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Centrifugal Pumps
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Introduction

Since the olden times, the man has been trying to find some convenient ways of lifti
to higher levels, for water supply or irrigation purposes. It is believed, that the idea of lifting w
by centrifugal force, was first given by L.D. Vinci (an ltalian scientist and engineer) in the en
16th century. Then this idea was put 1o experiments by French scientist and they designed centrif
pump, having impeller and blades. At that time, the reciprocating” pumps were very popular. Th
continuous advancement of this pump has brought it to a high degree of perfection, which ish
over the world these days.

35-2 Types of Pumps

Though there are many types of pumps these days, yet the following two are impo,
the subject point of view: '

1. Centrifugal pump, and

2. Reciprocating pump.

In this chapter, we shall discuss the centrifugal pumps only.
353 Centrifugal Pump

A pump, in general may be defined as a machine, when driven from some external s
“water or some other liquid from a lower level toahigher level. Or in other words, a pump may
be defined as a machine, which converts mechanical energy into pressure energy. The pump Wi
raises water or a liquid from a lower level to a higher level by the action of centrifugal force, is ki€
as a centrifugal pump. 3
It will be interesting to know that the action of a centrifugal pump is that of a reversed reac
turhine. In a reactim lurhiru.:.. the water at high pressure, is alicwed to enter the casing which gi

“ﬂl-ﬂﬂlng fluid. The water enters the impeller radially and leaves the vanes axially.
354 Types of Casings for the Impeller of a Centrifugal Pump

of a turbine, to which curved vanes are fitted. The impeller is enclosed in a water-tight casing, hi ..
a delivery pipe in one of its sides. The casing for a centrifugal pump is so designed that the

* Reciprocating pumps will be discussed in the next chapier.

energy of the watcr is converied into pressure energy before the water leaves the casing. Thi:
considerably increases the efficiency of the pump. Following are the three types of casings o
charrbers of centrifugal pumps :

1. Volute casing (spiral casing),

2. Voriex casing, and

3. Volute casing with guide blades.

355 Yolute Casing (Spiral Casing)

(b) Vortex casing (a) Volute casing with

Fig. 351 guide blades

In a volute chamber, the impeller is surrounded by a spiral casing as shown in Fig. 35-1(a;
Such a casing provides a gradual increase in the area of flow; which decreases the velocity of wate:

with a corresponding increase in pressure.
A considerable loss takes place due to the formation of eddies in this type of casing.

35-6 Vortex Casing

It is an improved type of a volute casing, in which the spiral casing is combined with a circula
chamber as shown in Fig. 35-1 (). In a vortex casing, the deics are reduced to a considerable exter
and an increased efficiency is obtained.

357 Volute Casing with Guide Blades

In this type of casing, there are guide blades surrounding the impeller as shown in Fig. 35-1 (¢
These guide blades are arranged at such an angle, that the water enters without shock and forms
passage of increasing area, through which the water passes and reaches the delivery pipe.

The ring of the guide blades is called difuser and is very efficient.

358 Piping System of a Centrifugal Pump
The successful working of a centrifugal pump depends upon the correct selection and lay ot

of ils piping system. An extreme care should always be taken in selecting the sizes of uu: pipes an
their arrangement. In general, a centrifugal pump has (a) suction pipe, and (&) delivery pipe.

(a)

{a) Volute casing

Suction pipe

The suction pipe. of a centrifugal pump, plays an important role in the successful an
smooth working of the pump. A poorly designed suction pipc causes insufficient n
positive suction head (brief wrilten as - NPSH), vibration, noise, water hummer, EXCESSiY
wear etc. While laying the pipe, a great care should be taken to make it air tight. A sirain
foot-valve is connected at the bottom of the suction pipe to avoid the entry of foreig

e ———

=y ix an important kO in pumps. For dedails please refier 1o Am, 37-9.



N = Speed of the impeller in r.p.m.,
8 = Vane angle at inlet.
B = Angle at which the water leaves the impeller,
& = Vane angle at outlet.
Since the water enters the impeller radially, therefore the velocity of whirl at inlet (V,, = 0).

matter. Since the pressure at the inlet of the pump is suction (i.e., m:gmive}':
iz limited to avoid cavitation, it is therefore essential that the losses in the
should be as small as possible. For this purpose, bends in the suction pipe are avoi
its diameter is often kept larger. Tk

