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UESTION 1

The pressure and temperature at the start of an Otto Cycle are 101,3 kPa and 27 °C
respectively. The compression ratio during the cycle is 5,7. The heat added during the cycle
is 8,7 kI. The mass of air processed during the cycle is 0.051kg. The air constants that can be
assumed are R =287 J/kgK; vy =1.4; C, = 1005 J/kgK and C, = 718 J/kgK.

11

Draw a neatly labeled and proportioned PV and TS diagram for the cycle.

(4)

Calculate the:
12 Pressure, volume and temperafure values at each state point on

the cycle. (Tabulate your answers with units) (11)
1.3  Positive work output from the cycle. (2)
1.4  Negative work input to the cycle. 2}
1.5- Net work done during the cycle. (N
16  Heat rejected during the cycle. (1)
1.7 Thermal efficiency of the cycle. 2)
1.8  Work ratio of the cycle. (2)

[25]

QUESTION 2

A two stage single acting reciprocating compressor takes in air at 92 kPa and 21 °C and
compresses it to a delivery pressure of 530 kPa. The index of compression and expansion for
both stages is 1,2. The clearance volume of the low pressure stage is 3,8% of its swept
volume. The volume of air delivered at free air conditions is 8,6 m® per minute. Free air
conditions can be taken to be 101,3 kPa and 15 °C. The compressor is operating at minimum
work conditions, ideal intermediate pressure and perfect intercooling.

2.1
2.2

2.3

24

25

2.6

Draw a neat, fully labeled and proportioned PV diagram for the cycle.
Calculate the ideal intermediate pressure.

Calculate the clearance volume, swept volume and the effective swept
volume for the low pressure stage in m3 per second.

Calculate the power required to drive the compressor.

Calculate low pressure stage volumetric efficiency and clearance ratio.

Calculate the low pressure stage isothermal efficiency.

)
@

(8)
@)
4)
4)
[25]
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QUESTION 3

A commercial refrigerator making use of Refrigerant 22 operates between a maximum and
minimum pressure of 7,8915 bar and 2,0098 bar respectively. The refrigerator consists of a
compressor, condenser, throttle valve and evaporator. The refrigerant is compressed
isentropically in the compressor to 20K above saturation temperature. At exit from the
condenser, the refrigerant is a saturated liquid with no undercooling,

Properties of Refrigerant 22 are listed below:

10K 20K
t P, Ve by | h S. | S h ] h S
C) (bar) (m'/kg) (kJ/kg) kJ, (dikg) | (elkeK) | (kWkg) | (kl/kgK)
-25 20098 | 0,0119 171,61 395,33 08919 [ 1,7934 | 401,74 |. 18187 408,21 1,6433
15 7.8915 | 002999 | 217,94 410,43 1,0631 [ 1,7311 | 41826 1,7578 425,99 1,7833

3.1  Draw aneat, fully labeled and proportioned TS and Ph diagram of the cycle. (10)

Calculate the:
3.2  Specific work done by the COmpressor. &)
3.3  Specific heat transferred in the condenser. (2)
34  Dryness of the refrigerant at entry to the evaporator. (2)
35  Specific heat transferred in the evaporator. (1
3.6  Refrigerator’s coefficient of performance. (D
[25]
UESTION 4

During a Morse test performed on a three cylinder two stroke petrol engine 5,72 kg of fuel
is consumed in a 20 minute period while the engine is running at 720 revolutions per
minute. The indicated mean effective pressure is 460kPa and the swept volume per cylinder
is 0,8 litres. The brake loads when each cylinder is disconnected in turn are:

F1 =230 N, F; = 228 N, F; = 252 N. The brake loads are applied on a brake arm 410mm

long. Calculate the:

4.1  Brake power per cylinder. (3)
4.2  Engine’s indicated power. 2)
43  Engine’s mechanical efficiency. (6)
4.4  Indicated power per cylinder. 3)
4.5  Engine’s brake power. (1)
4.6 Engine’s brake force at full brake power. (1)
4.7  Indicated and brake specific fuel consumption in kg/kWh. 4)

[20]




THERMODYNAMICS 3 (IMT313) Page4 of 8

UESTION 5

Wet steam at a pressure of 860 kPa
and a dryness of 0,66 has its specific enthalpy increased at constant pressure by 260 kJ/kg.

The steam pressure is then increased adiabatically to a pressure of 1750 kPa.
For wet steam n = 1,13 and for superheated steam n=1,3.

51  Calculate the change of specific enthalpy from start to end of the two processes

described above. _
[15]

TOTAL : 105
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ANNEXURE 1: FORMULA SHEET
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ANNEXURE 2:

STEAM TABLES
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