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THIRD SEMESTER
MECHANICAL E{N}(‘foEERING
ME 1201 — ENGINEERING \THERMODYNAMICS
(REGULATIONS '2007)

Time : Three hours Masximum : 100 marks

(Use of standard thermodynamies tables, Mollier diagram,
Psychometric chart are permitted)
Answer ALI;\E{uestions,
PART A — (10 x 2 = 20 marks)
1. What is the zeroth law of thermodynamics?

2. Why does free expansion have zero work transfer?

3. Draw a block diagram showing the four energy
interactions of a cyclic heat engine

4. What are the causes of entropy increase?

5. What do you understand by the degree of superheat and
the degree of subcooling?
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What is the effect of reheat on the eycle efficiency and on
heat rate of a steam power plant?

What is meant by perfect inter cooling?

Why does the hydrogen gas need to be pre-cooled before
being throttled to get the cooling effect?

When do the DBT, WBT, and DPT become equal?
‘What is an adiabatic saturation process?
PART B — (5 x 16 = 80 marks}

(@) The internal energy of a certain substance is given
by the following equation u = 3.56pu+84 where u is
given in KJ/Kg, p is in KPa, v is in m®/Kg. A system
composed of 3 kg of this ‘substance expands from an
initial pressure of 500 KPa and a volume of 0.22 m®
to a final pressure 100 KPa in a process in which
pressure and volume are related by pv*? =

constant.

(i) If the expansion is quasi-static, find @, AU,
and W for the process.

(i) In another process the same system expands
according to the same pressure — volume
relationship as in part (i), and from the same
initial state to the same final state as in part
(i), but the heat transfer in this case is 30 KJ.
Find the work transfer for this process.
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(@)

(iii) Explain the difference in work transfer in
part (i) and (i1). (16)

Or

A nozzle is a device for increasing the velocity of a
steadily flowing stream. At the inlet to a certain
nozzle, the enthalpy of the fluid passing is
3000 KJ/Kg and thé velocity is 60 m/s. At the
discharge end, the enthalpy is 2762 KJ/Kg. The
nozzle is horizontal andithére is negligible heat loss
from it.

(1)  Find the velocity at exit from nozzle.

@) If the inlet area is 0.1 m? and the specific
volume at inlet is 0.187 m”*/Kg, find the mass
flow rate.

@i} If the specific vx;Iume at the nozzle exit is
0.498 m"/Kg, find the exit area of the nozzle.
16)

A reversible heat engine operates between two
reservoirs at temperatures of 600°C and 40°C. The
engine drives a reversible refrigerator which
operates between reservoirs at temperature of 40°C
and —-20°C. The heat transfer to the heat engine is
2000 KJ and the net work output of the combined
engine refrigerator plant is 360 KJ.
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(i) Reconsider part (i) given that the efficiency of
the heat engine and the COP of the
refrigerator are each 40% of their maximum

possible values. (16)
Or
(b) () What is meant by availability? 2)

(i) A fluid undergoes a reversible adiabatic
compression from 0.5 MPa, 0.2 m® to 0.05 m®
according to the law, pu'® = Constant.
Determine the change in enthalpy, internal
energy and entropy, and the heat transfer and
work transfer during the process. 14

13. (a) A rigid vessel contains 1 Kg of mixture of saturated
water and saturated steam at a pressure of
0.15 MPa. When the mixture is heated, the state
passes through the critical point. Determine

()  the volume of the vessel,

(i)} the mass of liquid and of vapour in the vessel
imitially,

:
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(a)

(iii) the temperature of the mixture when the
pressure has raised to 3 Mpa, and

(iv) the heat transfer required producing the final
state(iii). (16)

Or

A certain chemical plant requires heat from process
steam at 120°C at the rate of 5.83 MdJ/s and power at
the rate of 1000 KW from the generator terminals.
Both the heat and power requirements are met by a
back pressure turbine of 80% brake and 85%
internal efficiency, which exhausts steam at 120°C
dry saturated:. All the latent heat released during
condensation is utlhzed in the process heater. Find
the pressure and temperature of steam at the inlet
to the turbine. Assume 90% efficiency for the
generator. {16}

A mixture of ideal gases consists of 2 kg of nitrogen
and 6 kg of carbon dioxide at a pressure of 300 kPa
and a temperature of 20°C. Find

(1)  the mole fraction of each constituent.

(i) the -equivalent molecular weight of the
mixture.

(iii) the equivalent gas constant of the mixture.
(iv) the partial pressures and partial volumes.
(v)  the volume and density of the mixture.

(vi} C, and C, of the mixture.

Or
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(a)

(®)

(i) Derive Maxwell equations. 8)

@) Explain why the specific heat of a saturated
vapour may be negative. 8)

An air conditioning system is designed under the
following conditions : outdoor conditions = 30°C DBT,
75% R.H. Required indoor conditions = 22°C DBT,
70% R.H. amount of free air circulated = 3.33 m®/s,
Coil dew point temperature = 14°C. The require
condition is achieved  first by cooling and
dehumidification, and then by heating. Estimate

G) the capacity of the cooling coil in tones,
(i) the capacity of the heating coil in KW, and

(jii) the amount of water vapour yemoved in Ke/s.

(16)
Or

Water from a cooling system is itself to be cooled in &
cooling tower at a rate of 2.78 Kgfs, the water enters
the tower at 65°C and Jeaves a collecting tank at the
base at 30°C. Air flows through the tower, entering
the base at 15°C, 0.1 MPa, 55% RH, and leaving the
top at 35°C, 0.1 MPa, saturated. Make-up water

enters the collecting tank at 14°C. determine the air

3

flow rate into the tower in m®/s and the make-up

water flow rate in Kg/s. (16)

—
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