (Fig. 4-2).

Question 4-6: What is a drooping characteristic?

Answer: A drooping head-capacity characteristic (to use its full
name) covers cases in whlch the head. developed at shutoff is less
than that developed at some other capa01t1es (curve B, Fig. 4-2).
This is also known as a “looping curve.’

. Head, #
[+ }

Capacity,gpm

Heod fopoe’.”
e

“Heod, ft

Heod, £t

Capocity, gpm Gapacity,gpm

Fia. 4-2. Various impeller types and designs result in different shapes of head-capacity
curves; (A4) rising, (B) drooping, (C) steep, (D) flat.

Question 4-7: What is a steep characteristic?

Answer: This term generally refers to a rising head-capacity
characteristic in which there is a large increase in head between
that developed at design capacity and that developed at shutoff
(curve C, Fig. 4-2). The description is sometimes applied to a

" limited portion of the curve. For example, 2 pump may be said

to have a steep characteristic between 100 and 50 per cent of its
desxgn capacity. |
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Question 4-8: What is a flat characteristic?-

Answer: TUnless otherwise qualified, it refers to the head-capac- 1
ity characteristic where the head varies slightly with capacity from ' ‘
shutoff to design capacity (curve D, Fig. 4-2).  The characteristic
might be, in addition, either drooping or rising. All droopmg!
curves have a portion in which the head developed is approximately
constant for a range in capacity, as between X and Y, curve B
(Fig. 4-2), which is called the “flat’ portion of the curve. “Flat”
also at times indicates the general shape of other curves, elther for
their full range or parts of them.

Questlon 4-9: What is meant by a nonoverloadmg curve?

Answer: When speakmg of a nonoverloa.dmg curve, reference
is always made to the power-capacity curve. It is one which either
remains relatively flat over the entire capacity range of the pump
or, if the curve is inclined to the horizontal for most of the capacity
range of the pump, has a tendency to-level off.-- To be so classified,
the maximum power required at any pump capacity should only
slightly exceed the power required for the normal range of
application.

Question 4-10: What are stable and unstable characteristics? .
- Answer: A pumﬁ whose héad_-cla.i)a_c'ify'ch_aglfabﬁéfiéti“é is such that
only one capacity can be obtained with any one head has a stable
characteristic. Basically, this has to be a rising characteristic,
as in the H-Q curve (Fig. 4-1). With an unstable characteristic,

the same head is developed at two or more capacities, as at X and
Y, curve B (Fig. 4-2).

Question 4-11: Can pumps with unstable head-capacity char-
acteristics be used?

Answer: Successful application of any pump depends as much
on the characteristic of the system on which it operates as on its
own- liad-capacity characteristic. Most pumping systems permit
the use of pumps w1th moderately unstable characteristics.
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Question 4-12: What is meant by a type-characteristic curve?

Answer: If the operating conditions of a pump at the design °

Speed--—-namely, the capacity, head, efficiency, and power input at
which the efficiency reaches its maximum—are taken as the standard
of comparison, the head-capacity, power-capacity, and efficiency-
capacity curves can all be plotted in terms of the percentage of
their respective values at the point of maximum efficiency. Such
a set of curves represents the type characteristic of the pump, and
Fig. 4-3 shows the type characteristic of the pump whose regular
characteristic is shown in Fig. 4-1. . S
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Question 4-13: What i$ specific speed?

Answer: It is an indication of centrifugal-pump type. For units
of capacity and head (feet) used in the United States the specific
speed of a centrifugal pump is the speed at which an exact model
of the pump would have to run if it were designed to deliver 1 gpm
against 1 ft head per stage. Thus all pump sizes ¢an be indexed
by the rotative speed of their unit capacity-head model. The
specific-speed index of a pump is a guide in determining the maxi-
mum head against which it can operate, modified By suction condi-
tions. The lower the specific speed is, the higher the head per
stage that can be developed. Low specific speeds range from 500



.. cr e .-L;_-

trifugal pumps?

78 PUMP QUESTIONS AND ANSWERS
to 1000, medium speciﬁc. speeds from 1500 to 4000, and high specifie .
speeds from 5000 to 20,000.

Question 4-14: How can the specific speed of a centrifugal
pump be calculated? '

f

Answer: The specific speed of a pump is obtained from the |

formula:
_n\Q

M = g

where n, = specific speed
n = revolutions per minute
Q = gallons per minute ) :
H = feet head per stage .. | |
For the correct typing-of a pump design, use Q and H values that
give maximum éfficiency.

Question 4-15: What is meant by ‘‘head,” as applied to cen-

Answer:; Fuundamentally, ‘“head’ refers to a statie difference in-
level between the free surface of a liquid at rest and an arbitrarily
selected elevation—for example, the difference in elevation between
the surface of a liquid in the suction well-and that in-the discharge
tank of the pump (Fig. 4-4). This difference may be expressed in
pressure (psi) or in feet static head; therefore, it refers to a difference
in pressures or levels. In referring to a centrifugal pump, head be-
comes a measure of energy delivered (work done) by the pump at
a given speed and-cgpacity and includes static head, velocity head,
and frictional losses in piping and fittings.

" Question 4-16: What are the parts of a pumping-system head?

Answer: - The total head against which a pump operates in-
cludes: =~

1. Static head.

2. Difference in pressure existing on the liquid, if any.

3. Friction head.

4. Velocity head.

5. Entrance and exit losses.
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Question 4-17: What is static head?

Answer: It is a difference in elevation. Thus the total static
head of & pumping system is the difference in elevation between
the liquid levels of the suction and discharge (Figs. 4-4 and 4-5).

Question 4-18: What is static discharge head?

Answer: It is the difference in elevation between the center line
of the pump and the level of the discharge liquid (Figs. 4-4 to 4-6).

! ‘ Discharge | —F - Discharqe Dlwcharge

: : 8 tonk ! ' B tank tank

H 1 . : - .- . Lo

1 ! 1 .

o - "

. ool . Totol - - el

1htie 1talic statie
haad head

—

Static . : static
discharge . discharge
ho'od - ! heod
1

A T — B

Fia. 4-4. © ~ Fie. 45. . Fia. 4-6.
Figs. 4-4 to 4-6. Static-head terminology for three typical pumping systems.

Question 4-19: What is static suction lift? - =~

Answer: If the suc’ﬁial liquid level is below the center line of
the pump (Fig. 4-4), it is generally called a “static suction lift.”
This is the difference in elevation between the center line of the
pump and the level of the liquid in the suction well.

Question 4-20: What is static suction head?

Answer: When the suction liquid level is above the center line
of the pump (Fig. 4-5), it is called a “static suction head” and is
the difference in elevation between the suction liquid level and the
center line of the pump. When the suction supply is taken from
o closed vessel with a liquid level above the center line of the
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pump, as from the hotwell of a condenser, the difference in eleva-
tion between the suction liquid level and the center line of the
pump is commonly called “static submergence.”’

Question 4-21: When either the suction liquid level or the
level of the discharge liquid is under pressure other than atmos-l
pheric (Fig. 4-6), is this pressure a part of static head?

Answer: Opinion varies as to whether this pressure should be
cons1dered vart of .the static head. . If it is considered separately,
this generally gives-a clearer plcture .of the pumping system and
the head compenents. - o e el

Question 4—22 What 1s_ meant by fnctlon head?

Answer: It is the equlvalent hea.d expressed in_ feet of hqu1d
pumped, necessary to-overcome friction. losses .caused by liquid
flow through the piping, including all fittings. .- Friction head varies
with the quantity of flow, the size; type, and-condition of piping
and fittings, and the characteristies of the 11qu1d pumped

Question 4-£3: What is velocxty head?

Answer: Velomty head is related to the velocity of a liquid at
any given point in its flow line, expressed in feet head-of the liquid.
If the liquid is moving at a given speed, veloeity head is equivalent
to the distance that the liquid would have to fall in a vacuum to

attain that velocity:
— ' 2g

where h, = velocity head in feet of liquid
V = velocity in feet per second
g = acceleration of gravity (32.2)

If the velocity in a pipeline is 5 ft per sec:
' By =5X5 + 644 =039t
Question 4-24: What are entrance and exit losses?

/An‘s;if;;r: Except where the suction supply of a pump is from a

‘main under pressure, such as a city water system, it generally
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comes from a tank or reservoir. The connection of the suction
pipe to the tank wall or the end projecting into the liquid is the .
entrance of the suction pipe. Frictional losses at this point are
called “‘entrance losses.” Their magnitude depends on the entrance
design, a well-designed bellmouth having the lowest loss. Like-
wise, where the discharge line terminates, its end is called the “exit.”
Generally, this exit is the same size as the piping, and the velocity
head of the liquid is lost. Sometimes the discharge pipe end has
a long taper so that the velocity is reduced and its energy recovered.

Some engineers consider entrance and exit losses part of the
friction losses of the suction and discharge pipes. Others consider -
them separately so as to make sure that. they are not overlooked.
The latter procedure has the advantage, also, that it is easy to see
if either or both losses are excessive, . = . . - - . _ .

Question 4-25: What is suction head?

Answer: It is the head existing at the.suction nozzle of the
pump, and can be expressed in absolute or gauge pressure, or feet
head. S - ‘

Question 4-26: What is suction 1ift?

Answer: Suction lift exists when the total suction head is below
atmospheri¢ pressure, |

Question 4-27: How is the suction head or suction lift deter-

mined? o

Answer: Total suction head, as now generally applied to cen-

| trifugal pumps, is the static suction head measured to the center

ling of the pump, minus friction losses for the capacity pumped,
minus entrance losses at the beginning of the suction line, plus any
pressure existing on the suction supply. A pressure gauge connected

“to the suction of the pump indicates total suction -head, minus the

velocity head at the point where the gauge is connacted. Because
a suction lift is a_negative suction head, a vacuum gauge indicates
the total suction lift, plus velocity head at the point where the gauge
is connected to the suction line. - o
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Figures 44 to 4-6 show the three most common suction condi~ , § ;

tions. In Fig. 4-4, suction lift equals static suction lift measured
to the center line of the pump, plus total friction loss in the suction
line and entrance losses at A. In Fig. 4-5, the suction head equals '
the static suction head, measured to the center line of the pump
minus entrance losses at A and friction losses in the suction hnel
to the pump suction flange. The suction head, under conditions
of Fig. 4-6, equals the total static head measured to the center line
of the pump, minus entrance losses at A and friction losses from 4
to the suctlon flange of the pump,, plus -pressure - indicated by
gauge P B D R 1 DU S

Questmn 4-28: Does a v_acqu_;n gauge connected into the suc-
tion line at O, (Fig. 4-4) indicate-the true suiction lift?

Answer: .No,. it indicates suction lift, plus velocfty head or
static suction lift, as measured to the center line of the pump, plus
entrance losses at A, plus total friction losses in the suction line,
plus velocity head. In other words, the vacuum gauge reads too
high by an amount equal to the velocity head. |

Question 4-29: Does a pressure gauge connected into the suc-
tion line at O, (Figs. 4-6 and 4-6) indicate the true suction head?

Answer: No, it indicates suction head minus velocity head.
In Fig. 4-5, the gauge reads the static suction head, measured to

 the center line of the pump, minus entrance losses at A and total’

friction losses in_the suction line, minus the velocity head. For
conditions in Fig. 4-6, the gauge also reads the suction head, minus
the velocity head. That is, under conditions of Figs. 4-5 and 4-6,
the gauge reads low by an amount equal to the velocity head.

Question 4-30: Can a pump with a static suction head like & !
Flg 4-5, have a suction lift when operating?

Answer: Yes, particularly, if the static suction head is com-
paratively low and the suction line long with several elbows. Then
the-sum of the entrance losses to the suction line and the friction &
losses in the line may be greater than the static head. Here pressure " &
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at the suction nozzle of the pump is below atmosphere, not above,
ond the pump operates with a suction lift. If entrance and friction
Josses equal the static suction head, we-have the condition of zero-
suction lift or zero suction head.

Question 4-31: What is the discharge head of a pump?

Answer: It is the head measured at the discharge nozzle and
can be expressed in absolute or gauge pressure readings, or in feet

* head. It is the sum of the static discharge head, friction head for

the capacity considered, the exit losses at the end of the discharge
line, and the terminal head or pressure expressed in feet of liquid
being pumped. Discharge head is-always measured from the center
line of the pump. A pressure gauge connected into the discharge
of the pump, when its reading is corfécted t6 the Genter line of the

- pump, indicates the discharge head, minus velocity head at the

point where the gauge is connected

Question 4-32 How is dlscharge head -déhtermmed?

Answer: This depends on the arrangement of the discharge
piping. When the pump discharges into the bottom of a tank
(Figs. 4-4 and 4-5), discharge head equals static head, plus friction
losses from O, to B, plus exit losses at B.. In Fig. 4-6, discharge
head equals static head, plus friction losses from O, to B, plus exit
losses at B, plus pressure-gauge reading P,..

While Fig. 4-7 represents an overhead tank with dlscharge above
the tank, it applies toall cases of overboard discharge. Here dis-
charge head equals static head D measured from the center line
of the pump to the highest point of the discharge pipe, plus friction
losses from O, to B, plus exit losses at B, as in Fig. 4-4. However,
the distance from the center line of the pump to the- discharge
water level is less than the actual static discharge head. It is
possible to recover all or part of this difference in static head by
installing some form of siphon leg on the dlscharge (Figs. 4-8 to
4-10). While the arrangement in Fig. 4-9 is the most efficient

theoretwally, it is frequently des:rable to use an open dlscharge,
in Fig, 4-8, : h
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When the pump is in operation, discharge head equals the stati " :
head D (Fig. 4-8), as measured vertically from the center line of :

the pump to B, plus total friction losses in the discharge piping,

plus the exit losses at B. To operate, however, the pump must-

develop sufficient head to lift the water over the loop against statie |

-

DR

A
N
|
i
i
|
{
D
1
|
i
]
t
[
r

o P‘i""’\'.;_

P N R

Od -
- Fia. 4-1.
'
! IR B
1 ]
t . :
Dy -
N
_h i )
Pum | !
- { I
a 2 ¥ _
~:C)(l T
I"ia. 4-9. Fra. 4-10.

F1as. 4-7 to 4£10. Four typical discharge arrangements for pumps pumping into open
tanks or reservoirs..

head D,. Normally, a pump selected for the head existing after
it is in operation can start the liquid flowing over the loop. If
there is any doubt about the pump being able to start the siphon,
its head-capacity characteristic should be checked against the maxi-
mum static-head D, of the system in which it will operate. All
installations involving a siphon leg should be investigated carefully
‘to determine how much head recovery to expect.
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For conditions in Fig. 4-10, the pump is part of a siphon, as in a
condenser circulating-water system, and serves to start and keep
the liquid flowing. Its discharge head may be negative, that is,
less than atmospheric, and is equal to static head D, measured
from the surface of the liquid to the center line of the pump, minus
friction losses in the discharge pipe from Oa to' B, minus exit loss
ot B. If friction and exit losses are greater than static head D,
the discharge head would be above atmosphere, that is, positive.

