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PART A
Fx=Rate of change of momentum in the direction of force 1
I(1 21 2
! Fx=paV? ,where p density of fluid, a-area of cross section ,V-velocity of the 1
jet
Jet ratio=D/d, where’ D’ is the diameter of the wheel and ‘d’ is the 2
I(2) : ; 21 2
diameter of the jet
I(3) | Kaplan turbine 2 2| 2
1(4) | Forced vortex flow 2 2| 2
The entire operation of completely filling suction pipe casing and a portion
I(5) | of delivery pipe upto delivery valve with liquid to be pumped is called 2 2] 2
priming
PART B
2
11(1) 6| 6
Initial velocity of jet striking on plate =V
Final velocity of jet leaving the curved plate
in x direction =-V cos®
in y direction = -V sin 6
Force exerted by jet on curved plate in x direction = pA V (V - -V cos 0) 2




in y direction
pA V(0-Vsin®)= - pAV?sinf

1(2)

When a jet issues from a nozzle and strikes on a fixed vertical plate exerts a
force on the plate which is equal to the momentum of the jet, The jet gives a
reaction to the nozzle and is equal to the

momentum of the issuing jet and will act opposite to the direction of the
issuing jet

reaction of the jet= mV= (pA V)V=pAV?

Jet propulsion is the principle used to utilize the reaction of a jet to propel the
bodies such as ships ,air crafts ,rockets etc.
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Consider a tank provided with an orifice is mounted on wheels .As soon as
the orifice plug is removed ,the jet will issue and its reaction will be
experienced by the back wall. If the force is sufficient ,the tank will move

being on wheels with a velocity in direction opposite to the direction of
issuing jet.




11(3)

1. According to the type of energy (a) Impulse turbine, and (b) Reaction
turbine If the energy available at the inlet of the turbine is only kinetic energy,
the turbine is known as impulse turbine eg. Pelton wheel. An impulse turbine
operates under atmospheric pressure throughout its passage. If water
possesses both kinetic energy and pressure energy at the inlet of the turbine,
then it is known as reaction turbine. eg. Francis turbine and Kaplan turbine.
As the water flows through the runner, the pressure energy goes on changing
into kinetic energy.

2. According to the direction of flow of water in the runner

(a) Tangential flow turbine

Water strikes the runner tangentially to its path of rotation (eg. Pelton wheel)
(b) Radial flow turbine

Water flows in radial direction of the runner. The flow may be inward radial
(Francis(radial turbine) or outward radial flow (Fourneyron turbine)

(¢) Axial flow turbine

Water flows over the vanes in a direction parallel to the axis of rotation of the
runner (e.g. Kaplan turbine)

(d) Mixed flow turbine

Water enters radially but leaves in the direction parallel to the axis of rotation
of the runner -Francis turbine(mixed flow)

3. According to the head and quantity of water available

(a) High head turbine

works under high head (above 250 m) and requires small quantity of flow
(Pelton wheel)

(b) Medium head turbine

requires medium head (60 to 250 m) and requires relatively large quantity of
water (Francis)

(c¢) Low head turbine

requires low head (less than 60) and requires very large quantity of water
(Kaplan)

4. According to the position of shaft (a) Horizontal turbines - have
horizontal shaft (Pelton wheel) (B) Vertical turbines - have vertical shafts
(Kaplan)

5. According to the specific speed of the turbine (a) Low specific speed
turbines (b) Medium specific speed turbines (c) High specific speed turbines
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Specific speed type of turbine
Less than 30 Single jet Pelton wheel
30-50 Multijet Pelton wheel
50-260 Francis turbine
260-860 Kaplan turbine

1.5x4
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1. Hydraulic Efficiency
0 Power developed by the runner
Thyd Power supplied at the inlet of the turbine

2. Mechanical Efficiency
Actual power available at the shaft of the turbine

L Power developed by the runner
Actual power available at the shaft o f the turbine

Overall Efficienc
¥s Mo power supplied at the inlet of the turbine

Overall Efficiency, To= Thydx Mmech

11(6)




1(7)

1
Air vessels are a closed container, in which the half part is filled with water &
upper half part is filled with compressed air. These airvessels installed very
near to the suction valve & delivery valve to avoid the separation. 1
(1) The flow fluctuation is reduced and a uniform flow is obtained.
(ii) The friction work is reduced.
(11i) The acceleration head is reduced considerably.
(iv) Enables the use of higher speeds. 14
PART C
IMI(a) UNIT I
Betore siriidng
o
l ¥ 4
Eﬁ:ﬁ_ o ::%:'L ">;_'f-:“ < 2 (for
g S fig.)

