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Instructions :

e The figures in the margin indicate full marks.
¢ Answer any five questions.

e Candidates are required to give their answers in their
own words as far as practicable.

e No Data Books/Tables are allowed. Assume the data,
if required anywhere.

e All questions have been printed both in Hindi and
English. In case of any ambiguity in Hindi version,
the English version shall be considered authentic.

e Parts of the same question must be answered together
and must not be interposed between answers to other
questions.
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1.

A well-insulated vessel of volume V contains
a gas at pressure p, and temperature t,.
The gas from a main at a uniform
temperature t; is pumped into the vessel
and the inflow rate decreases exponentially

with time according to m =mye ", where a
is a constant. Determine the pressure and
temperature of the gas in the vessel as a
function of time. Neglect the K.E. of the gas
entering the vessel and assume that the gas
follows the relation—
PV =RT, where T =t+273
and its specific heats are constant.
(@) If the vessel was initially evacuated,

show that the temperature inside the
vessel is independent of time.

(b) Determine the charging time when the
pressure inside the vessel reaches that
of the main.
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2. A petrol engine has six cylinders, diameter
7-5 m, stroke 10 cm. It is single acting working
on four-stroke cycle and uses a volatile fuel
containing 84% carbon and 16% hydrogen.
The diameter at the throat of the choke tube
is 38:5 mm. At 3000 r.p.m., the volumetric
efficiency is 0-80. The pressure at the throat
of the choke tube is 0914 kg/cm? and the
temperature there is 15-5°C. If the fuel-air
mixture is chemically ‘correct’ combustion,
estimate—

(a) the fuel consumption in kg/hr;

(b) the speed of the air through the choke.

Take R for air as 29:27 kg-m/kgK and for
fuel 99 kg-m/kg K. Composition of air by
weight is oxygen 23%, nitrogen 77%. 15
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rqefidl $5H, 84% HTeA R 16% TEEH Ieh, Hl
SN HAT Bl W HE H ™ W AW
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3. In a test to determine the calorific value of a
produced gas, the following observations were
made :

Volume of gas burned per hour at 18 °C and
100 mm H,0 gas pressure above atmosphere
pressure of 750 mm Hg = 500 litres

Volume of water flowing per minute = 2360 cm®
Temperature of incoming water = 15 °C
Temperature of outgoing water = 16-5 °C
Rate of condensation water = 4:2 cm®/min
Calculate the lower calorific value of the gas

at NTP. Allow 2466 kJ/kg steam evaporated
at 0°C. 15

T Tligw # Iafea A9 1 SweH 0oy fuifa w0
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qHI-SEE S AEn 9 e = 2360 cm?®
AW T TE H AEE = 15 °C
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4.
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A heat exchanger is to be designed to cool
lubricant oil from 90 °C (T,) to 60 °C (T,,)
flowing at the rate of 980 kg/hr (mg,).
Water is to be used as cooling medium at
the same mass flow rate (my,=m,) and
its available temperature is 30°C (T,;).
Assuming an overall heat transfer coefficient
as 30 W/m?K, find the surface area required
for (a) parallel-flow and (b) counter-flow
arrangements. Assume that specific heats
of water (C,,) and oil (C,) are 42 and
2 kJ/kg K, respectively.

sk w1 fafmEes, 90 °C (T,;) & 60 °C (T,,) A
% fote, 980 kg/hr (my,,) H R ¥ T84 91 dd H
351 HH & fou FR R 1w Rl 9§, W TR
QA (m, =m,) 3R 9 9 a9 H 30 °C (Tyy)
W, 38 HATAH & TY H 3O RAT ST W ORI AW
ifve 5 @m mff i@ e 30 W/m?K g,
ql AEws Tdg &9 FeIfie—(F) THm-yaE 3R
(W) FRA-YaR Fael & foq) 77 i 7+t (Cy)
AR @ (C,,) H. faRm sl s 42 3K
2kJ/kgK %l

An air refrigerator works between the pressure
limits of 1 bar and 5 bar. The temperature of
the air entering the compressor and expansion
cylinder are 10 °C and 25 °C respectively. The
expansion and compression follow the law
pv*? = constant.

(@) Find the theoretical COP of the
refrigerating cycle.

(b) If the load on the refrigerating machine
is 10TR, find the amount of air
circulated per minute through the
system assuming that the actual COP

is 50% of the theoretical COP. :
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(c) Fincd the stroke length and piston
diameter of single-acting compressor, if
the compressor runs at 300 r.p.m. and
the volumetric efficiency is 85%.

Take L /d=1-5;Cp =1-005 kJ/kg K;
Cy =0-71kJ/kg K

T a1 UBReX 1 bar 3R 5 bar & <&@ WA *

o= wr w1 1 gdis® IR famr 9o # 3@ 9

T 1 A9 HAN: 10 °C 3R 25 °C 7| fomr 3t

gdted, pu! = fRrs fam &1 9o F=a 2

(%) ‘31 =% H Agifas COP Fa Hhifvg)

(@) 3fe WrsRfen asfim W e 10 TR @, @ wfa
fire Rren @ ifera gar i qEn fea 20
T i f arafas COP, dgifas COP &1
50% I

M fretwkn m H Pe-aes i -
=|E Fd HIE, I FE 300 r.p.m. |
Todl aﬂt AT <& 85% =l
Ta it L /d =1-5; Cp =1-005 kJ/kg K;

Cy =0-71kJ/kgK

The scale model of a water turbine while

rotating at 600 rpm will discharge 0-15 m3/s

under a head of 2 m. If the scale ratio is 1:25

and the diameter of the prototype is taken as

2:5m, determine the discharge, speed of

rotation and the head under which the
prototype should operate.

T UM EET & W W Oisd 2 m & I & A9
¥ 600 rpm R PH Fd g 0-15 m®/s Tt el
HaT 21 Ife WA HT IHUE 1:25 B 3R ARy w5
=@ 2-5m fon S, @ fdgm, e i afa sk
i, e dga MeRy N wm wen ey, Ruifa
i)
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7. Calculate the diameter at the throat and at
the exit of a nozzle which is supplied with
steam of 200 kg/hr at 103 N/cm? and 200 °C.
The pressure in the turbine wheel chamber is
147 N/cm?. For divergence portion, the nozzle
efficiency is 85%. 15

T A9, W 103N/ecm? 3R 200°C W
200 kg/hr 1 W9 % @Y IMYfd A I ], F ™
W IR TR Fbe W =A@ h e i) e
gfean %8 # g9 14-7 N/cm? 21 f=em wm & R
AN q@d 85% R

8. Answer the following questions : 7%x2=15

(a) Draw a neat diagram of air conditioning
system required for winter season. Explain
the working of different components in the
circuit.

(b) Describe a modern ash handling system
in a power plant having 200 MW capacity.
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