Sometimes, to reduce the axial thrust, the siction pipe is branched into two
the liquid is allowed to enter the impeller from both sides. Such a pump is ¢

pof 152 . Work done per kN of water
(b) Delivery pipe _ Yoy o
A check valve is provided in the delivery pipe near the pump. in erder o protes : g
pump from hammer and also to regulate the discharge from the pump. The size where Vwi and vi are in m/s. 5] ;
of the delivery pipe depends upon the requirement. PR R : Example 35-1. A centrifugal pump has external and internal impeller diameters as 600 mm

and 300 mm respectively. mmmkmink:m&mktmiﬂ“mdﬁ°uspwﬁwty. If the water
onters the impeller at 2:5 m/s, find (a) speed of the impeller in r.p.m., (b) work done per kN of water.
Solution. Given : D, = 600 mm = 0.6 m; D = 300mm = 0-3m; 8 = 30% ¢ = 45° and
v = 2:5m/s o
(a) Speed of the impeller in r.p.m. Vo
Let N = Speed of the impeller in r.p.m. v,
From the inlet triangle of velocities, we find that the tangential
velocity of impeller at inlet, \ 1L i
pi Y = mES _ g3ims
tan 30° I}-SI_M
We know that the velocity of impeller at inlet (v), -
aDN nx 03N
433m ~oC = = Q0157 N v :
- N = 43300157 = 2758 rpm. Ans. ¥ 7
(b) Work aone per kN of water \/ﬂ 1
From the outlet triangle of velocities, we find that the tangential Fig. 353
velocity at outlet,

359 Work Done by a Centrifugal Pump e
_ The work done, or the power required to derive the pump, may be found out b '
inlet and outlet triangles of velocities as usual. A

@

v=vx b =433 x 02 = 866ms o

and velocity of whirl at outlet,

v :
Vo= w- b = 866-22 = 616m's

o
Fig. 35-2. Inlet and outlet triangle of velocities

. ke MpmMg= |
Since the tangential velocity of impeller at outlet v, (8:66) is more than velocity of whirl

outlet V., (6-16), therefore shape of the outlet triangle will be as shown in Fig, 35:3, We know th

work done per kN of water, .

Consider a centrifugal pump lifting water from a lower level 10 a higher level. Nos
inlet and outlet triangle of velocities as shown in Fig. 35-2. 5 by
Let V = Absolute velocity of the entering water,
D = Diameter of the impeller at inle1 (inner diameter),
v = Tangential velocity of impeller at inlet (Also knov
peripheral velocity at inlet), r
V. = Relative velocity of water 10 the wheel at inlet,
T i . g

Var-¥i _ 616 X 866 _ 5 44 (N.m =544 kJ Ans.
: \ g 9Bl

Example 35-2. Calculate vane angle at the inlet of a centrifugal pump impeller having 200 m
diameter at inlet and 400 mm diameter at outlet. The impeller vanes are set back at angle of 45°
the outer rim, and the entry of the pump is radial. The pump runs at 1000 r.p.m. and the velocity
R ﬂowwlﬁtiﬂwuni:muJMthﬂmmwfwﬁm’Mﬂ

W=



b Sﬁﬂmﬁhm:ﬂ:!ﬂﬂmm:z_.m’;s D =4mm=u~:u-m;¢=45°: N=1000rp

Vane angle at inlet
Let 8 = Vane angle al inlet.
We know that the tangential velocity of impelleratinfet, -
_mDN _ ® x 02 x 1000 s
R 60
= 10:5 mfs
From the inlet triangle of velocities, we find that
L
-I —=— = (2857
00 S5 G2
A= 15-9“ Ans.

Velocity of water at outlet
We know that the tangential velocity of impeller at outlet,
xD\N _ 1 x 04 x 1000
60 60

V= = 209 m/s

From the ﬁﬁlﬂ triangle of velocities, we find that the velocity of whirl at outi

Vw|=v|—‘;:,%é—u =m9-%=l'?'9mfs .
and V,= Wil + Vil = YOF + (179) = 181 m/sAns.
Direction of water at outler ' :

Let ; P = Angle, at which the water leaves the impeller at outlet

From the outlet triangle of velocitics, we also find that

i B p T,?J‘ = 5 = 01676 or B g |y rey:

wl
Work done per kN of water

We also know that work done per kN of water,
Ver - v 179 x 209
g 981

W=

35-10 Manometric Head

It is an important term, in the ficld of centrifugal pumps, and may be defined in am_*,r onl

following four ways:

1. The manometric head is the actual head against which the pump has to 'M:ll'k IY" S

2. Manometric head,

el

W
H =H1+Hﬂ+Hd+.Hﬂ+E

where H, = Suction lift,

.,a-‘-t
I

= Delivery lift,

= 3814 kN-m= 3814 KJ

Loss of head in suc:um plpedue (V] frmmn, B

B Hy, = Loss of hiead in delivery pipe duc to friction,
; V, = Velocity of water in the delivery pipe.

 ~
I

= = Work done/kN of water — Losses within the impeller

Vh'l - ¥y

_ — Impeller losses

4. Manometric head. g

g H_ = Energy/kN of water at outlet of impeller
— Energy/kN of water at inlet of impeller

35.11 Efficiencies of a Centrifugal Porp

A centrifugal pump has the following three types of elficiencies:

1. Manometric efficiency,

2. Mechanical efficiency, and

3. Overall efficicncy.
3512 Manometric Efficiency

It is the ratio of manometric head to the energy supplied by the impeller/kN of water.
Mathematically manometric efficiency,

o
T = Vi ¥ i
. .g : ¥ . X
3513 Mechanical Efficiency ' o TS
It 15 the ratio of energy available at the impeller, to the energy given to the lml:m:llsu:.l1 hﬁ‘ﬂﬂ‘
prime power. *.«.\ tn

3514 Overall Efficiency oy ot

It is the ratio of actual work done by the pump, mtheenergysupphedmthepunmbythcmme
MOvEr,

35-15 Discharge of a Centrifugal Pump
The discharge ol a centrifugal may be found out by the same method as that of a reaction turbine.
Now consider a centrifugal pump lifting water from a lower level to a higher level.

