50, will be treated as malpractice.

Important Note : 1. On completing your answers, compulsorily draw diagonal cross lines on the remaining blank pages.
2. Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8
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Time: 3 hrs.

Thermodyndmlcs

_Max Marks: 100

Note: 1. Answer any FIVE full questwn’f%gghoosmg ONE full question from each module.

1 a.
b.
2 a
b.
3 a
b.
4 a.
b.
C.

2. Use of thermodynamics Dam Handbook is permmed

Module-1 :
Derive an expressmn for dlsplacement work for a. IﬁOTYfroplc process for which case this
expression is invalid. Give the expression for that case. (10 Marks)

The temperature ‘t’-an‘a linear Celsius scale is related to thermometric property ‘P’ by the
relation t = a in P + b, where a and b are constants. The value of ‘P’ at ice point and steam
point are 2.5 ‘and 9.5 respectively on.Celsius scale. Determine the temperature ‘t’

correspondmg to reading of ‘P’ at4.5.  ° (10 Marks)
' . OR

State the first law of themlodynaml' _ for acycle process Show that energy is a property of

the system. : e _ (10 Marks)

12 kg of air per minute is delwered by a cenmﬁrgal air compressor T,Ile inlet and outlet

condltrons of air are V1 —I“Zmz’s Py =1 bar, \f; = (.5m fkg and Vzw 90m/s, P, = 8 bar,
= 0.14m’/kg. The increase in enthalpy., 6 “air passing throygh the compressor is
150 kJ/kg, and heat loss to the surroundmg; 0 kamln Find :#.

ii) Ratio of inlet to_outlet pipe diametes;, )
Assume that mlej_\_ ‘and discharge lmes are dt the same level. (10 Marks)

“Module-2 ¥
State the Kelvm Planck and Clausrus statements of the second law of thermodynamics and
prove their equivalence. (10 Marks)
A reversible heat engine operates between two reservoirs at temperatures 700°C and 50°C.

.The engine drives a revorsible refrigerator which operates between reservoir at temperatures

of 50°C and -25°C. the heat transfer to the engine is 2500 kJ and the network output of the
combined engine ‘I‘eﬁ’agerator plant is.400k]J.

i) Determine the heat transfer to the'refrigerant and net heat transfer to the reservoir at 50°C
ii) Reconsider i) given that efficieney of the heat engine and COP of the refrigerator are each

45% of their maximum possible value. (10 Marks)
State and prove Clausius‘inequality. (06 Marks)
Explam the concept of available and unavailable energy. (04 Marks)

1.2m? of air is heatz:d reversibly at constant pressure from 300K to 600K, and their cooled

reversibly at constant volume back to initial temperature. If the initial pressure is 1 bar,

calculate: /

1) The net heat flow

ii) The overall change in entropy

Represent the processes on T-S plot. (10 Marks)
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a. Explain the following :

i) Compressibility factor

ii) Compressibility chart \%&

iii) Low of corresponding state L% Y

iv) Reduced properties. o o (10 Marks)
b. 1 kg of carbon monoxide has a VO!I.%C_J.\S% 2m’ at 80°C. Determifie.its pressure using :

i) Ideal gas equation ~ N,

ii) Vander Waal’s equation

Constants for Vander Waal’s equi

a = 147.90 kN-m"*(kg mol,

b = 0.0393m’(kg mol) ' (10 Marks)

A?

a. Derive Maxwel'l"ré%qquations. (08 Marks)
b. Define the fe*ll_g_}wif%ﬁag 2

i) Enthalpy.of combustion

ii) Adiabatic flame temperatures

iii) Air fiel ratio -

iv) Excess air. N ) (04 Marks)
c. Analyze the data on products ofithe combustion of Methane (CHa) with atmospheric air on a

“dry” basis [CO; = 10%, 03=2.37%, CO = 0.53%,N2= 87.10%] to .

i) Determine the air fuel ratio used in combustion (molar and mass)

ii) Determine percentage theoretical air needed for complete combustion. (08 Marks)

PN

a. Define the followng :

i) Triple point

ii) Critical point

iii) Dryness fraction

iv) Sublimation. 4 (04 Marks)
b. Explain'the working of a.scparating and throttling calorimeter. (08 Marks)
c. A vessel having a capacity'of 0.05m° contains a mixture of saturated water and saturated
_“steam at a temperatt ‘of 245°C. The nidss of water present is 10kg. Find the pressure,
“““mass, specific — voluthe, enthalpy, entropy and internal energy. (08 Marks)
a. With the help of neat diagram exfj'la?n the working of regenerative Rankine cycle and derive

the efficiency of the cycle. . ¢ (10 Marks)
b.

21MR34

Module-3

In a single heater regenerative. Rankine cycle. The steam enters the turbine at 30 bar, 400°C

and. The exhaust pressure JS 0.10 bar. The feed water heater is a direct contact type which

operates at 5 bar. Find :

i) The efficiency and steam rate of the cycle

ii) Increase in st@ﬁl rate and efficiency as compared to the Rankine cycle without
regenerationNeglect purhp work. (10 Marks)

20f3
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tto cycle with P-V and T-S diagram.
. %é‘s . (10 Marks)
An ideal diesel cycle running at 2000 rpyrehas’a compression ratio of 20"and uses air as the
working fluid. The state of air at the beginning of the compression process is 95KPa and
in thie cycle is not to exceed : 20@[(, determine :

i) Cycle efficiency
ii) Mean effective pressure
iii) Net work output per kg of

iv) Take density of airas 1.2 (10 Marks)

efficiency of a Brayto:

1) Regeneraﬂén ﬁ

ii) Inter-coo

iii) Rehes w (10 Marks)
air inlet temperature 2o,

is cycle efﬁclency and output if
each of pressure ratio 3, with infermediate rcheat&p

ﬁ"%\:_
£ .; 4
\\'33

&

(10 Marks)




