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s

Do not write your name or registration number anywhere inside this Question-cum-
Answer Booklet (QCAB).

2. Do not write anything other than the actual answers to the questions anywhere inside
your QCAB.

3. Do not tear off any leaves from your QCAB, if you find any page missing do not fail
to notify the supervisor/invigilator.

4. Do not leave behind your QCAB on your table unattended, it should be handed over
to the invigilator after conclusion of the exam.

DOs

1. Read the Instructions on the cover page and strictly follow them.

2. Write your registration number and other particulars, in the space provided on the cover of
QCAB.

3. Write legibly and neatly.

4. For rough notes or calculation, the last two hlank pages of this booklet should be used. The
rough notes should be crossed through afterwards.

5. If you wish to cancel any wark, draw your pen through it or write "Cancelled" across it,
otherwise it may be evaluated.

6. Handover your QCAB personally to the invigilator before leaving the examination hall.
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Q.1 (a) | A tank of constant cross-sectional area of 3.2 m? has two orifices each 10.5 x 10 m?® in
area in one of it's vertical side at heights of § m and 2.0 m respectively above the bottom
of the tank. Calculate the time taken to lower the water level from 11 m to 4.6 m above
the bottom of the tank. Assume ¢, = 0.725.

[12 marks]
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Q1(b)

A centrifugal compressor runs at 12000 rpm and delivers 700 m?/min of free air at
pressure ratio of 5 : 1. The isentropic efficiency of compressar is 85%. The outer
radius of impeller (which has radial blades) is twice the inner one and the slip
coefficient is negligible. Assume that the ambient air condition are 1.01 bar and
290 K. The axial velocity of flow is 70 m/s and is constant throughout. Determine

(i) Power input to the compresscr.
(i) Impeller diameters at inlet and outlet and width at inlet, and

(iii) Tmpeller and diffuser blade angles at inlet.
[12 marks]
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The speed of rotation of a blade group of a 50% reaction turbine is 2500 rpm. The mean
blade speed is 120 m/s. The velocity ratic is .6 and the exit angle of the blade is 25°. If
the mean specific volume of the steam is 0.7 m*/kg and the mean height of the blade is
30 mm, calculate the mass flow of steam through the turbine in kg/h. Neglect the eitect
of blade thickness on the annulus area.

If there are six pairs of blades in the group, calculate the useful enthalpy drop required

and the diagram power.
[12 marks]
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Q1(d)

A hollow cylinder closed at both ends has an outside diameter of 1.5 m, length 4 m and
specific weight 80 kN/m?. If the cylinder is o float just in stable equilibrium in sea
water, find it's minimum permissible thickness. Assume that sea water weighs 12 kKIN/m?.
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Q.1 (e)

Briefly explain the working of pulse jet engine. Write its advantages and disadvantages.
[12 marks]
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Q.2 (a)

calorific value of fuel as 44000 kJ/ kg of fuel.

A jet propelled unit travels at 200 m/s in air at 0.7 bar at -5°C. Air first enters a diffuser
in which itis brought to rest relative to the unit and it is then compressed in a compressor
through a pressure ratio of 6.2 and fed to turbine at 975°C. The gas expands through the
turbine and then through the nozzle to atmospheric pressure (i.e. 0.7 bar). The efficiencies
of diffuser and nozzle are 0.92. The compressor and turbine efficiencies are 0.82. Pressure
drop in combustion chamber is (115 bar. Find the fuel-air ratio and specific thrust of
unit. If the inlet cross-section of the diffuser is 0.2 m?, calculate the total thrust. Assume

[20 marks]
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Calculate the friction drag on a plate 0.2 m wide and 0.6 m long placed longitudinally
in a stream of oil flowing with a free stream velocity of 8 m/s. Also find the
thickness of the boundary layer and shear stress at the trailing edge. Specific
gravity of oil is 0.945 and it’s kinematic viscosity is 1.2 x 10" m?/s.

For turbulent flow in pipes (smooth as well as rough), show that

Vma X

T:L'ﬂﬁq

Mean point velocities measured, with the help of a pitot tube at mid-point and
quarter point of a 0.4 m diameter pipe were found to be Z m/s and 1.85 m/s
respectively. If the flow in the pipe is turbulent, determine the discharge, friction
factor and average height of roughness projection.

