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DEPARTMENT OF MECHANICAL ENGINEERING
Fluid Mechanics and Machinery —
UNIT IV TURBINES Topic - Work done by water on the runner - Problems

COURTESY
https://nptel.ac.in/courses/112104117/ui/Course_home-8.htm

Problem 1. A hydro-turbine is required to give 25 mW at 50 m heat and 90 r.p.m.
runner speed. The laboratory facilities available permit testing of 20 kW model at
5m head. What should be the model runner speed and model prototype scale
ratio?

Solution: P1 = 25 mw P2 250 kw
N; = 90 r.p.m. H? ==5 m
Hl
-+ =50m
RL=\/—£_T(EZ_)3/4=. 25)(106 x(i)f&/‘l
D, Py \Hy V20x10° ~ \50
Scale ratio = =6.29
- ' D, [H (5
Ny = NG i, A
2 1 =90x6.29x =179r.p.m.

Problem 2. In an inward flow reaction turbine having vertical shaft, water enters
the runner from the guide blades at an angle of 155° with the runner blade angle
at entry being 100°. Both these angles are measure from the tangent at runner
periphery drawn in the direction of runner rotation. The flow velocity through the
runner is constant, water enters the draft tube from tile runner without whirl and
the discharge from the draft tube into the tail race takes place with a velocity of
2.5 m/s. The runner has the dimensions of 40 cm external diameter and 3.8 cm
inlet width. The turbine works with a net head of 35m and the loss of head in the
turbine due to fluid n is 4m of water. Draw vector diagrams and calculate:

1. Speed of the runner

2. Runner blade angle at a point on the outlet edge where the radius of rotation is
9cm.
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3. Power generated by the turbine and its specific speed.

4. Inlet diameter of the draft tube.

Solution. Velocities at inlet and exit are related by the expression:

Tl 2 2_ .2
 JEA 2_u2 U Uy, Us—u
V2~V _ Uy —y T2 rl %2 1

2¢ 2¢ 28 2 28

From the inlet velocity triangle

g Up -—l--' Vuy=0

%= (180—155) =25°

B
= (180 — 100) = 800
i tana-] :
Y :
an25° 2144 Un
U SV - =2

tan 4
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'—.21447 . n =1.968
5% T angee

. . . e v =
Since the discharge is in radial direction, *!
U,ﬂul 2144'Uf1 X 19680}1‘1 2

g 9.81. 043’

Work done =
From the energy balance,
Head supplied

= (work done) + (kinetic heat at exit) + (losses in the runner)

252

=04307 2x981

3.5 4

%1 = g.45m/s

Cu

1 'Ur
.=1.968 * =1.968 x 8.45 =16.63m/s

xd)N aX04xN

1 60 -1663= - 60
16.63 X 60

N= 7X04 =79 r.p.m.

2. From outlet velocity triangle:

“2 "% =% _g a5m/s

Peripheral velocity of the outer edge at 9 cm radius

n 9
Uy = U, X ' 0

271 —1663x 2 =748 mis
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g, = - +48.5°

Discharge through the turbine, Q =% 4’171 =%x 0.4 x 0.038 x 8.45
-3
- 0.4035™/®

3. Power developed by the turbine,

14 #wQ%ﬂ- =w Q (0.43 v})

2. .3
= 9810 x 0.4035 x 0.43 8491215 x 107 W = 121 5 kw
Assume a mechanical efficiency of 98%

4. Power available at turbine shaft =121. 5x 0.98 = 119.07

- NJp 704 VTT907

" : 5/4 =TT 35574
Specific speed of the turbine, Ns =101.77
discharge’  0.4035
: - 2
5. Inlet area of draft tube = fomvelogly _ 845 _ 0.04775™

If d is the inlet diameter of the tube,

fdz

=0.04775

(D.04775x4)1/2_

T
d= - =0.246m




SNS COLLEGE OF TECHNOLOGY, COIMBATORE-35
DEPARTMENT OF MECHANICAL ENGINEERING
Fluid Mechanics and Machinery —
UNIT IV TURBINES Topic - Work done by water on the runner - Problems

Problem.3. The velocity of whirl at inlet to the runner of an inward flow

vH VH |

reaction turbine is (3.15 ) m/s and the velocity of flow at inlet is (1.05" )

vH

m/s. The velocity of whirl at exit is (0.22" " ) m/s in the same direction as at

vH

inlet and the velocity of flow at exit is (0.83" ) where H is the head in
meters. The inner diameter of the runner is 0.6 times the outer diameter.
Assuming hydraulic efficiency of 80%, compute the angles of the runner
vanes at inlet and exit.

. - (Vo = Vi) | (i) _ ( Uy ]

gH ‘\p) Dy

Solution.

