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M.E. First Semester (Mechanical Engincering (Thermal Engg.)) (New-CGS)
13506 : Advanced Thermodynamies : 1 MTE 2

P. Pages : 2 AU - 3360
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|!i!’”L'?|_";"!!l Max. Marks : 80

Time : Three Hours

Notes : Answer three question from Section A and three question from Section B.
Due eredit will be given to neatness and adequate dimensions.

Assume suitable data whercever necessary.

Use of slide rule logarithmic table, Stcam table, Mollier's Chart, Drawing
instrument, Thermodynamic table for moist air, Psvchrometric Charts and

Refrigeration charts is permitted.
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SECTION-A

1. 4) Using Maxwell's cquation, show that for a van der waal's gas. 7

o = R B
Cp-tu I—Ea(u-bz)."R-T-‘\:3

b)  For the Berthelot cquation of state, prove that Boyle temperature 7
—
a
Tg = /—
B7Vb-R

[

a) A Jarge insulated vessel is divided into two chambers onc containing Skg of dry saturated 7
stcam at 0.2 MPa and other 10kg of stcam 0.8 drv at 0.3 MPa. If partition between chambers
is removed and steam is mixed thoroughly and allowed to settle, find final pressure, steam
quality and entropy change in the process.

b)  Derive the Stefan - Boltzman Law by using thermodynamic relations. 6

-

a)  Two kg ol air at 500 kPa, 80°C expands adiabatically in a closed system until its volume is 7
doubled and its temperature becomes cqual to that of the surrounding which is at 100kPa,
5°C. For this process determine
a)  Maximum Work
b) The change in availability
¢) The irreversibility
Assume air to be an ideal gas and take suitable values for property of air.

b) A hcat engine receives half of its heat supply at 1000k and half at 300k while rejecting 6
heat to a sink at 300k. What is max™ thermal cfficiency of the heat engine?

4. a)  Anadiabatic turbine receives gas at 700 kPa and 1000°C and discharges it at 150 kPa and 7
665°C. Taking Ty =25°C. determine second law and isentropic efticiency of turbine
(Take - €, =1.09k} /kg Kk, and y=1.3).

b)  Derive the expression for irreversibility or excrgy loss in a process executed by 6
i)  Closed system il) a steady flow system in a given environment.
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a)  Prove that enthalpy change in reversible adiabatic process is given by
- AT
wRATp (PR Y T
|12-"h|--'—"—-‘—|- 1 );' s -]
Tl : I1 /

b} The specitic heats, of gas are given by ("p =a+kT andC.=b ¢ KT where a, b and k arc
I B T, ORI TR b ,alb KV _
constants, Show that for isentropic exp” of this gas T -y ¢ =conslani.

SECTION-B

a)  Derive the expression for mixture of ideal gases for the followiny
i) Gas constant ii)  Internal encrgy
iti}y  Enthalpy iv)  specific heat

b)  Discuss the details of Dalton's and Amagat's Model. State how these are dependent.

a)  Gaseous carbon and oxygen are supplicd in an equimolar ratio at 25°C and 1 atm 1o a
combustion vessel in a steady state sicady flow process. The heat exchanger is used o
maintain the combustion process at 2300°K. Determine the heat transferred from the
combustion guses to the heat exchanger per mole of carbon supplied if the combustion
product exhaust from the system at 2300K and 1 atm. No work is done during the process.

by Show that in « diffusion process at constant temperature the entropy increascs and the
Cithbs function decreases.  http://www sgbauonline.com

a)  State and derive Gibh's theorem.

b)  How does the pereentage of moisture in air affect the outcome of a combustion process?

a)  Aninsulated rigid tank is divided into two compartment by partition. One compartment
contains 7 kg of oxvgen gas at 40°C and 100 kPa, and the other compartment contains 4
kg of nitrogen gas at 20°C and 150 kPa. Now the partition is removed and the two pases
are allowed to mix. Determine ;

i)  The mixiure wemperature
i) The mixture pressure alter equilibrium has been established.

by Discuss with all attributes the encrgy analvsis of a stecam power plant opurating on a
simple Rankine cycle.

) How the second law efficiency of ideal Rankine cyele can be improved?

b Consider steam power plant working on the ideal Rankine evele. The steam enters at 3 MPu
and 3500C and 1t 15 condensed in the condenser at a pressure of 75 k’a. Heat s transicrred
inthe boiler furnace at 1600K and the Livat is rejected to the sink at the temperature of 290K.
Consider the atmospheric temp 290K, Determine the irreversibility lor cach process and
cvele, also the work potential of steam leaving the turhine.
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