Let - D = Diameter of impeller at inlet,
V, = Velocity of flow at inlet,

& = Width of impeller at inlet, and
Dy, by, V;; = Cormresponding values at the outlel.
Then the discharge. = @ = nDbV, = aDb\V,

Example 35-3. A centrifugal pump is to discharge water at the reate of 110 litres/second at a
speed of 1450 r.p.m. against a head of 23 metres. The impeller diameter is 250 mm and its width 50
mm. If the manometric efficiency is 75%, determine the vane angle at the outer periphery.

Solution. Given : Q@ = 110 litresis = 0-11 m's: N-l45€)r.pmH =23 m; P, = 250 mm
=0-25m; D=50mm = U-ﬂSmundﬂm—TS% 675,

T o PR = RSy P e e



— ; . ¥V i 2
Vn = Velo®ity of flow al outlet, and or : 05774 = 2L or V= 05774 x 5 = 289 m/s
V.1 = Velocity of whirl at outlet. : s
Dmchmmﬂ'“'cm

We know that the tangential velocity of impeller at outlet,

B L AR stﬂlblr},-:txtﬂxﬁﬂjx!.ﬂﬂ=il36m’fsm

B

ol RO 7 50 60 Example 35-5, A centrifugal pump discharges 7500 litres of water per minute against a tota
S0 head of 25 metres when running at 660 r.p.m. The outer diameter of the impeller is 600 mm and th,
et e s £ ratio of outer 1o inner diameter is 2. The area of flow, through the wheel is 0-06 m’. wam;;an
g . _;}” ot set back at an angle of 45°. Water enters the wheel radially and without shock. Calculate
= ROy ¥n (a) manametric efficiency, and '
=5 x 025 x 005 x V, (b) vane angle ar inler. ; :
= 0039 V; ; Solution. Given : Q = 7500 litres/min = u125m3rsﬂ =25 m; N = 660 r.p.m.; D, = 600 mn
V_,-{}-IM]-DI!Q—ZBI]U’B D, Dy 06
s ke i - = (-6 m; E#IND=-§*=T=&3mﬁmaufﬂawM} =nDb = 006 m* and¢==45‘
e also know that manometric efficiency ;
H 23 119 o) M ol Bl
075 = v I‘:‘pl =5 T = V.] Wekmw_ﬂmipa‘inehcityﬂqu_tkl. : ;
w w " _®DN  n x 06 x 660
g 9-81 Bl 50 m/fs
; Vi = 119075 = 159 mis ; o iy ;
Now from the outlet triangle of *‘*M o 5
o gle ““:’"“*“‘“ﬁ";:‘“ s g 1 and velocity of flow at outlet,
5 = il = o £
X tan g = L= = 15755 = 09032 o ¢ = 42.1° A v, vl mzs_z]m,s

xD\b, ~ 006

From the inlet triangle of velocities, we find that the velnmly of
whirl at outlet,

Example 35-4. A centrifugal pump delivers water against a head of 143 meires
at 1000 r.p.m. The vanes are curved back at an angle of 30° with the periphery. The im,
as.immmmuiouﬁﬂwﬂlhjﬂm if mmmcgﬁcwy:ﬂ'tﬂcwnﬁ%. ﬁmf
of the pump. 1

Solution. Given : H,,= 14-5m; N= 1000 r,p.m.; 8= 30“'D.—3Uﬂnml =03m; !
=005m and n,, = 85% = 085,

Let V.., = Velocity of whirl at outlet.

o 5 =
Vi = "Eﬂ_i 209 Gn 45°

=zu~7-31l=m6m;

s il -~ Manometric efficiency o
We know that tangential velocity of the impeller at outlet, H : i Fig. 357 i
- . —-.-o-—-—.--.-u-—--u—zj = = f
vy B g B e 00 Mo = i’ = e = 0637 = 637% Ans.
l:gw i ' g 981 s
— = 5 g i wE
b a
and manometric efficiency (T),,,,). P HE: dng-‘:arb_u‘ﬂ 8=V At i e
i ane angle at in '
H "
085 = T "'v i I:jﬁ? chwwthat\fdncll}'ﬂfﬂuwatmlﬂ.
il Y 0 K] :
o e T \v}-& 'ﬁ’; = 21mh (Given xDb = 0:06 m’
“ _?g nd peripheral velocity at inlet,
wli
. : : o 03
i Vi = 906/0-85 = 107 m/s v-v,xﬁ:—*Zﬂ-Txﬁ—lﬂ-Sﬁnfs
From the outlet mangleuf velocmes we find that v, 2:1
- a3 tan B= - = =—— = °
mn3ﬂ°- Va L Ve i i3 n 8 5 1035 02029 or & = 11-5°Ans.
v=V,, 157-107 LT e LR T [4it )
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EXERCISE 35-1 '