Question 4-33: What is total head?

Answer: It is discharge head plus suction lift. if suction lift
exists, or discharge head minus suction head if suction head exists,
or discharge head only if zero suction lift or suction head evists. It
:s a measure of work done by the pump on the liquid, minus all
friction losses in the pump from its suction to discharge noszle.

Question 4-34: What is total dynamic head?

Answer: The four terms, “total dynamic head,” “dynamic suec-
tion head,” “dynamic suction lift,”” and “dynamie discharge head,”
are no longer used. While “total dynamic head’” referred to the
head that is now called “total head,” “dynamie-suetion -head,”
“dynamic suction lift”” and “dynamic discharge head” were defined
ag the heads measured by gauge corrected to the pump center line
and thus did not include velocity head. This led to general mis-
understanding if the size of the pump suction and discharge open-
ings were not speciﬁed,/ and resulted in different head values for
pumps working under identical conditions when openings were not
the same. Furthermore, in determining total dynamic head from

- dynamic discharge head and dynamie suction head, it was necessary

to correct for any difference in velocity head. The present method
of specifying heads is more satisfactory than the dynamic-head

‘met-hod.

Question 4-35: What is a system fﬁéﬁon—ﬁéad- curve?

Answer: In pumping problems, it is often convenient to show
graphically the relation between flow and friction head in the
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piping system. Such a curve (Fig. 4-11) is known as a system
friction-head curve. It is obtained by plotting the calculated frip- ‘
tion head in the piping, valves, and fittings of the suction and dis. ' -

charge lines against the flow on which the calculation was based. B
In the figure, at 200 gpm the friction head is 9 ft, point A, and at|
400 gpm the friction head is 36 ft, point B. . Friction head varies
roughly as the square of the flow.
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Fra, 4-11. System fnctlon-head curve showing friction head at various’ capacities.

Questxon 4-36 What is a system-head curve?

Answer: Tt is a curve obtamed by comblmng the frmtmn—head
curve with the static head and any difference of pressures in a
pumping system. In Fig. 4-12, the friction-head curve (Fig. 4-11)
is combined with a total statlc head of 110 ft to obtain the system-
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system. (Artificial system-head curve is discussed in Question 5-24.)
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head curve. Here the static head is assumed to be constant, as it
;s where the suction source and discharge levels are constant. Fric-
tion head increases with the ﬂow. S_upefimppsing the head-capac- °
ity curve of the pump on the system-head curve, as in Fig. 4-12,
shows the head and capacity at which the pump will operate, such
as point A where the two curves cross. In this system, the pump
discharges 500 gpm at a 165-ft head. _

Where the static head or pressure varies, system-head curves may
be plotted for minimum and maximum static heads or pressures.
Superimposing a head-capacity curve of a pump on such system-head
curves permits predicting the capacity that the pump will deliver

. at different static.heads.. .~ . . . . .

Question 4-37: How is the head on a centrifugal pump gener-
ally expressed? B

Answer: The head on a centrifugal ﬁu'ﬁp is g:éznerally stated in
feet of liquid pumped.

Question 4-38: Why is head expressed in feet of liquid pumped?

Answer: Head is then always the same, irrespective of the
liquid pumped. For example, in a given system a pump that
develops 100 ft total head (43.3 psi) when handling cold water also
develops 100 ft total head when pumping 1.2 specific-gravity brine
or 0.8 specific-gravity light oil. When pumping brine, the head
developed equals 100 X 1.2 + 2.31 = 51.9 psi, whereas for light
oil the head equals 100 X 0.8 +2.31 = 84.6 psi.- However, when
the heads are measured in feet of the liquid pumped, they are the
same. In other words, a pump that has beéri discharging cold
water into a fank against 100 ft head can be expected to discharge
the same quantity of brine into the same tank.

Question 4-39: How is pressure expressed in pounds per square
inch (psi) converted to feet head of the liquid pumped?

Answer: A column of water about 2.31 ft high produces a
pressure of 1 psi at its base. Thus, when cold-water pressure is
expressed in psi, multiplying this value by 2.31 gives the head in
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feet of water. For example, a pressure gauge indicates 45 psi
when connected to the discharge nozzle of a centrifugal pump.
This pressure is equivalent to 45 X 2.31 = 104 ft head. This is
not the total head developed by the pump because velocity head,
suction, and other conditions must be taken into account. If the
liquid pumped is other than cold water, its specific gravity must
be considered. In the case of 1.2 specific-gravity brine, the con-
version unit becomes 2.31 + 1.2-= 1.93. :
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Water, N .
sp gri0 =]
Brine === _F
- spgr 1.2 =={ |
PR 2 . |
_‘_"_E‘:r_-—[ ] - 1 B
=R B {
= BE=! %
i ="t | ® -
& =12 S
5 Tl ® 7
N @ s
b e )
| | ]
1 ' I : 1
1100 psi li00 psf o
v

Fig. 4-13. Comparisoh of ileads involved for water, brine, and gasocline for 100 psi
pressure.

Figure 4-13 shows theé relation between 100 psi and feet head of
water, brine, and gasoline. On the left, 100 psi water pressure is
equivalent to a column 100 X 2.31 = 231 ft high. Having a
specific gravity of 1.2, the brine needs a column qf only
231 + 1.2 = 193 ft high to equal 100 psi. Gasoline of a specific
gravity of 0.75 requires a column of 231 =+ 0.75 = 308 ft to equal
100 psi.

Question 4-40: How do suction conditions affect pump design?

Anww’fe cause liquid flow into the impeller of a centrifugal
pumﬁ,/ an outside source of pressure must be provided. This may

g
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be static head when the suction-source level is above the pump
center line, atmospheric pressure when the suction source is below .
the pump center line, or both. When the net absolute pressure
bove the vapor pressure of the liquid is small, the pump suction
water passages must be comparatively large to keep the velocities
in them down to a low value. If this is not done, the absolute
pressure ab the suction eye of the impeller may drop below the
vapor pressure and the pumped liquid will flash into vapor, pre-
venting further pumping. Where abnormal suction conditions
exist, an oversized or special pump is- generally-required; which
costs more and-has-a:lower speed and efficiency than a pump_of
equal capacity and head for normal suction condithions.

Question 4-41: What is vapor Rressure?

Answer:. . The vapor pressure of a._llq,md‘aira—_'gweg_tempgrature_
is that pressure at which it ﬂashes into vapor if heat i3 added to
the liquid, or, conversely, that pressure at which vapor at a given
temperature condenses to liquid if heatissubtracted:— Forinstance,
if a closed vessel from- which-all-air-has been . exhausted is partly
filled with water, part of it flashes into vapor and occupies the space
not filled with hqmd The resultmg pressure in the vessel after
the water ceases to vaporize is the vapor pressure for water at
that temperatire and isthe pressure at which water at; that tempera-
ture boils if heat is added.

Question 4-42: What is the vapor pressure of water at 212°F,
expressed in feet of water?

Answer: Since the vapor pressure of water at 212°F is 14.7 psia
(standard barometric pressure at sea level), the equivalent head
in feet of 62°F water is 14.7 X 2.31 = 33.9 ft. The specific gravity
of water at 212°F is 0.959 (Fig. 4-14). Then water at this tempera-
ture has a vapor pressure of 33.9 + 0.959 = 35.4 ft of 212°F water.

When figuring pump heads, care must be taken to convert pres-
sures to feet of liquid at the pumping temperature and not to use
conversion faetors applying to other temperatures. Figure 4-14
gives the vapor pressure and specific gravity for water for a tempera-
ture range from 32 to 220°F.
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Question 4-43: What is cavitation?

Answer: “Cavitation” describes a cycle of phenomena that

- oceurs in flowing liquid because the pressure falls below the vapor

pressure of the liquid. When this oceurs, liquid vapors are re-
leased in the low pressure area and a bubble or bubbles form. R
this happens at the inlet to a centrifugal pump, the bubbles are
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Fia. 4-14. Specific gravity, vapor pressure; and temperature relations of water.

carried into the nnpeller to a region of high pressure, where they
“suddenly collapse:” The formation of these bubbles in a low pressure

~area and their sudden collapse later in a high pressure region is
~called “cavitation.” . Erroneously, the word is frequently used to

designate the eﬂ'ects of ca.v1tat1on rather than the phenomenon

 itself.

1

Questlon 4-44: In what form does cavitation manifest itself in

- & centrifugal pump?

Answer: The usual symptoms are noise and vibration in the
pump, a drop in head and capacity with a decrease in efficiency,
- accompanied by pitting and corrosion of the impeller vanes. The
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itting 18 2 physical effect that is produced by the tremendous
ocalized compression stresses caused by: the collapse.of the bubbles.
Corrosion follows the liberation of oxygen and other gases originally
in solution in the liquid. ;

Question 4-46: What is NPSH?

Answer: NPSH isan abbreviation of Net Positive Suction Head,
which is the suction head (the gauge pressure in feet taken at the
suction flange of the pump and corrected to the pump center line,
plus velocity head) minus the gauge vapor pressure of the liquid
at pumping temperature. 'Megsure both the suction head and
yapor pressure in feet of liquid pumped, either in gauge or abso-
Jute-pressure units. Vapor pressure of 62°F water at sea level is
0.6 ft of water. Then, a pump handling 62°F water at sea level

- with zero feet total suction head has a NPSH of 339 = 0.6 = 333

ft, while otie operating with a 15-ft- total suction lift hasa NPSH of
33.9 — 0.6 — 15 = 18.3 {t.

It is necessary to differentiate between available and required
NPSH. The available NPSH is a characteristic of the system in
which the pump works-and is the difference between existing abso-
lute suction head and vapor pressure at prevailing temperature.
The required NPSH is a function of pump design and represents
the minimum required margin between the suction head and the
vapor pressure at a given capacity. - S

Both available and required NPSH vary with capacity. With
a given static pressure or elevation difference on the suction side
of a centrifugal pump,-the available NPSH is reduced with increas-
ing capacity by the increase in friction losses in the suetion piping.
On the other hand, the required NPSH, being a function of veloci-
ties in the pump suction passages and at the inlet of the impeller,

 increases approximately as the square of the capacity.

Question 4-46: 1Is there any relation between the minimum re-
quired NPSH and such factors as impeller-eye diameter, velocity
at the eye, pickup speed, etc.? e | :

Answer: A great many factors, such as eye diameter, suction
area of the impeller, shape and number of impeller vanes, area
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between these vanes, shaft and 1mpeller-hub diameter, impeller .
specifie speed, the shape of the suction passages, and many others
in some form or other enter into the determination of the required
NPSH. All these factors, however, cannot be made to yield a
simplified method of determining the required NPSH, as different
designers use different methods to accomplish the same results;
nor can any single one of these factors be used exclusive of the
others. Actually, the knowledge of the value of one or several of
these factors can serve no useful purpose.

Question 4-47: Why can a centrifugal pump ope}ate with a
higher suction lift when its capacity is reduced, as by throttling the
discharge? :

-Answer: 'The pump can do this because-with reduced capacity
less NPSH is required to cause flow into the impeller. With
atmospheric pressure on the suction supply, reduction in the NPSH
required by the pump means that a greater portion of atmospherie
pressure can be utilized to lift the liquid to the pump, or, con-
versely, the pump can operate with a higher suction lift. In addi-
tion, if friction losses in the suction piping consume an appreciable
portion of the available absolute suction head, the reduction of
these losses also allows a greater portion of the atmospheric pressure
to be utilized to'lift the liquid to the pump.

Question 4—48 ~Does suctxon hft a.Eect the efficiency of a cen-
trifugal pump?

Answer: Yes. For-a centrifugal pump to develop its normal
head-capacity characteristics, the suction lift against which it
operates must not exceed a given value. If this value is exceeded, -
the head developed by the pump and its efﬁclency begm to decrease
to below normal for a given capacity, as indicated in Fig. 4-15. For
example, with 146 ft total head the pump has a normal capacity
of 1800 gpm, point A4, and an efficiency of about 87 per cent,
point B. This can be obtained with suction lifts up to 18 ft.
Higher suction lifts cause a reduction in -capacity; for example, at

20 ft suction lift and 146 ft head the capacity drops to 1670 gpm,
_ point C, at 83.5 per cent efficiency, point D.
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Normally, the pump should operate under a combination of
capacity and suction conditions that permit it to develop normal
head and capacity characteristics. Under these conditions the
pump also operates at best efficiency for a given capacity.
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" Fia. 415. Change in characteristics of a centrifugal pump with change in suction lift.

Question 4-49: What is meant by operating “in the break’?

Answer: If a pump is operated at the maximum capacity that
it can deliver with the available absolute suction head and at a
total head below that which it can develop with a higher absolute
suction head, it is operating “in the break.” For example, in Fig.
4-15, when the pump is operating at-A on the head-capacity curve
with 18 ft suction lift-(33.9 — 18 = 15.9 ft absolute suction head),
it is operating at about its maximum capacity at normal head under
this suction condition. If the total head is reduced but the suction
lift held at 18 ft, pum'f)/performance breaks away from the normal
head-capacity curve and follows along curve E. In other words,
when the pump is operating at 2200 gpm with 18 ft suction lift,

it is operating “in the break.” However, if the suction lift is

reduced, pump performance . continues down along the normal
head-capacity curve. |

Question 4-50: Does the liquid pumped influence the maxi-
mum permissible suction lift?

Answer: Yes, because the maximum permissible suction lift is
the difference between the atmospheric pressure and the minimum
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required NPSH over the vapor pressure of the liquid.. On the one

hand, the liquid specific gravity determines the value of the atmos~
pheric pressure expressed in terms of feet of liquid, and on the

other, the vapor pressure varies with the kind of liquid and its

temperature.

Even with cold water, the kind of water has an effect. For-
example, well water generally contains dissolved gases which, in
the vacuum of high suction lifts, dissociate from the water at the
pump entrance. If the amount of these gases is sufficient, the
pump loses its prime. Some well-supply systems have separating
tanks in the pump suction lines so that the gases can separate out
and be removed by an air pump.

Question 4-51: - What effect does elevatlon above sea level have
upon centrifugal-pump. performance?

Answer: Elevation above sea level -decreases atmospheric pres-
sure about 1 in. of mereury per 1000 ft of elevation.- At an-elevation
of 4000 ft, atmospheric pressure is therefore 4 in. of mercury or
about 4.5 ft of 62°F water leéss than at sea level. This means that
a given centrifugal pump can handle 4.5 ft less suction lift than at
sea level. This effeet should not, however, lead to the confused
notion that the NPSH required for a pump changes with elevation
above sea level. It does not, but the atmospherlc pressure that is
available is reduced.
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CHAPTER 5
APPLICATION OF CENTRIFUGAL PUMPS

Question 6-1: What is water horsepower?

