A centrifugal pumyp consists essentially of a runner or impeller which
carries & uumber of baclward curved vanes and rotates in a casing,
g. 14, 1tu). Liqui! coiers the pump at the centre and work is done
an it as i passes oo 1 fugally outwards so that it leaves the

with higl velocity &0 ‘ocreased pressure. In the casing, part of the
Linetic cergy of the luil is converted into pressure energy as the flow
passes (o the delive: - pipe. Fig. 14.1(a) shows a volute casing which
increases i area to acds the delivery thus reducing the velocity of
the liquid and incre g the pressure to overcome the delivery head.
This type of casing |« o low efficiency as there is a large loss of energy
i eddies.

Figure 14 1(b) sl s 4 pump with a vortex or whirlpool chamber
which 15 & combinat, « of a circular chamber and a spiral volute. This
iype of chomber has « 1 her efficiency of conversion of kinetic energy
i pressure energy !lon the volute. A higher efficiency still can be
abtained Ly using o | /luser consisting of a ring of stationary guide
vanes, Fig. 14.1(¢c), » v corangement known as & furbine pump since it
resembles o turbine « raling in reverse.

Figure 141

CENTRIFUGAL PUMPS 223

M"' _f;-’)(. .'!Jr Hab i -'ur.-ﬂA'-;.u.an

Scanned by CamScanner



iz 1
Lot
P — 1r.' Eg
8 2
LS = n.
by
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== |
l] e i
|I| = = |"l1.ll'I'Fl
==l ; Hie
| e {5
¢ u’fz;l
Figure 1-4.2
. Figure 14.2 shi rJiagrmnlullltallj' a | wmp with its sucfion and
delivery pipes.
H, = suction 1ift, Iy = deli lift
H = total static head = H, <1 /i
There will be lossc i head in tlic pipeline: due to friction ol shock
losses at [ittings.
Hy, = 5 of head 10 suction [ipe
3 H4 = | s of head in delivery pipe
If v, and vy are the velocities in the suction and delivery pipe
u,? :
,I:E = velocity head in suction |iipe
l'dn - . Y
E = velocity head in delivery pipe
The effective head If, which the pump must provide must be equal

to the total lift plus the [riction loss plus the kinetic energy of (]

at discharge: ¢ Muid

.= H,+ Hy + H,, + H,y + E;_:
£

If manometers or |1 essure pauges are placed

at the same |
inlet and outlet at the pump evel on the

Mﬂﬂﬁ?‘ﬂ'i' welion head = H,, = H, + ol ;_:,_‘
g
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Manoinetric delivery head = Hypg = Ha + His + u_.;i == 3
}' ma d rd zg 'zg

Manometric head = Hy = Hos -+ Hiia
b}

gy
==I'L+Hd+ Hf.+H:a+§E

— head rise through pump

e

“fficiencies

~ Considering a pump (ogether with suction and delivery pipes, i W
s the weight discliarged per sec and H c the head of fuid, then

useful work done
= energy supplied to pump shaft
" WH
~ shaft input power

Overall efficiency

lanomeltric effici head rise through pump
" n I C B == e : : . ;
| SRS energy/unit weight given to fluid by impeller

H
= 14.1
Tl (see example )

energy/unit wt given to fluid by impeller

Mechanical efficiency = —— " e
CIENEY = mechanical energy/unil wi supplied to shalt

14.1 Work done per I =

unit weight and A centrifugal pump has an impeller of outer radius ry and inner |

turniing moment radius r, and the corresponding peripheral velocities arc U and \
= u,. If the flow e¢nters the impeller radially ablaln an expression

for the work done/unit wt on the fluid by the impeller in terms ol
u, and the velocity of whirl at outlet wy.

The diameter of the impeller of a pump 1s 1:2m and its
peripheral speed is 9 m/s. Water enters radially and is discharged
from (he impeller with a velocity whose radial component is \
{+5 m/s. The vanes are curved backwards at exit and make an
angle of 30 deg with the periphery. If the pump discharges \
3.4 m'/min, whal will be the turning moment on the shafl? J

Solution Fig. 1:4.3 shows the triangles of velocities of the inlet and
iutlet of an impeller blade. To avoid shock the relative velocity at
_inlet chould be tangential to the blade, but this will not be the case
at all speeds and discharges. The relative velocity at outlet will
4lso be tangential to the blade. The absolute velocity at outlet vy is
found by mmpmmding v, and wy, but it is often convenient to

consider the components of v, radially and tangentially which are f,
and wy.
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Inlet
velocity
triangle

Figure 14.3

Note that the valles given for blade angles 11 problems are often
R SR = o) and (180 — 7).
Dischav s = pariphcrul area % radial velogily

'_,} = lﬂrlﬂlﬁk = ETFJ"-;-B:_JF-_-
If w = angular velouly of impeller
i = wryy M3 = g

In passing through the impeller the tangential component of the absolulc
velocity of the fluid is changed and there is a change ol moment of
- momentum:

Torgue on impeller = T = rate of change of moment of momentum.