1. A centrifugal pump has external and internal diameters of 300 mm and 150 mm cspectively
vane angles of inlet and outlet are 25° and 307 and the pump muns at 1450 r.p.m. If the v
flow through the pump is constant, find the work done per kN of water. {Ans,

2. A centrifugal pump having external and imernal diameters as 750 mm amldm WM Tesp
operating at 1000 r.p.m. The vanes are curved back at 35° 1o the tangent at outler. If the vl
flow is constant at6 mfs, find () vane angle at inler, and (b) work done per kN of water,

| (Ans. 16% 123
3. A centrifugal pump of 350 mm diameter running at 1000 r.p.m. develops a head of 18 ¢ .- _

wvanes are curved back at an angle of 30° w the tangent at outlet. If the velogity of flon
at 2-4 m/s, find the manometric efficiency of the pump.

4. A centrifugal pump delivers water 10 a height of 22 metres at & speed of 800 r.p.m. T
flow is constant at a speed of 2-0 m/s and the outlet vane angle is 45°. If the pump discharg,
litres of water per second, find the diameter of the impeller and width of the impeller at outlet,

{Ans, 375 mm; !
35.16 Power Required to Drive a Centrifugal Pump I NS
The power required to drive a centrifugal pump may be found out by either of the fol |
two methods: ' i
1. The power requited o drive the pump from the manometic head may be found
relation, - ;
H,
P= 5 kW
: o
where H,, = Manometric head of waler in metres,
Q = Discharge of the pump in m*fsec,
Tlg = Overall efficiency of the pump. .

2. The power required to drive the pump from the velocity traingles may be found

relation, .
wl. Vv

P= kW
g

WVelocity of whirl at outlet, and

Tangential velocity of impeller at outlet.
Example 35-6. A centrifugal pump is requird to {ift water to a total head of 40 1 :

rate of 50 litres/s. Find the power required for the pump, if its overall efficiency is 62%.
Solution. Given : Hy = 40m; Q = 50 litres/s = 005 m*/s and no = 62% =
We know that power required to drive the pump.

wQH, 981 x 005 x 40

Mo 0-62
Example 35-7. A centrifugal pump delivers 30 litres of water per second to a height of 191

through a pipe %) metres long and of 100 mm diameter. If the overall efficiency of the
find the power required to drive the pump Take f0-012,

Solution. Given:Q = 30 litress = 003m™/s: H = 18m; [ = 90m; d = |
=01lm; n, = 75% = 075 and f = 0012

‘We know that cross-sectional arca of pipe,

whirl Vv

Vy

Il

(14

o
p= = 316 kW Ans.

a=2w(d? =2 x 017 = 7854 x 10" m®

581
- AT 0 Oreedn QDT 2 W4
and velocity Df\lu-'i.ﬂﬂf s e S 33.2119'5 ;
We also know that manometric head, % 2 i
H, = H + Loss of head in pipe + Loss of head at outlet
=18 + ﬂ + "1.’1
ded  2g
4 % 0012 x 90 x (382)° + _{3-51]’
% = B e 2 sl A0 7 x 981
=18 + 321 + 074 = 5084m ' *i
and power required to drive the pump. K ;
po WOH, _ 981 x 003 X 3084 _ 199w Ans.
o 075

35.8. A centrifugal pump, having an overall efficiency of 62%, is required to handi
brine (sp. gr = 1-19) and gasoline (sp. gr. = 0-7). The discharge of et_:ch of these hqwd.r is 50 litres!
against a net pressure of 400 kPa. Show that the same power is required for handling both the abow
liguids having different specific gravities.

Also calculate the head in metres of fluid to which the brine and gasoline will be raised-
Solution. Given : )y = 62% = 0-62; Specific. gravity of brince = 1-19 or specific weigh
of brine (wy) = 9:81 x 1:19. = 11.7 kKN/m'; Specific/gravity of gasoline = 0-7 or specific weigk
of gasoline (w,) = 9-81 x 07 = 6:87 KN/m’; @ = 50itres/s =0-05 m"/s and pressure = 40GkP
= 400 kN/m'. - :
Head to which brine and pasoline will be raised 17} ST

We know that head to which the brine will be raised, 1ol
Hy= £ =30 _ 340 mans s
AT, -

and head to which the gasoline will be raised,
H = P e ﬂ = 582 m Ans.

LA RN 1
Power required for handling both the liquids . ,
We know that power required to handle the brine, Hi 2% slgmerd ;
ot XU Hipohrd T e RSN 342 iy S *5-
no 062 P e st

L
7-‘

and power required to handle the gasoline

_ W X QX Hy 687 x005x 582 _ 534y
From both the above results, we find that same power is required for irand]i.yg_]{-g!_h t

liquids. Ans. : :
Example 35.9. A centrifugal pump of 15 metre diameter runs a 210 r.pm. and pumps 1

litres of water per second. The angle which the vane makes, at exit, with the tangent to the impel

is 252 Assuming radial entry and velocity of flow throughout as 2-5 m/s, determine the power requir

to drive the pump. e i . it
1 e AEETriC efficiency of the numn it 65. per cent. find the average Liftof the pump.

