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™. Manometric Head (H,,):

© 1. = the actual head against which the pump has to work

i e e A e e e — b — — e — — - — — e ——
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(2] H =h +h, +hy+h, +-2
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Where :

H,= The manometric Head
h, = suction lift

hs = loss of head in suction pipe due to friction
hy = delivery lift

hg = loss of head in delivery pipe due to friction
vs = velocity of water in delivery pipe
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& Efficiencies of Pumps :

@ Manometric efficiency (Mm) Turbine
- Vmi Vi

Runner

(@ Mechanical efficiency
@ Overall (total) efficiency (=1, =)
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va. Minimom speed to start pumping (N) :

= Varlaﬁaﬂs eeii xﬁzm Qb};ratlon
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rs at a discharge Q;,at a manometric head H;,when
, the correspondmg values when the pump is running at a
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Ex(1):

Asix stage centrifugal pumpin series delivers 150 lit/sec against a head of 420
m at 1600 r.p.m . Find the specific speed of the pump.

Sol.
No. of stages = 6 .
Q = 150 lit/sec = 0.15 m’/sec
Head per stage = 420/6 =70 m
N O 1600 ~0.15
s = 374 574 = 25.6
H 70 °

Ex(2): ' %ﬁﬁ

Tt is required to predict the perférmance of large centrjtigal pyNp that of

scale model are fourth the diameter . The model absorbs 12 8.p. W serping under
& iS¢equired to pump

2 test head of 8 ft at its best speed of 300 r.p.m: eday mp 1S
against a head of 40 ft . What will be its workin <ihe Rarse power required to
drive the pump and what will be the the ratio of qu&n - ‘"1arge pump and the

model.

Sol.
metotypc =4 Dmodel
Pmodel =10 hp

Hmodel: 8 ft -

P-N?
Hsu profoype ’
O'E 7 q g sr:ﬁ
10%3000 _P*167.7° _ 5 _11gs9p ?ji?3ﬁ1;;f¢§
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Ex(3):

Acentrifugal pump has to discharge 3000 lit/sec of water at a total head of 20
m when the impeller rotates at 300 r.p.m. The impeller diameter at outlet is 1.8 m and
the velocity of flow at outlet ‘s 5 m/sec . If the vanes are set at an angle 20° at outlet,
Find :

(1) Manometric efficiency of the pump,

(2) Horse power required to drive the pump,
If the inner diameter is half the outer diameter , find the minimum speed to start

pumping.

Sol.

Q =3000 lit/sec =3.0 m’/sec
H,=20m

N =300 r.p.m.

impeller diameter at outlet (Dy)=1.8m
velocity of flow at outlet (v ) =35 m/sec R
vane angle at outlet (@)= 20° -

= DN =M: 28.27m/sec

&)

v, =
| : 7 3
From outlet triangle Vi =V T i 28] 20 bt o5

T

h

| tan20

i i < i

20 =~ A= 2 = v, =22.8Tm/sec
x5l 2*9.81

60




Ex(4):

Apropeller pump 3.0 m and 1.5 m boss and tube diameters respectively . It has
a discharge of 12 m’/sec at a speed of 320 r.p.m. and 65 % manometric efficiency . If
the S.H.P.= 4200 h.p ,overall efficiency = 60 % . Find the gross lift and the blade

angle at mean diametgr . LN 3
o V o s Nuor
Sol. head i
D17~30m
D=15m
Q=12 m’/sec H,=17?
N=320r.p.m o=7?
N = 0.65 '
P=S.HP=4200hp
n=0.60
y.Q.H,
w.H.P
- S.H.P P
- 1000 *12 * H
0.6 = 5 g =15.75m
4200
> g z%(Dal =5 2)“1’
12 = %(32 -1.5 Z)vf = v, = 2.26 m / sec
D = D+ D, _ 3+1.52'25m
2 2
-D_-N R 22T 320
v:vlzvm-:jr m T =137.7m/sec
. 60 60
H .
N = &1
V1 "Y1
*
065 = 285D 6 amsec
v ¥87.7
o et 220 s f == B1TT

nev, 37.7-63




— N — W
v =T ' .
—> Vi '”‘—gL > DiN eV ~—®

fom() 2@ Oy« A

s




‘E1 Mansoura University Second Term Examination

| Faculty of Engineering ‘Hydraulics
I Dept. of Irrigation & Hydraulics , June 7, 2005
Third Year Civil Engrg. g 5 Time Allowed : 1.5 hrs.
Answer a§ much as you can the following questions. Tllustrate your answers with neat sketches.
“Question ;.

