[image: image1.png]Reg. No.:

Question Paper Code : 55411

B.E./B.Tech. DEGREE EXAMINATION, APRIL/MAY 2011.
Third Semester/Fourth Semester
Electrical and Electroni¢s Engineering
ME 1211 — APPLIED THERMODYNAMICS

(Common to Instrumentation and Control Engineering and
Electronics and Instrumentation Engineering)

(Regulation 2004)

Time : Three hours Maximum : 100 marks

10.

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

What is a quasi-static process?
A certain gas occupies a space of 0.3m3 at pressure 2 bar and temperature
77 deg C. It is heated at constant volume until the pressure is 7 bar.

Determine the temperature and change in enthalpy of the process.

Draw the p-v diagram of an ideal diesel cycle and indicate the various
processes.

Define air standard efficiency and mean effective pressure.

What do you understand by dryness fraction? Give its value for superheated
steam.

Why compounding is necessary in steam turbines?
Define FAD as applied to compressors.

Show the process of dehumidification of moist air by cooling on a skeleton
psychométric chart. -

Find the thermal conductivity of a wall 30 mm thick, if the amount of
heat conducted through the wall Q = 4200 kJ/m?-hr and the difference in
temperature of the wall is 30°C.

What do you understand by free and forced convection?
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PART B — (5 x 16 = 80 marks)

State and explain the three laws of thermodynamics 8)

A reversible engine is supplied with heat from two constant
temperature sources at 900 K and 600 K and rejects heat to a
constant temperature sink at 300 K. The engine develops work
equivalent to 90 kd/s and rejects heat at the rate of 56 kJ/s.
Estimate

(1)  heat supplied by each source and
(2) thermal efficiency of the engine. 8

Or

In an air compressor, air flows steadily at the rate of 15 kg per
minute. The air enters the compressor at 5 m/s with a pressure of
1 bar and a specific volume of 0.5 m%¥kg. It leaves the compressor at
7.5 m/s with a pressure of 7 bar and a specific volume of 0.15 m¥%kg.
The internal energy of the air leaving the compressor is 165 kd/kg
greater than that of the air entering. The cooling water in the
compressor jackets absorbs heat from the air at the rate of 125 kd/s.
Find the power required to drive the compressor and the ratio of the
inlet pipe diameter to outlet pipe diameter. 8

A mass of air is initially at 206 deg C at a pressure of 7 bar and
having volume of 0.03 m?. The air is expanded at constant pressure
to 0.09 m?, a polytropic process with n = 1.5 is then carried out,
followed by a constant temperature process which completes the
cycle. All the processes are reversible. Sketch the cycle on
pressure-volume and temperature-entropy planes and find the :

(1) Change in entropy during each process
(2) Heat received and rejected in the cycle and
(3) Efficiency of the cycle. 8)

Derive an expression to calculate the air standard efficiency of an
Otto cycle. 8

In an Otto cycle, air at 1 bar and 290 K is compressed isentropically
until the pressure is 15 bar. The heat added is at constant volume
until the pressure rises to 40 bar. Calculate the air standard
efficiency and the mean effective pressure for the eycle.

- Takec, =0.717kJ/kg K and R, = 8.314 kJ/kg mole K. 8)

Or

With the help of a neat sketch explain the working of a four stroke
diesel engine. 8)
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The compression ratio of an ideal air standard diesel cycle is 15.
The heat transfer is 1465 kd/kg of air. Fine the pressure and
temperature at the end of each process and determine the cycle
efficiency. What is the mean effective pressure of the cycle if the
inlet conditions at 300 K and 1 bar? (8)

Draw the layout of a steam power plant and explain its working. (8)

The following particulars refers to a steam plant consisting of a
boiler, economiser and a super heater :

Steam pressure = 14 bar, Mass of steam generated = 5000 kg/h,
Mass of coal used = 675 kg/h, Calorific value of coal = 29800 kd/kg
of coal, Temperature of feed water entering the economiser = 30 deg C,
Temperature of feed water leaving the economiser = 130 deg C.
Dryness fraction of steam leaving the boiler = 0.97, Temperature of
steam leaving the superheater = 320 deg C. Determine the

(1) Overall efficiency of the plant

(2) The percentage of the available heat utilized in the boiler
economizer and super heater respectively. 8)

Or

Draw the combined velocity triangle for a single stage reaction
turbine and derive an expression for the work done per stage 8

Name and explain any 2 boiler accessories that are used for
improving the efficiency of steam boiler. 8)

Explain the working of a two stage reciprocating air compressor
with intercooler. "8

A single acting reciprocating air compressor has cylinder diameter
and stroke of 200 mm and 300 mm respectively. The compressor
sucks air at 1 bar and 27 deg C and delivers at 8 bar while running
at 100 rpm. Find the

(1) Indicated power of the compressor.
(2) Mass of air delivered by the compressor per minute and

(3) Temperature of the air delivered by the compressor. The
compression follows the law pv'® =C. Take R = 287 J/kg K.
8)

Or

With the help of a neat sketch explain the working of a vapour
absorption refrigeration system. . [¢)]



[image: image4.png]15.

(i)

A vapour compression refrigeration system works between limits of
60 bar and 25 bar. The working fluid is just dry at the end of
compression and there is no under ¢ooling of the liquid before the
expansion valve. Determine 8

(1) C.O.P of the cycle,
(2) Capacity of the refrigerator if the fluid flow rate is 5 kg/min.

The following data are given :

Pressure Saturation Enthalpy, kd/kg Entropy, kd/kg
bar temperature
K Liquid Vapour Liquid Vapour
60 295 61.9 208.1 0.197  0.703
25 261 -18.4 2345 -0.075 0.896
(&) (i) Derive an expression to estimate the ‘quantity of heat transferred

(b)

(ii)
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through a cylindrical surface. )

A furnace wall 200 mm thick is made of a material having thermal
conductivity of 1.45 W/m? K. The inner and outer surfaces are
exposed to an average temperature of 350 deg C and 40 deg C. If
gas and air co-efficient are 58 and 11.63 W/m? K respectively, fine
the rate of heat transfer through a wall of 2.5 square meter.
Find the temperatures on the two sides of the wall. 8)

Or

A hollow sphere is made of two materials: first with k = 70 W/mK is
having an ID of 10 cm and O.D of 30 cm and the second with
k=15 W/mK forms the outer layer with O.D of 40 cm. The inside
and outside temperatures are 300 deg C and 30 deg C respectively.
Estimate the rate of heat flow through this sphere assuming perfect
contact between two materials. (8)

Write short notes on :
(1) Black body radiation. {4)

(2) Thermo electric cooling. 4)




