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01(a).

SECTION - A

To damp oscillations, the pointer of a galvanometer is fixed to a circular disk which turns
in a container of oil as shown in the figure. For angular velocity, o = 0.3 rad/s express the
damping torque (in N-m) as a function of displacement x (in mm) of the disk from its
center position. (The oil has a viscosity of 8x 10~ Pa-s? Neglect edge effects).
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01(h).

A 10 cm diameter solid cylinder of height 9.5 cm weighing 0.4 kg is immersed in liquid

(y =8.2 kN/mS) contained in a tall, upright metal cylinder having a diameter of 12.7 cm.
Before immersion the liquid was 7.6 cm deep. What is the rise of original liquid surface?

(Assume, g = 10 m/s’)
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01(c).

Derive an expression for the local velocity u(y) of viscous fluid flow between two

stationary flat fixed plates separated by distance 't'. State suitable Assumptions made.
(12M)
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01(d).

Water flows steadily through a horizontal nozzle, discharging to atmosphere. At the
nozzle inlet, the diameter is D; and at the nozzle outlet, the diameter is D,. Derive an
expression for the minimum gauge pressure required at nozzle inlet to produce a given
volume flow rate ‘Q’. Also find this inlet gauge pressure if D; =75 mm, D, = 25 mm and
the desired flow rate is 0.02 m?/s.

To.

G"\V?PO m‘- %‘ D,
h — % S )Dl: 25"“7'5 :

Q.= 0.02 ™Jsec

(12 M)

Conh’nuilﬁ equakion \ ;

0§ O

be bween

Ay, - A Vs W (2)

AL ’ TT Dz

Revnoulli's E‘LMH L

1\

Candidates
must not
write on this
margin



m,

P.?

1

i1

1" D,
0:01SM : D, = 0:029M
¢ Q= 00rM/s

2 y -
gx10 x (0:0%) [
- e

q
7t % 0078

018
002§

P B

)

4

g

Candidates
must not
write on this
margin



01(e).

A Pelton wheel works under following conditions. Nozzle velocity coefficient = 0.97,
bucket friction coefficient = 0.9, bucket to jet speed ratio = 0.47, jet deflection
angle = 165°. If mechanical losses are 5% runner power, calculate :

(i) Wheel efficiency (ii) Nozzle efficiency

(iii) Mechanical efficiency (iv) Hydraulic efficiency B3x4=12M)
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02(a).

Consider a penstock pipe which connects dam reservoir outlet to the hydro power plant
turbine. At the end of pipe, flow control valve is provided. Details of pipe are as follows:

L = Length of penstock pipe = 6 km

D = Diameter of pipe = 1 m

f = Darcy's friction factor = 0.025

H = Head above the pipe outlet = 25 m

Kvave = Loss coefficient of valve = 10

Keary = Loss coefficient at entry of penstock pipe = 0.5
If pipe valve is suddenly opened, find time required to attain 90% steady state discharge.
It is given that the expression of time required to establish the steady state in penstock

ipe is t—L'V"lo V0+V'
p p 2 ng gc Vo P V
where, V, = Steady state velocity
V = Attained steady velocity fraction in terms of V, in time t. 20 M)
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02(b).| In a 50% reaction turbine the blade inlet angle is 55° and the outlet angle is 20° to the [ Candidates

tangent of the blade ring. The steam speed is 260 m/sec. (i) Determine the blade speed for 3::;[::”“
shockless entry and also the stage efficiency. (ii) In case maximum efficiency is to be | ynargin '
achieved find the blade inlet angle, blade speed and stage efficiency in that case.
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02(c).

(i).

An incompressible flow field is given by \“/=xzf—22}—3xz]:z with V in m/s and
(x, y, z) in meters. If the fluid viscosity is 0.04 Pa.s, evaluate the entire viscous stress
tensor at the point (x, y, z) = (3, 2, 1). (12 M)
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02(c).

———

(ii).

constants. Find an expression for the streamlines of this flow.
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03(a).| A rain drop of diameter 0.3 mm is falling down in air (puir = 1.2 kg/m3 and v, = 15¢s). Candidates
Determine the velocity of fall. Check the analysis for validity of Stokes law.  (I5M) | o™
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03(b).

