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B.E./B.Tech. DEGREE EXAMINATIONS, NOVEMBER/DECEMBER 2009.
THIRD SEMESTER
MECHANICAL ENGINEERING
ME 1201 — ENGINEERING THERMODYNAMICS

(REGULATIONS 2007)

Answer ALL questions.
PART A —(10x2=20 marks)

Write the significance of ‘Zeroth Law of Thermodynamics’.

What do you mean by ‘Thermodynamic Equilibrium™

Write down the Clausius statement of ‘Second Law of Thermodynamics’.
State Carnot’s theorem.

What is ‘triple point’;?

Differentiate ‘reheat cycle’ from ‘regenerative cycle’.

State Avagadro’s law.

What is Joule Thomson effect?

What is ‘Degree of Saturation’

Give one practical example for each :
(a) sensible cooling and

(b) evaporative cooling.

Maximum : 100 marks
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PART B — (5 x 16 = 80 marks)

Prove that energy is a property of a system.

A fluid is confined in a cylinder by a spring-loaded, frictionless
piston so that the pressure in the fluid is a linear function of the
volume (p = a + bV). The internal energy of the fluid is given by
the following equation U = 34 + 3.15pV Where, U isinkd, pin
kPa, and V in cubic metre. If the fluid changes from an initial state
of 170 kPa, 0.03 m3 to a final state of 400 kPa, 0.06 m3, with no
work other than that done on the piston, find the direction and
magnitude of the work and heat transfer.

Or

Air at a temperature of 15°C passes through a heat exchanger at a
velocity of 30 m/s where its temperature is raised to 800°C. It then enters
a turbine with the same velocity of 30 m/s and expands until the
temperature falls to 650° C. On leading the turbine, the air is taken at a
velocity of 60 m/s to a nozzle where it expands until the temperature has
fallen to 500° C. If the air flow rate is 2 kg/s, calculate

@
(i)
(iii)

®

(1)

The rate of heat transfer to the air in the heat exchanger,
The power output from the turbine assuming no heat loss and

The velocity at exit from the nozzle, assuming no heat loss. Take
the enthalpy of air as A = c,t, where c,, is the specific heat equal

to 1.005 kd/kgK and ¢ the temperature.

Show that the COP of a heat pump is greater than the COP of a
refrigerator by unity.

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 temperatures of
40° C and —20°C. The heat transfer to the heat engine is 2000 kdJ
and the network output of the combined engine refrigerator plant is
360 kdJ.

(1) Evaluate the heat transfer to the refrigerant and the net heat
transfer to the reservoir at 40° C.

(2) Reconsider (1) given that the efficiency of the heat engine and
the COP of the refrigerator are each 40% of their maximum
possible values.

Or
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(b)

(a)

(b)

(a)

(b)

(i) State and prove Clausius theorem.
(ii) A fluid undergoes a reversible adiabatic compression from 0.5 MPa,
0.2 m3 to 0.05 m? according to the law, pv'® = constant. Determine

the change in enthalpy, internal energy and entropy. Also calculate
the heat transfer and work transfer during the process.

Steam at 0.8 MPa, 250°C and flowing at the rate of 1 kg/s passes into a
pipe carrying wet steam at 0.8 MPa, 0.95 dry. After adiabatic mixing the
flow rate is 2.3 kg/s. Determine the condition of steam after mixing. The
mixture is now expanded in a frictionless nozzle isentropically to a
pressure of 0.4 MPa. Determine the velocity of the steam leaving the
nozzle. Neglect the velocity of steam in the pipeline.

Or

Steam at 20 bar, 360° C is expanded in a steam turbine to 0.08 bar. It
then enters a condenser, where it is condensed to saturated liquid water.
The pump feeds back the water into the boiler.

(1) Assuming ideal processes, find per kg of steam the net work and the
cycle efficiency.

(i) If the turbine and the pump have each 80% efficiency, find the
percentage reduction in the net-work and cycle efficiency.

A mixture of ideal gases consists of 3 kg of nitrogen and 5 kg of carbon-

dioxide at a pressure of 300 kPa and a temperature of 20°C. Find

(i) The mole fraction of each constituent, '

(i1) The equivalent molecular weight of the mixture,

(iii) The equivalent gas constant of the mixture,

(iv) The partial pressures and the partial volumes,

(v) the volume and density of the mixture, and

(vi) The c, and c, of the mixture.
If the mixture is heated at constant volume to 40° C, find the
changes in internal energy, enthalpy and entropy of the mixture.

Find the changes in internal energy, enthalpy and entropy of the
mixture if the heating is done at constant pressure. Take y for CO2

and N, to be 1.286 and 1.4 respectively.

Or

Derive Maxwell’s equation and first and second Tds equations.

;
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Out door 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 required condition is achieved first by cooling and dehumidification,
and then by heating. Estimate

(i) The capacity of the cooling coil in tonnes,
(i) The capacity of the heating coil in kW, and

(iii) The amount of water vapour removed in kg/s.

Or

(b) Atmospheric air at 1.0132 bar has a DBT of 32° C and a WBT of 26° C.
Compute

(i) The partial pressure of water vapour,

(ii)) The specific humidity,

(iii) The dew point tefn;:ierature,

(iv) The relative humidity,

(v) - The degree of saturation,

(vi) The density of the air in the mixture,

(vil)) The density of the vapour in the mixture, and

(viii) The enthalpy of the mixture.