Assuming that vy is radial, tangential velocity at inlet is zera for unit
mass:
Moment of momentum at inlet = 0

Tangential compoticnt of absolute velocity at exit will be .

Moment of moincutum at outlet = wayrg
Change of momen!| of momentum = wyry

Mass per Sec passing = pQ where p = mass density

T = pQwarg

Work i
ork done per sec = torque X angular velocity

. = pQwargw = pOwally

Weight flowing per sec = e0

Work donv per unit wt = Walla
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142 Speed to
conumence pumping

=t —facotp

Pulting iy =9mje, J,=15mfs, f=30°

Wy =9 = 15v/3 = G4ms

Atdo p = 10001 g/m?, '-'ﬁ--%ﬁﬁ; ry = 0-6m

Tarq: - on shaft = 1000 ﬁ%ﬂ 64 x 06
= 217N-m

i fiestatic ! | [r o centrifugal pump is h metres, the speed of

rolul on N rev o and the external diameter of the impeller d
mietics, deduce (i expression

Jh
N = 835 D
for thie speed a0 which pumping commences, assuming only
rotation of watci in the impeller at the “no-flow" condition.
Such a pump delivers 1-:27 m*' of water per minute at 1200
cev/inin. The impitler diameter is 350 mm and breadth at outlet
12-7 mm. The nessure difference between inlet and outlet
fMangesis 272 kKN/m'. Taking the manometric efficiency at 63 per
cent. calculate tlic unpeller exit biade angle.

impeller. Pumping can

Solution. Under 1 o-low conditions a forced vortex is formed by the

3
% = |y where uy= pﬂ'iphtriﬂ velocity

so that uy = /(2gh)
m ”_E
NUW "I = ﬂ“
wll .‘j
therefore 5y V(2h)
60+/(28) T
N = D vh = 833 D
The outlet velogity dingram will be as Fig. 14.3. The exit blade angle
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is f and can pe found from
fa
tan f = o — w2
mdaN by
G0
i

E__{:jﬂ K_.E'S:i :
ure rise thiough the \r

Pcripherai spm:d =ty 22
found and used to

Velocity of flow = fa= 3. B, =
d the press

E i i an
& e the manometric efficiency (e |
5 Pui:;:am known the work done pef unit wt can be
? F calculate Wy (see example 14.1)
;' upwy  head rise through puiipy plpg \
i Work donefunit Wt = T = “manomelric efficienc) M :
e B
M prjtta |
163, 1y = '|
Putting p = 272 % 10°N/m?, p = 107 kg/m®, =063, Y2 = 22m/s I||I
272 % 10° - l
o v wog R |
5
‘.—'2' = 061

gl 152
tan = 1y — wa 22—196

Exit blade angle = g = 32720/

24

o Thus
weighing

—
A centrifugal blower has an impeller of outer diameler 500 mm
and width 75 mm with vanes set back at 70 deg to the tanpgent at
the outer periphery. When the blower is delivering air
1-25 kg/m’ atarateof 3+1 m'/s the speed is 900 rev/min nnd the
pressure difference across the blower measured by a man: -'-II.'“I.L‘II'
is 33 mm of water. The power supplied to the blowes ‘~|1'n1?1 ..
1-65 kW and the mechanical efficiency is 93 pci cent. B2
IAssuming radial inlet to the impeller and neglecting tl
thickness of the vanes, find the manometric and the .,J.:Q[::ﬁ
elficiencies. Also determine the power lost in (@) bearing [jiction

and windage, (b) the diffuser and (c) the impeller,

14.3 Efficiency and

losses
I

manometric head
work done/unit wi in iinpeller

Solution. Manometric efficiency =
Since the fluid is air, express the manometric pressure differciice a
g : 5

a3

head of air.
Y o i
Manometric head = 0:033 X 1== = 264 m ol air

BLEMS IN FLUID MECHANICS
Scanned by CamScanner
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From coample 14,1

V/ork dome o ¢ unit wt in impeller = el
4
The oui ot velocity i =unilar to Fig. 14.3.
“dg”

Peripheral vel 1y at outlet = uy = =4~

=qa X 05 X g_.g_g = 23:35m/s

Wy = ty — fycot fi
'di.Sf.L :':'_l. Q 3.!