[8 + 4 + 8 marks]

1
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Q.2 (o)

A single acting reciprocating pump has a stroke length of 50 cm and a cylinder diameter

of 25 cm. The suction pipc is 7 m long and has diameter of 10 cm. The water level in the

sump is 4.0 m below the cylinder.

{i) Calculate the maximum speed of pump, if separation is known to occur at
2.6 m water (abs).

(ii) If an air vessel is fitted on the suction side at a length of 2.5 m from the cylinder,
calculate the admissible maximum speed and the percentage change in discharge.

Take Darcy-Weisbach friction factor, f = 0.03. Assume atmospheric pressure = 10.3 m

water (abs).
[20 marks]
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Q.3 (a)| A helicopter gas turbine requires an overall compressor pressure ratic of 12 : 1. Thisis to
be obtained using a two-spool layout consisting of a five-stage axial compressor followed

by a single-stage centrifugal compressor. The polytropic efficiency of the axial

compressor is 90% and that of the centrifugal compressor is 84%.

The axial compressor has a stage temperature rise of 25K, using a 50% reaction design
with a stator outlet angle of 22° Tf the mean diameter of each stage is 3() cm and each
stage is identical. Calculate the required rotational speed. Assume a work done factor of

0.85 and a constant axial velocity of 170 m/s.

Assuming an axial velocity at the eye of the impeller, an impeller tip diameter of

36 cm, a slip factor of 0.92 and power input factor of 1.03, calculate the rotational

spced required for the ccnirifugal COMPressor. Ambient conditions are 1 bar and

290 K.

[20 marks]
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Q.3 (b)

A steam turbine is to operate between 160 bar, 560°C and 0.15022 bar. The bucket velocity
is limited to 310 m/s and the average nozzle efficiency is expected to be 96%, except for
a 2-row Curtis stage for which it will be 92%. Nozzle angles will be assumed as 16° for

impulse stages and 26° for reaction stages.

All stages operate close to the speed of maximum efficiency. Estimate the number of

stages required for each of the following arrangements.
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(b) ALl 50% reaction stages.

(@) All simple impulse stages.

(c) A 2-row Curlis stage followed by simple impulse stages.

(d) A 2-row Curtis stages followed by 50% reaction stages.
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Water /Steam at p = 16.0 MPa (T = 347.355°C)
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Q3 (9

A Francis turbine is to be designed to develop 400 kW of power under a head of 100 m
while running at a speed of 1000 rpm. Following are some data of turbine given:

(i) Ratio of width of runner to outer diameter of the runner = 0.15
(i) Ratio of inner diameter to outer diameter of the runner = 0.6
(iii) I'low ratio = 0.2

(iv) Hydraulic efficiency = 92%

(v) Mechanical efficiency = B6%

(vi) Circumferential area occupied by thickness of vanes = 6%
Assuming constant flow velocity, calculate

(@) Guide vane angle (b) runner blade angle at inlet (c) blade angle at outlet.
[20 marks]
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Q4 (a)
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A centrifugal pump lifts water under a static lift of 12 m of which 5 m is suction lift. The
suction and delivery pipes are both of 34 cm diameter. The friction loss in suction pipe
is 2.5 m and in delivery pipe itis 7.0 m. The impeller is 0.6 m in diameter and 4 cm wide
at putlet and runs at a speed of 1000 rpm. The exit blade angle is 25°. If the manometric
efficiency of the pump is 86%, determine the pressures at the suction and delivery ends
of the pump and the discharge. Neglect the velocity at the outlet of delivery pipe.
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Q.4 (b)| The steam consumption in a Marson’s reaction turbine running at 500 rpm is 7 kg/s. The
pressure of the steam at a certain pair is 2 bar, it's dryness fraction is 0.97 and power
developed by the pair is 5.4 kW. The discharging blade tip angle is 22° for bath fixed
and moving blades and the axial velocity of flow is 0.75 of blade velacity. Calculate the

drum diameter and the blade height, assuming the tip leakage as 7 percent and neglecting
the blade thickness.

Take specific volume of saturated steamn at 2 bar = 0.8851 m®/kg

[20 marks]
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Q4 (d)

(i) Show that the discharge per unit width between two parallel plates distance I aparl,
when one plate is moving at velocity V while the other one is held stationary, for

bV

3

the condition of zero shear stress at fixed plate is: 9=
where g = Discharge per unit width

(i) Taminar flow of a fluid of viscosity 0.85 kg/ms and mass density 1150 kg/m® occurs
between a pair of plates of extensive width : the plates are 12 mm apart and are !
inclined at 45 degree to the horizonlal. Pressure gauge mounted at two poistis 1.5
m vertical apart on the upper plate record pressure of 85 kN/m? and 270 kN/m?.
The upper plates moves with velocity of 2.5 m/s relative to the lower plate but in
direction opposite to the fluid flow. Make calculation for
(a) the velacity and shear stress distribution between the plates.

