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@1’ Q.P.Code No. 5416

(3 Hours) [Total Marks: 80]

N.B. (1) Question No. 1 is compulsory.
(2) Attempt any three questions out of remaining five questions.
(3) Figures to the right indicate full marks,
(4) Assume suitable data, if necessary.
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Q.1 a) State i) Kelvin-Plank statcment 05

i1} Clausius statement of sccond law o[‘thcrmndynamics__ : 05
b) Distinguish between extensive and intensive properties. 05
¢) State and explain in brief Zeroth law nf‘thermorjynamicsl 05
d} Explain the procecure io prepare Terperature-Entropy diagramine. 05

Q.2 a) Derive an expression for entropy change of mixing of non-identical ideal gases. 10

h) A Camut engine uperalmg bewween 800 °C aud 25 °C is used to run a Camot refrigerator
operating betweer - 20°C and 25°C. 1f the engine absorbs 10 kJ/s from ihe reservoir at 300 °c,
determine the capacity of the refrigeram:.;'lsﬁ determinc the raie of energy rejection as heat to
the reservoir at 25 °C by both the dcviccs. ' 10

Q.3 a) An ideal gas undergncs ti e following reversible processes: 10
i) From an initial state ot;,.::fl,.u 1{ and | bar it is compressed adiabatically to 423 K.

ii) [t is then cooled ta 343 K at constant pressure.
iii) Finally, it is grpandcd to iis criginal state isother:ﬁa!!v.
T

Calcuiale AlJ, _‘h G ond W for each step as weil as for entire cycle Assume C, = (3:‘;_} R

b} Derive on expression for Joule Thomson inversion temperature using van der Waals equation
of state, 10
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Q.4 a) Using virial equation of state calculate the molar yolume and compressibility factor of
isopropanol vapour at 473 k and 10 bar. The virial coetficiants are:
B=-388 x10* m/mol C=-2.6x 107 (m*mol? o
b) A black of 10 kg ice at ¢°C is dumped in an insulated tank containing 100 kg water at
30°C.Calculate the change in entropy of the mixture and entropy generated. The hest capacity of
water is 4.24 kl/kg K and the latent heat of melting of ice is 333.44 KI/kg. 10 _
Q.5a) Calculate the enthalpy and enfropy departures for ethylene gas at 8.25 MPa and 25 °C,
assuming that ethylene gas obeys the van der Waals equation of state, 10
5) Derive the relation to estimate the enthalpy and entropy dcparlurg.s“fér gas obeying the
Berthelot equation of state given by
a — B
(P +=3) (v-b) =RT 10
Q.6 a) Write a shorl note on:
i) Availability and lost work 05
i) Maxwel!’s relatione 05
b) A gas cbeying the following equation alstate:P (V-b) = RT.Where the constant b was found to
be 0.2 m” ‘niol. Over the temperature runge 300K to°400k, The heat capatity may be constant at
40 ki/kmolK Calculate Al and AS Sir the following change of state '
s .
State | : P= 10 bar.T=300K\,'_--" i0
State 2: P =20 bar, T =,«4QDK
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