+ = Sutlet mdaBy T X U*SWTS il
Thus wy = 23-55 35 cot 70°
— 2155 v 6= 1405m/s
Work donefunit wt 1 1peller
_MaWa _ 23:35 X 14-05 _ 33.8]/N
£ 9-81
' {anometric cliiciency = :I::T:fg = %% = 783 per cent

'1\‘Eight of air déli\"c- | per s€C = W= ng = 125 ® 9-81 % 31 N/s
Output power ol [lawer = WH, = 381 X 164 N-m/s = 1-005kW

Mechanical input Lo shaft = 1-65kW
output  1:005
Overall eflicicncy = input =S 609 per cent
[he losscs are:
(a) The mechanic (ficiency is 93 pet cent, therefore
flearing an | windage loss = 55 % power supplied
_ 007 x 165 = 0-115kW
(b) The loss in the Jliffuser is the difference between the power put
qto the (lnid leaving 1he impeller and the output power.

|lcr per sec = W x _?

— 381 % 338 =1200W = 1-29kW

Cutput power = 1-005 kW |
power lozi 11l diffuser = 1-29 — 1:005 = 0-285kW |

Work (one 10 1M}

= power supplied — bearing loss
_ diffuser loss — output power

— 165 — 0115 — 0-285 — 1-005
= 165 = 1405 = 0-245kW

(c) Loss in impellc:
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i iHH" ol l'l.l c ""-"‘I[r”ﬂ i" S

i P
(fugal pump a.e ¢ The blade angle at exi
A cemtrifug st a pead of 1278 WL o s jade tip: At i\
efficiency 9 m'/min agains ~tion of iolion b the bia P AAssume |y %
135° {rom the directis he wiler al exitis along the bide and flgy 48 \
the relative vclol;'-'i'-'_ﬂr“_ 1 < radial. The velocil” ol Flow 3§
\ the abSﬂlUlE velou Iy aﬁl 1“:' e the necess Iy 1|]||_'u.'jj i Ili.HI]Itll;‘_r ||
constant at 1°8 11" = L? ; .I sesponding LO the veloeily at the exiy
(a) if none of the S (h) if 40 per cent of Liis energy s \
from the impeller 15 recOVELT \
ecovered. i oller al exit, allowing 8 per
s r In case (0) finc also the widih o impeller a
= - g F (W] Fig. 1431
: Solution The velocity diagioi «l outlet 15 simiiar 15
with f = 180° — I351“=‘115 - -
(@) 1f no kinetic encrgy Is recoveles
= JF v 2 uslmcity Bead
Work donefunit wt in impeller = static head + velocity hea
Mala Iiﬂ_ﬂ (1)
= H -+ 2%
From the outlet trianglg
Wy = iy — faootd5”, put fy=1-8mfs
wy=uz; — '8
Also — o2 =[" |- wa = 1-8% + (uy® — 3-6u; + 1-87)
=1y" - 36uy |- 648
Substituting in equal on (1) and multiplying both sides by 2g,
2uy(iy — 1'8) = 2gll + (u* — 3-6u, + 6:48)
- Putting H = 1984 and solving lor u,
2ug* — 300y~ (ug® — 361, 4 648) = 2 % 9-8] x 19:8
iyt = 389 - 648 = 395.48
g = 19-9ms
: Uy ® 60
ller d lopi=
Impeller diamelir: =
199 % 60
mx 700 0542m
(b) If 40 per cen: ol the kinglic e ;
lost. 2 TIETBY 1s recovered, 60 per cenl is
Work donefunil wi in impeller = i ]
PE Statl¢ hcad + ﬂ'ﬁ vﬂlﬂcﬂ}r h.c;:“_I
LWy b,®
v = — B
g x—H
3 : 2u(uy — 1 5) — 06(uy? — 3-6uy + 648) = |o.g X g
230 SOLVING PROBLEMS IN FLUID MECHANICS
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14.5 Specific speed

p " - = T T

U lug® — ddu, — 39937 = 0

ty = 17-35m/fs
Jupeller diameter = Ly % 60
11N

_ 1135 % 60
WA,

lective area at outlel i -
g el is reduced by 8 per cent owing to blade

Discharge = cllective peripheral area % radial velocity

Q@ = 1020 DyB,f,

_@

92 Dafs i
viing Q <= 9m*fmin = 9/60 m%/s

Mg == 0473m, fo=18m/s

hdth gl exit = B, = J —m
6 » 092 x m x 0473 x |'8

= 006 m = 61mm

By =

Explain what i cant by the specific speed of a centrifugal \
pmump and show il LS value is NO'?/H" where N 15 the
‘otationul speed of the impeller, © the discharge and H the \
sperating head