An aircraft is flying at an altitude of 10 km (pair = 0.17 kg/m’) at a speed of 900 km/hr
and the propulsive efficiency is 60%. Overall efficiency is 20%. Drag on aircraft 6.5 kN.
If heating value of fuel is 45 MJ/kg, calculate volume of air handled by compressor.
The velocity of gases leaving the nozzle is 575 m/s. (15 M)
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03(c).

A centrifugal pump has an efficiency of 80 percent with specific speed of 2323 (units of
rpm, m3/hr, and meters). The impeller diameter is 200 mm and the volume flow rate
68 m’/hr of water at 1170 rpm. To obtain a higher flow rate, the pump is to be fitted with
a 1750 rpm motor.

(i) Use pump laws to find performance characteristics of pump at the higher speed.

(i1) Also, show that the specific speed remains constant for the higher operating speed.

(10+5=15M)
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03(d).

An air vessel is fitted on delivery side of a reciprocating pump. (i) What is the ratio of
velocity of fluid in delivery pipe to the maximum velocity in delivery pipe without air
vessel 7 (i) Show that pumping power saved by the use of air vessel is 84.8%.

(7+8=15M)
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04(a).

A hydraulic ram pump delivers 5 lit/s to a destination which is 18 m above the ram.
Source of the water is 4 m above the ram pump and discharge passing through the waste
valve is 75 lit/s. If head loss in the supply pipe and delivery pipe are 0.5 m and 1.5 m
respectively then find D’ Aubuisson efficiency

(1) by ignoring the frictional losses,

(i1) by considering the frictional losses. G+6=12M)
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04(b).

In order to analyse water hammer in a penstock pipe of hydel plant, velocity of sound or
pressure wave velocity (C) is expressed in terms of bulk modulus of elasticity (K) and

mass density (p) of water. Prove that C=\/K/p . (Don't use dimensional analysis)
(12M)
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04(c).

At a particular cross section of a Kaplan turbine inlet guide vane angle and exit blade
angle are equal and their value is equal to 25°. What is the value of blade angle at inlet
and hydraulic efficiency ? Assume the turbine is discharging water into atmosphere and
ignore the frictional losses in turbine.

W

J.‘ Tan dl 100 g;_

e Ve 0

V(.U; uﬂ

\
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04(d).

A centrifugal compressor handles 200 kg/min of air whose inlet pressure and temperature
are 1 bar and 290 K with inlet velocity of 100 m/s. The conditions after the compression

in impeller are 1.7 bar and 350K at 260 m/s. calculate
(i)  Isentropic efficiency of compressor.
(i1) Power required to run compressor (kW)

From Ctody Flow enevqy eq/uahbn
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04(e).

What are the proportions of radius to height (ro/h) of a right circular cylinder of specific
gravity, S so that it will float in water with end faces horizontal in stable equilibrium ?

(12 M)
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05(a).

Whry

Wi Hh

The reading of an automobile fuel gage is proportional to the gage pressure at the bottom
of the tank as shown in the figure. If the tank is 32 cm deep and is contaminated with
3 cm of water, how many centimetres of air remains at the top when the gage indicates
"full" ? Use Ygasoline = 6670 N/m* and v, = 11.8 N/m®. (Assume, g =

10 m/s*)
E\fem

Air

|||q

Gasoline 32cm

Water

=T JEY

- (12 M)

% ﬂaﬁoh’ue
- 6670 x D22
Pgaugs
- 2134 Py

Ful)

waby  added,

' ~-0'03 ) -h A+ 10:8 b
2lzy = 107x 003 6670 (t0-32 -0:03 ) -b]

200 + 19393 7 6610 h +1I°¢h
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05(b).

Milk with a density of 1020 kg/m’ is transported on a level road in a 9 m long, 3 m
diameter cylindrical tanker. The tanker is completely filled with milk (no air space), and
it decelerates at 2.5 m/s%. If the minimum pressure in the tanker is 100 kPa, determine the
maximum pressure and its location.
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05(c).