Answer: Incidentally, it should be called “liquid horsepower”
and is the hydraulic power generated by a centrifugal pump.~ It
equals pump capacity in-gallons per minute, times the total head
in feet, times the specific gravity of the liquid, divided by 3960. If
a pump discharges 1800 gpm of cold water agalnst 110 ft total head,
water horsepower (whp) 1300 X 110 %1+ 3960 50,

Question §-2: What is brake horsepower?

Answer: It is the power required todrive a pump and equals
its water horsepower divided by its: efficiency. - It is-frequently
called “horsepower.”” If the efficiency of a pump is 0.80 and its
water horsepower 50, its brake horsepower (bhp) = 50 + 0.80 = 62.5.

Question 5-3: - What are the losses m _d ¢ei_1trifugal pump?

Answer: They are classified as:
1. Hydrauliec.

2. Disk-friction.

3. Leakage or short-circuit.

4, Mechanical.

Question 6-4: What are hydrauhc losses?

Answer: They are losses caused by shocks, eddy currents, and
frlctlon of the fluid in its pa.th through the impeller and casing
waterways.. :

Question 5-6: What are disk-friction losses?

Answer: Disk-friction losses (commonly called “disk horse-
power”) represent the power required to rotate the impeller in
- 95 . S ' '
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the liquid surrounding it in the pump casing. With other factors . +
constant, the disk horsepower increases rapidly with the viscosity :
of the pumped liquid.

Question 5-6: What are short-circuit losses?”

Answer: They are losses caused by leakage from the discharge
to the suction side of a pump through the clearances between the
casing and impeller wearing rings. This leakage reduces the
effective capacity of the pump because the leakage has to be re-
pumped from suction to discharge.

Question §-7: ‘What are inechan’_icar 'Itasi:sn-a'e?.‘?_= o

 Answer: -They_- are. the_-Iosses*re‘s‘ultiﬁéﬁ"gtﬁ iriction. in the stuff-

ing boxes and the pump Bearings;.:.--._ - ‘ |
Question 5-8: - How' does the- v{sqosity';féf:t a liquid affect the
disk-friction losses of a pump?, - 0 - |

B

Answer:- They increase with increase in viscosity, because the - -

. thicker a liquid, the more power is- needed to rotate "the_impe}ler_

‘through it. If viscosity is suﬂic_iéritly' high to reduce the head:

“generated by the . pump, the diameter of the impeller must be |

increased to recover this head loss; thus further increasing disk--
friction losses, which vary approximately as the fifth power of the
diameter of the impeller.

Question 5-9: How does the viscosity of a liquid affect the
total head of a pump?

Answer: The head-capacity curve of a centrifugal pump han-
dling & viscous fluid does not duplicate the head-capacity curve of
the same pump when handling water. The effect of viscosity on
the performance of a typical pump is indicated in Fig. 5-1. For
example, when handling water at 120 gpm, the pump develops 44
ft head, point A, but when hendling a liquid of 1000-SSU viscosity
at 120 gpor; it develops a head of only 29 ft, point B. This loss of

. head With increasing viscosities is caused by increased friction head
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as well as by the over-all effect of the viscosity on the flow configu-
ration in the impeller and casing. | | e

Question 5-10: How does the viscosity of a liquid affect pump
efficiency?

Answer: Since two of the losses in a centrifugal pump, disk horse-
power and friction head, increase with increased viscosity, the
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. F1a. _5-1. - Effect of viscosity of liquid pumped on characteristics produced by a
centrifugal pump. . .

efficiency of a pump handling viscous liquids will be lower than one
handling water, as indicated in Fig. 5-1. How much it will de-
crease depends on the type of pump, its hydraulic design, and the
relat_ipn of its operation to the conditions at best efficiency as well
as to the viscosity of the liquid. o
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Question §-11: How does the viscosity of a liquid affect pump

selection?

Answer: Because disk friction varies as the fifth power of the
diameter of the impeller but only as the speed cubed, it is desirable
to use the highest speed (and the resulting smaller impeller diameter)

consistent with design conditions. Head loss due to viscosity in-

creases as operating conditions approach the best-efficiency point
of the pump because of increased ~velocity through the impeller.
Therefore, there is an advantage in selecting a relatwely oversized
pump for a highly viscous liquid so as to place the operating con-
ditions well to the left of capacity at best eﬁiclency on Iow—v1s0031ty
service. -

Question 5-12: What rahge of eﬂiﬁiencies is obtainable with
centrifugal pumps?

‘Answer: The efficiency of a centrifugal pump depends on many
factors, such as the specific speed of the pump, its relative sme, the
service for which it is intended, the materials of.which it is con-
structed, and physical characteristics such as the viscosity of the
liquid. Large centrifugal pumps have developed over 92 per cent
efficiency. Small pumps handling viscous liquids, under severe

~mechanical conditions calling for relatively large clearances between
the wearing rings, may have efficiencies as low as 10 or even 5 per
cent.

* Question §-13: What is the design speed of a pump?

Answer: It is the speed at which the pump was designed to
operate and deliver its rated capacity (gpm) against its rated head
in feet. Thus the design speed is the normal operating speed of
~ the pump. At a speed higher than normal, the head and capacity
of the pump increase, and at speeds below normal, they decrease.

Question §5-14: How does a speed change affect pump per-
formance?

" -
Answer: Its capacity varies directly as the speed, its head as
the square of the speed, and its power input as the speed cubed.
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Frample: A pump that delivers 1000 gpm against 100 ft total head
+t 1000 rpm, point A (Fig. 5-2), and requires 40 hp to drive it, point
B, will deliver 900 gpm against 81 ft tqtal head when run at 900 rpm, °
point C, and will require 29.2 bhp to drive it under those condi-
tions, point D. All points on the characteristics are similarly
affected so that if the ones for one speed are known, those for an-

other speed can be predicted.
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Fie. 5-2. Chaﬁge in pump characteristics with change in speéd.

If pump speed is inereased sufficiently, the limit of operation at
the prevailing suction conditions can be exceeded, and its head
and capacity range will be reduced. Likewise, if the speed is re-
duced excessively, the efficiency of the pump will be somewhat

- reduced so that its power input will no longer follow the speed-cubed

relationship. | |
Question §5-15: How does a change in impeller diameter affect
pump performance?

Answer: Since the peripheral speed of the impeller changes
directly as ity diameter, the pump capacity varies directly as the
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impeller diameter, whereas the head varies as the diameter squared

and the power input varies as the diameter cubed. For example,

in Fig. 5-3 with a 14.75-in. impeller operating at 1800 rpm, the pump
has a capacity of 2250 gpm against a 218 ft head, point 4, and
requires 151 hp to drive it, point B. If the impeller diameter is

reduced to 14 in., its capacity at 196 ft head will be 2135 gpm,

point C, and will require 129 hp, point D.
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A reduction in diameter is the equivalent of a basic design
change of the impeller and thus affects the characteristics of the

"~ pump. For that reason, the basie rule can be applied only over a

limited range, depending on the design of the impeller.

When a pump is to be adapted for smaller capacity or head, or
both, at the same speed, or for the same capacity and head at a
higher speed, consult the manufacturer to see whether the existing
im/piller'cﬁﬁ be cut down to produce the desired results.
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Question §5-16: Knowing the diameter of an impeller and its
operating. speed,how can one determme approxlmately the head.

that 4 pumpy can develop? SR *;

Ansuer The head in feet developed by an unpeller at the
capacity at which maximum efficiency is obtained can be deter—
mined from the formula, :

— -

where H = head, feet of liquid- . R
D = impeller diameter, in:-—*- - R R

n = spéed, rpm- ¢ T

K, = pump-deeugn coefficient . ..., : %

The value of K, may vary between 0.95 a.nd I. 15 for normal lm-
peller demgns Generally, usmg 1.03 is” accura.te enough, in thch

case.

-~ -k

Question 5—17'- How does the natur& of & hquxd aﬁect pump
selection?

Answer: It determines to a certain extent the range of capaci-
ties and heads as well as the pump.types. most frequently used-for
a given service. -The widest range of selections is available for
water, which is divided into fresh and salt water. Selection of
materials for the latter varies greatly when considered from the
viewpoint of first cost, length of life, and the eustomer’s preference
and experience. Apparently insignificant impurities in the liquid
may be important in selecting the materials.

* Similarly, the nature of a liquid will affect not only the pump
material, but possibly the-mechanical construction best suited to
the purpose, depending on whether the liquid is an acid, alkali, or

.oil.  For example, if acid is handled, not only must the pump be

built of corrosion-resisting material, but it mist avoid leakage of
the acid to the atmosphere through the stuffing box.
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Question 5-18: How does the temperature of a liquid affect .
pump selection?

Answer: A standard line of general-service pumps has deﬁnite
temperature limitations. Higher temperatures may require special -
materials, water-cooled stuffing boxes, or special mechanical features
such as center-line support of the casing. Likewise, for extremely
low temperatures, such as in brine service, nickel cast iron or nickel
cast steel may be used in preference to standard gray cast iron to
obtain a more refined crystalhne structure and prevent fractures.
Any wide variations in operating temperatures should also be §
known, as ‘they affect the specific gravity and viscosity of the
liquid.

Question 5-19: How does the spec1ﬁc grav:ty of' a hqu:d affect
pump selection?

Answer: The specific gravity miist be known to” determine the
proper size of driver at design condltlons If head is given in
pounds per square inch, the speclﬁc gramty of the liquid must be
known to convert the head mto feet of hqmd handled. If a cus-
tomer specifies a net pressure of 100 psi for a fire’ pump, the total
head required is 231 ft for fresh water, or 225 ft for salt or sea
water with a specific gravﬂ:y of 1.03.

T S AT R I T e T T

Questlon 6-20: Will a change in the speczﬁc gravity of a hqmd
affect the power required to drive the pump? = -

R AR T TR

Answer: Yes, power to drive the pump varies as the specific ¢
gravity. If the power input to a pump is 10 hp when handling
cold water, it increases to 10 X 1.2 = .12 hp when pumping 1.2
speclﬁc-gramty bnne, other conditions remammg the same.

Question §-21: How do the nature and size of sohds in a liquid
affect pump selecuon?

Answer: They determme the type- of 1mpeller best suited for
the purpose and the construction maten_al_s of the pump. If the -
solids are very abrasive, an open impeller is generally used, and, . §
where _ the pumping job warrants, special. and more expensive -~ §

//
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vear-resisting materials may be justified. If the solids are rela-
tively soft, as is generally true of sewage, a closed impeller can be
used. When solids reach a certain size, special non-clogging impel-

lers are required.

Question 5-22: How does load factor affect pump selection?

Answer: If a pump is used in intermittent service’ ‘then it is
not necessary to use the most efficient .unit available, and the
selection generally can be made on the basis of lowest first cost.
On the other hand, a pump intended for.continuous service should
have high efficiency, reliability, and long life.

Questlon 5-23: Does variation in operatmg condltlons affect the

.selection of pump type? SRR S NI P SO

Answer: The types of systems on which constant-speed cen-
trifugal pumps are generally applied: can be classified as:- - -

1. Constant capacity and head.

2. Variable capacity with nearly constant pressure:..

3. Variable head with some capacity variation permitted.

Type 1 operation is only at one point on the pump head-capacity
curve so that its shape is not important. Type 2 is-common when
a pump discharges into a system like the water supply main of a
community or industrial plant, in which nearly constant pressure
is maintained irrespective of demand. Here a flat head-capacity
curve is desirable. Type 3 occurs when there is a variation in
static head, such as Wh’e{ﬁlling a tank from the bottom. In some
installations, considerable eapacity variation can be tolerated be-
cause of static head changes, but in others the capacity variation
must be as small as possible. The latter requires pumps with steep
head-capacity curves, and sometimes for the desired results it is
advantageous to sacrifice efficiency.

There are many other cases where variations in operating condi-
tions are such that pumps of special characteristics are required.

" In some of them, the desired results are obtamed only by variable

speed or throttling.
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Question 5-24: " How can reduced pump capacity be obtained "
with constant-speed operation? .

Answer: This is done by throttling the pump discharge to in-
crease the friction head in the system. The capacity at which g
centrifugal pump operates is determined by the intersection of its {
head-capacity characteristic curve with the systein-head curve, as
explained in Question 4-34. Throttling the dlscharge of the pump
increases the friction head in the system. Consequently, a new
system-head curve results, such as that indicated by the artificial
system-head curve (Fig. 4-11). ' The point of intersection of the
head-capacity curve of the pump with the new system-head curve
determines the new opera.tmg capacity of the pump, as mdlcated

Questlon 5-25 ‘Will throttling a centnfugal-pump dlscharge
build up excessive pressure?

Answer: Unlike reciprocating pumps, throttling the discharge #
of a centrifugal pump cannot cause excessive pressure. For ex-
ample, in Fig. 4-11, if a valve is slowly closed, the head developed
by the pump increases until at shutoff it reaches 190 ft, or 16.5 per
cent above that at design capacity. -Head at shutoff varies with
the pump type, or specific speed, but under no conditions will a
centrifugal pump develop an excessive head at shutoff. However,
do not operate any centrifugal pump with the discharge valve "
completely closed or it will overheat.

Question 5-26: Will throttling a centrifugal-pump discharge
overload its dnver?

. Answer: This depends on the shape of the power-capacity curve
and the selection of the driver size. In pumps of low and medium
specific speeds, power consumption is lowest at zero discharge and &
rises with capacity increase. ' Thus throttling the discharge of such §
a pump cannot overload the pump driver. -

With pumps of extremely high specific speed, the shape of the
power-capaclty curve is such that maximum power consumption °
oceurs ‘at shutoff, decreasing with an increasing flow rate. If the
driver is so selected as to correspond to maximum power consump-
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tion, throttlmg the pump discharge cannot overload the driver.
If, however, as is generally the case, the driver is selected on a
pasis of power required at normal operating head, throttling the

pump discharge below a certain minimum capacity causes over-

loading.

Question §-27: When are two or more pumps used in parallel?

Answer: Demand in pumping installations varies over a wide
range. 1f a pump were large'enough for the maximum flow, it
would be inefficient at reduced capacities and ‘would develop excess
head. Also, where high reliability is required, as in a waterworks,
there would have to be a duplicate unit of the same size as a spare.

For such installations, it is best to have two or more smaller
pumps so that capacity can be adjusted to demand. Sometimes

such units have equal capacity; at other times they are of different

sizes. Waterworks and similar services have a sufficient number of
units so that one or motre of them i 1§ in reserve. .