A centrifugal pump, having four stages in parallel, delivers
(1 m*min of liquul aganst a head of 247 m, the diameter ol
(he igpellers being 136 mm and the speed 1700 rev/min

A pump is to be inide up with a number of identical stages in

ries. of similar constinciion o those in the first pump, Lo run al
150 rev/min and o Jdeliver 14-5 m'/min against a head ol

| 48 m, Find the diwmctes of the impellers and the number ol
<luges required. J

e ————— ——

©olution. The specific ed is used as a basis of comparison of the

erfurmance of different pumps and is defined as the theoretical speed
at which the given pump auld deliver unit quantity against unit head.
For example the speed in rev/min at which‘the pump would discharge
| m?/imin under 1 metre liead, The specific speed of a given pump
depends on the system ol units chosen, 1 ‘

“I'o find this theoreticul speed for unit discharge under unit head it
s necessary to scale down the operating values forthe pump. This is
done by assuming that in scaling-down proportions are kept geometric-
ally similar and all linear limensions are Pmpl_:urtmnul to the Empelie[
Jiameter, It is also assumcd that the velocity diagrams are similar and
all velocities are prﬂpnnl..nal to the square root of the head H.
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diameter D

' ot
jreadth of impeller 8 o

Impeller velocity # &

- : min
. I the impeller is ¥ rev/
Also if the specd vl the 1mP o
T = & N oor D E{ﬁ
Hl.'?l
D oC—5
ar u ; [ [low
! Dis harge @ o area of flow x velocity OF T
3= o w DB -
) Now fcl':.u”z and B D
K so that ~Q o D*HM™
L
Substituting, s
i
0 o F Hi9
.J'.]'.'In'l
= N F
N‘:]”:‘
Specifiv <peed Ny = T
Caonsidering priip with 4 stages in parallel
1]
Discharge for cue stage = -Em'_f'rnua
gy = 2:75m*/min
Operating head H; = 24-Tm
Operating, speed Ny = 1700 rev/min
: N, O™ 1| TO0 ¢ 4/2:75
= Specific speed = —‘;;T?l,* = — 3 j‘_"\‘l_ 254
For the multi-sioye pump
If each stage i« “unilar to those of the first pump
Specific speed ol cach stage = N, = 254
The whole dischnrge passes through each stage, so that
O; = 14-5m"/min
Na = 1250rev/min
Nav iy
I . H = _?_,
“ " Hznrq.
where Ff; = headl tise per stage.
5 12504/14-5
M = W——
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14.6 Type umber or
dimensionl.ss
specific sp..d

- ince the head H is proport]
ort .
o and w e ND, proportional to the square of the impeller velocity

jlrga“ — I.E'?; Hg — 49'541“
1utal head required = 248 m

Nuiiber of stages requi 248
b = — =
Ees Tequire = 5

H=kND?
Vomparing the orivin: 3
iunilgril}' 14 original pump and one stage of the second pump, for
A
H, ~ \N;] \D,
s Di= Dj & ié
Nonf Hy

D, = 0:225m, N, = | 700rev/min, N, = 1250rev/min,
Hy = 247m, H; = 40-64m.

: - 1700 [49-64
Diameter of 3 — 0225 X ——— [ =0
iameter of impeller Dy = 0:225 X 125DJ24*? 0-433m
= 433mm

: o 5
| (a) Dy dimensional analysis derive expressions for the head N
| coefficient Kx, flow coefficient Ko, and power coefficient K, of &

centrifugal pump or fin and explain how these can be combined
to give the type number or dimensionless specific speed.

(b) A centrifugul pump running at 2950 rev/min under test at
peak efficiency guve the following results: Effective head H =
15 m of water, Rate of flow Q = 0-05 m'/s, overall efficiency n
~ 76 per cent. Calculate the dimensionless specific speed of this
pump based on (alional speed in rev/s.

(c) A dynanucally similar pump is to operate alt a
corresponding puint of its gharacteristic when delivering

)-5 m?/s through a pipe 800 m long and | m diameter for which
e friction coefficient / = 0-05. The pipe discharges 90 m above ;
reservoir level. Deicrnine the rotational speed at which the pump
<hould run to mect the duty and the ratio of its impeller diameter
(o that of the punip in (b), stating any assumptions made. Whal

will be the power consumed by the pump.