A pipe of 800 mm in diameter carries water with turbulent flow velocity profile as:
u(y)=4+0.25log,(y)

The shear stress at a point 100 mm from the wall is measured as 1.2 Pa.
Determine (i) Turbulence dynamic viscosity (n)
(i1) Prandtl mixing length

(iii) Turbulence constant. BS+5+2=12M)

Gn'veh

uty) = 4 + 0-2€ log Y
E‘l_g, = 04+ 025 x -
y i
- Dl?_f
y
: au
(1) T s o= .
# e rl d‘j H:U'Im
_ 0:28
b2 B e
1 =

- 045 M |

L) Pandt!  mixing  fengih

ugfn?
T = j’-ll-(%%)l

L, 008 %
_ A'Q 3 R
L2 = 1000 (m)
0 - p0I1386 M
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o
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05(d).

A water jet pump has jet area A; = 0.01 m” and jet speed V; = 30 m/s. The jet is within a
secondary stream of water having speed V = 3 m/s. The total area of duct (sum of jet and

stream area) is 0.075 m”. The water is thoroughly mixed and leaves the pump exit with
the pressure rise P, — P;.

1 2,

v, =3 m/s —*

(i) What is the speed (V;) at the pump exit ? \_.5' V=30 m/s —

(i) What is the pressure rise (P, — Py) ? — —
6+6=12M)

(i) Continuity Equalion

AV = Cmg(@nl'

peVe + A oo — O

But pp = P2 = D018 m>
pe = b M
= 001§~ 040!
= 006§ M

, . g
Qubiﬁhmng Ao Aj ¢ R ' &quanion 0)

0+ D6 % 3 4 p-ol x30 = @018 x Vy

V, = 66 M[p

) Momentum  equalon (o~ dlivection )

SF = S myv-— 2mV
out im

( Bemnoulli  equaton i€ noe alid  becauce  mixing

¢ o Viccouc process j
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05(e).

A backward vane centrifugal pump has exit blade angle of 45°. Discharge through the
pump is such that radial component of absolute velocity is 25% peripheral velocity. The
pump is made to run in opposite direction with same speed while maintaining same
discharge. What is the ratio of theoretical head developed by the pump when running as

per designed direction Ltlo that in reverse direction ?

U, - sz—
0,2§ ul
U, — Vwx

248 ::

(12 M)
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Vi, - Us
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028U
e
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06(a).

The following data refers to a Francis Turbine:

Working head =25 m

Power developed= 2555 kW

The overall efficiency = 90 %

The diameter and width at inlet are 1310 mm and 380 mm

The diameter and width at outlet are 1100 mm and 730 mm

Angle made by relative velocity at inlet with positive direction of blade velocity is 135°
The whirl is zero at exit. ~ [Assume 1, = 0.98, N, = 0.97]

Determine:

(i) Head extracted by the runner , (ii) Guide blade angle,

(ii1) Runner speed, (iv)  Runner blade angle at outlet

(v) Specific speed, @x5=20M)
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2
Jgge x 10
e —-.

qux q:%' X zg?‘ IODO

n

sy mfe

, . Overall M‘Hfi\{mg
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06(b).

A venturimeter is installed in a pipeline of 400 mm diameter. The throat diameter is 1/3™
of pipe diameter. The pressure in the water pipeline is 1.405 kgf/cm?® gauge and vacuum
in throat is 37.5 cm of mercury. If 4% of differential head is lost between gauges then
find

(1) coefficient of the discharge of the venturimeter
(i) the discharge in pipeline.

dy = {oomm = o:¢m T
FFFF Ym
0 .
dy - q_g_ mm = 0°:133M (10 + 10 = 20 M)

b p - 1yos Kt
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=
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06(c).

