UNIVERSITY OF MINES AND TECHNOLOGY, TARKWA
FIRST SEMESTER EXAMINATIONS, NOV/DEC 2018

COURSE NO: MC/EL/RN/MN 267

COURSE NAME: THERMODYNAMICS

CLASS: MC/EL/RN/MN 11 TIME: 3 HOURS
Name: Index Number:

INSTRUCTIONS
= Attempt ALL questions (marks for each is indicated beside each question).
= Full credits will be given to clear and logical presentation of solution. Whenever necessary, draw
simple diagrams, state the principle or theory being applied, and/or assumptions made.
= Use a value of g=9.81 m/s? for all acceleration due to gravity on earth.

SECTION A [35 MARKS]
1. Engineering thermodynamics does not include energy

a) Ultilization c) Transfer e) None of the above
b) Storage d) Transformation
2. Which of the following is not an extensive property?

a) Density c) Mass e) None of the above
b) Kinetic energy d) Momentum
3. Which of the following is not an intensive property?
a) Volume c) Pressure e) None of the above
b) Temperature d) Velocity
4. Which of the following is a quasi-equilibrium process?
a) Combustion ¢) Mixing a fluid
b) Compression of the air-fuel mixture in a d) A balloon bursting
cylinder e) None of the above

5. Which of the following is not an acceptable Sl unit?
a) Pressure measured in newtons per square metre
b) Distance measured in centimetres
¢) Volume measured in cubic centimetres
d) Density measured in grams per cubic centimetre
e) None of the above
6. A 120-V electric resistance heater draws 10 A. it operates for 10 minutes in a rigid volume. Calculate the

work done on the air in the volume.

a) 720000 kJ c) 720kJ e) None of the above
b) 12000 kJ d) 12kJ

7. Find the work if air expands from 0.2 m®to 0.8 m3 while p = (V + 2 V ?) kPa.
a) 0.72kJ ¢) 0.36 kJ e) None of the above
b) 0.63 kJ d) 0.24kJ

8. Heat can be transferred by conduction through
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10.

11.

12.

13.

14.

15.

16.

17.

18.

a) Only solids c) Only gases e) All of the above

b) Only liquids d) Bothsolids and liquids

Steam exists in a volume at 288°C and 2 MPa. Estimate the specific volume.

a) 01221 m¥kg c) 0.1192 m¥kg e) None of the above
b) 0,1148 m¥kg d) 0.1207 m¥/kg

Calculate the mass of air in a tire with a volume of 0.2 m? if it is filled to a gauge pressure of 180 kPa at 25°
C. Take the R of air to be 287 J/kgK and atmospheric pressure to be 100 kPa.

a) 7.8kg c) 0.732kg e) None of the above
b) 0.888 kg d) 0.655 kg

A vertical circular cylinder holds 100 cm of liquid water and 1 cm of vapour. If P = 200 kPa, the quality is
nearest:

a) 0.0102 c) 0.406 e) None of the above
b) 0.107 d) 0.803

A piston-cylinder device initially contains 0.4 m3of air at 100 kPa and 80 °C. the air is now compressed to
0.1 mdin such a way that the temperature inside the cylinder remains constant. Determine the work done

during this process.

a) -5.55kJ c) -555.5kJ e) None of the above
b) -55.55 kJ d) -5555.5kJ

The phase change from a liquid to a vapour is referred as:

a) Condensation ¢) Melting e) None of the above
b) Sublimation d) Vapourization

Estimate the volume occupied by 10 kg of water at 225°C and 2 MPa.

a) 0.099 m? c) 94L e) None of the above
b) 0.104 m? d) 11.8L

A gas is compressed from an initial volume of 0.42 m® to a final volume of 0.12 m3. During the quasi-
equilibrium process, the pressure changes with volume according to the relation P = aV + b, where a = -1200
kPa/m3and b = 600 kPa. Calculate the work done during this process;

a) -8.28kJ c) -828kJ e) None of the above
b) -82.8 kJ d) -82.8J

Determine the absolute pressure exerted on an object submerged 1000 m below the surface of the sea, in
bars. The density of seawater is 1020 kg/m? and the acceleration of gravity is 9.7 m/s2. The local atmospheric

pressure is 0.98 bar.

a) 98.94 bars c) 97.96 bars e) None of the above
b) 99.92 bars d) 101.04 bars

The mass of nitrogen at 150 K and 2 MPa contained in 0.2 m® is nearest ( take R of nitrogen to be 296.8
JIkgK):

a) 10.2 kg c) 6.23 kg e) None of the above
b) 8.89 kg d) 2.13kg

A tank holds 10-L of water with 0.1 L been liquid water and 9.9 L been vapour at 300°C. what is the quality?
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19.

20.

21.

22.

23.

24,

25.

26.

