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DETAILED EXPLANATIONS

1. (d)
u
Speed Ratio = \/ZgiH
"
- J2x98x900 04
= u = 0.45+/2x9.8x900 =59.8 ~ 60 m/sec
2. (d)
N
We know that, N, = N = Constant
N, N,

B
E

I}
Z
I

N, H 300, /@ =346.41rpm = 347 rpm
H, 45

Txwm

3. (b)

!
1l

=873.632 kW

13900><(—2“X600j
6
4. (d)

Governor of turbine, helps in starting and shutting down the turbo unit.

5. (b)

Given: d =10 cm = 0.1 m, d = 120°, 6 = 180° - 120° = 60°, V =30 m/s
PAV?2 (1 + cosb)

Force exerted by jet

1000 x % % (0.1)% x (30)% x (1 + cos 60°)

= 10.6 kN
6. (b)
Given : P, = 7000 kW; N, = 200 rpm; H; =30 m; H, =15 m
) P
We know,Unit power, p, = W
.. For the same turbine:
b b
I{%/Z }{2/2
7000 P,

= = 247487 kW =247 MW

~
N}
|
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(d)

Work done by ject on series of plates per second,

=F xu
=pAV (V- u)-u

Kinetic energy of jet per second,

Efficiency of jet = 1

(c)

sz =

N | =
N | =

PAV(V-u)-u _2(V-u)-u

AV
2

NJQ

* Specific speed of pump, N, = 34

. S.No. | Turbine Specific speed
1. | Pelton - Single jet Upto 30
- Multijet jet 30 - 60
2. | Francis 60 - 300
3. | Propellar 300 - 600
4. | Kaplan 600 - 1000

* Draft tube is required at the exit of reaction turbine.

VZ

* Screw pump is used for pumping viscous oil.

(a)

PAV V2 _ %pAVS

8 uy=Vyp
2L o
90°
sz 7,

From the outlet velocity triangle

14

W

Uy =D, N/60 =7 x 0.3 x 1450/60 = 22.78 m/s

Manometric efficiency,

=V, cos a, = u,

gH gH
n = = —
Tom Ve,
81xH
(22.78)
H=4336m

[Where F, = Force in x direction]

[H = net head developed]
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10. (d)

Depending upon the pump, a critical cavitation number of 6 < 6, will result in cavitation and cause

severe reduction in pump efficiency. Hence for operational purpose it should be seen that 6 > 6,

ie NPSH > o H
Hence minimum NPSH = 6 x H
11. (¢)
12. (o)
ol
: - —==20
Speed ratio, ¢ = 5 oH
= U = 2x+/2x9.81x40=56m/s
Vi
Flow ratio = —=—==0.65
2gH
= Vﬂ = 0.65x~/2x9.81x40=18.2m/s
Given: Power, P = (pgQH) X M ...n

10 x 10° = 10% x 9.81 x (Q) x 40 x 0.90

Q = 2831 m?/s
As discharge, Q= %[Dz —Df]fol
_ T _ 2
2831 = D x[1-035 |x18.2
D =15m
13. (a)
le I
|e—— u1 _>|
20° 60°
Vrl
2 Yn
u
VVZ
Vy=Vp
p 90°
U
nDN mx1.2x450
u, = = =9ntm/s

1 60 60
From inlet velocity triangle,
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14.

15.

Vi _ Uy
sin120°  sin40°
sin120°
= Inx——=38
Vi e sin40° m/s
V, = V,cos20°=357m/s;
V., = 0 (Radial exit)
Vf1 = V,sin20° = 38 x sin20° =12.99 =13 m/s
So, Power developed = pQ(u,V, , - u,V,,)
= 10° x (0.4 x 13) x (91) x 35.7
= 5250 kW
(b)
N, N
JVH1 JH>
= N2 = Nl &
H,
" Head is reduced by 11 m
So, H, = 36-11=25m
25
= 100 x,|— =83.33 rpm
N V36 P
Py Py
AISO, H13/2 H§/2
o H, 3/2
2 - 1 H,

(b)

Shape number is also known as non-dimensional specific speed

For pumps, S g =

NJQ

(gH)3/4

3
1200 x /1.8 x 10
60

( 9.81 )3 x(62)""

=80.67 ~ 80
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16. (a)
Velocity triangle for inward flow reaction turbine.
e
eV,

Vi, =
Vi = 2JH m/s
Ve, = 0.25VH m/s
Vi, = 0.75VH m/s
D,
D, ~ 0.5
n, = 0.80
We know, hydraulic efficiency,
i = gH MDD, Tw D

4/Hu, ~0.25vHu, _(4VH ~0.25VH(05))u,

080 = 9.81(H) 9.81H
= Uy = 2,025J/H andu, = 1.01268H
From outlet velocity triangle,

We have,

tano sz

= an¢ =
u, =V,

i 0.75vH

- MO = 1 0126VH - 0.25VH
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17.

18.

19.