(b) the maximum flow velocity, and
(c) the shear stress on the upper plate
[10 + 10 marks]
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Q.5 (a)| A steel rod of 2 cm in diameter and 5 cm long protrudes from a wall which is maintained
at 150°C. The rod is insulated at its tip and is exposed to an environment having heat
transfer coefficient as 70 W/m?K and at 25°C temperature. The thermal conductivity of
the rod is 40 W/mK. Calculate the
(i) finefficiency
(i) temperature at the tip of fin and
(iii) the rate of heat dissipation.
f R [12 marks] !
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Q.5 (b)
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A 25 cm diameter pipe has been laid in an atmosphere of quiescent air at 15°C and
conveys gas at 450°C. Calculate the heat loss per metre length of the bare pipe if the
convection heat transfer coefficient from a hot cylindrical surface freely exposed to still
air is prescribed the relation

0:25
= 1.52(%] W/m?K
where Af 15 the temperature difference and ‘d’ is the diameter of the cylinder in metres,
what-percentage reduction in heat loss would occur if the pipe is covered with 10 cm
thick layer of material whose thermal conductivity is 0.07 W/mK?

[12 marks]
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Q.5 (o)
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(i) Write down the functions of L'-cpdmmn devices in 4 refrigeration systemand briefly
explain their types.

(i) With a neat sketch explain the principle and working of automatic or constant
pressure expansion valve.

[6 + 6 marks]
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Q5(d)| Air in a piston-cylinder arrangement is heated at constant pressure by addition of
100 kJ/ kg of air. The ait is initially at atmospheric pressure and at a temperature of 40°C
while the surroundings is at 27°C. Calculate the change in availability per kg of air.
| Take, B 1.005 k] /kg-K and P,  =1bar]

|
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A shaft tapers uniformly from a diamcter (4 - 24) at one end to (d + 24) at the other is
transmitting power under the action of an applied torque T. Assuming the value of
@ = (.15d. Calculate the percentage error in the angle of twist for a given length, when

evaluated on considering constant diameter d.
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Q.6 (a)| An cngine cylinder system contains a gas mixture with volumetric analysis of 15% CO,,

17.5% O, and 67.5% N,. The temperature at the beginning of expansion is 1200°C and

gas mixture expands reversibly through a volume ratio of 8 : 1 according to the law

pol® =,

Calculate for per kg of gas:

(@ The work done

(b) The heat flow

(c) The change in entropy

[Take the value of &, for constituents CO,, O, and N, as 1.235 k] /kg-K, 1.088 k] /kg-K

and 1.172 k] /kg-K respectively]

[20 marks]
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Q.6 (b)

A beam having cross-section as shown in figure is made of a material with permissible
stress in compression and tension equal to 120 N/mm? and 160 N/mm? respectively.
Calculate the moment of resistance of the cross-section, when subjected to a moment
causing compression at the top and tension at the bottom. Also calculate the compressive
force in the top flange and tensile force in the bottom flange corresponding to this moment.

o 160 -
[ Ln
40, 23]
] b
L +

(All dimensions are in mm)
[20 marks]
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Q.6 ()| An infinite composite slab is made of two layers A and B of different materials. The
layer A is 5 cm thick, has variable thermal conductivity as k_ = 0.2(1 + 0.05f), where ‘t" is
temperature in °C, and its exposed surface is insulated. The layer ‘B is 5 cm thick, has
thermal conductivity 25 W/mK and its outside surface is exposed lo a fluid at 30°C
where the convective heat transfer coefficient is 42 W/m?*K. The temperature at the
interface between the two layers is estimated to be 70°C. Determine

(i) Rate of heat flux from the slab to the fluid.
(ii} Maximum temperature in the system, and

(iii) Location of the point from the insulated surface where the temperature is 80°C.
[20 marks]