A vertical plate is hinged at one end O. h = height of plate, A = The centre
point at which jet strikes the plate Consider the jet of water striking the
hinged vertical plate at point A. Due to the thrust, the plate will swing through

some angle 0, B = The point at which jet strikes after it is inclined to an
equilibrium position.




x = Distance of centre of jet from hinge O. = OA = OA’ = Half height of plate
The weight of plate acts at centre A’ of the plate. After striking, when the
plate is in equilibrium, the moment of all forces about hinge should be zero.
There are 2 forces acting on plate.( 1). Force (Fn) due to jet of water, normal
to the plate. Fn = p A V? (sin (90 - 6) )

Fn=p A V2cosf ,Moment due to force Fn=Fn x OB =p A V?cosd x OB =
p A V2cosh xOA/ cos 0=p A V?x. (2.) Weight of plate=W ,Moment due
to W about hinge = W x OA’ sin® =W x sin 0

When the plate is in equilibrium, equate both moments. p A VZx =W x sinf

. sinf=E2Y2
5
i)
2.5
F=pA(V-u)?=1000x7x(.06)?x(18-6)/4=407.14 N 2.5
W.D=Fxu=407.14x6=2442.9 N 3
Efficiency n= W.D/((1/2) p A V3)=2442.9/8244.55=29.63%
IV(a)
1.5
1.5

Inlet orifices facing the direction of ship
Principle of jet propulsion is applied to propulsion of ships. The ship carry
pumps which take water from the surroundings. This water is discharged by
forcing through the orifice at the back of the ship. The efficiency of the ship
depends upon the direction of the inlet orifice
A ship may have
1.inlet orifices at right angles to the direction of its motion
2.inlet orifices faces the direction of motion
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Mass of the issuing jet m=pAVr
Propulsive force F= pAVrx(Vr-u) and W.D per second= pAVrx(Vr-u)xu
Efficiency n=W.D per second/Kinetic energy per second

IV(b)

Viy
i e

viz15misec

V:z30mjsec

p:15mjsec
. Vpz15mjsec

0=0,p=60°,6=0, Vw=V=30 m/s, u=15 m/s

Vr=Vrl=V-u=30-15=15m/s, ul=15 m/s,p=60°

Vwl=ul-Vrl cosp=15-15c05860=7.5 m/s

Weight of water discharged per
second=9810x(1d%/4)xV=9810x(n(0.15)%/4)x30=5200.7 N/s

Force exerted by the jet=W/g(Vw-Vw1)=(5200.7/9.81)x(30-7.5)=11928.2N
Work done per second=11928.2x15=178923Nm/s




V()

2
It consists of a nozzle in which a spear moves to and fro by the action of the
servomotor piston and controls the quantity of water at changing demand of
load. This to and fro movement of the spear causes variation in cross | 5
sectional area of the jet coming out from the nozzle without changing its
velocity.
When the spear is move backward the rate of flow of water increases and
when it is pushed forward the rate of flow of water decreases.

V(b) V=Cv,/2gH=0.97xv/2 X 9.81 x 310 =75.65 m/sec 1
u= 0.47xV=0.47x75.65=35.56 m /sec 1
No=shaft powerx1000/(9810xQH),  0.8=(5890x1000)/9810Qx*310
-.Q=2.420 cumec 3
u=nDN/60 ..D=60u/tN=(60%35.56)/nx560=1.212 m 3

VI(a)

Hydrauli
[E
Vanesior)
Buckets
This & connactsd ©"089—
to the runner Waterin
3 (for
fig.)

This is a commonly used tangential flow impulse type of turbine. It is
suitable for very high heads and requires lesser quantity of water. A Pelton
Wheel shown in Fig. consists of runner, buckets, nozzle, guide mechanism,
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hydraulic brake and casing.

Working of a Pelton Wheel The water is conveyed to the power house from
the head race through penstocks. The nozzle fitted to the end of the penstock
(power house end) delivers a high velocity water jet into the buckets. One or
more jets of water are arranged to impinge on the buckets tangentially. The
impact of water jet on the bucket causes the wheel to rotate, thus producing
mechanical work. An electric generator coupled to the runner shaft and
mechanical energy is converted into electric power.