Even when constant- capaclty 1s needed, two CI'Imore pumps

""" ‘Some in-

stallations are so large that a unit to handle full capac1ty is not
feasible. Other setups use units of one-half, one-third, one-fourth,
or smaller capamty, with one or more spares that together have a
lower installed cost' than two full-sized units. Still other plants
use two or more pumps in parallel so that the most efficient speed
of existing drivers can be utilized.

Question 5-28: Mus“ffwo pumps be identical before they can

- operate in parallel? -

Answer: Satisfactory operation of pumps in parallel depends
as much upon the system-head curve on which they are to operate
as on the pumps themselves. If the system head permits, pumps
can have dissimilar characteristics. The same combination might
not be satisfactory for other system characteristics. When pumps
operate in parallel on a system wher. -flow is regulated by throttling
(most boiler feed-water systems are of this type), they should have
2 similar and stable characteristic with practically the same shut-
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off head. For such applications, units may safely have unequal :
capacities, provided the shutoff heads and general shape of the
head-capacity curves are similar.

Question 5-29: When are two or more pumps used in series? -

Answer: When the total head of an installation exceeds that |
which can be developed in commercially available single-stage
pumps, multistage pumps are normally used. Multistage pumps

F1g. 54. Two series pumping units, each con.sisting of t.wo single-stage double- &
suction centrifugal pumps with mterconnectmg senes plpmg (Motors are between ¥
stages.) . . DI S '

are cominercia_lly'gailable only in the smaller sizes, with some
coverage in intermediate sizes and with practically none for pumps
of over 12-in. discharge size. Practically the same results accom-
plished with a two- or three-stage pump are obtained by connecting
two or three single-stage pumps in series by external piping (Fig.
5-4) instead of the integral water passageways generally used in
multistage pumps.

Series units are most generally applied for heads of 250 to 500 ft
and are’ generally two single-stage double-suction pumps in series.
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driver, but separate drivers for each'stage can be used. Sometimes
waterworks use two pumps in series for small capacities rather than
» multistage pump, often thus obtaining a better puraping efficiency.

Question 5-30: Must two pumps be identical before they can
operate in series?

Answer: Characteristics of pumps in series do not have to be
similar for satisfactory operation because the head developed by
one pump adds to that of the other. For an efficient unit, capaci-
ties at best efficiency for the individual pumps should be about the
same. If one pump has a larger capacity than the other, it should
preferably be used for the first stage. .

Question 5-31: Why are pumps co_mprising a series unit usually

" dentical?

Answer: While other combinations are possible, most series
pumping installations consist of two identical single-stage double--
suction pumps. With identical pumps:

1. Most or all parts of the individual pumps are interchangeable,
and a smaller number of spare parts is necessary to guard -
against outages. :

2. Unit cost is generally, but not always, the lowest.

3. A common driver can be used, which permits selection of the
best operating speed and obtains highest over-all efficiency.

Question 5-32: What is the normal arrangement of pumps
operating in series with a single driver?

Answer: One arrangement commonly employed with small
units has a double-extended-shaft motor between the two pumps
in series (Fig. 5-4). For larger units and, when necessary, for small
units, single-end drivers are used, and one pump is built with a

.double-extended shaft. Then the shaft of the pump next to the
- driver must transmit the total horsepower required by the unit.

This arrangement is used with steam turbines and most internal
combustion engines because they are not suitable for double-shaft—

extension drive apphcatmns
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" Question 5-33: What is a tandem-driven pumping unit?

Answer: In some industries, two or more pumps are necessary -

for different steps in a process. If the service conditions permit
the same rotative speed and if the pumps can be placed together,
it is often advantageous to use a common driver on one end. Such
units are called ““tandem driven.” Strictly speaking, two pumps
in series, with the driver at one end, form a tandem-driven unit.

Question 5-34: What prime movers can be used to drive cen-
trifugal pumps?

Answer: Probably every form of prime mover and source of
power has been used, with some form of intermediate transmission
if necessary, for centrifugal-pump drives. Most centrifugal pumps,
however, are driven by electric motors. Steam turbines, gasoline
engines, diesel engines, gas engines, and water turbines are also
used. Steam engines are now ra,rely used. '

" Question §5-36: Is the type of pump used affected by the type

of driver?

Answer: The choice of rotative speed is limited with certain

types of drlvers, for example; gasoline engines. - Thus the speed for
the ideal pump for the service conditions may be much higher or
much lower than the driver speed. For units in constant use, a
speed-increasing or -decreasing device is warranted. For units to
be used occasionally, like a stand-by unit, a compromise pump de-
sign can often be ﬁSEd, thus saving the cost and complication of a
speed changer, at some sacrifice in pump performance and, in some
cases, with some increase in pump cost.

Question §-36: What factors influence the selection of driver
size for a centrifugal pump? .

Answer: A number of local conditions affect permissible loading
of various drivers. Safe loading of an electric motor depends on
its design as well as on the temperature and density of the sur-
roundmg air and variations in line voltage. Other types of drivers
‘are also aﬂ'ected by local conditions. The driver should be capable

Dt-ieelii
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of driving the pump over its entire operating range under the most
adverse conditions.
Where the driver is suitable for variable-speed operation and a
decrease in head is acceptable, the pump is sometimes operated at
reduced speed to keep the maximum power within the rating of the

driver.

Question §-37: When selecting a motor for driving a centrifu-
gal pump, should a normal- or high-starting-torque type be used?

Answer: Normal-startmg-torque motors develop more than
sufficient torque for starting centrifugal pumps, even with the dis-
charge valve open. All centrifugal pumps require low torques to
start. The torque required to start from rest generally does not
exceed 15 to 20 per cent of normal operating value. It is generally
Lighest in a sleeve-bearing pump if it has been idle for some time,
causing the packing to stick to the shaft sleeves and the oil to be
squeezed out from between the shaft and bearings.

Question §-38: Will operation of a centrifugal pump at heads
other than its de51gn value overload the driver?

Answer: The power required to drive a centrifugal pump from
shutoff to maximum capacity varies with its specific speed and its
individual design. For the lower specific-speed types, the power
requirement is minimum at shutoff and maximum at or near maxi-
mum capacity. Operation of the pumps at heads below normal
increases the load on the driver and sometimes causes an overload.

On the other ha.nd a reduction in head on high-specific-speed
pumps causes a reduction in power. An. increase in operating
head on these pumps causes an increase in power consumption and
sometimes may overload the driver.

Question §-39: Can a centnfugal pump overload an electric
motor?

Answer: . Yes, if the pump horsepower increases with a change
in capacity: It is thus dependent upon the shape of the pump
power-characteristic curve and system-head characteristics.
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Question §5-40: Ca1_1 a centrifugal pump overload a steam---'-
turbine? - ' '

Answer: No, it cannot. With a fixed throttle position, a steam
turbine develops a constant torque, and the speed of the unit ig-
always at a value where pump torque equals turbine torque. If th
turbine is equipped with a constant-speed governor, a continueg
increase in torque causes the governor to open the throttle valve
more and more until it is wide open. If the pump torque exceeds
the turbine torque at the set governor speed, the unit slows down
until the pump torque equals that developed by the turbine. This is
also true when the turbine is equipped with a constant- or excess-
pressure regulator, the only difference being-in the nnpulse that
tends to maintain the required torque balance.

Question. 5~41: What factors must be. considered in selecting -
the size of internal combustion engmes to drive centnfugal pumps?

Answer: Some internal combustlon engines are rated for the
load they can carry continuously at rated speed, while others are
rated for the load they can develop on test with full-open throttles.
In the latter, power ratings may or may not include power required
by the normally attached auxiliaries, such as circulating pump,

fan, etc. Engines of the automotive type are generally rated for . {§

their maximum developed power on dynamometer test while .
stripped of all auxiliaries. Such engines usually operate safely
with a continuous loadmg of only 75 to 80 per cent of their developed
power. -

Most automofive engines are high-speed and have a short life

when run continuously. There are available medium-speed engines -

that have a longer life and low-speed ones that have a long life with
minimum maintenance. -
Most internal combustion engines that are rated on the basis of

"load they will carry constantly will also carry an overload. Engines

rated on maximum developed power can be operated loaded to °

- more than 75 to 80 per cent of their developed power. But if other

thag,motﬁbntary, this will generally result in mechanical failure.

,.—The engine best suited for any particular application must there-

fore be selected with consideration of service requirements.
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Fi. 55. A centrifugal pump in a water works connected through a step-up gear to a .-
low-speed high-duty diesel engine.

Question 5-42: Does the variation in 0perat1ng condmons affect
the driver selection?

Answer: When cent@gal' pumps operate under variable head
or discharge; or both, drivers that permit economical speed variation

- are preferred. Choice of drivers suitable to variable-speed opera-

tion is quite wide: steam turbines, internal combustion engines,
wound-rotor a-¢ motors, and sometimes d-¢ motors. Synchronous
or squirrel-cage motors are also used with a variable-speed trans-

~ mission, such as a hydraulic or magnetic drive.

Question 5-43: ‘What advantages can be denved from vari-
able-speed dnve?

Answer: There are a great number of centmfugal-pump applica-
tions where operation at varying capacity and/or total head may

- be required. Since the operating conditions of a centrifugal pump.
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are determined by the intersection of its hea.d—éapacity curve with, 4
the system curve, the only means available to vary its operating-
conditions, if the pump is operating at constant speed, is the alter.= ]
ation of the system head by throttling. In many cases it is more
practical and more economical to change the point of intersectioh

of the pump and system curves by varying the operating speed and, | ’. |

hence, the head-capacity curve of the pump.

Question §-44: Is variable-speed drive always 'more econom- &
ical than constant-speed. ‘drive_ when operating conditions are
variable? : '

j— - N -

Answer: No, it is not™ ‘Many;fa't':%ors',éh“t'er_"iith(; fhe evaluation

.of the most economical- operating method under such conditions,

While considerable horsepower may- be saved in varying the speed &
of a steam turbine or of an engine, the efficiencies of wound-rotor - 3
motors and of hydraulic and magnetic transmissions are practically
proportibnal.fd_their operating speed.. Power saving,"if any, must
be considered along with the increased cost of the drive over a con-
stant-speed drive. Insome applications, such as boiler feed service,
power losses due to throttling the pump discharge are converted into
heat that is returned to the boiler and_m_ust be.taken into aceount in
any evaluation of vé.riab_le— and constant-speed drives.

o _Md e Bt ek g a
o o

3
:
i
E

~  Fa. 56. Multistage pump, dual-driven. by squirrel-cage motor or gasoline engine. . JK
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Question §-46: What is a dual-driven pump?

~ Answer: It is a pump arranged so that it can be driven by
either of two drivers (Fig. 5-6). Generally the two are different,
one, such as an electric motor, for regular service, and the other,
say, & gasoline engine, for use when power to the motor fails.

Question §-46: How are dual drives usually arranged?

Answer:  One driver is generally connected to each end of the
pump,'so that the one not being used can be disconnected. This
arrangement requires a double-extended pump shaft, and end-
suction pumps cannot be used. Also, pump selection is often
compromised to suit the available drive speed.

Question §-47: Can two drivers be used on one centrifugal

_ pump, each taking part of the load?

Answer: Yes, in a few installations the pump is driven by two
power units, each carrying part of the load. .
. The most common installations of this kind combine an electric -
motor and a water or steam turbine. For such an application, a
water turbine without a governor is used.. Where the other power
unit is an induction motor, pump speed varies slightly with changes
in operating conditions to maintain a balance in which the power
developed by the two drivers equals that needed by the pump.

_,.—/_/
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CHAPTER 6
INSTALLATION OF CENTRIFUGAL PUMPS

Question 6-1: Are there general rules for the preferred loca-

tion of a pump?

Answer: - Yes, here are five:

1.

5.
Question 6-2: Can suction-pipe design affect pump perfoi'm- |

Install the pump in a light, dry, clean room. If the location
is cramped,’ dirty, wet, or poorly lighted, a unit is difficult to :
dismantle and “repair a.nd is hkely to be neglected by the ¥
operators.

. If a unit must be placed where if mlght be submerged, elther

install a wet-pit pump or make provision to remove incoming
water, using auxiliary wet-pit. drainage pumps, so- that neither
the main pump nor its driver will be flooded. - -

. If a motor-driven unit is to operate in a damp or mexst locatlon

a motor construction, suitable for such conditions, must be
obtained. _The various motor manufacturers makza specisl
designs for such adverse operating conditions, as well as for
installation in the open. :

Locate the pump as close as possible to the supply source.
If possible, place it below the liquid level of the suction reser-
voir. Always be guided by the manufacturer’s recommenda-
tions for suetion conditions.

Install it where a substantial foundation can be provided.

ance?

Answer: Yes, in two ways. If the suction pipe is too small,
friction losses combined with static lift may cause a total suction
lift greater than that on which a pump operates successfully. This
reducés pump capacity by an amount depending upon the system
cha.ra.ctenstlcs as the pump is “operatmg in the break.”

i1
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Elbows and other fittings in the pump suction line may disturb
liquid flow at its suction nozzle and to the impeller. This com-
monly occurs with double-suction pumps when an elbow turns
toward one side of the pump (Figs. 6-1 to 6-3). On a horizontal-shaft
double-suction pump, an elbow in the vertical plane pointing down
or up can be used. If the elbow must be turned toward one side,
use a special design with center baffle to guide the flow around it,
or install a straight_run of pipe, three pipe diameters or longer,
between the elbow and suction nozzle (Fig. 6-1).

Have )
disfance |
equal two 1

Have strafght run R
aquol three pipe
dicmeaters or more

Longrodius
< ¢lhow

Eibow causes waler to
crowd 1o this side of pump

F1a. 6-1. " Fia. 6-2, F1a. 6-3.

Fia. 6-1. Correct suction connection for a double-suction pump with side-turned
suction elbow of same size as pump suction. _

Fra. 6-2. Incorrect suction cogeetion for a double-suction pump with side-turned
suction elbow. of samse size ag-pump suction.

. F16.6-3. An eccentric reducer of adequate length can be used to connect a side-turned

suction elbow of larger size to pump syction.

Question 6-3: What precautions are necessary in the design
and location of suction-line inlets?

Answer: They should be of a design and proportions that have
low friction losses and must be sufficiently submerged so that
vortexes will not form and suck air into the pump. Use a bell-
mouth on the ifilet of the suction line to reduce inlet loss. On
vertical lines, locate the bellmouth far enough above the bottom

and away from all walls of the suction well so that flow to the
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bellmouth is not restricted. = Place it far enough below low-water
level to prevent whirlpools. Horizontal suction lines coming intg
a pit or tank horizontally do not generally involve ﬂow restnctlong b
but must be submerged enough to prevent sucking air. |

Simple rules cannot be given that ensure satisfactory suction i
lets under all conditions. Even in apparently excellent layouts,

trouble may occur because of some unforeseen reaction in liquid - -"
flow. Then baffles must be installed or some design change made 4

to correct the trouble. Vortexes drawing air into the suction line §.
can frequently be stopped by boards or planks floated in the water
surface around the suction pipe. '

‘Question 6-4: How should a suction line be constructed?