MEDE EQSY Question Cum Answer Booklet | Page 55 of 72

[ mink

this margin

'Mqu = P

0 { Eope \@74%1
s “————r'\r\”—éﬂ lﬂﬂ‘tﬂf{‘
g;&. = .TEE '??(lp

b ZERAS
4= B -2

e\l— ?’x‘m
425.1- 2K

W' %) M/HL‘ )\
\ a
Uy Hmmm WLQ“ @Kf&ujam
LLE\Lu fﬁufﬂ
% \(wu— D2 "VD(’S’[T’TT:‘FL’

ﬁ\ )rﬂ

2 1

SKle

- 1
. 5 14 UD?T(Tﬁ*gmU}

TMA-&)= o» DL S -
o™ e
4L wgzs = oois [T “— b0

T{g;—j‘“‘i“ 69) “C /Nﬂ/ﬂf ““p










@ Vet o
"‘L»L'w \ T'? «Gm

yye- ﬂz(\r( 5-55"’011'2‘1’))
bz 2 2v -

15U-8) =12 x bL-Gk
A\

o T

:
T\%@g A YR L T
(;b‘w Traulod

cgudﬂm‘//

| @ MRADE ERASY Question Cum Answer Booklet | Page 56 of 72
I~ b et Swide
|

\© \\








Mo nat
@ MBDE EMRSY4Y Question Cum Answer Booklet | Page 57 of 72 | ™M

this margin

Q.7 (@) | A Freon 12 simple saturation cycle operates al temperature limits of 30°C and -10°C for

the condenser and evaporator respectively. Determine work inputand ton of refrigeration
for unit mass flow rate of refrigerant.

If a liquid-vapour heat exchanger is installed in the system, with the temperature of the

vapour leaving the heat exchanger at 20°C, what will be the change in work input and
ton of refrigeration? [Use R12 table property table as given|

Thermodynamic Properties of K12
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Q.7 (b)| Three moles of an ideal gas at temperature T and pressure P are contained in a
compartment. In an adjacent compartment is two moles of an another ideal gas at
temperature 21" and pressure P. The gases mix adiabatically but do not react chemically
when a partition separating the compartments is withdrawn. Show that the entropy
increase due to mixing process is given by

3125 . 16807

108 +T11]“11'5r:m

ss=R[n

where R is the universal gas constant and the ratio of specific heats i.e., y is same for

both the gases and remains constant.

o

[20 marks]
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Q.7 (¢)| A beam 8 m in length simply supported at ends A and B is loaded with two point loads
of 40 kN each at a distance of 3 m and 4 m respectively from end A. Determine the
position and magnitude of the maximum deflecton. Take E = 2.5 » 10° N/mm? and ~

I =15000 cm®.
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Q.8 (a)| Airat20°C and at atmospheric pressure is flowing past a flat plate at5m /s velocity. The

plate is heated over its entire length to a uniform temperature of 90°C. Calculate the heal
transfer and the drag force for 50 cm length of the plate. The relevant thermo-physical
properties of air are: '

Density, p = 1.2 kg/m’; Specific heat, ¢, = 1.005 kJ/kg-K; Thermal conductivity,
k = 0.0275 W/mK; Viscosity, b = 19.13 x 10 kgs/m

[Assume unit width for the plate and air flow over both sides of the plate]

[20 marks]
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Q.8 (b)| (i) Show that the slope of a reversible adiabatic process on P~v coordinates is
2 1€ .
— =———:where kr = e ]
dv  krve, o \dP )y
(ii) Assuming the pulley to be smooth and ccefficient of friction between the other
surfaces to be .25, what is the value of P in Newton as shown in the figure to cause
the system to impend?
P
5
| 600N ﬁi_-
[10 + 10 marks]
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(i) A simply air-cooled system is used for an aeroplane to take the load of 25 tons.
Atmospheric temperature and pressure conditions are 25°C and 1 bar respectively.
The pressure of air is increased due to isentropic ramming from 1 bar to 1.1 bar.
The pressure of air leaving the main compressor is 4 bar and its 65% heat is removed
in the air-cooled heat exchanger and then it is passed through an evaporator for
further cooling. The temperature of air is reduced by 6°C in the evaporator. Lastly
the air is passed through cooling turbine and then it is supplied to the cooling
cabin in which the pressure is maintained at 1.05 bar, Assuming isentropic
efficiencies of the compressor and turbine are 85% and 82% find
(a) kW-capacity required to take the load in the cooling cabin.
(b) COP of the system
The temperature of the air leaving the cabin should not exceed 27°C.
[Take specific heat of air as 1 k] /kgK]

(i) With neat sketch, briefly explain the working of steam ejector system.

[15 + 5 marks]
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