After leaving the turbine wheel, water falls into the tail race. The Pelton
wheel is located above the tail race so that, the buckets do not splash the tail
race water. '

VI(b)

No=shaft power/(9810 QH/1000)
0.85 =6990/(9810Qx500/1000)

V=Cv,/2gH=0.97V2 X 9.81 X 500=96.07 m/sec.

u=ul=047V

=0.47x96.07=45.15 m/sec

u=7DN/60 ..wheel dia.D=60u/tN=60%45.15/(nmx430)=2 m
Q=nD?xV/4 ~.d*=4Q/mV=4x1.676/(3.1415x96.07)=0.0222 m*
~jet dia.d=0.149 m

VII(a)

UNIT III

Francis turbine Kaplan turbine

Francis turbine is radial
flow turbine but in case of

modern Francis turbine Kaplan turbine is axial
water enters radially and flow turbine i.e. water
leaves the turbine axially enters and leaves the
According to which is called as mixed turbine runner both in
type of flow flow turbine. axial direction.
Efficiency of Francis Efficiency of Kaplan
turbine is less as compare  turbine is higher than
Efficiency to Kaplan turbine Francis turbine

Less friction losses as
compare to Francis

Losses Friction losses are higher turbine
Size The size of Francis
turbine is quite large as Kaplan turbine compact in

compare to Kaplan turbine  cross sectional area




Vanes

Type of shaft

Head available

Flow rate

Specific speed

Governing
mechanism

Runner vanes

Large number of vanes in
runner, generally the
number of vanes are 16
to 24

The direction of shatt is
may be vertical or
horizontal as per
requirement.

Francis turbine requires
medium range of water
head i.e. it generally
varies from 100-600

- meters

As it is works in medium
head therefore it requires
medium flow rate.

Francis turbine works on
medium range of specific
speed i.e. the specific
speed varies from 60 to
300.

Fancies turbine has
simple governing
mechanism.

Francis turbine
has fixed runner

vanes on the
shaft

Kaplan turbine is
compact in size so the
numbers of vanes are also
less; generally the
number of vanes is 4 to 8.

The direction of shaft is
always in vertical
direction because it is
axial flow turbine.

Kaplan turbine works on
very low head, the
requirement of head is
generally 100 meters.

Kaplan turbine requires
high flow rate of water.

Kaplan turbine requires
high value of specific
speed because it is works
on low head. Generally
the range of specific
speed varies from 600-
1000.

The governing
mechanism of Kaplan
turbine is quite
complicated in
construction and

- working.

Kaplan turbines vanes are

adjustable i.e. we can
easily adjust the runner
vanes as per our
requirements.

1x7(c
onsid
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VII(b)

Francis turbine is an inward flow reaction turbine . The vane angle at exit =
90°, The velocity triangle is

tano =
Vil /ul
sul =Vwl

ul =
Vfl/tan o

=2.5 /tan 12

=11.761575 m/sec

- Since 5% area of flow is blocked by the runner blades, therefore the actual
area of flow will be 95%

Q=095nDI1B1 V1 =095 = D2B2V{2 .D1BI1 =D2B2
B2=B1xD1/D2=0.1x1/0.6

=(0.166666 m

ul=7nD1 N/ 60
.Dl=

60 xul/ nN

=60 x11.761575 /( = 280)

=0.802m

- D2=0.6 x0.802=0.481 m

Q= 0.95 xz D1 xB1 xV{l = 0.95 xnx 0.802 x 0.1 x2.5=10.599 m3 / sec

11




ViIi(a)

VIII(b)

A draft tube is a pipe of gradually increasing area which connects the outlet
of the runner to the tail race and is used to discharge water from the turbine
exit to the tail race. One end of the draft tube is connected to the outlet of

the runner while the other end is submerged below the level of water in tail
race.

Conical or Divergent Draft Tube

=

Clrzulne

%

Sy _ Hydracone or Moody
® bl and 19 tangular 3t Quies Spreading Draft Tube

Given Data: D2=0.6 D1 ; a=12°;6=90°; N=280rpm Bl=0.1m;
Vil = V12 =2.5 m/sec

tan o = V{l ul

... (ul = Vwl)
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ul =Vil/tan o
=25 /tan 12= 11.761575 m/ sec

Since 5% area of flow is blocked by the runner blades, therefore the actual
area of flow will be 95% Q = 0.95 = D1 Bl V£l =0.95 = D2B2V1{2
-DI1B1=D2B2 .B2=B1xD1/D2=0.1x1/0.6= 0.166666 m