Answer: The liquid should bé délivered to the suction nozale -

without disturbance and with sufficient. absolute suction pressure 4

to permit proper pump operation. If-it operates with a suction
lift, the line must be autlght for the exmtmg vacuuim.

Questlon 6-6: How can the size ofa suction hne be determined? :I ;'.-‘

Answer: Suction-line size- depends primarily on the friction-
head loss that can be permitted. . Generaily, on a pump operating
with a suction lift, suction-pipe sizeé must be one or two pipe sizes
larger than the suction nozzle. "When pumps operate with a
p031t1ve suction head, higher friction losses can be pernutted and
pipe may be of smaller size than when a suction lift exists.

Questlon 6-6:Can the suct:on plpe be smaller than the pump .
suction nozzle? : : -

Answer: Generally this pipe should be larger or at least equal - §
in size to the suction nozzle. In certain rare instances, however, ‘
when circumstances require a pump to operate always at part of [§
its normal design capacity, it is permissible to use suction piping i
smaller than the pump’s suction nozzle. Here the resultant in-
erease in friction losses would have no appreciable eifect on pump '
performafice. However, provide a suitable increaser in the suc- 4

-/tuﬁ piping, located well away from the pump to avoid disturbances 3 "
~ at its entrance. [
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gestion 6-7: Why are long-radius elbows used in suction-line
piping assemblies?

Answer: DBecause they have less friction loss than standard
elbows. Flow through a long-radius elbow is more uniform and
there is less chance of disturbed flow, which would affect pump

performance.

Question 6-8: What precautions should be taken in the design
of a suction header supplying a number of pumps?

Answer: When a common suction header serves a number of
pumps, taper it so that velocities at all pointsare the same. Since

Connect to pump suction direct or through reducer
_ _.~1f losses warron! use of suction pipe and fitlings S~
i u""  ©f size lorger thon suction nozzie ~~o

; pipe diamelers

Elevation

3 S 4 s 45-dsg elbow
“Select loterals of a size thot give approximalely the some
velocities at inlel and both outlels o »

Fig. 6-4. Recommended suction-header design for three pumps served by a common
suction line. : .

Long-radius elbows connected to pump suction. Use reducing
~—longrodivs elbow or reducer between e/bow and pump suction~
1f bosses warront use of suction pipe ond fitlings lorger than pump

suction nozzle ~, (ﬂ
!

Three or more
pipe diamelers

F1a. 6-5.. Alternate layout to Fig. 6-4 if suction header is to be located at lower
- elevation. :
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this cannot always be done with commercial pipe sizes, some §
compromise may be necessary. Reducing laterals are generally4
most desirable for such a header (Figs. 6-4 and 6-5). * A header of
constant size with smaller outlets is not as good as one with reducing
laterals, but is often used in waterworks where the header is a loo
with valves so that any section can be isolated in an emergency, -
Even with the low velocities used for such mstalla,tlons, water dis-
tribution to the pumps is sometimes unequal.

. Possible Concentric

olr pocket™, 1;\“’ educer

Eccantrie
reduvcer=?

Gorrect Incorrect
Fia. 6-6. LR " Fra. 6T,

Figs. 6-6 and 6-7.. Eccentric reducers, Fig. 6-6, should be used for suction piping to-

avoid air poeketa that can result mth concent.nc reducers, Fig. 6-7.

Quest:on 6-9 Why are eccentnc reducers used on suctlon

lines?

Answer Eccentnc reducers (F1g 6—6) are used so that the tops
of adj a.ce'nt sections of d]ﬁerent sizes may be at the same elevation.
Thus air pockets that may form when concentric reducers are used,

~are avmded (Fig. 6-7).

Question 6-10: Why do pump manufacturers caution against
loops in suction lines?

Answer: Because air pockets may form in them and affect
pump performance adversely. It is possible to operate a pump

-with an upward loop in the suction line if the high point is vented
through a vent valve to a vacuum system in. which a lower absolute &

pressure is maintained than in the suction line at the loop.

Questxon 6-11: Why are siphon suction lines sometimes used 4 3
in the chemical industry? '
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Answer: In the chemical industry there are many cases where
the cOrrosive properties of liquids or solutions make it undesirable
to have tanks with outlets in the side or bottom. Thus, the suction
e of 2 pump drawing from such a tank must enter the tank from

lin
If there is no floor at the level of the top of the tank, the

kacbok&é :
Priming
¥ ch_umber

...........

Ay :
Fio. 6-8. Siphon-type suction line on installation using priming chamber.

‘pump is generally placed on the floor adjacent to the bottom of the

tank, and a siphon suection line is used (Fig. 6-8), with or without a
priming tank. Care must be taken to exhaust all the air from the
siphon before starting. With a simple siphon without a priming
chamber, a careful watch has to be made that the siphon does not
become broken: The maximum height of the siphon and permissible
size of the pipe must keep the absolute pressure at all points above
the vapor pressure of the liquid.



P Y T S N T

S e e

120 PUMP QUESTMONS AND ANSWERS

Question 6-12:: When should screens be used in a suction l.ine?- :

Answer They should be provided on any suction supply in
which there may be foreign material larger than that which passes
through the pump easily, or where this material is objectionable in
the liquid. Sereens vary with the kind, size, and amount of ma-|
terial to remove. Sometimes, in place of screens, strainers are
used. While more accessible, they usually require frequent clearing
and generally cause higher friction losses.

Even when screens are not necessary in normal operation, a
temporary strainer is recommended in the suction line of a newly
installed centrifugal pump. This strainér catches foreign material
inadvertently placed in the piping, such as bolts, nuts, and even
aw reneh or two that mlght damage the pump

Questlon 6-13: Why do some centnfugal pumps have vents on
the suction side of the impeller?

Answer: Hotwell pumps and some in process work handle liquids

- under. absolute pressures.corresponding ito-*br near: their vapor
~ pressure. Under adverse operating:conditions; -such pumps can

become vaporbound. -To prevent this, vents are provided on the
suction side of the impeller to vent vapors either back to the suc-
tion source a.bove liquid levels or to some suitable vessel.

Questlon 6-14 Under what condltlons does air trapped in a
volute-casmg top affect pump operation?

Answer: In most medmm— and high-head centrifugal pumps,
air trapped in their volutes is washed out by the flow of water.

With lower head pumps and when air leaks into the suction line or-

through the stuffing boxes, this air is not washed out of the volute
and remains to reduce pump-capacity.

In certain applications, washing the air out into the dxscharge is
objectionable. For instance, a boiler feed. pump should not feed
air into the,feed system, and it must be vented out of the pump
casing:” -
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Question 6-15: What is the purpose of a check valve in the
discharge line? i | '

Answer: In most installations, a gate and a check valve are
used between pump and discharge piping. The check valve pre-
vents reverse liquid flow when the pump stops for any reason. _The
gate valve should be closed if the pump is shut down for an extended
period, to prevent leakage back through the check valve.

Questlon 6-16: Are flap valves used with centrifugal pumps?

Answer: The usual form of flap valve is a swing disk attached to
the end of the discharge pipe. It serves as-d check valve and is
used the same as a regular check valve, particularly in low- and
moderate-head pumplng mstalla.tlons discharging into a body of
water such as a canal, near or adjacent to the pumping sta.tlon

Question 6-17: When are expansmn jomts used in suction or
dxscharge piping?

Answer: They prevent transmlttmg piping strains to the pump.

Frequently on pumps handling hot hqulds, these Jomts compensate

for pump and piping expansion.

When expansion joints are used, take precaution in the design

of the foundation and in mountmg the pump on it so that reactions
resulting from ﬂow and pressure conditions are properly ‘absorbed.

Advise the pump manufacturer of these conditions, especially when

high head pumps are involved. Thus proper provision can be
made to transmit the thrust to the bedplate and foundation (Fig.
6-9). |

Questlon 6-18 Why are vent valves used on the dlscharge of
a pump?

Answer: They permit escape .of air, gas, or vapor trapped in
the casing when liquid is admitted to the pump. While sometimes
these gases would be dislodged by the liquid’s flow, air or gas in
the discharge is objectionable in most systems and should be vented
from the pump.
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|

¥1a. 6-9. In installaiion shown, .iimdequaté pro.ision had Leen made orig.nally to

take the hydraulic thrust resulting from a flexible pipe connection in the discharge line-

beyond valve C. It was corrected by building the foundation up to anchor the 45-deg
elbow E and the pump volute V. _ _ :

Question 6-19: - Where should the suction vent be led?

Answer: - A suction vent on a centrifugal pump removes vapor,

air,. or gas from the suction waterways at the suction eye of the

impeller. It must therefore be piped to some’ space of slightly

lower absolute pressure than at the suction eye—for example,
above the liquid level of the source of supply, where the vapor can
be condensed or from which vapor, gas, or air can be removed. On
a condensate pump, the suction vent is piped to the condenser shell
~or hotwell above the con-ensate level. Here the vapor is con-
densed and any gas freed is removed by the air ejector. On a
process pump or for petroleum refinery service, a suction vent may
have to be connected to a separate vessel in which a lower pressure
is maintained. - . - ]

. Somethﬁé/s where the suction pressure is above atmospheric, the

: .\-r-‘pun':if can be vented, with proper precautions, to atmosphere. A




A A s T ——— 4 [ T Sy

thepump o o o=

INSTALLATION OF CENTRIFUGAL PUMPS 123

suction vent on a pump for priming is connected to the vacuum-
oducmg device. -

Question 6-20: What arrangement is necessary to dispose of
stuffing-box Ieakage and other drains?

Answer: Pipe all dram connectmns to a sump or sewer. Often
the disposal of pump-drain liquid requires a separate sump pump
or & wa.ter-]et eductor to pump b this waste to a sewer.

Question 6-21: _What is standard equipment for a horizontal
centrifugal pump?

" Answer: - Btandard equipment. generally includes the pump with
necessary packing, water-seal piping, seal cages, dowels, plugs,

-

. grease cups or oil gauges; cooling-water piping if required,. vent

cocks,-and speeial wrenches—that is, all parts needed for a complete
pump on usual *apphcatlons Often ‘many of these parts are not
assembled but are separa,tely boxed or bagged and shipped with

Qué_st;ohﬂéjiz.‘_‘- —ﬁ;.;]sﬁabﬁrewall extensmn?

'Answer: When a pump handles an inflammable volatile liquid
like gasoline, there is a hazard unless the driver is explosion-proof.
To avoid- this-risk; pump -and-driver are placed-in separate rooms
with a firewall between them. This arrangement requires a shaft
extension witha stuffing box so-that the driver can be connected
to the pump through the wall. Various types of firewall exten-
sions have been used, some of which are shown in Figs. 6-10, 6-11,
and 6-12. These extensions have a seal at each end made of a
close-fitting felt gasket or of one or more rings of packing with a

gland. The space between the two seals is usually filled with a

light grease to form a vaportight seal.

Question 6-23: Are a centnfugal pump and its driver checked
for alignment at the factory before shlpment? ' :

Answer: Yes When a umt consisting of pump, base, coupling,
and driver is assembled at the factory, the base plate is placed on a
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flat, even surface.. Pump and driver are mounted on it and the
coupling halves accurately aligned. Shims are used under the
mountmg surfaces of pump and driver where necessary to obtain

-, .
) Pump \ o _Mo tor

Fra. 6-10. Firewsll extension using extra-long motor shaft.

Gosket - - Goskel

Greose |

i Wall
Pumpr— -} S Il

Lt

Fia. 6-11. ‘Firewall extension provided by eepa.rate shaft supported by two pedestal
bearings, one on either side of wall. ~

T

Fig. 6-12. ° Firewall extension similar ‘to Fig. 6—11 in principle but with ball bearings
supported by brackets,

alignment. The pump, but not tie ariver, is generally doweled to
the basepla,te at the factory. The driver is not doweled because
field duplication of factory a.hgmnent is thus simplified.

: : Gosket —-. _Gasker il r : |
J | i .
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Question 8-24: Why should a pump- be realigned in the field?

Answer: All base plates are flexible and subject to shipping
<trains. When a unit is installed, a eareful check is necessary to
letermine whether factory alignment has been disturbed.

Question 6-25_: How is a pump leveled on its foundation?

Answer: Pumps are generally shipped mounted, and it is usually
unnecessary with units of moderate size to remove pump or driver
from its base plate when leveling. Place the unit over its founda-
tion, and support it on short strips of steel or shim stock close to
the foundation bolts. Allow from 0.75 to 2 in space between base
plate and foundation top for grouting. Have the shim stock
extend across the supporting edges of the base plate. "Remove cou-
pling bolls before proceeding with leveling of unit and alignment of
coupling halves.

A small spirit level ¢an be used on the pro,]ectmg edges of pads
supporting pump and motor feet, when scraped clean, for leveling
the base plate. Where possible, it is preferable to place the level

" on some exposed part of the pump shaft, sleeve, or planed surface

of casing. Adjust the steel supporting strips or shim stock under
the base plate until the pump shaft is level, the flanges of suction
and discharge nozzles vertical or horizontal as required, and observe
that the pump is at the specified height and location. When the
base plate has been leveled, make the nuts of the founda,tmn bolts
hand tight.

While leveling ‘the pump and base, maintain accurate alignment
of unbolted coupling halves on pump and driver shafts.

Question 6-26: How are a centrifugal pump and its driver

aligned?

Answer: Make this alignment with the pump and driver cou-
pling disconnected. Revolve the pump and driver rotors by hand
to ensure that they run freely. - Place a straigh‘edge across the

‘top and sides of the coupling (Fig. 6-13). Check the faces of the

coupling halves for parallelism by a tapered thickness gauge or
feeler gauges (Fig. 6-14). Alignment can also be checked with a
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dial indicator clamped to one half of the couplmg and resting on §
the other half.

When the coupling peripheries are true circles of equal diameter - |
and the faces flat, exact alignment exists when a straightedge lies %

squarely across the rims at any point and the distance between the
faces is equal at all points. If one coupling half is higher than the
other, the difference may be determined by straightedge and feeler
gauges. If the faces are not parallel, the thickness gauge or feelers
show a variation in the distance apart at different points.

e | |

Straighf”
edge j

_ Fia. .6513.' " ' T " Fie. 6-14.
F1a. 6-13. Parallel alignment of a pump and its driver connected by coupling having
cylindrically turned peripheries can be checked by using a straight edge.
Fig. 6-14. 1If coupling faces are perpendicular to the shaft angular alignment can be

_ cheeked by feeler ga.uge at ea.ch 90 deg.

Alignient must be rechecked after suction and discharge piping -
have been bolted to the pump, to test the effect of piping strains.

When handlmg hot liquids, disconnect the nozzle flanges after the
unit has been in service, to check the direction in which the piping
expansion is acting. Correct for strain effect as required to obtain
true flange alignment.

