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The candidates shall limit their answers precisely within the answer-
book (40 pages) issued to them and no supplementary/continuation
sheet will be issued.

Note : This question paper carries five sections. Attempt any five
questions selecting at least one question each from section
A, B, C & D. Section E is compulsory.

SECTION - A

1. (a) Explain the Zeroth law of thermodynamics. Why it is so
called? ©)

(b) One kg of air at a pressure of 7 bar and a temperature of
360 K undergoes a reversible polytropic process which
may be represented by pV'-'=constant. If the final pressure
is 1.4 bar, evaluate (a) final specific volume and
temperature, (b) work done and heat transfer. How the
work and heat interaction would be affected if the process
is irreversible and 15 kJ of work is lost due to internal
friction? Take R= 287 J/kg K and y=1.4. (7)

2. (a) What is the essence of first law of thermodynamics?
Write down expressions for the first law applied to
(i) a cycle (ii) a process. (6)

(b) An artificial satellite of mass 500 kg is moving towards the
moon. Make calculations for the kinetic and potential
energies, (i) Relative to the earth when 50 km from
launching and travelling at 2500 km/hr. Take earth’s
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gravitational field equal to 7.9 m/s?, (ii) Relative to the
moon when travelling at the same velocity and 50 km from
its destination where 1 kg mass has a weight of 3N. (6)

SECTION - B

A heat pump is to be used to heat a house in winter and then
reversed to cool the house in summer. The interior temperature
is to be maintained at 20°C. Heat transfer through the walls and
roof is estimated to be 2400 kJ per hour per degree temperature
difference between the inside and outside. Determine the
minimum power required to drive the heat pump, if the outside
temperature in winter is 0°C. If the power input is the same as
that in part, what is the maximum outside temperature for which
the inside can be maintained at 20°C? (12)

(@) Entropy is defined in terms of a reversible process. How
can then it be evaluated for an irreversible process? (5)

(b) 0.04 m? of nitrogen contained in a cylinder behind a piston
is initially at 1.05 bar and 15°C. The gas is compressed
isothermally and reversibly until the pressure is 4.8 bar.
Calculate: (i) The change of entropy, (i) The heat flow and
(iii) The work done. Sketch the process on a p-v and T-s
diagram. Assume nitrogen to act as a perfect gas.
Molecular weight of nitrogen = 28. (7)

SECTION - C

Show that for a perfect gas, the difference between the
specific heats (c,-c,) can be expressed as

s du dv) _ B du .
c,-¢, =Ip d—VT]?ﬁp*p"BﬂtV aTwhereﬁqsthe
coefficient of volume expansion. (12)

[P.T.O.]




6. (a)
(b)
7. (a)
(b)
8. (a)
(b)
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What is the main feature of triple point? State the values
of pressure and temperature at the triple point of water.
Explain with the help of T-Q, T-V and P-V diagram. (5)

A 30 cm diameter cylinder fitted with a frictionless leak
proof piston contains 0.02 kg of steam at 6 bar pressure
and 200°C temperatures. The piston moves outwards
steadily through a distances of 25 cm and the pressure
of steam falls to 1.25 bar. During this expansion process,
the pressure p and volume V are related by the polytropic
law pV" = constant. Make calculations for the value of
exponent n, work done by steam and the heat interchange
between steam and the surrounding walls of the cylinder.

(7)
SECTION - D

In a Carnot cycle, heat is supplied at 625 K and is rejected
at 300 K. The working fluid is water which while receiving
heat evaporates from liquid at 625 K to steam at 625 K.
From the steam tables, the entropy change for this
process is 1.4374 kJ/kg K. If the cycle operates with 1 kg
mass of water, find the heat supplied, work done and heat
rejected per cycle. What is the pressure of water during
heat reception? (8)

State the essential difference between Carnot and Rankine
steam engine cycles. (4)

What happens to the adiabatic flame temperature if it is
burnt rich or lean? Explain. (4)

A certain fuel consisting of a mixture of various compounds
has a chemical analysis of 86% C, 13% H and 1% N
on mass basis and has a higher calorific value of
44350 kJ/kg. This fuel at 25°C is burned with 200%
theoretical air at 25°C in a stable state, steady flow process.
Determine the adiabatic flame temperature. (8)

.—————“
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SECTION - E
(Compulsory Question)

9. Wirite short answers of the following:

@
(b)
(c)

(d)

(e)

@
(h)

List the limitations of the first law of thermodynamics.
What do you mean by ‘Clausius inequality’?

Name the four processes that make up the ideal Otto cycle/
Diesel cycle.

What is the difference between the universal gas constant
and a characteristic gas constant?

Gives some examples of perpetual motion machines.
Explain second law efficiency.
What is the significance of Joule-Thomson coefficient?

Explain first law analysis of reactive system.
(1%x8=12)