Tangent
to wheel

sina= Vfl/ V1

= V1=VI{l/ sina

=2.5/ sin 12=12.02 m / sec
ul = nD1 N/ 60

- D1 =60 xul/(nN)

=60 x 11.761575 /( mx 280)
=0.802m

-~ D2= 0.6 x0.802=0.481 m
u2 =7x 0.481 x 280 /60
=7.06 m/ sec

Q=0.95 x D1 B1 Vfl

=0.95 1 x 0.802 x 0.1 x 2.5 =0.599 m3 /sec

2(for
fig.)
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IX(a)

UNIT IV
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Impellers In seties. Impeliers in paraliel

A centrifugal pump with a single impeller can develop a head up to nearly 40
metres. In order to develop greater heads or to discharge a high rate, a
multistage pump is used. A multistage pump is a pump with more than one
impeller.

(i) Impellers in Series:

In this case, a number of impellers are mounted over a common shaft. The
discharge from the first impeller is guided into the inlet of the second
impeller. The discharge from the second impeller is guided into the inlet of
the third impeller and so on and finally, the discharge from the last impeller
is directed to the delivery pipe.

As the liquid flows through each impeller, the head Hm is impressed on it.
Suppose there are n impellers. The total head developed = Ht = n Hm. The
same discharge Q passes through all the impellers and is finally delivered to
the delivery pipe.

(ii) Impellers in Parallel:

This arrangement is meant for discharging a high rate of flow at a given
small head Hm. The impellers in this case are mounted on separate shafts.
The discharges from the various delivery pipes are collected in a collecting
pipe which communicates to the final delivery pipe.

If Q= discharge from one impeller, then Qt=nxQ where ‘n’ number of
impellers

2(for
figure

2.9

2.5
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IX(b)

N=1450 rpm,Q=110 litres/sec=0.11 cumec, Hm=23m,d1=250mm,b1=50 mm
nmano= 75%

»
078 =
(2]
S 4
levi - 23
g 015
= 30.67 Nmv/sec/N of waler
But v}‘w:;ﬂﬂ *xxﬁ;zéx!#ﬁ
= 1898 mfsec
T ,
Vi = DEZOTL = 1585 msec
T S IR
n Tdyby mﬂgsxzamnmmm
Vn 2.80
fan R
’- Vi-Vyy 1BOB- 1585 0.8945
d=dI° ey

2(for
fig.)
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X(a)

The hydraulic ram is a pump which raises water without any external power
for its operation. One essential requirement for the satisfactory operation ofa
hydraulic ram is the availability of a large quantity of water with a small
positive head or height. This large quantity of water at a small height is
sufficient to lift small quantity of water to a greater height. It works on the
principle of “Water Hammer."

The system has a chamber with two flap valves and an air vessel. This
chamber is connected to the water supply from a supply tank or a water
reservoir at a small height. The supply tank and the pumping chamber are
separated by a valve which controls the flow of water.

When the inlet valve fitted on the supply line is opened, water starts flowing
from the supply tank to the pumping chamber. The chamber has two valves,
“B" and “C." Valve “B" is the waste valve and “C" is called the delivery
valve. The valve “C" is fitted to an air vessel. As water is flowing from the
supply tank, the chamber gets filled up and valve “B" starts to move
upwards. A moment comes, when the valve “B" suddenly closes. This
sudden closure of valve “B" creates high pressure inside the chamber. This
sudden increase in pressure opens “C" which is the delivery valve. Thus the
water from the chamber enters the air vessel and compresses the air inside
the vessel. The compressed air exerts a force on water which is inside the air
vessel. Thus a small quantity of water is raised to a greater height. As the
water in the chamber loses momentum, the waste valve “B" gradually opens
in downward direction and flow of water from the supply tank starts flowing

2(for
fig.)

to the chamber and the cycle will be repeated.

16




X (b)

Sol. Single acting pump
D = 150 mm, L = 300 mm
_ N =40 rpm
Qineoreticat = ?
% slip=1?
Quctuat = 209.5 lithnin
209.5

1000x 60
Theoretical average discharge

cumec = 0.003492 cumec

_ALN
= Quheoretic ,,..gé..

_ T 2
=3 (0.15)%0.3) 2

= 0003534 cumec = 3.534 litres/sec
Stip = Quheoretical = Qactual
= 0,003534 - 0.003492 = 0.000042 cumec
<. Slip percentage
0.000042

= mx 100% = 1.118%.




