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Use of steam tables, refrigeration tables, psychrometric charts and Heat and Mass
transfer tables are permitted.

Answer ALL questions.

PART A — (10 x 2 = 20 marks) °

1.  Suggest appropriate modeling with reasons for the following operations either
as a closed system or open system

(a) Pumping of water using centrifugal pump

(b) Cooking food using pressure cooker.
2.  Define heat engine and write an expression for the efficiency of heat engine.
3. Draw p-v and T-s diagram of limited pressure cycle indicating all processes.
4.  List any four applications of IC engines.
5.  What is function of pressure relief valve?
6. How Steam turbines are governed?

7. List the advantages of inter-cooling in multi-stage compressors.
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11.

12.

Show the effect of superheating on T-s diagram for an vapour compression
refrigeration system. "

A steam pipe 10 cm ID. and 11 cm O.D is covered with an insulating
substance (¢ =1 W/m K). If convective heat transfer coefficient between the
insulation surface and air is 8 W/m2 K. Find the critical radius of insulation.

What is Gray body?

(@)

(b)

(@)

(b)

PART B — (5 x 16 = 80 marks)

(i) Brief point and path function with examples. 4)

(i) A stationary system consisting of 2 kg of the fluid whose properties
are related as, u=196+0.718¢t, pv=2.87 (¢t +273) where, u is the

specific internal energy (kd/kg), ¢ is the temperature in °C, P is the
pressure in kN/m? and v is the specific volume in m%kg. The fluid

expands during an adiabatic. process according to the relation

pv*? = constant. The initial condition of the pressure and

temperature are 1 MPa and 200°C respectively and the final
pressure is 0.1 MPa. Find the work transfer and change in internal
energy for the process. Why is the work transfer not equal to the
reversible adiabatic work? (12)

Or

A reversible heat engine operates between two reservoirs at
temperatures of 700°C and 50°C. The heat engine drives a reversible
refrigerator which operates between reservoirs at temperature of 50°C
and ~ 25°C. The heat transfer to the engine is 2500 kJ and the net work -
output of the combined engine and refrigerator plant is 400 kd.

Determine the heat transfer to the refrigerant and the net heat transfer
to the reservoir at 50°C.

An oil engine takes in air at 1.01 bar, 20°C and the maximum cycle
pressure is 69 bar. The compression ratio is 18 : 1. Calculate the air
standard efficiency, pressure and temperature at salient point of cycle,
heat supplied, work done and mean effective pressure based on the dual
combustion cycle. Assume that heat added at constant volume is equal to
heat added at constant pressure.

Or

With neat sketch explain the working of spark ignition and compression
ignition engine and compare four and two stoke engines.
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14.

15.

(a)

(b)

(a)

(b)

(a)

®

(ii)

@

(ii)

Determine the efficiency of a Rankine cycle using steam as the
working fluid in which the condenser pressure is 20 kPa. The
pressure in the boiler is 3 Mpa. The steam leaves the boiler as

saturated vapour. ' (12)

Define :

(1) Equivalent evaporation

(2) Boiler efficiency. 4)
Or

Explain pressure — velocity compounding of steam turbine, showing
pressure and velocity variations along the axis of the turbine. 4)

Explain the working and layout of modern steam power plant. (12)

A single acting single cylinder air compressor running at 450 rpm is
driven by an electric motor. Using the given data and assuming that the
cylinder bore is equal to the stroke, calculate

@
(ii)
(ii1)

- (1)

(i1)

(i)

FAD
The volumetric efficiency

The cylinder bore and stroke length. The data given are : air at inlet
condition, 1.013 bar and 21°C; delivery pressure 7 bar, clearance
volume 5 % of swept volume, index of compression and reexpansion
1.35, mechanical efficiency of the drive between motor and the
compressor 80%, motor power output 28 kW.

Or

Indicate the processes of Vapour Compression Refrigeration on P-H
and T-s diagrams. Also indicate the effect of subcooling. (5)

Write short note on various Psychrometric process indicating
process on a typical Psychrometric chart. (11)

A mild steel tank of wall thickness 20 mm contains water 100°C.
Estimate the loss of heat per square meter area of the tank surface,
if the tank is exposed to an atmosphere at 20°C. Thermal
conductivity of steel is 50 W/mK. While heat transfer coefficient for
outside and inside the tank are 10 W/m2 K and 2850 W/m2 K
respectively. What will be the temperature on the outside of the
tank wall? 14)

What is extended surfaces and where it’s employed? 2)

Or
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(ii)

Water at 50°C enters 50 mm diameter and 3 m long tube with a
velocity of 0.8 m/s. The tube wall is maintained at a constant
temperature of 90°C. Determine the heat transfer coefficient and
the total amount of heat transfer if the exit water temperature 1s
70°C. (12)

Write short note on thermoelectric cooling. 4)
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