£

volution (a) For lhe general dimensional analysis of any
rolodynamic machine the variables to be considered are:

() = Volumetric [low rale BEAT=4 -

7 — Power transfcrred from impeller to fluid [ML*T™]
»f = Rotational speed of the impeller B |

'f = Difference of head across machine [L]
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of N, Q and /T cortespond: *
! i : espondi 30 rom
]lﬁ{;llag-lcll:lar di y r{,r.which the ﬂ?ﬂgc::;[:::!ddu;gn pﬂfnf-‘ that is to say
utting N' = 2950 rev/min = 49-17 rew;ﬂned.

Q- 0:05m/s and H =75 m of water

= 44 0-05'
© = R o e KA

(¢) Liftof pur o — 90 m

Friction | (i pipe = hy = JLY?
e e v
0-05 x 800 x (0:45)" >
3 % (1) =2Tm
Effcctive he:  cquired = Hy = h + by =90 + 27 =117Tm
For aperation - | lie same point of the characteristic curve n, will be

the same. Therelv o u, = 7:79 x 107 Substituting in the expression
for specific speed

(0-45)" o i
7-79 X N{*J-EI < 117"
I = ;;—.E rev/s = 1375 rev/ min

Since the head co. [ient must be the same for both pumps

gHI - .‘.'”ri

{NuDl}J ""'Itf}i}l

oL (1 (3)- () () -
B "\ N 75 1375

Assuming no scale (fects and no variation in efficiency

power transferred to fluid
Power consitined by pump = ~TTiciency

- neoH

"

1000 x 9:81 x 0:45 X 117 gy
i 0-7

= 736 kW
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1‘;? Pa‘rf'n o e X
rmance of e

PUMP and pipeline A centrifugal pump Tupnine Al fe cev/min gave the '

following relation between Bese) aud ghaciarees

i | i A% B 1345 180 2245
E‘::Eﬂ-{f;;{ﬂu’muﬂ 2;'5 & i 195 145 v

The pump is conneeted 1o # 10 mm sy (o and delively pipe
the total length of which is 62 v and the ¢ arge Lo ﬂlm“‘-i‘hfrﬂ
is 15 m above sump level. The entrance o 15 equivalent _l o an
additional 6 m of pipe and /f is assumed 1 1*006. Calculaic the
discharge in m' per minute. - =

If it is required to adjust the flow by (wgulating the jump
speed, estimate |11~ speed 10 reduce the {10+ 1o one-half.

L]
T =

ey Ml

Solution.
Head required from pump = static + fric 1+ velocity head

Hm= 15+ H, + H,

Both M, and H, dejpend on the discharge (! so that both the head
required and the head available are functions of the discharge and if
these are plotted on a ase of quantity the intersection of the two curves
will give the discharge required.

o LO?
Headl losi in friction = H, :f_fi
id
__ 0006 x (69 + 6)0°
T 3 x (03P

where Q is io m¥/s
IT g = discharge 11 107 /min, then g = 600,

qﬁ

A —

Q"= 3500

0006 % 75 x ¢? :.

"I x (03 x 3600 — 1713 x 107
v Q?

Vclﬂciljﬂ hﬂﬂll = H. = 2— ] ——__._.;
g 2 (;—r d’)

Head lost in friction

—— q* x 16
L3600 x 2g x 7 x (03

= 2-83 x 10-3%?

Head required = H = 154 1998 x 10-3¢? where qis in m®/min

From this expression and the figures given in the problem the following
table is compiled:
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Table 141

Dilﬂmlgt_q[m:h__
“vailable .
=T equired {.“,.I

(il

Heod availcbis

al 100 rev| min
! .
= /
= ji‘ \\
C ¥, \
a A
: v
=l b
3 i Head cvallable
[} el BSS rav|min
!
|
Lo
C 10 1‘5
ischarge (m?fmin)
Figure 14.4
tted in Fig. 14.4 from which the operating point of the
el 1l be the point A at which
Head available = head required
ynerating head M, = 19m, Discharge 44 = 14m’/min
¢ epe]. For half-flow there will be 2 new operating point
_ h oy
Discharge = g = Tm’/min
= L lance = = 160m
«d (0 overcome resistance = H,= 16
Jead redjuir . be drawn for the pump
[ apainst § could be
v ‘]"Cﬂ.‘d J curves CI[} ﬂ% N= H“.-mrtvl.n“n_ The T"fldhl'ﬂm
or evely = b ||C'|_|_‘_\" drﬁ“lﬂ '::-"1' = "..".hi':h the COT[tSFGnd'
milar 0 that 4 AN of the pump for
r;f is to fin the spee ;c:thrnugh B
I r i - - k 35 . :
. curve of H again® § ¥ o N and H oc N° we have
g U r & given pUmIP 4 &
Since I E - i 1)
-_— = "T
N 2 &
H Hs
e T
:,'.r_.-_] -Nﬂ
and
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LR

