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Section A ; Fluid Mechanics and Turbo Machinery

Q.1 (a)| (i) Classify following fluids in tabular form based on their density and viscosity: ideal

Ams

. / = " . - v 0
Ij,_l I. 5 "'.?l;_-:‘l 1 C}'?L "_.K- II I -'":_L'.?L_‘-:__,Jf_j C .Ll.ll'h'\—k" ot
1 -ll "

fluid, incompressible fluid, Tnviscid fluid, real fluid, Newtonian fluid, Non-Newtonian
fluid, compressible fluid, perfect gas.

(i) Draw the graph of shear stress versus shear strain rate for the following types of
fluid /materials: Solid, plastic fluid, ideal plastic, non-newtonian fluid, newtonian
fluid, dilatant fluid, inviscid and ideal fluid.
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.
Steam expands in a steam ‘mrbme isentropically from inlet to exhaust havmg) an enthalpy
drop = 15000 kJ/kg. Assuming optimum operating conditions, determine the mean
diameter of the wheel if the turbine is

1. Single impulse stage

2. Single 50% reaction stage

3. Two-row curtis stage

Take the nozzle angle as 18° and blade speed as 4000 rpm.
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Q1 (¢)| (i) The tangential component of velocity of incompressible fluid in 2-D flow is

__tsind
taT 2

where ¢ is a constant

1. Using continuity equation, determine the expression for radial velocity v,
2. Find the magnitude and direction of resultant velocity
<ol Vi = CEmn© [6 marks]
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(ii) If the velocity ficld is given by u = (16y - 8x), v = (8y - 7x), find the circulation around

the closed curve deﬁnedbyx=4,y=2,x=3,y=3.
[6 marks]
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Q1(d)

So)v

The inlet and threat diameters of a horizontal venfurimeter are 36 cm and 12 cm
respectively. The liquid flowing through the venturimeter is water. The gauge pressure
atinletis 13.734 N/em? while the vacuum pressure head at the throat is 37 cm of METCury.
Find the rate of flow. Assume that 4% of the differential head is lost between the inlet
and throat.
: [12 marks]
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Q1 (e)| (i) Explain rolodynamic and centrifugal pumps. Explain the following types of
centrifugal pump with the help of figure/schematic:
- Centrifugal pump without diffuser
- Centrifugal pump with diffuser

(ii) Explain the types of impellers used in a centrifugal pump with the help of
schematics/sketches. What are the losses in a centrifugal pump encountered
during its operation ?

[12 marks]
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Q2 (a)

A composite solid cylinder has 80 mm diameter consists of an 80 mm diameter and 20 mm
thick metallic plate having specific gravity 4.0 attached at the lower end of composite
solid cylinder of specific gravity 0.8. Find the limits of the length of the wooden portion
so that the composite cylinder can float in stable equilibrium in water with its axis vertical.

[20 marks]
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Q.2(b)

Taik

(i) The velocity distribution for laminar flow in a round pipe of radius R is given by the

equation
i ]2
Uiax | R )

where uis the velocity at a radius rand u___ is the maximum velocity at the centreline.
Determine the value of the kinetic energy and momentum correction factors if the
average velocity is used to represent the flow. Explain the implication of these

correction factors.
[10 marks]

ik
LA vt

Lo C'J =

L-{._ﬂ-’-&.nx"‘&] A

|

B A e -:.{ri:iii ‘E‘Q}r

Pt TV AT Vo

= e
"= v de
= _'L_—_
\“C‘W‘j[::‘_ ek i Mg "‘*"‘a""?k‘?r
i, oy H S st 4
R i)
it {J_L e
Anchal ” /
B ™ ; '
b= oy S OB ) %o/
R™ds = "4 /
1 j___% — (. 2EZY K/
|55 g ,




MADE ERSY Question Cum Answer Booklet | Page 15 of 60

D niot
write in
this margin

Q2(b)

I_CZ{W ehec eanansy, \:C-"r—{.:f-:'_[}“.'.?"vf} v’.{JE'i‘i'Q-_LW

| B et )

e L i

b |,y B ke
L Va3
o e (R e
e }:{“wwmn 1 R/RL - \
K, 8 |
el = 1'.(_) | (I flf’}-’g 1) "},C’i'\/ :_‘I by
0 | s v f |
> o)
_ | o* e
& i lﬁ% ¥ 3 = |
1'_ mf— Q._ //f’f ' )
— 49

(if) Crudeoil of viscosity 1.6 poise and relative density 0.9 flows through a 25 mm diameter
vertical pipe. The pressure gauges fixed 20 m apart read 58.86 N/cm?and 19.62 N/ em?
as shown in figure. Find the direction and rate of flow through the pipe.
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A rectangular draft tube is fitted at the exit of a large reaction turbine with a
discharge rate of 100 m*/s. Water leaves the draft tube with a velocity of
6.25 m/s. The area ratio of the draft tube is 1.8 and theoretical efficiency is 85%.