L %
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Solution. Given: D, = 1:5m; N = 210r.p.m.; @ = 180 litres/s =0-18 m" s 8 = 2§
V, = Vg = 25 mfsandn,,, = 65% = 0-65. ;
warqurgdpdﬁveﬂmpnm '
We know that tangential velocity of the impeller, at outlet,
: ADN  m x 15 x 210
Tl
= 165 ms

From the outlet velocity triangle, we find that velocity of whirl
at outlet, :

¥,
V—v[—'r—

wl = _t.nnﬂ'
2-5
tan 25°

" 25
= lﬁﬂﬂ""l}%

16:5 - m/s

i ks S \f

_ = 111 mfs kb
.. Power required to drive the pump i) ool
: po P2 Veivi 981 x 018 x 111 x 165,

B IR 981 ; = i

33.0 kW Ans. :

Average lift of the pump
Let H, = Average lift of the pump (or manometric head).

We know that manometric efficiency (M)

M SR T 3 €
g 981

H, = 065 x 187 = 122 m Ans.

Example 35-10. A centrifugal pump delivers 50 litres of water per second against @ ;
of 24 metres running at 1500 r.p.m. The velocity of flow is maintained constant at 24_;1& .
blades are curved back ar 30° to the tangent a1 exit. The inncrd&nnﬂer&hdfﬁﬁ"ﬂum&}
If the manometric efficiency is 80%, find: 3 By L
{a) :‘J.I'.'m'c angle at inlet, and ;

(b) power reguired 1o drive the pump.

_ Solution. Given 0 = 50 litres/s = 0.05 m's; H, = 24m; N b
1 Dy : : .
‘fr=vﬂ2-4ﬂﬂ51¢=3ﬂﬁp=?'“ -;l=lzmﬂm=m=ﬁ~ﬁ
' I i :
(a) Blade angle at inlet

Let 8 = Blade angle at inler:

We know that manomettic efficiency (M
H 24
08 = e =
le B | Vwi - ¥
g 9-81
_ 1354 '
VWI - ¥
£ Vi .v = 235408 = 2943 1))
From the outlet triangle of velocities, we find that the velocity
of whirl at outlet, : :
V; 2.4
bty g M G R
Yur = tan 30° "= D574
= Ir‘i"—4|.6

Substituting this -.ra:lqn‘of V1 in equation (i),

A e

(v, -4-16) x v, = 2943
o416 v, = 2943 =0
This is a quadratic equation for v,. Therefore
_ 416 £ (416" £ 4 x 2943

= 193 ms .

" 2 it
We know that peripheral valocity of impeller at inlet o
?:'bq;xl?:%x 19"3:9’65!“!5 --.-':J:-
From the inlet triangle of velocities, we find that
vV 24 ATCRRE ; i re
=4 === c X = ]4° Ans,
tan © T 02487 or G =1
(b} Power required to drive the pump
We also know that power required to drive the pump
po X2 Ve vi_ 981 X005 % (2943) _ 1474w Ans.
g . 981 T
EXERCISE 352

1. A centrifugal pump delivers 60 litres of water per second to a tank situated at a height of 20 metres.
If the overall efficiency of the pump is 70%, find the power required for the pump.  (Ans. 168 kW)
2. Anem:rifuga]pumphavingmmmﬂt[ﬁciemyoﬂﬁ%isdischarginglﬁlimufumwmﬂ
through a pipe of 150 mm diameter and 125 m long. Caleulate the power required to drive the pump,
if the water is lifted through a height of 25 metres. Take coefficient of friction as 0:01.
(Ans. 117 kW)
3. A centrifugal pump having an impelier of diameter 500 mm delivers 140 litres of water per second.
Th;evelmitg.rufﬂuwislmfsandﬂevmmmwcﬂbmkmouﬂeuﬂo“muwnmﬂmig&ﬂ-ﬁ
the impeller speed is 400 r_p.m.. find the power to drive the pump. (Ans. 1229KW)

4, Amr'll'uga]pumpaf1~1mdhnndd¢ﬁvem2lﬂﬂﬁhﬂnfwaterpﬂmmudagahmahedufﬁ
metres at 200 r.p.m. The vanes are curved back at an angle of 267 to the tangent at outlet and velo
- of flow is constant at 2-4 m/s. Find the manometric efficiency and power required 1o operate
AL, : C O (AnS.61-29%; 119-4 kKW
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35-17. Increase

5

Pump

We have discussed in Art. 35-3 that a pump converts mechanical energy into
This pressure energy is given by the impeller to the water flowing through

it. Consider inlet and outlet tips of a centrifugal pump as shown in Fig.
35-10. i

Applying Bemoulli's cquation to the inlet and outlct of the impeller
of the pumpy "

hﬁewmrPrmwhlthwiugwhhpdhrﬂ‘- Ce!