S
Lo

L Py

Eliminating N H—F, (i) [
Tel
Putting Hy = 160m when g5 = Tm®/min
(1
= lgﬂ q* = 0-3274°

This is a parabola passing through the origin and B which intersects
the original curve of // against g for N, = 1000rev/min at C, the

cuun:papding operaling point, for which H. = 21-9m and Jo =
82m°/min. This curve links the corresponding values of I and
as they change with N according to equations (1) and (2) and we can

m:;f:; :?il;intsl-le speed N, corresponding to H; and g, from eillier of

From equation (1) ;{,’5 = ?T” S Na=N, g—" = 1000 x Ell
i ] c E
= B55rev/min
. He H
From equation (2) N = Ff_?‘ S Na=N, %ﬂ = 000 x E]iﬁ_'?
3 c H

= B55rev/min

By using equation (1) #id (2) to scale down the original values nf H
and ¢ the pump characicristic at 855 rev/min could be plotted as shown

in Fig. 14.4.

L

!
¥
N

h

Problems

I‘ The external diameter of the impeller of a centrifugal pumpis
250 mm and the internal diameter is 150 mm, the corresponding
width of the impcller at this latter point being 15 mm. The vane
angle at outlet makes an angle of 45 deg backwards to the tangzent
of the impeller ciicle, If the radial velocity of flow is constant, the
discharge being 2:7 m'/min when the speed is 1100 rev/min
calculate (o) mapeller angle at inlet; (b) the angle of the guide
vanes in the diffuser ring; (c) the pressure rise through the pump
" assuming a diffuser ring efficiency of 60 per cent and neglecting
i frictional losses.

| Answer 143° 39’ 38°27' 11-8Bm

' 2 A centrifugal pump when running at 1500 rev/min is (o
.| deliver 90 dm'/s against a head of 24 m. The flow at enty is
. radial, and the radial velocity of flow is to be constant through
ﬁ the impeller at 1:6 m/s. The diffuser vanes may be assumed to
4 convert 50 per cent of the kinetic head at exit from the impeller
the width of the impeller at exit is to be 12 per cent ol the
diameter. Neglecting impeller losses and the influence of blade

g into pressure head, The outer diameter is to be twice the inner and
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4 total) and (o o °
'-‘:i BSwer U‘Dﬁ ‘i 4 tﬂmh
o 4T m'/g

19 1y e ‘:?élmuer of & cenic
Spee C At outler. lm&".l' pump is 325 mm diam and
: hmud uln %0 rev/unip, Sﬂl?el:ﬁ?ﬁ lln.gsle-a: outlt. is 35 deg, wheel
W Centre jg 31}?:;:“"“ Side 21 m, The ?t;tic Iif?tf;':;tﬁ:oﬁﬂ;

Manometric opp; .. ¢ delivery pipe losses 9-6 m If the
elliciency g9 Iciency of the pump is 76 per cent and the overall
. necded if b, Der cent find the discharge in dm'/s and the power

Fboth :
Answer 35.5 d::‘ff:fti?}[.'ﬂnﬁ \frflivcry pipes are 125 mm diam.

Cen il I

3 m : .
i bamkwr;dasm-‘ d',fCha’“ area of 0-11 m. The blades are bent
. discharge sLM-JrI at the direction of the relative velocity at the
B i el face makes an angle of 145 deg with the tangent to
$ | d-_b ST ‘dfﬁ'-m in the direction of impeller rotation. The
4 tameters of the suction and delivery pipes are 300 mm and

225 mm respectively.
CGiauges at points on the suction and delivery pipes close to the
- pump and ¢ach 1+5 m above the level in the supply sump showed
"~ heads of 3-6 m below and 186 m above atmospheric pressure
' when the pump was delivering 0-2 m*/s of water at 1200
rev/min. It required 71 kW to drive the pump. :
Find (@) the overall efficiency; (b) the manometric or hydraulic
. efliciency, assuming that water enters th-:s 1mp_ellcr without shock
'\ or whirl; (c) the loss of head in the suction pipe.
4 - nt, 713 per cent, 1-7 m
g A Sl e 225 dm’/s of water and
¥ ischarge 225 dm'/s ol waler d
W 6 A centrifugh p??f-garsnt?vg;hlhfimmllcr rotates at 1500 |
1 develop a head Of 22t eller diameter and (b) the blade
‘4 ev/min. Determine (a) the impe

he impeller.
Je at the outlle : ﬁ:::nfl;tric ef!:t,“fcicncy is 75 per cent; the loss
e due to fluid resistance is 0-033v* m, where
the pump velocity with which the water 15 discharged
E ;tbsO’uEEthe area of the impeller outlet surface 1s

! from the impe iri's the impeller diameter in m; and water enters
A re ,

without whirl.