0.9834
tan~(0.9834) = 44.52°

= tan¢
= o

(c)
Given : H; =25, N, = 200 rpm, Q, =9 m>/s, n, = 0.9

_h
o = pQ:18H,
Py
ot 09 = J000x9x9.81x 25
= P, = 1986525 W
Now, H, = 20 m, P, = ?, Unit power, P = %
". For same turbine (P ), = (P,),
LB
. HY? T R
1986525 P,
= (25)3/2 = (20)3/2
= P, = 1421441.58 ~ 1.42 MW

(b)
Given: Q =400 m®/s, H =20 m, N = 100 rpm, 1, = 0.8, N, = 450 rpm

5 N+/P ,
Specific speed, N, = T (P = Power in kW)
5/4)\2
P [SE s

Now, Total power output = P,=pgQH x 1,
1000 x 9.81 x 400 x 20 x 0.8
62784 kW

Total power output

Number of turbines .
Power output from each turbine

62784

= ——=173=2
36224.301
(a)
Given: d,=2m, d; =25, Q =15 m%/s
— 2m _>|Turbine
V2
6m
/ | \
\J
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2
voe Lo 1 iiem 2 1162 m
2 29

2 A T
2 —x(2
Tx(2)
V2
vy= 8o 1 _30558m; 2 =04759 m
A (25 28
4
V2
h, = 03x—2=0.14278m
28
Vi Vs
. _2¢g 2g b 1.162-04759-0.14278
- Efficiency of draft tube, n, = ‘ﬁ = 1162
28
= 0.4675 = 46.75%
20. (¢)
Given: Q =0.05m3/s, H=30m,d=15cm =0.15m, [ = 150 m, f* = 0.014, n, = 0.75.
. Q = A xV
= V =283m/s
Manometric head,
2 2
H, = H+ ALYV + -
2¢D  2g
2 2
_ 304 4% 0.014 x 150 x (2.83) N (2.83)
2x9.81x0.15 2x9.81
= 53.267 m
N = Water power
? Shaft power
_ pgQH,,
or, 0.75 = Sp
p - 1000 % 9.81 x 0.05 % 53.267 _ 34,84 KW
0.75
21. (o)

Governing mechanism in case of pelton wheel is carried out by jet deflector’s and sprear rod,
while in case of reaction turbine it is carried out by guide vanes.
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22,

23.

24.

25.

26.

(d)
Design consideration
~
H,m, P i P
' Q
()
o), - ()
D2N2jm - \D’N?),
30 20
= (1> xN? = (3)* x(600)*
30 x 3% x 600
N2 = X2
20
N = 2204.54 rpm = 2205 rpm
(d)
ZFX = —F= Mout Uy —Min Uiy
= m(—VJ COSG)—mVj = —ij V]'2(1+C059)
F = ijV]-z(1+cose)
30AVE - 2
= 5 PA; = pA; Vi (1+cos0)
1
cos B = 5 = 0 =60°

(a)

For delivering constant discharge, air vessels are provided on delivery side of the pump.

(a)
nD,N _ mx0.30 x 1200

At the outlet U = oo <0 =18.85m/s
sz = 2.0m/s and 8, = 30°
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From the outlet velocity triangle,

| Up |

I Vi |
2
O pa = 30°
AV,
Vo Via
e
B Vi
tan B, = ty ~ Ve,
2.0
tan 30° = 1885-V,,
18.85 - Vi, = 3.464; and hence V,,, =15.386 m/s
Manometric efficiency
H
Ny = &
MZVZUQ
UV, 0.85%18.85x15.386
Head developed, H=n, = =2513m
g 9.81
27. (a)
3000
Power per wheel = — - 1500kW
Power = n,yQH
= 1500 = 0.90 x 9.79 x Q x 300
= Q = 05674 m3/s
Velocity of the jet = V, = Cy,\/2¢H
= 0.95v/2x9.81x300 =72.88m/s
For the nozzle: Q = %d2V1
- 0.5674 = gx d* x72.88
= d = 9.95cm
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28.  (¢)
Net available head, H = 500 (1 - 0.05) =475 m
1500
Power per jet = ——= 750 kW
NP
Specific speed (N,) = H;//:
NV750
= 15 = pyE—
(475)
= N = 1214.58 rpm = 1215 rpm
29. (a)
(NPSH), .,
G = —_——
‘ H
012 - (NPSH)_.
' 30
Minimum NPSH = 3.6 m
P,
NPSH = M_&_Zs _hL
Y Y
where, z, = Elevation of the pump above the rump water surface, (z,),,,, corresponds to c..
P P,
Hence, (Z)max = % —TU —hy = (NPSH)
= @—£—0.3—3.6 =5.6m
9.79 9.79
30. (b)
Area of jet = E(ﬁjz = 0.00442m>
rea of jet, 2= 7\ 7000 .
The normal thrust on a moving flat plate is given as
F = pa(v - u)?

1000 x (0.00442)(20 - 5) = 994.5 N
Work done per second by the jet on the plate
= Fxu=(9945 x 5) =4972.5 N.m
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