{(2) Discuss the value of Marining’s n in the model with respect to the corresponding value in the
 prototype for both distorted and undistorted models.

“A fixed bed model is to be built for a river subjected to tidal wave with a horizontal scale 1:240 and
yertical scale.1:40. The prototype river has a Manning n of 0.03 and so wide thaf£Hes aydraulic radius

-equal to the rver depth on bg%h prototype and model. The prototype wave peried is Lé

minutes and the maximum river discharge is 2000 ‘m*/sec. Determine the required B
.period, Manning’s n and the maximum river discharge. 2 ‘
(b) The head loss of water at 20° C; kinematic viscosity = 1x10° m’/sec &g

0,5 m over a length of 20 m at a discharge of 3 lit/sec. What isfhe ot
‘gradient when oil of Kinematic viscosity 8x10° m?/sec flowst
. same relative roughness. -

.,!_‘lu.ésﬁon-!{: e _ @&

' (a) Define the following terms; ' < 3 - ; X
Unit speed — Unit power and Unit discharge as apgiliggdo H%%%aulic turbines. '
- (b) Calculate the number of nozzles required for ?e@a%h whé%zgwmch< have to develop 12000 h.p under 2

-head of 250 m head at 2, speed 600 r.pim. AASSU é%%zzl%giiameter not to exceed 1/10 wheel diameter.

‘Take efficiency 90%, Cv = 0.98 and speed &

If a 1:5 scale model is to be testeds der a head ot 6 m, what must be its speed, power developed and
| \vater consumption to run un snditionsis

der%qﬁditi()&%smﬂlﬁﬁ the prototype.

i,

Qu'esti'gn 101 ; _ %&

o Y- N & . ) p ;
() A centri ‘&% ppmp.%ﬁrs Ggglit/scc against a total head of 32 moérumung at 1500 rp.m. The
velocity of fidw is constan fﬁf%@%ﬁ/seo, the blades are curved back at 30", the impeller diameter is 300

diameter ig half the outer diameter, find:
eed. /(i) manometric efficiency.
iv) velocity and direction of water at outlet.

1. Juestion IV :

:(a) What do you understénd_ﬁj} the term NPSH? - - o _
‘Distinguish between the required and available NPSH and state briefly how they are determined.
(b) A purnp has the following characteristics when running at 1400 rp.m.

Qmfsec 0 0335 = 0545 06 075 0.8
“Hm 20 15. . 10 T BT ¥ 0

The system curve is given by the following eqﬁation' H=175+244 Q* :hoich gives discharge of 0.5
m’/sec. Using the pump as above, the system is redesigned, that is the statié lift is being the same and the
friction losses increase by 30%. Find the new pump speed such that the flow rate is 0.6 m’/sec and

calculate the power consumed if the pump total efficiency at the new operating point is 78%.
' ) ' ; : Best wishes
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~7 {a) Deduce an exprcssmn for the specific speed of"a hydra

El-Mansoura University . Second Term Exam

Faculty of Engineering _ Hydraulics (2)
Dept. of Irrigation & Hydraulics May 30, 2006
Third Year Civil Engineering Time Allowed:1.5 hrs

Answer the foHowmg questions. Any missing data can be reasonably assumed. lllustrate your
answers with neat sketches.

L

Question (I):
(a) A 1:10 model of boat is towed in water of kinematic viscosity 10 m? /sec. What should
be the speed of the model to simulate a speed of 4.0 m / sec, If the resistance is due to :

(1) internal friction only ; and (i) waves only?

Caleulate the kinematic viscosity of the liquid in which the model i is tested ifgH

due to both internal friction and waves are to be considered: - . :

(b) Explain why distorted models of rivers are commonly used?

