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SECTION A

Ql (a) A Carnot cycle is a theoretical thermodynamic cycle proposed by Nicolas
L6onard Sadi Carnot in 1824 and expanded upon by others in the 1830s
and 1840s.

(D List four reversible processes that makeup the Carnot cycle.
(4 marks)

(ii) Explain each of the processes in Ql (a) (i).
(8 marks)

(b) A Carnot heat engine receives 800 kJ ofheat from a source ofunknown
temperature and produces 400 kJ of net work and rejects heat to a sink at
27 0C.

(i) Calculate the temperature of the source.

(ii) Calculate the thermal efficiency of the heat engine.

Q2 (a) State the First Law of Thermodynamic.
(2 marks)

O) An insulated rigid tank initially contains 0.7 kg of Helium at 27 oC and
350 kPa. A paddle wheel with a power rating of 0.015 kW is operated
within the tank for 30 minutes. Given the constant specific heat of Helium
is 3.1156 kJ/kgK.

(i) Calculate the final temperature.
(8 marks)

(ii) Identify the final pressure of the helium gas.

(4 marks)

(iii) Draw the schematic P-V diagram for the process.
(4 marks)

(c) Air at 10 oC and 80 kPa enters the diffuser of a jet engine steadily with a
velocity of 200 m/s. The inlet area of diffirser is 0.4 m'. The air leaves the
diffuser with a velocity that is very small compared with the inlet velocity.
Calculate the mass flow rate of the air.

(7 marks)

(8 marks)

(5 marks)

:'-
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SECTION B

Q3 (a) A liquid mixture of acetic acid (1) and acetone (2) is in equilibrium with
its vapor at 373 K. The mole fraction of acetic acid in the liquid phase is
0.40. Assuming ideal gas and ideal solution condition.

1566.69

tloc +273.419

Calculate the vapor phase mole fraction of acetic acid.

(5 marks)

(3 marks)

(b) An equimolar binary liquid of Benzene (l) and Toluene (2) is flashed to
1.6 bar pressure and 35 %o of the liquid vaporized. Given Psu1: 2bar

(ii)

ln Pr'o' f wa= 8.02 Fffi;h P)"' f nra - 7 .6313-

(i) Calculate the pressure of the system.

(i)

(ii)

(iii)

Describe the meaning of flashed in thermodynamic system.
(2 marks)

Calculate the composition of resulting vapor for both components.
(7 marks)

Calculate the composition of resulting liquid 1 arud2.
(4 marks)

(c) A gas containing 20 mole oh ethane is in contact with water at 20 oC and

2}-atm.Estimate the mole fraction of dissolve ethane. (H.t: 263 x 104 atrn

at 20 oC).

(4 marks)
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Define partial molar properties of species i in solution.
(2 marks)

Describe the statement and equation representing Dalton's law and
Amagat's law in ideal gas mixture model.

(4 marks)

(b) The volume of an aqueous solution of NaCl at298 K was measured at a
series of molalities m, and was found to obey

v (m) : 1oo3 + 16.62m + I .ll ,rfD + o.tz r*

Where V is the volume in cm3 formed using I kg of solvent. Calculate
the partial molar volumes of the salt and solvent when m: 0.2 mol/kg.
(MW water: 18 g/mol).

(10 marks)

(c) The partial molar volumes of propanone and trichloromethane in a

mixture wfih 46.94 mole %o of CHCI3 are 80.25 and 88.24 cm3/mol
respectively. Calculate the volume of solution of total mass 0.5 kg. (MW
Propanone : 5 8.08 g/mol; MW CHCI t : 1 19.37 g/mol).

(9 marks)

Qs (a) Latent heat is the amount of energy absorbed or released during a phase

change process. Distinguish between latent heat of fusion and
vaporization.

(4 marks)

An 80 L vessel contains 4 kg of refrigerant-l34aatapressure of 160 kPa.

(a) (i)

(ii)

(b)

(D Calculate the quatity of the refrigerant.
(5 marks)

(ii) Calculate the volume occupied by the vapor phase in Liter.
(6 marks)

(c) Arigidtank contains 9 kg ofair atl40kPa and 2loc.More air is addedto
the tank until the pressure and temperature rise to 245 tPa and 32 oC,

respectively. Calculate the amount of air added to the tank.
(10 marks)
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Q6 (a) Explain the meaning of dew point and bubble point.
(2 marks)

(b) Distinguish the assumption required for VLE calculation to Raoult's and
Henry's law.

(4 marks)

(c) A vapor that is 65 mole Yo berzene and 35 mole o/o toluene is in
equilibrium with a liquid mixture of the same two species. The absolute
pressure in the system is 150 mmHg. (1 mmHg :0.133322 kPa). Table I
shows the value of A, B and C for each species.

lnP,'o'fWa=/ fr*
Table 1: Value of A, B and C for Benzene and Toluene.

(i)

(ii)

Estimate the system temperature.

Calculate the composition of the liquid.

(15 marks)

(4 marks)

Species A B C
Benzene 6.8928 1203.531 219.888

Toluene 6.9581 1346.773 219.693

-ENn OF QUESTIONS-
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Appendix I

FINAL EXAMINATION
SEMESTER/SESSION :IV20l5l20l6 PROGRAMME : I DAK

COURSENAME : TIIERMODYNAMICS COURSECODE : DAK 10603
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