08 = [(3.15VH)u — (0.22VH) 0.6u]
’ 9.81H '

u =(2.60/H)and u; = (1.56 /H )

From inlet velocity triangle, we have

T
tan@ = \i (3.15vH) —(2.60vH)
(Vi —u)
1.9091
6 = g2°21’

From outlet velocity triangle, we have

o Vp 0.83VH :
tang = (y;-V,,) (1.56vH)-(0.22VH)

=0.6194

¢ =31°46
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Problem.4. The inlet and the outlet runner blade angles of a propeller turbine

are 90° and 25° respectively to the tangential direction of the runner. The inlet
guide vane angle is 30°. The speed of the turbine 30 rom. The mean diameter of

the runner blades is 3.6 m and the area of flow is 30 ™>. Assuming that the
velocity of flow is constant throughout, determine (1) Discharge (ii) Power
developed (iii) Hydraulic efficiency (iv) Specific speed.

Solution.

N
; ;

D
9=3.6m
N =30 r.p.m.

& =90°
?=25°
a=230°

2
Flow area, a =30m
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Runner blade angle at inlet is radial

V,= Vﬂ and u; = Vw,

. . Vﬂ = ij
As velocity of flow is constant so. -

& a'rDON 3 T X3.6X30
60 60

=Uu
Also .
=5.65m/s

From inlet velocity triangle

tan 30° =
T 565

V
A _5.65xtan30°

=3.262m /s

V. . =u.
w1 =M 5 65m/s

v

tang Yot Vo

From outlet velocity triangle,

3.262

T 565+V
tan 25° o2
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v 3.262
24 565=tn25 —7 g

Ve2_7 _565=1.35m/s

N o T
v, = V5 +VE,

. =3.529 m/s

V2 1
ﬁ‘}; = E [Via: #q = Vil
We have, '

(352972 1
2x981 98115 55 x 5.65 — 1.35 x 5.65]

_3L92-762 1245
T 981 1962

H=247+0.634 3.104 m
(1)Hydraulic efficiency is given by

le Uy - sz Uy _ 31.92-7.62

T, = ng _ 981x3104

=0.798 = 79.8%.

(2)Discharge through turbine, Q = Area of flow x Velocity of flow

3
~30x3262=97.86™ /5

work done per second
1000

(3)Power developed by turbine

.[le MUy - sz 'uZ] i
1000

=1
8 :
. x Weight of water
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_ 1 [3192-762]
981 1000 4 1000 x 9.81 x 97.86

= 2378 kW

N\/;; _ 30xv2378 1462.94
N, =% (3104°/* T Tg17

(4)Specific speed is given by 355.08 rpm

Problem.5. In a Francis turbine of very low specific speed, the velocity of flow
from inlet to exit of the runner remains constant. If the turbine discharges
radially, show that the degree of reaction p can be expressed as

_1__1 cot@
P=2 o {cota —cotf

where a and ¢ are the guide and runner vane angles respectively and the degree
of reaction p is equal to the ratio of pressure drop to the hydraulic work done in
the runner, assuming that the losses in the runner are negligible.

Solution. Applying Bernoulli’'s equation between the inlet and exit of the runner and
neglecting the potential difference, we get

PV B VP Veu

w  2g w 28 g
(for radial discharge)

p P1

Where ® and * are the pressure heads at the inlet aid the exit of the runner
respectively.

Thus pressure head drop due to hydraulic work done in the runner is given by

Vi V2V

P_A _
woow 2¢ 2 g
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22
\w w)/
£ Vot
Now g
Vi _VE, Vuu
_ 28 23 8
P W
8
Or
2 2
= 141412V
2 V,u
Or . (1)
For radical discharge
V., =Vcosa
Also -- .
Vf=.s.ina_

u =V, - Vot
Or u =V [cos a-sin a cote]]
And V1=Vf=VSi.nC\.’

Thus, introducing these values in equation (i) above and simplifying it, we get.

=1_1[_m_,]
# 2 2 C_ota——cotﬂ
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Problem.6. An inward flow pressure turbine has runner vanes which are radial-at
the inlet and inclined backward at 45° to the tangent at discharge. The guide
vanes are inclined at 15° to tangent at inlet and velocity of water leaving the
guides in 24 m/sec. Determine correct speed for runner and absolute velocity of
water at point of discharge if diameter at entry is twice that at discharge and
width at entry is 0.6 times that at discharge.

Solution.

Vi, = Vs « Vi = Ve
Fig. Input and outlet velocity triangle
Given %1 2qpe By =45°
b =060,
V2 = 24 mis 100k,
d, =2d,
In outlet velocity triangle
VTz - 24
V =V, = - —_—
fo= ¥ sinf 0707 = /s Ans.

We know

Q =mdby Vfy = dyb, Vf,
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dy by
VA = &2x—=%=xV
A d b f?

- b
2d;  0.6b,
x33.94

10
12 x 33.94 = 28.28 m/s
Vv
tana, = —fl—

“ (For radial discharge)

=105.94 m/s Ans.