-Ques'tion 6-27: What precautions must be observed when a
pump and its driver operate at appreciably different temperatures?

Answer: Where a steam turbine drives a pump, make final
alignment with the driver heated to its operating temperature.
If this is not possible at the time of alignment, make allowance for
the/temperature effect by setting the turbine shaft when cold a

' proper amount lower than the pump shaft. Similarly, if pump @
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its entire area, and hence is termed an “unbalanced” valve.  The
~ flat or “D” valve is satisfactory for steam pressure up to 175 or .
200 psi and should have reasonable service life, particularly where
steam-end lubrication is permissible. On large pumps, the force
required to move an unbalanced valve is considerable, and a
balanced piston valve (Fig. 13-3) has advantages. For high-pres-
sure and highly superheated steam, the balanced valve is preferable
for small pumps as well as large.

/s =

;
- V]
Yz

.. . F1a. 13-3. . Duplex steam cylinder with integral-piston-valve steam chest.

Question 13-7: Why are p'iston rings R and steam-chest liners

L usually used with piston valves on duplex steam pumps (Fig.
13- 3)?

Answer: The ‘lever connection to the piston-rod crosshead
_moves the steam valves of a duplex pump relatively slowly across
the center position of its travel. Because of this slow motion,
piston rings are necessary to keep wire-drawing or steam-cutting
of the valve at a minimum, particularly as it crosses center position.
Whenever piston rings are used on a piston steam valve, liners are
required-to provide the bridges on which the rings ride in ¢rossing

. - +hep ports to the main eylinder,
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Question 13-8: Do the steam valves of a dxrect—actmg Pump- I
have steam and exhaust lap similar to the lap used in steam-enging .«

valves?

Answer: In a direct-acting pump, steam piston pressure i
transmitted directly to the liquid piston. Since there is no fiy.
wheel or its equivalent, constant steam admission throughout the
stroke is necessary to prevent stalling, particularly at low speeq,
The steam valve does not control cutoff or compression, and there-
fore does not require lap or lead.

-~

o

—.0
Cushion valves

==

-

NN

Fig. 134. La.rge duplex steam cylinder with cusluon valves and inside adjustable

lost motion.

Question 13-9: What is lost motion?

Answer: Lost motion is the play provided in the steam-valve

“operating mechanism of all direct-acting steam pumps. On small

duplex pumps, it is customary to use a single square valve-rod nut
N (Fig. 13-1), of a width somewhat less than the space between
the two steam-valve abutments. This lost motion is not adjust-
able except by changing the thickness of the nut. On larger duplex
pum/gs,-p’dirs of nuts N locked together may be used on both sides
. ~of a single abutment on the valve (Fig. 134), or an equivalent

-_—e
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arrangement provided outside the valve chest. This construction
provides for adjusting the lost motion and varying the valve travel
in either direction to obtain best operating results.

Question 13-10: How much lost motion is provided in a duplex
steam pump?

Answer: It equals one-quarter to three-eighths of the valve-rod
travel. With the valve-rod linkage designed to give full port open-
ing at rated pump stroke, the total lost motion is less than the
steam-port width.

Question 13-11: What controls the stroke length of a duplex
pump, and how is the piston stopped-without undue shock?

Answer: . Exhaust ports-F.(Fig.-13-1) in the steam cylinders
of a duplex pump terminate in the cylinder bore some distance
from the end-of -pisten-travel.- -Separate steam ports S, nearly
always of the-same size as the exhaust port, run to the counterbores

—KlZZ) W7
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Fia. 13-5. Vertical duplex steam cylinder with cushion valves and outside adjustable
lost motion.
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at the cylinder ends. As it approaches the end of its stroke, the
steam piston cuts off the exhaust port, trapping steam, whic} is. &
compressed by the motion of the piston. This cushion brings the -

piston to a stop with a minimum of shock in the liquid end, evey -3
though steam is not cut off from the other side of the piston untj]
the piston in the opposite side of the pump has passed midstroke,

Fia. 13-6. Small duple_); steam cylinder with drilled holes {H) for cushion release,

Question 13-12: What are cushion valves?

Answer: On large steam pumps, valves are provided in a passage
leading from the steam to the exhaust port (Figs. 13-4 and 13-3)
to control the effect of steam trapped between the piston and
cylinder head. Opening these valves permits the trapped cushion
steam to leak through to the exhaust port, to reduce the effect of ;
the cushion. Closing them stops the leakoff and causes maximum {

“cushioning effect. On small pumps for service where relatively }
little steam cushion is needed, small holes, H, (Fig. 13-6) are some-
times drilled through the bridge between the steam and exhaust
ports. These provide a fixed leakoff like that obtained through an
open cushion valve.

Question 13-13: What is a siizplcz direct-acting steam pump?

Ans‘/wer:""'I}: is & pump with a single liquid eylinder and piston,
in line with and operated by a single steam piston and cylinder
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(Fig. 13-7). The main piston is controlled by a steam-actuated
main valve (Fig. 13-8), which is controlled by a pilot valve. This
valve is operated from a crosshead on the main piston rod, through

I E + 3 - T T e o YUY

}

Fig. 13-7. A s:mplex plston-pattern du'ect,-actmg pump of the cap and valve-plate
type.

a system of levers and valve rods. Many arrangements of main
valve, pilot valve, and operating levers have -been used since the
original direct-acting simplex steam pump‘was invented.

-rLa.sf motion |
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Fie. 13-8. Cross section through simplex chrect-a.ctlng pump showing “D’-type
" pilot valve seating on steam-chest cover and plston ‘main valve,
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Question 13-14: How much lost motion is provided in
plex steam pump? '

Answer: On a simplex steam pump, the pilot valve is much'?'-""'.
smaller than the steam valve of a duplex pump, hence requires Jogg -
movement to obtain full port opening. In spite of a somewhgy-
lower actuating-lever ratio than that used on g2 duplex pump,

practically all its movement is absorbed in lost motion, The
valve-gear lost motion of a simplex pump is set with the pump i

- operation to get full stroke and a smooth reversal rather than as g

definite proportion of the actuating-tappet travel. This makes it

necessary to use an external lost motion as; at L (Fig. 13-7), on all

sizes of pumps, instead of only on the larger sizes as in .duplex

pumps. e - '

Question 13-16: Howisa simpléx steam cylinder arranged for
cushioning main-piston travel?. @ _ '

~ Answer: ~Most simpléx stéam cylinders are made with a main
port P (Fig. 13-8) serving as both a steam and an exhaust port,
some distance ffom the cylinder end. A much smaller port ex.
tends from the main port, or from the steam chest, to the counter-
bores at t_he" cylinder ends. After the steam piston cuts off the
main port, the trapped steam forming the cushion leaks off through
this small port as the piston advances to the point where the
steam-valve reversal takes place. It is not necessary for the
cushion to stop the main piston completely, as it does in-a duplex
 pump. After the valve reverses, the small port leading to the
counterbore serves as a starting port to move the piston to the
point where the main port is uncovered.

Question 13-16: Why are plug piston valves frequently used in
simplex steam-pump valve gears? ' |

Answer: In a simplex pump the steam-actuated piston valve
travels quickly from one end of the steam chest to the other, even
at minimum pump speed. Under this condition, wire drawing of
‘the cutoff edges of valve and steam chest cannot be serious. 'There

> — fore a simple plug valve in a steam chest without a liner gives good -

2 sim.;

-
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results and possibly is subject to less wear than a valve equipped
with piston rings.

Question 13-17: Why cannot a simplex-pump steam valve con-
nect directly to the main piston rod, as on a duplex pump?

Answer: If this were done, the pump would stall instead of
reversing, particularly at low speed, because as soon as the steam
valve reaches midposition, it euts off both steam and exhaust ports.
To avoid stalling requires some means indepéndent of main-piston
motion to throw the valve all the way when the control is actuated
at the end of each stroke. In the earliest designs of direct-acting
steam pumps, the steam valve was actuated by 4 spring deflected
during the stroke against a latch released at.the end of the stroke.
For many years practically all simplex pumps have had steam-
thrown valves, which have had an almost infinite number of dif-
ferent arrangements.

Question 13-18: Why are counterbores (Fzg 13-1) provided at -
each end of a steam cylmder?

Answer: Counterbores are provided at each end of a steam
cylinder so the leading piston ring can override, for part of its width,
the end of the cylmder bore, thus preventing wearing a shoulder on
the bore. A-simplex pump should be adjusted for full rated stroke
to accomplish this. It is impossible to prevent short-stroking in"a
duplex pump, but it should be reduced to a minimum by adjusting
the steam cushion and lost motion.

Question 13-19: What is the normal or rated stroke of a
direct-acting pump? '

Answer: The normal or rated stroke is that length indicated
on the nameplate of the pump. A pump shculd maintain ap-
proximately this stroke over a considerable range of speed without
the piston contacting the steam cylinder heads &t maximum operat-
ing speed. At normal stroke, the leading steam-piston ring should
slightly override the edge of the counterbore at each end of the

© - cylinder, thus preventing shoulders forming with wear.
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Question 13-20: What is the contact stroke of a du'et:t-ag;tu:l -4

pump?

-~ .

Answer: It is the maximum stroke. During such °perat10n g
the steam piston touches or strikes the cylinder head at the end. .

P

N

J

@

NET

F16. 13-9. Vertical simplex steam cyl-
inder with grooved piston.

gl fv |
[a]

of each stroke.

Question 13-21: How Dany
steam-piston rings are used on ,
direct-acting pump?

Answeg-_; Since these rings mugt
be relatively wide to meet 3

_.operating requirements, usually

only two are used.

Question 13-22: Why do steam
pistons of many direct-acting
pumps have a groove G between
the two piston rings (Fig. 13-9)?

Answer: With a plain piston
in large-sized pumps, a dull knock
frequently occurs at each end of

- the stroke, even though the piston-
" stops some distance from the

cylinder head. This knock is par-

- ticularly noticeable when the pis-

ton is at the top cylinder end of a
vertical simplex pump. Many
operators have attributed this
knock to the quick rise in pres-
sure in the steam port following

reversal of the valve, in the belief that the piston was driven
against the side of the cylinder opposite the steam port.

The same kind of knock occurs in large horizontal duplex pumps
in which the steam port leads into the eylinder counterbore and the
exhaust ports in the eylinder bore are the only ones covered by the
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piston body. Under these conditions, the knock can be eaused
only by suddenly releasing steam pressure from between the two
rings on the side of the piston covering the exhaust port. A groove’
petween the piston rings equalizes the pressure around the piston
sufficiently to prevent this annoying but not serious condition.

Question 13-23: Why is a groove G provided in the valve seat
at each end of steam-slide~valve travel, as in Fig. 13-4?

Answer: 1If a flat valve is not permitted to overtravel the length
of the seating surface, wear forms a shoulder. This rounds the
cutoff edge of the valve and tends to lift it 'ﬁits seat at the end .
of each stroke, causing steam leakage and cutting of the seating
surfaces. If a raised valve-seat face is not provided, a groove with
its inner edge inside the edge of the valve with minimum travel
" should be cast or cut in the valve-seat face.

Question 13-24: What materials are used in the steam end of
a direct-acting pump? |

Answer: For most services, cast iron is an excellent material for
cylinders, cylinder heads, steam chests, valves, and steam pistons
and rings. It is readily cast in the complicated shapes required
and, largely because of its free graphite content, possesses good
wearing qualities, particularly where lubrication is not permissible.
- Steel piston and valve rods are usually used with bronze-bushed
stuffing boxes and glands. Piston rods are frequently made of
monel.

For higher pressures and superheated steam and for naval com-
bat and auxiliary vessels, cast-steel cylinders with iron linings are
used. In marine service, steam-cylinder lubrication is seldom per-
missible, and a combination two-piece piston ring of iron and
bronze is used to obtain a reasonable service life under the most
severe conditions.

Question 13-25: What is the difference between a piston and
~ a plunger pump? :
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Answer: In a piston pump, packing is on the piston inside thed
fluid cylinder (Fig. 13-10). Because of packing location the Oper:S
“ator cannot see the leakage past it or make adjustmentg th-a‘t.';'
might mean the difference between good operation and packing-_}

failure. This low-cost construection is satisfactory for low and |
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F1e. 18-10. Cross section through duplex pump showing fibrous liquid piston packing
in lower and iron snap-ring and bull-ring packing in upper half of illustration,

moderate pressures, but for higher pressures and heavy-duty
service the packed-plunger pump is usually favored.

Pluniger pumps (Figs. 13-11 and 13-12) have stuffing box, pack-
ing, and gland of the same type as those on the piston rods of

L]
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Fig. 13-11. An outs';de-packed plunger pump of the valve-pot type.
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piston pumps. All packing leakage is external, where it is a guide
in adjustments for minimum leakage compatible with reasonable
friction losses and long life of packing and plunger. During opera-
tion, additional lubrication can be supplied to external packing,
either through a connection to a stuffing-box lantern ring or by
direct application to plunger.
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Fre. 13-12. A center-packed cap and valve-plate plunger pump.

Question 13-26: - What is the difference between an outside-
packed and an inside-packed plunger pump?

Answer: An outside-packed plunger pump (Fig. 13-11) has a
separate plunger for each cylinder, with each pair of plungers con-
nected by crossheads and side rods external to the pump eylinder.
An inside- or center-packed plunger pump (Fig. 13-12) has a single
elongated plunger for each pair of fluid chambers, with the plunger
connected to the. driving cylinder by a piston rod like that in a
piston pump. Stuffing boxes of -an outside-packed pump (Fig.
13-11) are more accessible. In larger sizes where plunger weight be-
- comes a problem, external crosshead euides may be used to relieve
Packing and stuffing-box bushings of this weight. A center-
packed plunger (Fig. 13-12) has advantages in a vertical installa-
*tion where plunger weight does not affect the stuffing boxes and

<
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where a stuffing box é,t the bottom of the cylinder end may he .
inaccessible.

Question 13-27: What is a cap and valve-plate direcf—acﬁngh, :
pump? : -

Answer: This valve arrangement on the liquid cylinder (Fig |
13-10) may be used on either a direct-acting steam pump or , 4
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F1g. 13-13. Turret-type liquid cylinder.

power pump. It'is the least expensive and most used cylinder and
valve arrangement for reciprocating units. The discharge-valve
seats, together with va'ves, valve stems, and springs, are mounted
in a separate plate, easily removed for servicing or to obtain access
to suction valves. In this plate, an opening communicates with a
cored passage in the cylinder casting leading to the discharge coo-
nection. A dome-shaped cap, subject to discharge pressure, covers
El/le, discharge-valve plate.