Energy at outlet = Energy at inlet

! 4
+ Work done by the impeller

V3 *

ie. VL ey B U
B W e e

...{.Tﬂki]'l;gzl = ZJ

ﬂ_ =£_V_|z+ Vi - vy

w & 2 £
/'X
where ﬂ—E

W W

represents the increase :nﬂupwgufe/ of water,
while flowing through the impeller, in terms of I?;:wfc-f waler.

Example 35-11. From first principles, and _Wr&fn,y down all steps of mfculaiiﬁ.n;
theoretical pressure rise through the impeller of a centrifugal pump is given by:

[
'2}“'}2 + "'lz"‘fjlz cosec” ) i el

where V, = Velocity of flow at inlet,
Vo = Velocity of flow at outler, : R
V1 = Peripheral velocity of impeller at ourlet, and
& = Impeller angle at outlet. e
Solution, Given,

Vi = Velocity of flow at inlet,

v = Peripheral velocity of impeller at outler, and
¢ = Impeller angle at outlet,
Applying Bernoulli’s equation at inlet and outlet of the impeller of the pump, i

By Y, Wy Yo
Wi SR ¥ ok
P 2 oY W iy
W.w 7{ 2z - 3:-_

27 phbmend

s RS ‘e

T s - ﬁg;;mﬁl

Fig. 3511 o S Sk
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I i 500 r.p.n
Exam wp is di ino water af the rate of 15 litres/s at
12. A centrifugal pump is discharging s
The i ma!p::dajﬂema! diameters and the impeller widths are 120 mm, i-:;»::: .:"ﬂ' e
rep;": ively. The vanes are cumdbw:ia:ﬁ“wtﬁcmngaﬂmauﬂe.t. _
; ; 5
pressure, when it passes through the pump.

: i Y. N = 500 F.p.m.; D = 120 mn
Solution. Given :n?.f_.l? '“.Tfi :gﬂgzﬁ:Em = 0008 mand ¢ = 25
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. . :
€ know that velocity of flow at inlet, ; - A i tial velocity of impeller at inlet,
Vueo @ . 005 J : RDN _ = x 015 X 1500 _ |, g mys
T = = - = m i ﬁﬂ

= 249 m/s
and velocity of flow at outlet, oA
mﬂ=5=—1"5—=0'2“9 o £, 12 AN s woma e
V, = 0018 : v qablBiagui :
Of flow au uler w'b' ’ rall efficiency : ’ ‘ st il
= 249 m/s - E‘L"Zl H, = Manometric head of the pump. peiecip o il A

| i the suction pipe,
we know that mmm&] area of ] ﬂ_3 m‘l

We also know that velocity of impeller ar outler,
i 1T e 67 % 1
a, = %t x {dxﬁ =:{ ¥ [0'15}2 g

DN x x 024 x 500
60 60

= 628 m/s

1}:

1 velocity of water in the suction pipe.

-~ Rise in the water pressure
1 5 005
e (VS p 52 0 2 7 ___Q: = 2-83mfs
2 (7 0= W' cosec? @) V= e 116 x 107 :
W5 : i i -
= Tx 981 [ +6287 - QuoFx SimiBaiyiopis ooyl sba oGthes=Rm T G i
S = 1S8ma ' a = T X (@) =g X @1y = T84 X 10 el
o centrifugal pump has an impelier with | : - . : | e
and 2 . i r mpeiler with inner and diamesecd i 5 ; Wy L e
At e o et 500 L s oy ot vt
; . ades are curved back of 30° . - sy B == 2 63T s T
exit. The diamerers of the suction a,n:fd 1 ; e, atangle of 30° to the Vi= T :
elivery ! 3 - ay . 7854 % 107 e T
pmj-’umhm ' - N .PWFF?'C mﬂmand}ﬂﬂ g el . YT
required to dﬁfyﬁfﬂi :ST‘B&E%W%%”J‘“W’T is ,M”mﬂ‘:g;;tm ' Applying Bernoulli’s equation at inlet outlet of the impeller, i B
monometric efficiency . (i) vane angle ar inlet, (ii) overaly efficiency, . PR T L (Assuming Z, =
1 Gi“"ﬂnfﬂ=|50mmzﬂ-|j gl —14:_'_=""'+:_"+'Hm Al 4 .
ms; N = 1500 rpum: Vie v CRom Ly = 250 mm = 025 m; 0 = 50litre _ . AT T ; ; £ &é
P Y= =25 /S @ = 30% di = 1S0mm = 0-1Sm; dy = 3 v, RAga oy
=“'lm:£=Hﬂmﬂs"4=lﬂ-3-4=(,3 m_E]__ +]s o e Hm=[£|'. +—-2;- — ‘5*—5 - y HiTH t_f:
e = Hamo 3+ 18 = 283 - w 2
P = 18kW el d s ST
ri}‘l(al-::wrgfeaﬂ'nfﬂ --: " 637%.) ™ (283)° ]m L ﬂ._..
ey 8 = Vane angle at inler, e T LT 2 x 981
= 4= 67 =23Tm .
: 2| . Overall efficiency, N
* 200 x 18 i wQHy, 981 X 005 x 237 _ g ¢46 = 64-6% AmS.
5 a7 -V, i Bl el 18 : :
' : . liii) Manomerric efficiency % _
910 15 Toile : We know that peripheral velocity of the impeller at outlet,
R 204 : ®DN mox 025 x 1500 _ 156 e
- o ; irl at outlet,
vV : and from the outlet triangle of velocities, we find that velocity “:wmﬂ . g b
v e i 23 196~ s
/‘\'\é V“_l = v -—E'LE = ]%-—lﬂ.ﬂ mﬂ ; 0-5774
i = Iiﬂ_’.’tm
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Mal:lﬂmc.'h'ic'eﬁicienc}r, - PR T _ﬁ-l’!ﬁ'i' Centrifugal P 4 TR (i : SLELEL TS
H, e il In the previous articles, we have seen that the head developed by a centrifugal pump is
Monan = Mook 153 % 8™ 0772 = 77-2% Ans. | ;pnﬁium;nthuﬁmﬁ'andspeadnfﬁminpelbt,Simcmcisalimmmgon?mdme
P G ¢ i of the impeller, therefore the head developed by a centrifugal pump is ordinarily limited to 50
L]

