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Seventh Semester Examination — 2012

CHEMICAL ENGINEERING THERMODYNAMICS

Full Marks —70
Time : 3 Hours

Answer Question No. 1 which is compulsory and any five from the rest.
The figures in the right-hand margin indicate marks.

1. Answer the following questions : 2x10

(a) What do you mean by extensive and intensive properties ? Explain with
examples.

(b) Find the degrees of freedom for a system of a liquid solution of alcohol in
water in equilibrium with its vapour.

(c) Define volume expansivity and isothermal compressibility. Mention their
values forincompressible fluid.

(d) Define polytropic process and mention the empirical equation.

(e) Whatis acentric factor ? Discuss its significance.

(f) State Raoult's and Henry’s law. Mention their validity.

(g) What are fugacity and fugacity coefficients of species in solution ?
(h)  Write about reaction coordinate.

(i) State Lewis/Randall rule.
)

() Forreacting systems, state phase rule and Duhem'’s equation.
2. (a) Anegg, initially at rest, is dropped onto a concrete surface and breaks.
With the egg treated as the system, mention the sign of W and Q. 2
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(b) A tank containing 20 kg of water at 293.15 K is fitted with a stirrer that
delivers work to the water at the rate of 0.25 kW. How long does it take for
the temperature of the water to rise to 303.15 Kif no heat is lost from the
water ? For water, Cp = 4.18 kJ/kg.°C. 8

(a) Draw and explain PTxy diagram for vapour/liquid equilibrium. 6

(b) Generally, volume expansivity § and isothermal compressibility K depend
onTandP. Prove that: (6B/0P); =- (oK/OT),. 4

(a) With a suitable PV diagram, derive the Carnot’s equations. 6

(b) A 50 kg steel casting (C’J = 0.5 kJ/kg.K) at a temperature of 723.15 Kis
quenched in 150 kg of oil (C, =2.5 kJ/kg.K) at 298.15 K. If there are no
heat losses, what is the change in entropy of the casting and of the oil? 4

For the system methanol (1)/methyl acetate (2), the following equations provide a
reasonable correlation for the activity coefficients :

Iny,= Ax2 Iny,= Ax 2, where, A=2.771- 0.00523 T.
In addition, the following Antoine equations provide vapour pressures :
In F’fa‘ =16.59158 —{3643.31/(T — 33.424)} and

In sta‘ = 14.25326 — {2665.54/(T — 53.424)}, where, T is in kelvins and the
vapour pressures,are in kPa. Using modified Raoult’s law, calculate : 10

(@) Pand{y}, forT=318.15Kandx, =0.25and
(b) Tand{y}, forP =101 .325 kPa and x, = 0.85.
(a) Discuss about the chemical potential and phase equilibria. 6

(b) Determine the fugacity coefficients for nitrogen and methane in a
N2(1)/CH4(2) mixture at 200 K and 30 bar if the mixture contains
30 mole % N2. Virial coefficients are : B11 =-35.2, 822 =-105.0, and

B,=—598 cm®mol. 4

(a) Derive the Margules equation : Iny, = xz2 [A,+2 (A A12) x,]. 6
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(b) Fora system in which the following reaction occurs :
4NH,(g) +50,(g) = 4 NO(g) + 6H,0(9)

Assuming there are present initially 6 mol NH,, 7 mol O,,, 3 mol NO, and
4 mol H,0, determine expressions for the mole fractions y, as functions
of ¢. 4

8. Write short notes on any two : 5x2
) Virial equations of state
) Third law of thermodynamics
c) PVT behavior of pure substances
)

Activity coefficient.
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