Suction-valve seats are in the cylinder casting directly below
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their respective discharge valves. A cored passage leads from
helow the suction-valve seats down between the cylinders to the
suction connection. :

Cap and valve-plate pumps are usually built for moderate pres-
ures and temperatures, although sometimes they are rated to 350
psi discharge pressure and to 350°F.
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Frc. 13-14. Plunger and ring packing in straight-through liquid cylinder.

Question 13-28: What is a turret-type piston fump?

Answer: Figure 13-13 shows the liquid cylinder of such a pump.
It has both suction and discharge valves in the cylinder casting.
Access to suction valves is through removable covers on the sides
of the turret, and to discharge valves through the top cover. This
cylinder design, for low to medium pressures and relatively large
capacities, is adaptable to the use of two or more valves of moderate

size in each corner of the pump, instead of a single large one.

Question 13-%9: What is a plunger-and-ring ﬁquid cylinder?

Answer:” The fire pump (Fig. 13-14) employs plunger-and-ring
" construction. Instead of a packed piston, this unit has a carefully
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finished plunger sliding in a closely fitted bronze ring. To reduyge s A
weight to a minimum the plunger is hollow, except for a centey
dividing wall that carries a boss for connection to the piston rog -
The cylinder is a straight-through pattern, with suction valveg be. -
low and discharge valves above the plunger. A large number of
moderate-sized valves permit operation at about twice the piston
speed allowable for continuous-duty pumps.

Plunger-and-ring construction eliminates the possibility of the
piston packing swelling to inoperative tightness or dxsmtegra.tmg
during stand-by periods. Valves of rubber composition have
metal backing plates. L

D;scbarge
, N
Suction

valve—=

Fia. 13-15. Side pot type of duplex liquid cylinder.

Question 13-30: What is a sidepot-valve liquid cylinder?

Answer: Figure 13-15 shows such a cylinder. Suction valves
are placed in individual pots on the sides of the cylinders and dis-
charge valves in the pots above the cylinders. The relatively small-
individual valve-pot covers and the valve and cylinder arrange-
ment permit design of maximum strength without excessive weight.

Sidepot-valve cylinders in a capacity range from moderate to
" large are widely used in refinery and oil field installations. This
de31gn is commonly employed for the maximum pressure practwable
~for a piston-pattern pump.
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Question 13-31: What is a pressure pump?

Answer: It is primarily a packed-plunger rather than a piston
type and is used frequently for hydraulic press service. For maxi-
mum pressure, the fluid end of such pumps is made from a single
steel forging, with plunger chamber, valve holes, and suction and
discharge passages bored in the solid forging. Valve-hole plugs on
these pumps often have a metal-to-metal rather than a gasketed
joint. For somewhat lower pressures and higher capacities, 2
pot-valve pump often has cylinders of heavy iron or steel castings.
Figure 13-11 shows such a pump, with valves in md1v1dual pots
bolted to plunger chamber.

Question 13-32: What is a tank pump?

Answer: It is a pump that discharges to a tank. Because of
the relatively low discharge pressure required to pump to the
elevated tank of an industrial water-supply system, the liquid
piston of the pump is usually as large or larger than the steam
_piston. A tank pump requires a steam end with maximum cush-
ioning because the water in suction and discharge lines tends to
keep flowing, thus unloading liquid pistons as they come to rest at
the end of the stroke.

Question 13-33: What is a differential piston pump?

Answer: This design obtains a double-acting pumping effect
and loading of the power end with only half the usual number of
valves. The piston rod of such a pump is, in effect, a plunger, in
that it has one-half the area of the liquid piston (Fig. 13-16). On
the forward stroke of the piston, the suction valve is closed and
the entire displacement of the liquid piston passes through the
discharge valve. Actual delivery is only half this amount betause
of flow from above the discharge valve through a passage to the
plunger side of the piston. On the return stroke, this fluid is
- delivered past the top of the closed discharge valve, while the
cylinder is taking a full charge through the suction valve. Thus
the cyhnder has a double-acting discharge but only a smgle—actmg
suction characteristic.
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Question 13-34: What is a close-clearance pump?

Answer: A .close-clearance fluid end nearly always a.ppﬁés to

a simplex pump that handles highly volatile liquids in oil refinerjeg
Fluid valves and passages are arranged for minimum clearaneg
volume, and an extended liquid piston overruns the liner at eqq},
end of stroke, filling that portion of space between the valves (Fig-

13-17). Under most conditions, this pump can compress and djs. _

charge vapors that accumulate in the cylinder. Hand-operateq

{ ' ~=Discharge
a . - A ' vrive

Piston rod ' af0GLd ;.P"S fon

_ | . : “F~-Suction

5

F1@. 13-16. Section through differeatial piston pump showing the single discharge
valve. A single suction valve is located on the side of the eylinder between the suction
manifold and the space below the discharge valve. '

priming valves by-pass the discharge valves if the cylinder becomes
vaporbound. Such a liquid-cylinder arrangement has little value
on a duplex pump because of its tendency to short-stroke, particu-
larly when not completely primed.

Question 13-36: What is a renewable or driven liner in a
liquid cylinder? ‘

Answer: It derives its entire support from the drive in the
cylinder bore (Figs. 13-10 and 13-13). As a rule, such a liner is
relatively thin.and is commonly made from a centrifugal casting

or a cold=drawn brass tube. After a driven liner is worn to where
e - .
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it must be replaced, it is usually removed by chipping a narrow
groove along its entire length. This groove is cut as nearly as
ppossible through the liner without damage to the wall of the cylin-
der bore. After chipping such a groove in the liner, it can be
easily collapsed inward and removed.
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Fia. 13-17. - Fig. 13-18.

Fia. 13-17. Close-clearance simplex liquid cylinder for refinery applications.
Fre. 13-18. Liquid cylinder with removable liner.

Question 13-36: What is a removable liner?

Answer: Tt may be removed and replaced without damage.
Instead of being a driven fit throughout most of its length, it is
located longitudinally by a flange at the cylinder end and is a
“driven fit only at the end of the cylinder bore (Fig. 13-18). For
moderate pressures, the liner contacts cylinder heads and is sealed

by a tight fit at the beginning of cylinder bore. For higher pres-

_sures, a flange fits into a recess at the beginning of eylinder bore;
this flange is held in contact with a shoulder by jack bolts or a
spacer between the cylinder head and end of liner. Sometimes a
packing ring is used between the flange and shoulder for a more
positive seal between the two cylinder ends. Removable liners are
heavier than renewable ones.

>
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Question 13-37: Wha_t is a wet liner?

Answer: This special form of removable liner simplifieg | th;
cylinder casting in vertical pumps by eliminating the need for g K

separate passage from the cylinder bottom up to the valve deck

It fits tightly only at the top end, just below the flange. Cop. !

siderable space between the outside of the balance of the liner and
the cylinder barrel (Fig. 13-19) forms a passage from the botton
of the cylinder to the outlet in the valve deck. A wet liner must

: have strength to withstand externg)
Y loading of full discharge pressyre
'}"4 ! throughout most of its length when
. piston - approaches bottom of i

“stroke. . .

Question 13-38: What is a fol
lower liquid piston?

Discharge w!y?
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Answer: At one end it has
plate, or follower, removable for
replacement of packing without
‘disturbing the piston body (Figs.
13-10, 13-13, and 13-18). In small-

. \ . .
Followerorpiats

FPlston pocking

holds both follower and piston in

place on the rod (Figs. 13-10 and

- 13-18). 1In larger sizes, such a

nut bears directly on the piston

_ body; separate studs and nuts

Vertical liquid cylinder (pyo 13.13) hold the follower plate

in place. On vertical pumps, the

follower plate is often on the top side of the piston, to permi

repacking from above without disturbing anything but the top
of the cylinder head and follower plate.
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Fia. 13-19.
with wet liner.

Question 13-39: What is a solid liquid piston?

o
__Answer: A groove or grooves cut in the solid body receive the

piston packing. To renew it, the piston must be withdrawn from

er sizes, a single piston-rod nut
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the eylinder. Solid pistons are often used on heavy-duty pumps
where the size of the piston rod and the depth of the packing groove
meke it impracticable to use a studded follower plate or to remove
5 large and extremely tight piston-rod nut to repack the piston.

Question 13-40: What is a wet-vacuum pump?

Answer: It is a special form of submerged piston pump (Fig.
13-20), generally used with reciprocating condensing steam engines
to remove both air and condensate from condenser hotwell. The
cylinder is lightweight bgcause of low discharge pressure. It has

- -SUCﬁOH

S Wby
711N
g Ny
X"
...- —Discharge valves

- ) 1L
l I Spsts
o Wl aooo gy oo Bl aovou w \\\“ .
o -.

“\\- -\2\\“- -

II/I“"'I”'fJ -
¥ .l --Suc"mﬂ S e
L A . K § \\\\l \\\ va/l’e.’ Sfedm ;l : .'.l.:l

N .
IE S TSN cylinder Sm,,.,,,, H

n\\.\.\\\\\\
AR

I

L F I a2 e ..u.. e

AN \\\\\ § ; prnamaammaaWY \\\......““\\\
s i) \SREESS \\\\\\\'\\\\\\‘ oy
N \

K I/Iﬂ/””’
N NN

-

%

’

Lr4

’//’ \\\\‘

7] ‘ 3}
z R \ .
H VT - a\\\\w\\\\\\ N I
; - \\\\"k L= Coa) ]Ll ~ il
g I‘~‘\\\\. Grsis i e AT o

% Y% 3

\\\“ Y% -\\% - .

% R R - l§|¢ ES i NN

/I.III li/,,,, ...................... \\4 - 3 ‘_\ AN
;?%\ \'\\‘“\\\\\\\'\\\\\\\\\\\\\\\\ \\~‘ e e '. .
e Hp N

)

2 — .y eylinder ) o circulating-)
walerend =7

Fig. 13-20. Honzontal simplex wet-vacuum pump, usually built as a combined
vacuum and condenser circulating pump driven by a single steam cylinder.

large passages and considerable space between suction and dis-
charge valves, so that air may collect under the discharge valves
with a minimum of mixing with the water that fills the clearance
volume. The suction connection is usually on the top of the valve
deck to permit a straight drop from the condenser hotwell to the
pump suction chamber. Suction valves are sometimes set at an
angle to permit free air flow from the higher side of suction valve
to the bottom of the discharge valve.

Questi'oﬁ 13-41: What materials are used for the liquid end of
a direct-acting pump?
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‘Answer: Most duect—actmg pumps have cast-iron cylinders, -
heads, and valve plates and covers, and bronze piston rods apg

valves. Liquid pistons may be either cast iron or bronze. Rubbey -i

valves are often used for low pressure service and for vacuum
pumps. Stainless steel is used for valves and seats; piston rodg
are often of stainless steel or monel metal. All bronze fluid ends
are used for acid mine water and for salt water, where electrolytic
action causes rapid deterioration when dissimilar metals are pres.
ent. Fluid ends are all iron for certain alkalies and for oil.

.




CHAPTER 14
HORIZONTAL AND VERTICAL POWER PUMPS

Question 14-1: What is a power pump?

Answer: It is a piston or plunger reciprocating pump driven by
g rotating crank or eccentric. This design is termed ‘“power pump”’
because it is driven by an outside power source, such as an electric
motor or internal combustion engine, mstea.d of a steam cylinder,
as in a direct-acting steam pump.

Question 14-2: What are its essential parts?

Answer: 1t has two major assembhes oot

1.

1o

The fluid end, as in a direct-acting steam pump, includes
liquid eylinders with ‘pistons and rods, suction and discharge
valves, and piping connections.

The power end consists of a frame-to support or enclose mov-
ing parts and make connections-to liquid cylinders, cross-
heads, .connecting rods, a crankshaft or eamshaft with bear-
ings, and often built-in reduction gears. The driving motor
or engine is not usually considered a power-pump part. The
foundation of large open-frame - horizontal power pumps
might well be considered part of the unit, because it con-
tributes to the la.teral strength or resistance to weaving of the
assembly. ‘

Question 14-3: How are power pumps classified?

Answer: Classifications are:

1.

Piston or plunger arrangement, such as-horizontal, vertical,
inverted vertical, radial, axial.

2. Open or enclosed frame.

3.

Single- or double-acting fluid end. -~
247
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s

4. Piston or plunger fluid end.
5. Number of crank- or eccentric-shaft throws.
6. Fixed or variable stroke.

Question 14-4: What is the general arrangement of a hori..l 3
zontal power pump? .

Answer: Figure 14-1 shows a common form of horizontal dupley
unit, complete with top-mounted motor and enclosed chain drive

e S

Fra. 14-1. Hoﬁznqtal duplex power pump with top-mounted motor and enclosed
chain drive to the pinion shaft. ‘ '
to the pinion shaft. This pump has a cap and valve-plate piston
fluid end bolted directly to the extended power-end frame. The
cradle portion of the frame encloses piston-rod stuffing boxes, which
are reached for adjustruent or repacking by removing sheet-steel
covers A. Circular covers on the side of the power end house the
main- and pinion-shaft roller bearings. Main cover B is removable
for access to gears and connecting rods.

Figure 14-2 shows a longitudinal section through a pump like
Fig.14-1. Solid cylindrical crossheads run in guides bored in the
’ Iﬁawer-end frame. The crosshead end of the connecting rod has a

&
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pronze bushing running on a steel crosshead pin. The erank end of
the connecting rod carries a shim-adjusted split bronze bearing
lined with babbitt. The steel crankshaft has an integral flange be-
tween crank throws, to which the gear is bolted. It is used with a
double-acting duplex liquid end; hence its cranks are spaced 90 deg.

R
:\\
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~Ofl rasarvoir stuffing bax
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Fig. 14-2. Cross section through horizontal duplex cap and valve-plate power pump.

Question 14-5: What variations from the general setup in
Question 14-4 are found in small units?

Answer: Smaller sizes seldom have integral reduction gears, be-
cause they can operate at speeds suited to a single reduction such
as an external chain or belt drive. The smallest pumps often have
a single overhung crank—on one end of a shaft supported in sleeve
or roller bearings, and a pulley or sprocket on the other end. Such
pumps nearly always have a single-piston double-acting fluid
cylinder. Somewhat larger pumﬁs often have eccentrics on a
straight shaft, the same as the duplex pump (Fig. 14-3). Since
this unit has a single-acting plunger fluid end, eccentrics are set
180 deg apart. Used_with a double-acting duplex liquid end,
eccentrics are spaced 90 deg. Because of the large bearing area
inherent in the eccentric, a solid or one-piece eccentric strap is
practical instead of an adjustable two-part bearing.

Question 14-6: What variations from the setup in Question
14-4 are found in medmm-szzed umts?