27.

a) 1.50% c) 76.00% e) None of the above
b) 61.00% d) 98.50%

Energy is added to a piston-cylinder arrangement, and the piston is withdrawn in such a way that the quantity
pV remains constant. The initial pressure and volume are 250 kPa and 3 m?, respectively. If the final pressure
is 120 kPa, calculate the work done by the gas on the piston.

a) 55.0J c) 55kJ e) None of the above
b) 550J d) 550kJ

A Carnot cycle is a cycle of special interest because:

a) It establishes a lower limit on cycle efficiency

b) It operates between two constant temperature reservoirs

c) It provides the maximum efficiency for any cycle

d) When it is carefully constructed in a laboratory, it provides an upper limit on efficiency.

e) None of the above

A heat pump is to provide 2000 kJ/hr to a house maintained at 20° C. If it is -20° C outside, what is the
minimum power requirement?

a) 385 kJ/hr c) 273 kd/hr e) None of the above
b) 316 kd/hr d) 184 kJ/hr

A Carnot refrigerator requires 10 kW to remove 20 kJ/s from a 20° C reservoir. The temperature the high

temperature reservoir is

a) 440K c) 460K e) None of the above
b) 400 K d) 340K
An engine operates on 100°C geothermal water. It exhausts to a 20°C stream. Its maximum thermal efficiency
is nearest;
a) 21% c) 58% e) None of the above
b) 32% d) 80%
Find the volume occupied by 4 kg of 200 °C steam at a quality of 80%.
a) 0.004 m? c) 0.410m3 e) None of the above
b) 0.104m3 d) 4.10m3

An inventor proposes an engine that operates between 27°C warm surface layer of the ocean and a 10°C layer

several meters down. The inventor claims that the engine produces 100 kW by pumping 20 kg/s of seawater.

This engine is
a) Possible ¢) Reversible e) None of the above
b) Impossible d) Probable

A Carnot engines operates between two reservoirs maintained at 200 °C and 20 °C, respectively. If the desired

output of the engine is 15 kW, determine the heat transfer from the high temperature reservoir.

a) 2.42kw c) 3.942 kw e) None of the above
b) 24.2 kW d) 39.42 kW

Saturated water is heated at constant pressure of 400 kPa and T, = 400°C. how much heat must be removed?
a) 2070 kJ/kg c) 2670 kJ/kg e) None of the above
b) 2370 kJ/kg d) 2870 kJ/kg
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28.

29.

30.

31.

32.

33.

34.

35.

For a power cycle the total heat transfer to the cycle is, Q. is 500 MJ. What is the net work delivered, in

MJ, if the thermal efficiency is 30%?

a) 150 MJ c) 700MJ e) None of the above

b) 650 MJ d) 450 MJ

The coefficient of performance of a heat pump cycle is 3.5 and the net work input is 500 kJ. Determine the heat
transfer Qout in KJ;

a) 1750 kJ c) 1000 kJ e) None of the above

b) 1250 kJ d) 750kJ

A closed rigid container has a volume of 1m? and holds air at a pressure of 345 kPa and 20 °C. heat is added at
constant pressure until a temperature of 327 °C is reached. Determine the total change in internal energy, take
Cy of the air to be 741 J/kgK and the gas constant to be 287 J/kgK.

a) 9201 c) 933 e) None of the above
b) 920 kJ d) 933 kJ

The enthalpy of steam at p = 500 kPa and v = 0.7 m*Kkg is nearest;

a) 3480 kJ/kg c) 3460 kJ/kg e) None of the above
b) 3470 kJ/kg d) 3450 kJ/kg

The food compartment of a refrigerator is maintained at 4°C by removing heat from it at a rate of 360 kJ/min. if
the required power input to the refrigerator is 2 kW, determine the coefficient of performance of the refrigerator.
a) 1 c) 3 e) None of the above
b) 2 d) 4
A scientist claims to record the boiling point of water to be 120°C in an area where the atmospheric pressure is
880 mmHg. (Take density of mercury to be 13600 kg/m?).
a) Thisis false c) more data is needed to verify this claim
b) Thisis true
Steam at 1.8 MPa and 400 °C steadily enters a nozzle whose inlet area is 0.02 m2. The mass flow rate of steam
through the nozzle is 5 kg/s. steam leaves the nozzle at 1.4 MPa with a velocity of 275 m/s. heat losses from the
nozzle per unit mass of the steam are estimated to be 2.8 kJ/kg. determine the inlet velocity;

a) 21.2m/s c) 42.1m/s e) None of the above

b) 32.1mi/s d) 52.1m/s
The atmospheric pressures at the top and the bottom of a building are read by a barometer to be 100.5 kPa and
101 kPa. If the density of air is 1.2 kg/m?, the height of the building is;
a) 425m c) 285m e) None of the above
b) 21.5m d) 425m
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SECTION B [25 MARKS]

1. Agas is contained in a closed system at a pressure of 1 bar and temperature of 15 C. A mass of 0.9 kg of
the gas is heated at constant pressure to raise its temperature from the initial temperature to a temperature
of 250°C. Assuming the gas to be an ideal gas determine the work done in kJ, and during the process R =
185 kJ/kgK. [10 Marks]

2. The mass flow rate into a steam turbine is 5400 kg/h and heat lost from the turbine is estimated to be 8.5
kW. The properties of the steam at inlet and outlet of the turbine are as follows:

Inlet Outlet
Temperature (C) 420 99.6
Pressure (MPa) 2 0.1
Velocity (m/s) 200 80
Elevation (m) 3 6
Quality (%) - 100
a) What is the power output of this turbine in kw? [10 Marks]
b) What is the diameter of both the inlet and outlet of the turbine? [5 marks]

Examiner: N. Yarkah
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