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DETAILED EXPLANATIONS

1.

()
As per given data,
Dynamic head, h = h

stag hstatic

h=10-5=5m

Velocity of flow = 0.95v2x9.81x5
= 9.4 m/sec

(c)
(a)

No  [m_ [5_1
Ns, = \mpy ~N100 2
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% Change x100 =100 %

(b)

For geometrically similar model and prototype

(75 o = (5]
N3D5 model - N3D5 prototype

Given, N, = 2Np
P, Pp
= -3 .5 = 315
N‘?nDli Npr
Py N,D
= 315
PF’ NPDP
373
By 2Ny Dy,
B, = N, 16°D;,
10x10°% %23
p, = TW =7629 W
(a)
(). - ()
7| = |7z
D’N?), D*N*J,
30 20
= (1> xN? = (3)* x(600)>
30 x 32 x 600>
N2 = —————

20
N = 2204.54 rpm
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()
u
Speed ratio = \/ZgiH
U = 0.45x+/2x9.81x200
U = 28.19 m/sec
U = nDN
-~ 60
= D = 1.077 m
(d)
mgh _80%9.81x30
B.P. = n, 08 =29.430 kW
(d)

Characteristics of Pelton wheel

(i) Impulse turbine

(i) High head turbine (300 - 2000 m)

(iif) Low specific discharge turbine

(iv) Axial flow turbine

(v) Low specific speed turbine (4 - 70 rpm)

Characteristics of Francis turbine

(i) Reaction turbine

(i) Medium head turbine (30 - 500 m)
(iii) Medium specific discharge

(iv) Radial flow turbine, but modern Francis turbine are mixed flow turbine

(v) Medium specific speed turbine (60 m-400 rpm)

Characteristics of Kaplan turbine

(i) Reaction turbine

(i) Low head turbine (2 m-70 m)

(iif) High specific discharge

(iv) Axial flow

(v) High specific speed (300 -1100 rpm)

(c)

o, = NPSH/H
0144 = NPSH
: 25
NPSH = 3.6 m
NPSH = H,, -H, -h -h,
3.6 = 98-03-h_-04
h =55m
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10. (b)
N N, Q72
= 3/4
T (st
3/4
N. = N, s (ng) /
1 Q%/ 2
0.183x(9.81x15)%/4
= N/ =5.467 rev/s
11. (b)
le I
_ DN _mx12x450 o e
T 60 60 SN
From inlet velocity triangle, Va v,
v, " Vi 40
sin120° ~ sin40°
sin120°
Vi = X Gnae S0 m/E
u
Vi = Vycos20°=357m/s;
V.o = 0 (Radial exit)
Vﬂ = V,sin20° = 38 x sin20° = 12.99 =13 m/s v
r2
So, Power developed = pQ(u,V,, - u,V,,) Va=Vp
= 10° x (0.4 x 13) x (91) x 35.7 B 90°
~ 5250 kW U,

12. (o)
Pelton turbine — Specific speed from 10 to 50 + tangential flow.
Francis turbine — Specific speed from 60 to 300 + mixed flow.
Propeller turbine — Specific speed from 300 to 1000 + axial flow with fixed runner vanes.
Kaplan turbine — Specific speed from 300 to 1000 + axial flow with adjustable runner vanes.

13. (a)
Area = 10 cm?

103 m?

50m/s

Velocity of jet
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Force on an inclined stationary plate in normal direction to the plate,
F, = pav?-sin®
Here 6" = 90 -0
So, F, = pav* cos®
Moment of F, about 0 = F, x OB

= pav* x

cos0
= pav? (OA)
For equilibrium position, XM, = 0
W x sinf x OA = pav? (OA)

2
sind = ‘”% (Since, OA = OA’)

10° x 107 x (50)?

sinB =

5x10°
) 1
sin® = 5
6 = 30°
14. (d) 0
Diameter of Jet = 60 mm
- Angle of deflection
Area = X (0.06)% = 2.827 x 10~ m? 1806
Velocity of Jet = 50m/s v
Angle of deflection = 120°
06 = 180° - 120° = 60°
F = pav*[1 + cos 0]
F = 1000 x 2.827 x 10-3 x 507 [1 + cos 60°]
F = 10601.25 N = 10.601 kN
15. (b)