An/swer Such units are usually like Figs. 14-1 and 14-2, except
that a sidepot-valve fluid end is used oftener than the cap and

A R e dm— e man w om— ..
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valve-plate fluid end. Some designers favor

rather than a erank, to reduce power-end width

an eccentric ghygy - i
and sometimeg to-

permit using roller bearings for eccentrics as well
The crosshead pin often has needle-roller be
bronze bushings. In larger sized enclosed-cran
piston fluid ends have divided instead of one-

piece piston rodg,
For some applications, horizontal enclosed-crankecase pumps are

triplex instead of duplex; one maker specializes in triplex and i
quintuplex, or five-throw, pumps.
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F16. 14-3. Smallize power pump suitable

for driving through a single externa]
reduction from the motor, -

Question"_ﬁ—_fh' What variations from the setup in Question
14-4 are found in large units?

Answer: Eﬁélbs_éd—éfankcase pumps (Fig. 14-4) are used up to
about 300 hp. While the power end is generally like Figs, 141
and 14-2, the power-end frame connects to the fluid cylinders by a

separate cradle. This cradle carries a second crosshead guide,
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. Fia. 144, Cross section through a large enclosed-crankcase power pump with forged-

steel liquid cylinders.
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which supports the weight of plunger, crosshead, and side-rod
assembly independently of the power-end crosshead guide. A
similar guide at the outboard end of pump carries the other end of
this assembly. This unit generally does high pressure work, such
as required by forging presses, and nearly always hag a forged-steel
fAuid end. It has separate eylinder forgings, connected on the dis-
charge by a forged-steel header. The high pressure gland has a wiper
gland and drain, and the plunger erosshead guides have a separate
pocket to catch stuffing-box drips and prevent fouling of the
crosshead-guide oil.

Question 14-8: What is a rolling-mill or open-frame hori-
zontal power pump?

Answer: The largest sizes are built up to 1200 hp in a single
unit for heavy hydraulic press service, oil pipe lines, and refinery
charge pumps. - For each crankshaft throw, the crank pit, main
bearing support, -and- crosshead guide are in a separate casting
joined by cross pieces and a common foundation. The term “open-

~‘frame”’ does not literally describe these pumps now to the extent

it once did, because modern pumps have sheet-steel covers over
each crankthrow;and reduction gears are housed separately. A
rolling-mill frame offers great flexibility in pump setup. While the
majority are duplex pumps, there are triplex units and special-service
pumps with five- and six-throw crankshafts.

Question 14-9: What type of liquid end is used with horizontal
power pumps?

Answer: This depends on the service. General industry and
power plants use cap and valve-plate or sidepot liquid ends for low
and moderate pressures. Hydraulic presses use forged-cylinder
outside-packed plunger pumps at 1000 to 6000 psi or higher.
Refineries use both sidepot piston pumps and forged-cylinder
plunger pumps, depending on pressure and service. In oil well
drilling and oil field gathering service, sidepot piston-pump pres-
sures are much higher than in general industry. Piston-pattern
gathering pumps are often used at 1000 psi, ocecasionally 1200 or
even 1500 psi. Mud or slush pumps for oil well drilling, with
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special rubber-fitted pistons and valves, develop as high as 1500 t, # |
2000 psi. Large pipe line reciprocating pumps have mostly fOl'ged-'-,_
cylinder and plunger constructions. ' '

Question 14-10: What types of main bearings are used iy
horizontal power pumps? | |

Answer: Enclosed-crankcase pumps usually have tapered roller
bearings. Shims under bearing-housing flanges set operating cleay.
ance and adjust for wear.
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Fia. 14-5.~-Four-part babbitted main bearing used on large power pumps.

Most rolling-mill-frame power pumps have been built with four-
part babbitted bearings (Fig. 14-5). Shims provide vertical adjust-
ment between the bottom section, sides, and top. Three-part
bearings have also had side sections carried farther around the shaft
at the top to make up for omitting the top section. Because of
the complicated loading imposed on main bearings of horizontal
machines, two-part bearings have not been used generally on hori-
zontal pumps. A new type of two-part bearing for horizontal
machines (Fig. 14-6) combines the adjustment flexibility of three-
or /fqur—p’éii-t bearings with the assembly rigidity of two-part bear-
mgs. *

o mkaae o
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Question 14-11: What type of connecting rods and bearings do
horizontal units have?

Answer:* Forged- or cast-steel connecting rods with removable
bolted caps are usual. The crankpin bearing is a removable bab-
bitt-lined bronze shell, with shims for adjustment. Crosshead-pin
bearings are usually one-piece bronze bushings, with larger sizes
babbitt lined. Needle-roller bearings running on hardened cross-
head pins are sometimes used. On larger open-frame pumps, a

_h_ -t . --3 -
Beoring section

Fia. 14-6. Two-part babbitted main bearing having the adjustment flexibility of a
three- or four-part bearing.

rod end like that in Fig. 14-7 adjusts the crosshead-pin bearing.
Shims are not used in this bearing, and the wedge and bolt hold its

~ movable half in position in the rod eye. Wedge-adjusted bearings

have been used on the crankpin end of large connecting rods, but
today most pumps have a marine type or bolted-on bearing (Fig.
14-7) or a movable bronze shell (Fig. 14-2).

Question 14-12: What types of drive do horizontal power pumps

' have?

Answer: Enclosed-crankcase pumps are made with a pinion

- shaft heavy enough™to use an enclosed chain drive (Fig. 14-1) or a
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belt secondary teduction. In sizes below about 200 hp, the Speed

relation between the average driver and the pinion. shaft requieg
secondary or external reduction. Oil fields commonly use my]s;.
ple-V-belts, because their flexibility is an advantage. On large
enclosed-crankease pumps and nearly all open-frame pumps, pinion
shafts couple direct to drivers. Since the pinion shaft is nearly
always free to float with the main gear, a flexible coupling shoulg
transmit minimum thrust from driver to pinion shaft.
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(©) : : f iy Piston rog-+

F1c. 14-7. Large open-frame power end with separate ad]usta.ble crosshead shoes
and adjustable crosshead-pin_ bearlng

Quest:on 14-13: How is the discharge of power pumps con-
trolled? —

Answer: This is a positive-displacement machine, so throttling
cannot control its discharge, as in a centrifugal. Common controls
are:

1. Start-stop. _

2. Variable speed.

3. Automatie by-pass.

4. Synchronized suction-valve unloading.

Questlon 14-14: When is start-stop control used?
 Amswer: Tt is used where pumping may continue until the de-

sired fluid quantity is delivered, as to fill or empty a tank. A float

™y
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or pressure switch may start or stop the driver by hand or auto-
matically.

Question 14-15: When is variable-speed control used?

Answer: TFor continuous pumping at a variable rate, as in feed-
ing a boiler. Such a control applies down to two-thirds or one-half
maximum delivery. Most variable-speed drives have limitations
that demand by-pass control for a lower delivery rate.

Question 14-16: When is by-pass control used?

Answer: By-pass control may be:

1. Throttling, used with a constant-speed driver for continued
but varying delivery, as for boiler feeding. It is wasteful,
because the pump always works at full load.

2. Unloading, used in hydraulic. systems for intermittent delivery
to an accumulator. It is economical and satisfactory for
small pumps, but in larger systems the by-pass valves usually
operate with enough shock to reduce packing life and eventu-
ally damage the hydraulic system.

Question 14-17: What is synchronized suction-valve unloading?

Answer: This control system holds the suction valves open
when delivery is not needed, and allows the valves to seat for normal
operation. With valves held wide open, fluid passes freely in and
out of the pulsation chambers, thus imposing minimum load on
the driver. With proper synchronization, delivery may start and
stop as often as desired without shock or disturbance. Delivery
starts from zero at start of stroke of any one plunger, increasing
gradually with plunger velocity during half the initial delivery
stroke. During unloading, delivery tapers off with plunger ve-
locity during the second half of the stroke of the last plunger to
unload.

Question 14-18: What are major differences between vertical
and horizontal power pumps?
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Answer: Nearly all vertical pumps are single-acting, wheregg
double-acting pumps predominate in horizontal designs. Single-get...
ing arrangements more or less dictate outside-packed plungers fop
all pressures in vertical pumps, as contrasted to piston liquid endg -
for a considerable pressure range in horizontal types. A three.
plunger or triplex arrangement is common for vertical pumps, with -
five-plunger or quintuplex units as an alternate. Most horizonta]
pumps use two crank throws with a double-acting fluid end ¢,
obtain a four-cylinder effect. Vertical pumps tend toward shorter
stroke, higher rotative speeds, and greater unit plunger loads thap
horizontal pumps of equivalent power ratings. Thus, for a given
pressure, vertical pumps have larger plungers and shorter strokes
than horizontal. - T

Question 14-19: What are the common types of vertical power
pumps?

Answer: They are:
1. Open-frame, low- or moderate-speed.
-2. Semienclosed frame, essentially a larger and higher quality
version of an open-frame pump with arrangements for better
. lubrication of all moving parts.
3. Totally enclosed frame arranged with full mrculatmg lubricat-
ing system for higher operating speeds. |
4. Inverted vertical pump with totally enclosed frame, and with
fluid eylinder above. power end.
5. Variable-stroke, totally enclosed frame pump.

-Question 14-20: What is an open-frame vertical power pump?

Answer: Figure 14-8 is a cross section through one cylinder of
typical open-framé vertical triplex power pump. One casting
makes frame, cylinders, and crosshead guides; valves and piping
connections are in a separate bolted-on valve chest. The plunger
and crosshead are combined in a single hollow casting, and stuffing
boxes are integral with the cylinder. Except in larger sizes, the

crosshead end of .the connecting rod has a nona.d;usta.ble bronze
bushmg
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Question 14-21: 'What is a semienclosed vertical power pump?

Answer: It is generally like the open-frame pump plus sheet-
steel enclosures around gears and crankshaft, connecting rods, and
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Fig. 14-8. Cross section through open-frame vertical triplex plunger-type power pump.

crossheads. Larger sizes are built in a variety of arrangements.
This type has a better lubricating system tharn the common open-
frame pump. Usually built for higher pressures, the fluid end has
plunger pulsation chambers and valve passages bored in a solid

steel forging. .
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Question 14-22: What is a totally enclosed vertical power . -
pump? | :

Answer: All moving parts of the power end, including reduye.-
tion gears, are enclosed in an oil-tight casing. Figure 14-9 showsg
this type designed primarily for marine boiler feed service. Roller -

e e o Dok iy AT ARV RUNIETY PR . . T etk e e D A st e g .-j

Fia. 149. Totally enclosed vertical power pump primarily for boiler feed service.

bearings carry a three-throw crankshaft and double reduction

gears. The connecting rods are marine type, with removable
babbitt-lined crankpin bearings. Crossheads and crosshead-pin
bearings are nonadjustable. There is a removable section between
the plunger and the crosshead, so the plungers can be removed
Witl;gutdfsturbing any major pump part. A separate chest bolted
to the cylinder casting contains valves and piping connections.
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Question 14-23: What is an inverted vertical power pump?

Answer: Figure 14-10 shows a modern inverted vertical triplex
pump. This arrangement provides maximum accessibility to
stuffing boxes and, at the same time, effectively separates the fluid
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Fic. 14-10. Modern inverted vertical triplex power pump.

end from the enclosed power end. Rods extend through holes in
the forged cylinder block from the power-end crossheads to the
plunger crossheads above the cylinder. Telescoping pipes between
the cylinder top and plunger crossheads prevent the entry of dirt
or water into the power end. Plungers are easily removable for
. replacement, examination, or renewal of the plunger packing.
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This type of pump runs at a sufficiently high speed to permit

using a single-reduction belt drive from standard motors or direct
coupling to gear-head motors. The largest sizes sometimes hgy,
built-in reduction gears.

Question 14-24: What is a variable-capacity power pump?

Answer: Plunger-stroke length of this special power pump eap

be varied between zero and maximum to obtain full control of dis-

charge with constant speeq
Variable-stroke power pumpg
fall into those which (1) provide
corhplete separation of fluid ang
-power ends, (2) have plungers
and cylinders in the same com-
pact housing with what we cop-
sider the power end of the
ordinary pump.
The second arrangement i
1 applicablé only to specialized hy-
' draulic services where the clean
oil pumped is suitable to lubri-
cate all pump parts. The gean-
eral service pump for handling
any fluid desired has conven-
tional plungers, stuffing boxes,
and valves in a separate fluid
Fig. 14-11. Variable-linkage plunger Pumps of the type first de-
power pump. Stroke and discharge are . - .
. controlled by adjustable curved track, scribed may be divided into three
| groups: (a) variable-linkage, (b)

variable-eccentric, and (¢) swash-plate or wobble-plate.

Question 14-25: What is a variable-linkage power pump?

Answer: The two forms are: Aldrich-Groff (Fig. 14-11), and
Worthington (Fig. 14-12). In the pump (Fig. 14-11), the top end
of link L connects to plunger P, and its lower end is guided in an
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arc by a guide block B sliding in a curved track T in the stroke
transformer. The radius of this track is such that with the track
in & horizontal or zero stroke position the guide block B oscillates
from one end of track T to the other without imparting motion to
the plunger. For example, assume a clockwise rotation of the
crank; as it rotates, it pulls the lower end of link L and its guide
shoe to the right in the track. - When the crank passes dead center,
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Fre. 14-12. A variable-linkage plunger power pump whose stroke and discharge are
controlled by a link swinging from a fulerum on an adjustable cradle.

it swings link L and its guide shoe to the opposite end of track 7.
Plunger P, however, remains motionless.

The stroke transformer is supported on two end trunnions to
permit tilting the curved track. When hydraulic pressure is ap-
plied to the left end of the piston in adjustment-cylinder C, 1t
moves to the right. A full piston stroke tilts the track T to the
dotted-line position. |

Now, when the crank turns clockwise, the lower end of the link
and its guide block B are pulled up the track, thus imparting 2n
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upward motion to the plunger. During the other half of the crank’s - 3
revolution, it moves guide block B with the link to the low end of
track 7. 'This operation pulls down the plunger for a full stroke,
By moving the curved track toward zero stroke, any desired Stroke
length and discharge is obtained.

Figure 14-12 gives the same control of the plunger stroke and

discharge as Fig. 14-11, by an additional link swinging from ,

yPlungers,stuffing foxes
and valves
readily :
accessible : %
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Fig. 14-13. Cross sections throagii. vanva.BIe ;z_c‘c;an{:.;ic.:. ;oﬁe;p:lmp. ' fi
fulerum on an adjustable cradle. In Fig. 14-12, fulerum pin P is
in position for maximum stroke. One end of fulecrum link L con-
nects to stroke-changer S by fulerum pin P. The other end of L
connects to master pin' P, along with one end of the plunger’s eross- ar
head link L, and connecting rod B. Assume clockwise rotation of th
the crankshaft. As it rotates, it pulls master pin P, to the left, ca.
with connecting link I;, plunger crosshead C; and plunger. This eci
is the suction-stroke. When the crank goes over dead center, it | tio
beging.to return the linkage to the position shown, to complete the the

-

- —discharge stroke. . P
































































































































































































































