Determine:

1. area of cross-section at entry and exit,
2. head gained by the draft tube,

3. additional power generated,

4, head loss in the draft tube

Assume the potential head to be constan! for flow through the draft tube.
[20 marks]
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(i) A tainter gate is used as a control at the crest of a small spillway as shown below. If
the width of gate is 2 m, find the magnitude of the force on the gale for the conditions
shown. What angle will the resultant force make with the horizontal?
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(il) A dramage pump has inlet as a vertical pipe with a tapered section, which is filled
with water as shown in the following fizure. Diameter at ends of the tapered section
are 1.2 m and 0.6 m respectively. The pipe is running full of water. The free water
surface is 2.8 m above the inlet and 2 m below from 0.6 m diameter section. The
pressure at the upper end of the pipe is 28 cm of Hg (abs) and the head loss between
two sections is 1/10% of the velocity head at top section. Find the discharge of water

in the pipe.
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Q.3(b)
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(i) Inarough pipe of diameter 0.8 m and length 4500 m, water is flowing at the rate of

0.8 m?/s. If the average height of roughness is 0.48 mm, find the power required to

maintain this flow.
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¢ ol

(ii) A jetof water of diameter 10 cm strikes a curved plate at its centre with a velocity of
20 m/s. The curved plate is moving with a velocity of 8 m/s in the direction of jet.
The jet is deflected through an angle of 165°. Assuming the plate is smooth then

determine:
1. Force exerted on the plate in the direction of jet
2. Work done by jet on plate \A
iy N et
3. Efficiency of the jet S

Ny ' [10 marks]
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Q.3 (c)| An inward flow radial turbine has the following data:

Power : 160 kW .

Speed : 32000 rpm

Outer diameter of the impeller : 20 cm

Inner diameter of the impeller : 8 cm

Absolute velocity of gas at entry : 387 m/'s

Absolute velocity of gas at exit : 193 m/'s (radial)

The gas enters the impeller radially. Draw the velocity triangles at the entry and exit of
the impeller then determine:

1. the mass-flow rate and

2. the percentage energy transfer due to the change of radius :
[20 marks]
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Q.5 (a)

Section B : Thermodynamics-1 + RAC-1, HMT-2 + TOM Machines-2

1 kg of air is heated at constant volume until its temperature becomes 3.5 times original
temperature, then it is expanded isothermally until it reaches its original pressure, The
zas is then cooled at constant pressure until it is restored to the original state. Determine
the net work done if the initial temperature is 310 K.
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Q.5 (b)
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The mass of the turbine rotor of a ship is 22 tonne and has a radius of gyration of
0.62 m. [ts speed is 1800 rpm. The ship pitches 6° above and 6° below the horizontal
position. A complete oscillation takes 30 seconds and the motion is simple harmonic.
Determine the following:

1. Maximum gyroscopic couple

2. Maximum angular acceleration of the ship during pitching and

3. The direction in which the bow will tend to turn when rising, if the rotation of the
rotor is clockwise when looked from the left.
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Q5 (¢)

(i) Explain the concept of absolute entropy.
(ii) A50kgblock of iron casting at 500 K is thrown into a large lake that is at a temperature

of 285 K. The iron block eventually reaches thermal equilibrium with the lake water.
Assuming an average specific heat of 0.45 kJ/kg-K for iron.

Determine:

1. the entropy change of the iron block

2. entropy change of the lake water

3. entropy generated during the process.
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Q.5 (d)f Show that the solid angle associated with the entire hemisphere is 27 Sr.
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Q5 (e)| (i) Discuss the drawback of single etfect absorption system.
(ii) What are the drawbacks of:

1. NH, and H O pair

2. H,O and LiBr pair
For absorption system?

[6 + & marks]
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Q.6 (a)| A system has a heat capacity at constant volume,
C, = AT?
where, A= 0042]/K3

The system is originally at 200 X, and a thermal reservoir at 100 K is available. What is
the maximum amount of work that can be recovered as the system is cooled down to the
temperature of the reservoir?
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Q.6 (b)
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Aninsulated piston cylinder assembly has an initial volume V, and contains air at P, and
I. Air is supplied to the cylinder from a pipeline, maintained to the constant Ppand T,
through a valve fitted into the cylinder. This piston is restrained in such a manner that
the pressure of the air in the cylinder remains constant at P, during the process of filling.
The filling is terminated when the final velume V, is twice the initial volume V,. Show
that the final temperature of the air T, in the cylinder is given by
3
L= T 1
I ' Tp

If P, =400 kPa, T, = 200°C, T, = 150°C and ¥, =12 m”, estimate the mass of air that has
entered the cylinder through valve. 5
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Q.6 (c)

The following data refers to a 20 TR ice plant using ammonia as refrigerant:

The temperature of aqueous ammonia solution (liquid) leaving the condenser is 20°C
and condensation of ammonia takes place at 25°C. Temperature of brine in the
evaparator is ~15°C. Before entering the expansion valve, ammonia is cooled to 20°C
and the ammonia enters the compressor dry saturated. If the maximum allowable
temperature rise for water is 5°C.

Calculate for one tonne of refrigeration the power required, the coefficient of performance

of the plant and the amount of cooling water in the condenser, Use the properties given
below in the table:

Saturation | Enthalpy. kl/kg Entropy, k| /kgK | Specific heat, k]/ kgk
temp. *C Liguid | Vapour | Liquid | Vapour | Liquid Vapour

=15 112234 | 1426.54 {.4572 5.5490 £.39 2.303
- f !

25 29890 | 1465.84 | 11242 | 50391 | 4606 2,805
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