__ A tidal river is built to a horizontal scale 1 : 500 and a vertical scal
3.0m, tidal period of 12 hrs and 25 min, and fresh water discha
produced in the model,’what are the correslaondmg tidadsEiR

model. . :

Question (I1):

A reaction turbine is supplied with water at a ratefef 150 m” /sesnder a head of 200 m ,The
runner diametcr is 4. 5 m at inlet and 3.0 m at t 1ts vane angle is 120° at mlet Assummg

Queshon { El ):

A propeller pump havmg exte y

“}% % d £y )
inte ".ters as 3.0 m and 1.5 m respectively , it

ta speed o 400 r.p.m. and 70 % manometric efficiency.

If the S.H.P. = 5200 h.p., fikeethie maneinetsic head, the exit blade angle @f the mean
. diamefed) and the pump gpkc Tfﬁr%;allsﬁﬁmsacy: 65 %.

%%wpmnps arranged in two papallel lines, { maximum speed 2983 r.p. m)
18 of these pumps run contmuously, 3 held forreserve and 3 for mainitenance.t has a
capacity of 1.2 Mm? /hz. The minimum and maximum water levels at the pump house are 147
m asl and 178.5 m asl réspetively. The water level in the discharge canal (Shelkh Zayed canal)
is 201 m asl.The maximum efficiencies are 90 % and 80 % at maxnnmn and minimum levels
respectwely If the coordinates of the operating point at maximum speed are 57 m, and 16.7
m®/ sec, estimate for each pump at the maximum water level aperation : (i) equation of the

system curve; (ii) the required pump speed ; and (jii) the power consumed in watts at both
the maximum and minimum water levels.

Best Wishes
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——» The propeller pump (Axial flow Pump) is more liable to cavitation than other

pumps because of its high speed T o
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— L\M\tv"J —H'lﬂ hecu\
& NPSHA [Net Positive Suction Head Available}:

NPSHA =2~ —Ii- —z, —losses
Y /4

» Suction hft (zs) is the e
source reservon' and the eye of the pump.

d/% ﬂjﬂ & F‘“{AI) -’h ﬂ/ .‘:.-a"\ ;&
3> Atmospheric (barometric) pressu o

> NPSHA =0 . Hg¥% R
o= Thﬁ i N& gawtatl@n No. ) ox (cawtatmn parameter)

fthe pump (manometrlc head) .
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S
tation NPSHA > NPSHR

— To prevent cavitalion
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Sol.

Ex:

A centrifugal pump of specific speed N = 25 , discharges 120 lit/sec of water when
running at 800 r.p.m. If the losses in suction pipe are 1.63 m of water . Find the maximum
allowable suction static head in order to avoid cavitation . Take : 6. = 0.2, Py, = 1.033
kg/cm® & Poggour = 0.076 kg/om” .

N, =25 z,=77
Q = 120 lit/sec

N=800rpm

Tosses=1.63m

c,=02

P, = 1.033 kg/em®

Pyapour = 0-076 kg/om’” .

v o NNO s 800~/0.12 _

5 = e 7 H,=24.72m
NPSHA =c,-H, =0.2%24.72 = 4.944m
NPSHA BE/R z, — losses
/4 4 ; ,
* 4 % 4
4.944 = L0 e QO IO z,—1.63 = z, = 3m
1000 -~ 1000

K L) Canmsazg (e ST Waliaeg 1Y Lein ¢ Jun )5S0 elall s g Adamell Ly LIS
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Ex: (June, 11, 2002)

A pump is used to deliver 0.453 m3/sec of water from a river against a total head of 40 m at
400 C (vapour pressure head = 0.76 m). The water level will normally be 1.0 m below the
chosen pump site, through extreme draughts the level can be 4.0 m below the pump. The
suction pipe has 600 mm diameter and f = 0.004 If the pump cavitation parameter is 0.15,
will the pump be free from cavitation effects ? and if not what precautions do you suggest ?

Atmospheric pressure at the pump site is 0.92 kg/cm?

T = 014453 mfsec

H e = Uow

P\f . :1"6 - %S,:I,OM Y\DYMM{
— t

= [|_lo\m a)t_‘i_femt

—~t1s
597 d
2
27 o000l #]0x 6453

9.8 % T % 0.6°

(N’ o Cay et e )

g

’3'1—;—0;00’1 +Gox 0453
- —
.3y xTT 24 0.6°

P 2426 va <Liaom <anf)lfi“m occ_um)
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