Ref. No. Ex/PE/T/211/2019
B. POWER ENGINEERING 2V° YEAR FIRST SEMESTER EXAMINATION 2019
SUBJECT: ENGINEERING THERMODYNAMICS |
Time: Three Hours Full Marks: 100
Use of Steam Table permitted; Air Table is supplied with the Question Paper
Part I Answer any one questions 20 marks

a.  What do you mean by a reversible and an irreversible process? State the factors that lead to
irreversibility in a system. 2+3=5 '

b: A 400-L tank A contains argon gas at 250 kPa and 30-C.
Cylinder B, having a frictionless piston of such mass thata
pressure of 150 kPa will float it, is initially empty. The valve
is opened, and argon flows into B and eventually reaches a
uniform state of 150 kPa and 30-C throughout. What is the

work done by the argon? 15

a. A piston/cylinder assembly contains 1 kg of liquid water at 20-C and 300 kPa.
There is a linear spring mounted on the piston such that when the water is heated,
the pressure reaches 3 MPa with a volume of 0.1 m?, (i) Find the final temperature. i
-~(ii) Plot the process on the p-v-and 7-s diagrams. (¢) Find the work in the process. -~ »i
Assume Ry= 0.287 kl/kgK and y=1.4. 15
b.  Show that the of p = constant lines in Mollier diagram are straight lines in the wet
region and the slopes of the lines increase with temperature 5

Partll: Answer any gne questions 20 marks

a.  An empty cylinder of volume V is connected to a methane gas refilling pipeline through a stop

+ valve, The gas refilling pipeline is maintained at a pressure p and temperature 7. The stop valve is

- ~-¢rack-epengd-when the gas fills up the cylinder to pressure p. Write the energy conservation
-equation if the heat transfer during gas-refilling process is negligible. 5

b. - Two steady flows of air enter & control volume. One is a 0.025 - —
kg/s flow at 350 kPa, 150 <C, state 1, .and the other enters at 450 1:
kPa, 15 =C, state 2. A single flow exits at 100 kPa, —40 °C, state |
3. The control volume ejects 1 kW heat to the surroundings and “*j)“‘“% ;
produces 4 kW of power output. Neglect kinetic energies and
determine the mass flow rate at state 2, Use Air Table. 15

a.  State Kelvin Planck and Clausius statements, and show that they are equivalent. 5

b. Each of the two rigid tanks shown in the following figure contain 10 kg of N2 gas at 1000 K, 500
kPa. They are now thermally connected to a reversible heat pump, which heats one and cocls the
other with no heat transfer to the surroundings. When one tank is heated to 1500 K, the process
stops. Find the final (P, T) in both tanks and the work input to the heat pump, assuming constant
heat capacities Cpnz = 0.92 ki/kgK. 15
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Use of Steam Table permitted; Air Table is supplied witl the Question Paper
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Draw a neat sketch of a single-acting reciprocating air compressor with its drive and label the major
components 5

A single-stage, single-acting reciprocating air compressor delivers ait.at 7 bar while its suction is
drawn at 1 bar and 27°C. The cylinder has a bore of 35 cm and stroke of 40 cm, and it runs at 360
rpm. Determine the FAD, theoretical power consumed by the compressor and brake power, ifn=1.3
and Nimechanical = 90%. Assume Rapr=0.287 kI/kgK and y=1.4. 15

A gearbox assembly of a truck receives 1kN.m of torque in the driving shaft (that connects the
engine and the gearbox) and transmits 0.95 kN.m to its driven shaft (gear box to the axel). Both the
shafis are rotating at 600 rpm. The duter wall surface of the gearbox is maintairied at 77 °C, while
the ambient is at 300 K. What are the entropy generation rates (i) in the gearbox assembly, and (ii)
outside? ' ' 10
An air conditioner cools a house at 7;, =20C with a maximum of 1.2 kW power input. The house
gains energy as Q = 0.6(7w — Tr)[kW] and the refrigeration COP is B = 0.6 fcarnor. Find the
maximum outside temperature, Ty, for which the air conditioner unit provides sufficient cooling.
10

Write down the entropy transport equation for an open system, and explain the significance of each
term. 5

Steam entets a non-adiabatic turbine in a steady state steady flow process at 100 bar as saturated
vapor and undergoes irreversible expansion to a quality of 0.9 at 1 bar. The heat foss to the ambient
at 300 K is 50 kl/kg of steam. Determine: (a) the work output (b) entropy generation due to the

irreversibilities. _ 15

Part iV: Answer any one question 20 marks

What do mean by thermomechanical exergy of a nonflow system? Write the expression of specific
nonflow themomechanical exergy. 5

An insulated cylinder is divided into two parts A and B of 1 m® each by an initially locked piston,
as shown in the following figure. Side A has air at 20€ kPa, 300 K, and side B has air at 1.0 MPa,
1000 K. The piston is now unlocked so that it is free to move, and it conducts heat so that the air
comes to a uniform temperature T = Tp. Find the mass in both A and B and the final T and P, and
the exergy destroyed in the process. Assume the-ambient temperature to be 300 K and 1 bar. Use
Air Table or assume Ro»r= 0.287 kJ/kgK and 3=1.4. 15

Write down the exergy transport equation for an open system and define what each term mean.

5
An air compressor takes air in at the state of the surroundings, 100 kPa, 300 K. The air exits at 400
KkPa, 200-C, at the rate of 2 kg/s. Determine the minimum compressor work input. If the second law
efficiency of the compressor is 80%, determine its isentropic efficiency. Use Air Table 15
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A single-stage, single-acting reciprocating air compressor delivers air.at 7 bar while its suction is
drawn at 1 bar and 27°C. The cylinder has a bore of 35 cm and stroke of 40 cm, and it runs at 360
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A gearbox assembly of a truck receives 1kN.m of torque in the driving shaft (that connects the
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shafts are rotating at 600 rpm. The outer wall surface of the gearbox is maintairied at 77 °C, while
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An air conditioner cools a house at T; =20-C with a maximum of 1.2 kW power input. The house
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