0° . ;
[ ' ! /s of

i uired to discharge 0-56 m
atrifugd "”’Eﬁaﬁs ;ﬁ 5 m when the impeller rotates a!
Gt CENTRIFUGAL PUMPS 239
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750 rev/min. The manometric efficiency is o be 0 per cent, the
loss of head in the pump due to friction being assumed 1o be
0-0276¥* m ol water, where V is the velocity with whiclv water
leaves the impeller. Water enlers the impeller without shock or
whirl and the velocity of flow is constantat 2-7 m/:. Obiain (@)
the impeller diameter and outlet area, and () the blade augle at
the outlet edge of the impeller. Explain briefly why ihe divection
of the actual velocity at discharge from the impeller dilfers nsually
from the direction given by the outlet velocity diagram.
Answer 0-364 m, 0-207 m’, 34°

8 A centrifugal pump with an impeller of 120 mm diam rives al
maximum efficiency a discharge of 3:9 m’/min of [resh water at
1800 rev/min against a head of 4-2 m. What should be the speed
of rotation of a similar impeller of 380 mm diam 1o give
54-5 m'/min of sea water of density 1025 kg/m' and what
pressure would it then generate?

Answer 3150 rev/min, 515 kN/m’

9 A scale model, one-fifth full size, is to be tested in order to
predict the performance of a large centrifugal pump working
against a head /. Show that, provided the viscosily of the Muid
has no appreciable effect on the performance of the punip, the
test may be carried out under any convenient head.

What head would be required for the test if viscosity is laken
into account, (a) when the pump and model both use water, (B)
when the kinematic viscosity of the fluid dealt with by the pump
is 5 times that used by the model, and what would be the ratio of
the correspSnding speeds of rotation in each case? Iistablish the
formulae requircd.

Answer (@) Hn = 25H, N = 25N; (b) Hn, = H, Ny = 3N

10 A centrifug:| fan has to deliver 4-25 m'/s when running at
750 rev/min. The diameter of the impeller at inlet is 525 miu and
at outlet is 750 niii. [t may be assumed that the air enters radially
at a speed of 15 n1/'s. The vanes are sel backwards at outlet at 70°
to the tangent and the width at outlet is 100 mm. The volute cas-
ing gives a 30 per cent recovery of the outlet velocity head. The
losses in the impeller may be taken as equivalent to 25 per cent of
the outlet velocity licad. The specific volume of air 15 0-8 m'/kg
and the blade thickness effects may be neglected. Determine the
manometric efficiency, the power required and the pressure al
discharge. -

Answer 579 per cent, 2-08 kW, 39:2 m ol air

11 A centrifugal pump impeller is of 250 mm exte! nal diameter

and the water passage is 32 mm wide at exit. The circumference s

4! reduced by 12 per cent on account of vane thickness. The impcll;r

i~ yapes are inclined at 140 deg to the forward tangent al exit.

o  Manometric efficiency = 83 per cent, rev/min = 1000, Q =

7.86 m*/min. Calculate the conversion efficiency of the difiuser

ring. Assume no losses in the impeller. .
Answer 56 per cenl
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are 150 mm and
in ang deliver;

I S al th ; ing

\ROSpherj, ! D€ Tespecysy ¢ Suction and delj

Were m Erig r.rcsgur I]El'll\fel? 4.5 = del

at 145
Nere 'fnu:dplmure headu "ev/m 28 dm' /s of
VEry openings
: ; below ang 135 m abope
ump gy eing'ay 1 PO at which s Pressure heas
P suppy; 18 € Same leyy| Th iving
Vhirl W, w © "€ Motor driving the