metres. In some special pumps, higher heads up to 100 metres may also be developed. mell larger
peads, it will be necessary o put two or more pumps in series. Liquid from one pump, is brought to
ihe inlet of anather pump, which further increases the head developed. it ;

This type of arrangement is also possible, if we provide two or more impellers (instead of we
or three pumps) and key them to the same shaft and put them in the same casing. Such a pump is

3518 Minimum Starting Speed of a Centrifugal Pump

tllluI W IB'ldE VET] N hEﬂ[hﬂ'HthdC“Ckﬂlﬂﬂby
-CauSEIle UI:CEnHlfugﬂﬂbeCC :

Tl P A % called a multistage pump. For special duties, the pumps with as many as 100 stages have beer
R L E - 2z manufactured. ,

Example 35-15. Each impeller, of a three-stage centrifugal pump has external diameter o
375 mm and width 20 mm. The pump is discharging 3600 litres of water per minute at 900 r.p.m. The
wanes are curved back at 45° to the tangent at outler. 52 8

.{flhznmmdﬁ*eﬁciemyhﬂ%.ﬁudﬁemﬁchmdgmnﬂadbyﬂwm i g

Solution. Given : No. of stages = 3; Dy = 375mm = 0375m; & = 20 mm = 002 m
{ = 3600 litres/min = 60 litres/s = Q06 m*fs: N = 900 r.p.m.; ¢ = 45% and Tjman -
84% = 0-84. -

This pressurc head must give the required manometric head, i.e.,

2
n =V 0L ety

-23 m “M g E . ; 3 ’H =

Example: 35.14. A centrifugal pump has to discharge 2000 litres of water per seco d

develop a total head of 22-5 metres, when the im; v i o -
) 2 ; peller rotates at 240 r.p.m. The smpefler dic Let H,, = Manometric head of each stage. A i

ij;;:;ejgd T of flow at ouslet is 2:5 mis. If the vanes are set back at an angle of 30° We know that tangential velocity of the impeller at outlet, I:': _""i ':'v s
; 18] _RDWN mox 0:375 x 900 ﬂ" ad D

oL S

7 mmmzmcf;ﬂinmyqumw

g vy = e
2. power required to drive the pump. "'_! : O l‘}'ﬁ‘;‘] . i ﬂ;" i :
If the inner diameter is half of the outer diameter, find the minimun speed to start pun 0 o' i
: . i wd velocity of flow at outlet, V, = = 1
Solution. Given : Q = 2000 fitres/s = 2 m¥s; H, = 22.5m: N = 240 rpms D, iR and Vg AT mDiby %0375 x 002 A
Va = 25misand 9 = 30° =255 mfs i
oW
]

; ' % g From the outlet triangle of velocities, we find that the velocity
1. Manometric efficiency of the pump e - gl s
-We know that tangential velocity of the impeller at outlet, ' Y _ : _ v 255
v o ER N S0 AT Y A L e a
< = il i i i ] gili ‘W }
e 60 : p- = 1515 mis Fig. 35-14.
: = 188 mss ; : . ANl YT :
from ; ; ' We also know that manometric efficiency (Mt © 7'
and from outlet triangle of velocities, we find that velocity of whirl at i o y 1}1“:_“' .
outlet ~ _mb i 084 = Hya = Hy _ Hy
gl s A=y TV .w  15I5x177 7 213
0 g 18 i 508 i D o 1
A or H,=084x273=229m X
. 25 A L : .
= 188 = 55773 = 4S5 mis 4 o) . Total manometric head due to three stages
» . ’ Fig 35:13 =31x229=687Tm Ans, :
T e < Example 35-16. A multistage centrifugal pump is discharging 45 000 litres of water per muni
Hy 225 against @ monometric head of 60 metres. There are four equal impellers, keved to the same sha
T Mo = V. T 14 . which is running at 350 r.p.m, The vanes are curved back at an angle f:lf GO m_rﬁe tangent a ol
s AR iES pheriphery. The velocity of flow at outlet is 0-27 times the carresponding Pffﬂﬂw-"ﬂf l'f‘fﬂﬂﬂ’- ar
g el the hydraulic osses in the pump are 113 of the velocity head at outlet of the impeller. Find

