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B.E./B.Tech. DEGREE EXAMINATION, APRIL/MAY 2011.
Fourth Semester
Mechanical Engineering
ME 1251 — THERMAL ENGINEERING -
(Regulation 2004) '

(Common to B.E, (Part-Time) Third Semester, Regulation 2005)

Time : Three hours Maximum : 100 marks

(Use of standard Thermodynamic tables, Mollier diagram, Psychrometric chart and

10.

Refrigerant property tables permitted)
Answer ALL questions.
PART A — (10 x 2 = 20 marks)
What are the air standard assumpti(;m?

As a car gets older, will its compression ratio change? How about the mean
effective pressure?

What do you mean by valve overlap period?

How do you compare diesel and petrol engines on compression ratio based?
Why is compounding necessary in steam turbines?

What do you understand by critical pressure ratio?

List out any four types of compressors.

What is the need for intercooling in multistage air compression?

What is the concept of GSHF?

What is the difference between ‘wet compression’ and ‘dry compression’?
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The volume ratios of compression and expansion for a diesel as measured
from an indicator diagram are 15.1 and 7.2 respectively. The pressure
and temperature at the beginning of the compression are 1.01325 bar and
300K. Assuming an ideal engine, detérmine the mean effective pressure,
the ratio of maximum pressure to mean effective pressure and cycle
efficiency. Also find the fuel consumption per kWhr if the indicated
thermal efficiency is 0.5 of ideal efficiency, mechanical efficiency is 0.8
and calorific value of diesel 43 MJ/kg. Assume for air:
¢, =1.005kJ/kg -K; y =14

Or

The compression ratio and expansion ratio of an oil engine working on
the dual cycle are 9 and 5 respectively. The initial pressure and
temperature of the air are 1.01325 bar and 300 K. The heat liberated at
constant pressure is twice the heat liberated at constant volume. The
expansion and compression follow the law pV'? = constant. Determine:

(i)  Pressures and temperatures at all salient points

(ii) Mean effective pressure of the cycle

(iii) Efficiency of the cycle )

(iv) Power of the engine if working cycles per second are 8. Assume
cylinder bore and stroke as 250 mm and 400 mm respectively.

A 4-cylinder petrol engine has a bore of 57 mm and a stroke of 90 mm. Its
rated speed is 2800 rpm and it is tested at this speed against a brake,
which has a torque arm of 0.36 m. The net brake load is 160 N and the
fuel consumption is 6.74 litres/hr. The specific gravity of petrol used is
0.735 and it has a lower calorific value of 45 MJ/kg. A more test is carried
out and the cylinders are cut out'in order 1,2,3,4 with corresponding
brake loads 111, 106, 104 and 111 N, respectively. Calculate for this
speed:

(i) The engine torque

(ii) .The brake mean effective pressure
(iii} The brake thermal efficiency

(iv) The specific fuel consumption .

(v) The mechanical efficiency

(vi) The indicated mean effective pressure.

Or

(i) With. the aid of pressure crank angle diagram, explain the
phenomenon of normal combustion in a diesel engine. 10)

(ii) Explain the dry sump lubrication system with a neat sketch. (6)
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In an impulse turbine, steam enter with a velocity of 599 m/s at an angle
of 24° to the plane of rotation of the blades. The blade speed is 256 m/s
and the blade angle on the exit side is 29°. If the blade friction coefficient
is 9.8%, find

(i)  The blade angle at the entry side,
(i) Work done per kg of steam,
(ifi) Diagram efficiency and

(iv) The axial thrust if the steam mass flow rate is 3.6 tonnes/hr.

Or

Discuss the different methods of compounding in steam turbine.

A two stage air compressor with perfect inter- cooling takes in air at
1 bar and 300 K. The law of compression in both the stages is
pV'3 = constant. The compressed air is delivered at 9 bar. Calculate for
unit mass flow rate of air, the minimum work done and the heat rejected
to inter-cooler. Compare the values if compression is carried out in single-
stage compression with an after cooler.

Or

In a two stage air compressor the pressures are atmospheric 1 bar;
intercooler 7.4 bar; delivery 42.6 bar. Assuming complete intercooling to
the original temperature of 288 K and compression index n =1.3, find the
work done in compressing 1 kg of air. If both cylinders have the same
stroke and the piston diameters are 9 cm and 3 cm and the volumetric
efficiency of the compressor is 90%, will the intercooler pressure be
steady or will it rise or fall as the compressor continues working? Justify
your answer.

The evaporator and condenser temperatures of 20 tonnes capacity freezer
are — 28°C and 23°C respectively. The refrigerant R22 is sub-cooled by
3°C before it enters the expansion valve and is superheated to 8°C before
leaving the evaporator. The compression is isentropic. A six-cylinder
single-acting compressor with stroke equal to bore running at 250 rpm is
used. Determine: '

(1) Refrigerating effect/kg.
(i) Mass of refrigerant to be circulated per minute.
(iii) Theoretical piston displacement per minute.

(iv) Theoretical power.
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It is required to design an air- conditioning system for an_ industrial
process for the following hot and wet suumer conditions:

Outdoor conditions < 32°C DBT and 65 % R.H.
Required air inlet conditions - 25°C DBT and 60 % R.H.
Amount of free air circulated -250 m*min

Coil dew temperature - 13°C. The required condition is achieved by first
cooling and dehumidifying and then by heating. Calculate the following
using psychrometric chart :

(i)  The cooling capacity of the cooling coil and its by-pass factor.

(i) Heating capatity of the heating coil in kW and surface temperature
of the heating coil if the by-pass factor is 0.3.

(iii) The mass of water vapour removed per hour.
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