Power at head of 25 m = pgQH n
= 1000 x 9.81 x 9 x 25 x 0.9 =2 x 10° W
= 2 MW

The power parameter remains constant

P
pD2 H3/2 = constant
P o H3/?
3/2
20
Power generated = 2x10° X[Ej

1.43 x 10° W = 1.43 MW
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16. (d)
u, =V,
D, =24cm,m, =0.85
_ mD,N _ mx0.24x1400
27 60 60
_ 8H, _gHy
nm - Vw2u2 u%
0.75 = 9.81xH,,
(%)
5
H, A =23.68m
17.  (a)
u, = u,=9m/sec
d =150° ¢ = 30°
V,=6m/s
In AABC,
By si 1 u W
y sthe rule, siny ~ sin30°
U . o
= siny = _Sln30
4 v,
9 1
— _X_
6 2
y = 48.59°

m/s
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18. (a)
For pump,
& = &—'— (hL)pump - Hmano
P8 pPg
3
_ 120x10 +3-10
1000 x9.81
P, = (1223 +3 -10) x pg
P, = 5.234 (1000 x 9.81)
P, = 5133 kPa
19. (o)
Given: D, =03 m, N =1800 rpm,n__ =0.9
nD,N mx0.3x1800
Now, U= 6o = <0 =9t m/s
Manometric efficiency,
_ 8H,
Y]mano - V. u
wy 2
For radial blades, u, = V,,
9.81xH
09 = (97'5)2
H=7334m
20. (d)
Given : A, =20 cm?, Ap =60 cm? o =40rad/s, r =15 cm
4y
Maximum velocity, V= 7 X®r
60
Vo= Ex40x0.15=18 m/s
For double acting pump, average velocity
— 2V, 2X18 1145
Ve = T T ag D Lom/s
21.  (d)

i’lz b22
- 3.0 s - 0.2 y =
Here, 5 m > M, H =04m

Efficiency of draft tube is given by,

Hy
pr = +7 VZ V2
2g 2g 2 |
ne =1 04 |
- 3-0.2
Npp = 0.857 or 85.7%
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22. (o)
Here, D, =4m, H=10m, B, = B, = 0.8 m, Vf= 3m/s, N, =038
Now, discharge, Q =nD;B; x V,
=ntx4x08x%x3
=30.16 m3/s
Overall efficiency is given by,
P
o~ pgQH
P =mn,x pgQH
= (0.8 x 10° x 9.81 x 30.16 x 10
~ 2367 kW
23. (b)
H .= 400 m
c,=097
Reservoir Penstock Nozzleend ———>
H, H C/ H
Losses Losses
in Penstock in nozzle
Loss in nozzle = (1 - C %) H
H =0.9 x Hg = 0.9 x 400 = 360 m
Head loss in nozzle = (1 - 0.97%) x 360
=1.97 x 0.3 x 360 = 10.8 x 1.97
=21.27m=213m
24. (b)
m = pav, =30 kg/s
v; =20m
w = 1800 N
x=3m

l=4m

X
2pav? L
sin @ = 21X v
wl i 1

2mox 2x30%20%3 -

wl 1800 x 4
sin® = 0.5
0 = 30°
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25. (b)
d =150°
B, = 180° - & = 30°
K=0.9
n, =09

Hydraulic efficiency, mn,=mn,xn,
(nH)max = (nw)max X nn
1+Kcosf
= (—2 2) XM,

_ (1+0.9>;COS30 )x0.9 — 80%

26. (c)
m =5kg/s=p-Q

Q= %szlO’g’m?’/s

Discharge in two directions will be

_5x107°

Q, = %(1+cose)

=3.75x10°3m3/s

(1+ cos60°)

-3
Q, = %(1 —cos0) = > X;O (1-cos60°)
=1.25x 1023 m3/s
27.  (b)
g 2pAVZx  2x1000x 10~ x (10)% 21
Wi 1000 x I 3
sinf = 0.133
0 = sin10.133
28. ()
D
— 4
DP
H
— -5
HP
; _H
or pump, D2N2 T constant
4 P
an N°D® constant
H® _N°.D"
= 66~ 5 = constant
D°N P
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H3.D* H2.D}

= =
p? P
L H'(D 4—\/53x44
- P, ~\\H,) \D,)
= 16x5/5 =805 =179
29. (a)
n =0.80
u, =11m/s
D, = 2D,
nD,N nDN
U, = T—sz =2u2=2 x11=22m/s
Radial vane at outlet so
MZ — Vw2 U= vwz
90°
— —gHm sz
nm Vw2 .Uy v,
_ 9.81xH,
= 08 = %2
oo 222 % 0.80 3947 m
n 9.81 '
30. (b)
_ mD;N _ nx1.4x300
1760 60
u, =22m/s
N nD,B % Vf] =8

22
—x14x025V, =3

80
Vi = 11 m/s
80
_ = 03306
tana = 397
o = 18.29°
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