=081 = 81% Ans. 1. Diameter of the impeller and 2. Manometric efficiency.
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Solution. Given : Q = 45 000 litres/min = 750 litres/s = 0-75 m’/s; Total
=6ﬂm:Hu,orsugm=4wmamnnuichmrgrmhsmgem_}=@4,ljm;y=mr'
i 2 2 ; gl g
=60% V¥V, =027 v, and h lic | 1 s 2 8 Ve
n A ydraulic m?mn?‘ X.Zg 7
1. Diameter of the impeiler
Let D, = Diameter of the impeller.
We know that the pheripheral velocity at outlet,
_xD,N_ nox Dy ox 350
G0t o1 gghul, NP
=183 D, mis
- Velocity of flow at outlet,
L Va =027 x 183 D, = 494 D, mss

From the outlet triangle of velocities, we find that the velocity of
whirl at outlet, .

'P!z

tan 60°

v
V..,|=1-'|—'m—nﬂ;=13-3 5

. 494 D
=183 D, - |-?32| =155 D, m/s

ity

and absolute velocity of water leaving the impeller,
Vi= Wi+ Vi = V@9 D) % (155 D) mis

. i 2
. Hydraulic losses, el g lr T 451 Di m

We know that work done by the pump per kN of water

Vo.v, 155D x 183 D oot i

W= wl 1 L 1 1% . 2 B

P g 98l =289 D ke
We also know that work done by the pump per kN of water (W), .

289 D, = Manometric head + Hydraulic losses

MIEY W 2aves

; = 13+4-5.87 .
24-39 D]Z = (420 1 pens
D.1= %139 =0615 or D, = (0784 m Ans.

2. Manometric efficiency
We also know that manometric efficiency,

’ I.H" -Ij ; [y S
Than = = ' "
Vi «owy (155 x 0.784) x (183 x 0.784)

= 0844 = 84.4% Ans,

. increase in pressure as the water passes through the impeller.

CLda) 2. (B) 3. (@) 4. (H)
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Exercise 353 P
A centrifugal pump is discharging waler at the rate of 100 lires/s. The ineternal and external

. diameters of the impeller are 150 mm and 300 mm respectively. The width of the impeller at inle;

and outlet are 12 mm and 6 mm. The vanes are curved bade at 45° 1o the tangent at outlet. Find the
(Ans. 28:1 m)
Find the minimum speed at which a centrifugal pump will start functioning against a head of 75 m,
if the diameters of the impeller at outlet and inlet are | m and 0-5 m respectively. (Ans. 267-4 r.p.m.}

Determine the least no. of stages for a multistage pump to deliver 60 litres of water per second against
a total head of 210 metres at 1450 r.p.m. The speed of the pump is not 1o exceed 670 rp.m.

(Ans,
Each impeller of a two stage centrifugal pump has outer diameter of 40 mm and a width of 25 m{
The pump is discharging 60 litres of water per second at 1000 r.p.m. If the vane angle at outlet i
307, find the total manometric head developed by the pump. Assume manometric efficiency of the
pump as 80%. " (Ans. 60-2 m)
: QUESTIONS -
Whmisamnhiﬁlgﬂpump?onwhmnin&pleduesitwmt? _ g
What are the different types of pumps ? Explain the working principles of a centrifugal
pump with sketches. -
Name the different types of casings for the impeller of a centrifugal pump. ;
Explain the function of spiral casing for a centrifugal pump. 4‘%
Name the different types of efficiencies of a centrifugal pump and differentiate between
overall efficiency and manometric efficiency. - (£ |
Derive an equation for the power required to drive a centrifugal g
Obtain an equation for the increase in water pressure, while flowing through the impeller
of a centrifugal pump. —
What do you understand by the term ‘multistage pump’? Explain clearly the difference
between a single stage and a multistage centrifugal pump.

OBJECTIVE TYPE QUESTIONS
In a centrifugal pump the water
(a) enters the impeller radially and leaves the vanes axiallr
(b) enters the impeller radially and leaves the vanes radially
(c) enters the impeller axially and | the radially
(d) enters the impeller axially and i: “?ﬁﬁ axially.
In the casing of a centrifugal pump, mﬂkiﬁ&c*déa'gy of the water is converted into
(a) potential energy  (b) pressure energy (c} | heatenergy (d) all of these
Ina cen‘lrit‘uga] pump the liquid enters

(a) at the centre ‘B atthetop” =V {Htthe botom  (d) from sides
A multistage pump is used 1o > :
(@) give high discharge (b) produce high heads
{c) pump viscous fluides (d) pump chemicals

ANSWERS

-
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