Velocity profile in a laminar boundary layer is given by :

u =Sm[£.1).
U 23

0

1.31

1fRe:L

Prove that the coefficient of drag is equal to

Dug doce = [T pde

Wheve Tt) 4%
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%w[i : uﬁb"} d%
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4]

22 56 3

0
{

- ng 1.4 (V Sin 1.4
0

U, d,e, CVD” - lcavman  Mom en lum
v
In (I?ml equalion ’

(20 M)

Candidates
must not
write on this
margin



UL T TN S—
T d
put T = }1;% [ Newton't  law d) Uiscosllxj]
PO )
';j‘. %{_ Cuh.glﬂ %HS’.]
ls
o §
Equating  equation’ O ¢
AT dn £
§. d§ = ﬂl _ﬁ_—u{d"‘
4 - il
S [ S
-
L
ﬁ, - ll'S'L A 4+ C
Q J U
Roundavy  Condition
A w=0 820 — (=0
0. 4196
i

o ST 53

Candidates
must not
write on this
margin



d Candidates
Qa yCe - ) . (oL must not
D'Y 9’ f‘fO FD f —6 B write on this
0 margin
g n
_ U
= PR Y
a8
0

(Rex

L
= \{01327'}“”“’.6' w‘ﬁd%
0

/U

1)

0:65¢S ./z-uh-& /fﬁ_’r L
/J

ofegfju-uso- B. | Re,

N

C - Fp FD
D - =
;{.f.ﬁup TZL-'f-Bo).-U;:—

o 0SS x fr Uk B [Rec

. S
3'4 1. Bk 'u“’y
_ &«,{ D-égg , ﬁﬂ- Re(_ - ‘f'UV'L]
e B Rl
Ry H
(p = _’j—’— Hence va&’j.

\ \fﬁqﬁ, 7 i
*s 58 .



07(a).

A reducing elbow is used to deflect water flow at a rate of 14 kg/s in a horizontal pipe
upward 30° while accelerating it as shown in the figure. The elbow discharges water into
the atmosphere. The cross sectional area of the elbow is 113 cm? at the inlet and 7 cm? at
the outlet. The elevation difference between the centres of the outlet and inlet is 30 cm.
The weight of the elbow and the water in it is considered to be negligible,

Determine:

(i) The gauge pressure at the centre of the inlet of the elbow.

(it) The anchoring force needed to hold the elbow in place. (7+8=15M)
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i) Momentum  equation
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The velocity distribution in laminar pipe flow is given by
r2
V(r) = me(l = —RTJ

where, Vmax = Centre line velocity,
V = Velocity at radius 'r' from central axis
R = Radius of pipe
Prove that the kinetic energy factor is equal to 2 while the momentum correction factor is

1161 ::
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07(c).

Derive an expression for the relation between larger diameter (D,) and smaller diameter

(Dy) of a pipe line at sudden expansion section for maximum pressure rise. Ignore major
loss.

a I
et = (15 M)
,APP]Hi’ng Enerqy equatton befweenN @4\ @
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07(d).

A two dimensional flow is described in the Lagrangian system as:
x=x,e"+ yo(l—e“z'“ )
y=Y.e"
Find (i) the equation of pathline of the particle and
(ii) the velocity components in Eulerian system. (7+8=15M)

(0 pathline g A puahce it found by eliminating
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08(a).

A horizontal pipe of 100 mm diameter carries water at the rate of 3000 /pm. The relation
between average height of the protrusions on the pipe surface, k, friction factor (f) and

radius of pipe (R) is given as : ~\/1—1? =2log m(%] +1.74

Find the following for k =0.15 mm :

(1). Friction factor

(ii). Wall shear stress of pipe

(1it). Centreline velocity

(@iv). State type of pipe surface i.e. smooth or rough.

(v). State type of hydro dynamically surface. G+10+3+4+3=25M)

d=100mm = oI m

Q - 2000 _ 00§ ml/g
\0DD x 60
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08(b).

The plane gate in figure, weighs 2.1 kN/m normal to the paper, and its centre of gravity is

2 m from the hinge at O. Consider a unit width of gate, as shown in figure.

(Take, g = 10 m/s”)

(i) Find h as a function of 0 for equilibrium of the gate.

(ii) Is the gate in stable equilibrium for any values of 0 ? (7+8=15M)
2
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08(c).

Figure shows a lawn sprinkler with two jets, each located at 30 cm from centre. (diameter

of each jetis 1 cm) Vi
. 30cm ; 30 cm 4

fll

VJel

(i) Assuming no friction, find the speed of rotation for a discharge of 2.5 lit/s.

(i) Find torque required to hold the sprinkler stationary.

(iii) What will be its steady rotation rate if it has retarding friction torque of 1.5 N-m?
10+5+5=20M)
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