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B.E./B.Tech. DEGREE EXAMINATIONS, NOVEMBER/DECEMBER 2009.
THIRD SEMESTER |
MECHANICAL ENGINEERING
ME33 — ENGINEERING THERMODYNAMICS
(REGULATIONS 2008)
Time : Three hours Maximum : 100 marks
(Use of steam tables and psychrométric chart is permitted)

Answer ALL questions.
PART A — (10 x 2 = 20 marks)

1.  Define Flow work and Non flow work.
2.  Write down the steady flow energy equation applied to a turbine.
3.  State the Kelvin-Planck statement of second law of thermodynamics.

4.  An inventor claims his engine while working between temperature limits of
500°K and 300°K gives 60% efficiency. State whether his claim is right or
wrong. Justify your answer.

Define triple point and critical state of a pure substance.

.U"

6. What is regeneration?

7.  Write down the Clapeyron equation.
8.  State Avogadro’s law.

9.  Define dew point temperature.

10. Represent evaporate cooling process and sensible heating process on
Psychrometric chart. ’
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PART B — (5 x 16 = 80 marks)

A gas at 65 kPa, 200°C is heated in a closed, rigid vessel till it
reaches to 400°C. Determine the amount of heat required for 0.5 kg
of this gas is internal energy at 200°C and 400°C are 26.6 kd/kg and
37.8 kd/kg respectively. 8

Carbon dioxide passing through a heat exchanger at a rate of
50kg/hr is to be cooled down from 800°C to 50°C. Determine the
rate of heat removal assuming flow of gas to be of steady and
constant pressure type. Take C,=1.08kJ/kg K. (8)

Or

A system comprising of a gas of 5kg mass undergoes expansion
process from 1 MPa and 0.5 m? to 0.5 MPa. Expansion process is
governed by, p.v!® = constant. The internal energy of gas is given
by, u=1.8pv + 85, kd/kg. Here ‘u’ is specific internal energy ‘p’ is
pressure in kPa, ‘v’ is specific volume in m3kg. Determine heat and
work interaction and change in internal energy. (10)

In a nozzle air at 627°C and twice atmospheric pressure enters with
negligible velocity and leaves at a temperature of 27°C. Determine
velocity of air at exit, assuming no heat loss and nozzle being
horizontal. Take Cp=1.005 kd/kg K of air. (6)

A reversible heat engine operates between two reservoirs at 827°C
and 27°C. Engine drives a Carnot refrigerator maintaining -13°C
and rejecting heat to reservoir at 27°C. Heat input to the engine is
2000 kJ and the net work available is 300 kJ. How much heat is
transferred to refrigerant and total heat rejected to reservoir at
27°C? (12)

A domestic refrigerator maintains temperature of -8°C when the

atmospheric air temperature is 27°C. Assuming the leakage of 7.5

kJ/min from outside to refrigerator determine power required to

run this refrigerator. Consider refrigerator as Carnot refrigerator.
Or

A heat pump working on a reversed Carnot cycle takes in energy
from a reservoir maintained at 3°C and delivers it to another
reservoir where temperature is 77°C. The heat pump drives power
for it’s operation from a reversible engine operating within the
higher and lower temperature limits of 1077°C and 77°C. For
100 kd/s of energy supplied to the reservoir at 77°C estimate the
energy taken from the reservoir at 1077°C. (10)

A cold storage plant of 40 tonnes of refrigeration capacity runs with
its performance just 1/4th of its Carnot COP. Inside temperature is
-15°C and atmospheric temperature is 35°C. Determine the power
required to run the plant. (6)
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Determine the molar volume of any perfect gas at pressure

500 kN/m? and 50°C. (4)
An insulated cylinder contains 30 kg of nitrogen. Its volume
capacity is 6 m3. Paddle work is done on the gas by stirring it till
the pressure in the vessel gets increased from 6 bar to 12 bar.
Determine :

(1) Change in internal energy.

(2) Work done.
3) Heat transferred.

(4) Change in entropy.

Assume C; = 1.04 kd/kg °K and Cv = 0.743 kd/kg °K for nitrogen. (12)
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Or

A steam power plant is supplied with dry saturated steam at a
pressure of 20 bar and exhausts of 0.3 bar using steam tables, find
the efficiency of the carnot cycle. 4)

A steam engine consumes 20 tonnes of steam for a shift of 8 hrs
when developing 200 kW. Dry saturated steam enters the engine at
12 bar pressure and leaves at 0.2 bar pressure. Estimate Rankine
efficiency and the thermal efficiency of the engine. (12)

A steel insulated tank of 6 m3 volume is equally divided into two
chambers using a partition. The two portions of tank contain N
gas at 800 kPa and 480 K and CO: gas at 400 kPa and 390K.
Determine the equilibrium temperature and pressure of mixture
after removing the partition. Use ¥ = 1.4 for N2, ¥ = 1.3 for COs.

12)

2 kg of Hydrogen and 8kg of Helium are mixed together in an
insulated container at atmospheric pressure and 100 K
temperature. Determine the specific heat of final mixture if specific
heat at constant pressure is 11.23 kJ/kg K and 5.193 kd/kg.K for Hz
and He respectively. 4)

Or

(b) The pressure on a block of copper of 1 kg is increased from 10 bar to 1000
bar in a reversible process maintaining the temperature constant at
15°C. Determine.

@
(i)

work done on the copper during the process.

change in entropy

(iii) the heat transfer

;
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change in internal energy.

(Cp — Cv) for this change of state.

Assume the following data :

- B (volume expansivity) = 5 x 105/K.

Kr (Isothermal compressibility) = 8.6 x 102 m?/N.

V. (specific volume) = 0.114 x 10® m3/kg. (16)

Two kg of air at 40°C DBT and 50% R.H. is mixed with three kg of
air at 20°C DBT and 12°C dew-point temperature. Calculate
temperature and specific humidity of the mixture. (8)

100 m? of air per minute at 15°C DBT and 80% R.H. is heated until
its temperature becomes 22°C. Determine

(1) Heat added to the air per min.
(2) R.H. of the heated air. Assume air pressure is at 1.033 bz(ar)
8
Or
100 m? of air per minute at 30°C DBT and 60% R. H. is cooled to
20°C DBT by passing through a cooling coil. Determine
(1) Capacity of cooling coil in tonnes of refrigeration.

(2) Relative humldlty of air coming out and its wet-bulb
temperature. (8)

200 m? of air per min. is passed through an adiabatic humidifier.
The condition of air at inlet is 40°C DBT and 15% R. H. and the
outlet condition is 25°C DBT and 20°C WBT Determine

(1) Dew-point temperatures

(2) Relative humidity of the exit air
(3) Amount of water vapour added to the air per minute. (8)