- Wa !
i 'er enters 1 iMpeller without shock or
i M€ hat p '
Ileg| on the true outl 3
£ Wil 43 el wh'rl C = [}-
€ Overal] ¢ (fics Omponent = (-7 of the
3 :

e ency; (h) the ma i
Answer " (. ~L-I*?:n the true whir) o ) the manometric

i 8 cubic metres of waler per
: It a manometyic efficiency of 75 per
= el :

e blades .o 00 M diam

= with a width ar exitof 75 mm,
ol “CUPY 12 per ceny of

back the periphery and are swept
ﬂu: Waqu " iking ap angle of 4¢ deg with the tangent at the

] Periphicyy, Calculate the fracti ineti
-.lm:harge [t the impeller which i
the casing 4 '

i A d in the impeller. What is the
manometric . Miciency if & = g9

Makl_: Siry J:’ske‘tchcs to show two conventional methods used
o regain the Linetic energy of discharge from the impeller.
Answer (-2, 58

per cent
14 Derive | 2 expression for the specific s
pump in teri.;, of N'the speed of impeller
discharged a1.d H the head developed.
A multi-st.ge centrifugal pump having 6 stages with 225 mm
diam impellc:s develops a head of 120 m when running at 1500
rev/min and Jischarging 5-45 cubic metres of water per minute.
Four geon: trically similar stages having 300 mm diam impellers
are used to Luild a multi-stage pump which is to run a.l 1000
‘ev/min. Assuming that each stage in bn}h pumps nprrulﬂlundt&r
I-L ically similar conditions, obtain (a) the quantity in
::f'?zi?n thait will be discharged by this pump and (b) the head
i il o velop.
fﬁﬁ?"im 4:61 m’/min, (b) 63-2 m

peed of a centrifugal
rotation, Q the quantity

- | pump produced the following per formance

15 i l-:::nmlll ::ﬁig ];1 1500 rev/min on a test run.

daie '/ 0:-075 0:150 0-200 0:250 0-300
Flow m 70 68 64 58 49
Total l;;! Tw 97 127 147 163 170
Input .

: uired to deliver water from a sump to a reservoir
The pump ]“1 I:;?} m above that of the sump. Suction and delivery
whose level &
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pipes of 300 mm diam will havea combined length of 120 m (f =
0-006), 12 m of which is on the suction sidle, and the pumyp inletis
1 m above the water level in the supply sump. What will be the
efficiency and the discharge of the pumat the test speed? What
would be the most economical speed (1 operate the puiip and
what suction head would cccur at (e cump inlet under these
optimum spect conditions?

Answer 85-1 per cent, 0-2 m?/s; 1620 1ev/min, 4-3 m

16 Define the term “specilic speed” ¢ A centrifugal pump and
deduce an expression for it in terms of | head H, the discharge
Q and the specd N. 5

A multi-stage centrifugal pump is recuired to 1ift 1-8 m*/min
of water froni a mine, the Lotal head including friction being
750 m. If the speed of the pump is 290" rev/min, find the least
number of stages if the specific speed | o1 stage is not to be less
than 150 in SI units.
Answer 10 si0ges
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Red;jrocating Pumps

The e
» iy 1prncatin : :
1N a ¢ 1E rnechanism consi y :
C e Cvlinder w e 1515 of a piston :
pistar, | oo Which liquid enters or ea or displacer moving

given a recip, 2 teaves through suitable valves.
and o) FHiprotating motion by means of a mnnectifﬂsg,i‘g;

-
=

Figure 15.1

Suction pumps (Fig. 15.1) are used solely to raise water Lo the pump
cylinder ievel. On thie suction stroke the movement of the piston forms
a partiul vacuum iy the cylinder and the atmospheric pressure forees
the liguid in the sump into the cylinder. Theoretically the lift cannot

ceew (he head of liquid equivalent to atmospheric pressure, which in
S - of water is 10-4m, but if the pressure falls below the vapour
e : rl:t‘hu: liquid will boil in the cylinder and the pump cease to
?ref:il-“ . The available lift in the case of water is thus limited to about
L‘n PTLViEs

y :apy lemperatures. )
S ﬂrdmagy{lir"ig,ptltin are similar to suction pumps but on the

E““-' & PH;?{P; (he liquid is forced into a delivery piPe and can be
delivery sir Jesired height above the pump centre-line, The same
raised 1 fﬂ the lift from sump to pump cylinder apply as for the
limitalion

suction pump: pimps make one delivery per revolution of the crank

Sm;-'-"'":’.'"g r (Fig- | 2). L .
for euchi .:}’]l“_;g p!,m;:s{Fig. 15.3) make two deliveries per revolution
D.-;r.-.n'rfr;'-ai'ft{m ogch cylinder.

i inders
of the :m']lyﬁﬁd'ff pump has two or more cylinders. Three cylinder
"fi=
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