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[Answer Five Questions only, each question carries 20 marks]

Instructions:
1. Required steam tables are provided.
2. Ideal gas properties of air are provided in Table 1.
3. One dimensional isentropic compressible flow data is provided in Table 2.
4

- Start your answers to each question on a fresh page.

Q1 (a) What are the four processes of the ideal Otto cycle? Show the processes of the Otto
cycle on a P-v and T-s diagram.
[4 Marks]
(b) Anideal Otto cycle has a compression ratio of 9. At the beginning of the compression
process, air is at 100 kPa and 32°C, and 900 kJ/ kg of heat is transferred to air cluring
the constant-volume heat-addition process. Taking into account the variation of
specific heats with temperature, determine the following,
(Note: Gas Constant R = 0.287 kJ/kgK)

i.  The pressure and the temperature at the end of the heat-addition process

[4 Marks]
ii.  The net work output

[4 Marks]
iii.  The thermal efficiency

[4 Marks]
iv.  The mean effective pressure (MEP).

[4 Marks]

Q2 (a) How does the ideal Diesel cycle differ from the ideal Otto cycle?
[4 Marks]



(b) Briefly explain the cutoff ratio? How does it affect the thermal efficiency of a Diesel
cycle.
[4 Marks]
(c) Anideal diesel engine has a compression ratio of 20 and uses air as the working fluid.
The state of air at the beginning of the compression process is 95 kPa and 20°C.
Assume constant specific heats for air at room temperature.
Given that:

1. The following equation is valid for an isentropic process occurring between
two states 1 and 2. The symbols T and v denote temperature (K) and specific
volume (m®/kg) respectively,

(T2/ T1)=(v1/ v2)&1)
2. Cp =1.005 kJ/kgK, Cv=0.718 k] / kgK, k=1.4, R=0.287 KJ/kgK
If the maximum temperature in the cycle is not to exceed 2200 K, Calculate
i.  the thermal efficiency
[6 Marks]
ii.  the mean effective pressure (MEP).

[6 Marks]

Q3 (a) Anideal reheat Rankine cycle with water as the working fluid operates the boiler at
15,000 kPa, the reheater is at 2000 kPa, and the condenser is at 100 kPa. The
temperature is 450°C at the entrance of the high-pressure and low-pressure turbines.

The mass flow rate through the cycle is 1.74 kg/s. Determine the following,

i Power used by the pumps

[3.0 Marks]
1% Power produced by the cycle

[3.0 Marks]
Iii. Rate of heat transfer in the reheater

[4.0 Marks]
iv.  Thermal efficiency of the system

[4.0 Marks]
(b) State three (03) methods of increasing the thermal efficiency of a simple ideal Rankine
Cycle. Provide a brief explanation for each of the stated methods.

[6.0 Marks]



Q4 (a)

(b)

(©)

Q5 (a)

(b)

A stationary gas-turbine power plant operates on a simple ideal Brayton cycle with
air as the working fluid. The air enters the compressor at 95 kPa and 290 K ard the
turbine at 760 kPa and 1100 K. Heat is transferred to air at a rate of 35,000 kJ/s.

Assume variable specific heats and calculate the power delivered by this plant.

[8.0 Marks]
Explain the term “back work ratio”.
[4.0 Marks]
Explain how the inefficiencies of the turbine and the compressor affect the
following,
L. Back work ratio
[4.0 Marks]
1l Thermal efficiency of a gas turbine engine
[4.0 Marks]
Explain the terms “stagnation enthalpy” and “dynamic temperature”.
[4.0 Marks]

Can a shock wave develop in the converging section of a converging-diverging
nozzle? Explain your answer.

[4.0 Marks]
A converging nozzle has an exit area of 0.001m2. Air enters the nozzle with negligible
velocity at a pressure of 1.0 MPa and a temperature of 360 K. Assume that air behaves
as an ideal gas and the process is isentropic.

Note: k=14, R=0.287 k] /kgK

L Calculate the critical pressure and critical temperature.
[3.0 Marks]
1i. Calculate the exit velocity if a back pressure of 500 kPa is applied at the exit
of the converging nozzle.
[3.0 Marks]
iii.  Calculate the mass flow rate through the converging nozzle.

[6.0 Marks]



Q6 (a)

(b)

(©

Ethane gas (C2Hs) at 25°C is burned in a steady-flow combustion chamber at a rate
of 5 kg/h with the stoichiometric amount of air, which is preheated to 500 K before
entering the combustion chamber. An analysis of the combustion gases reveals that
all the hydrogen in the fuel burns to H>O but only 95 percent of the carbon burns to
CQO3y, the remaining 5 percent forms CO. The products leave the combustion chamber
at 800 K.

Note: Molar mass of C2Hg is 30 kg/ kmol. Enthalpy values are given in Table 3.

i Write the theoretical combustion equation.

[3.0 Marks]
ii. Write the actual combustion equation.

[3.0 Marks]
iii. Calculate the rate of heat transfer from the combustion chamber.

[6.0 Marks]

Explain the following,

i Air to fuel ratio

[2.0 Marks]
ii. Equivalence ratio

[2.0 Marks]

Provide a brief explanation of adiabatic flame temperature. Clearly state the factors
affecting the adiabatic flame temperature and the conditions required to achieve the
maximum adiabatic flame temperature.

[4.0 Marks]



fdeal-gas properties of au

r h i ¥ r 57
K kg Kikg v, kikg K K K/kg K
200 199.97 142.56 1707.0 1.29559 380 2.37348
210 20097 149.69 1512.0 1.34444 590 2.39130
220 219.97 156.82 1346.0 [.39105 600 2.40002
230 230.02 164.00 12050 1.43557 610 242644
240 240.02 171.13 1084.0 1.47824 620 2.44356
250 25005 178.28 9790 - 1.51917 630 246048
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Table 1 - Ideal Gas Properties of Air



One-dimensional isentropic compressible-flow functions for an
wdeal gas with & = 1.4

Ma Ma* A/A” PIP, plpy 1T,
0 0 o0 1.0000 1.0000 1.0000
0.1 0.1094 - 5.8218 0.9930 0.9950 0.9980
0.2 0.2182 29635 0.9725 0.9803 0.9921
0.3 03257 . - - 2.0351 0.9395 0.9564 0.9823
0.4 04313 - 15901 0.8956 0.9243 0.9690
3 5345 ; 0.8852 0.9524
. 0.8405 0.9328
- 07916 0.9107
- 0.7400 0.8865
0.6870 0.8606
- 0.6339 0.8333
05311 07764
04374 07184
03557  0.6614
- 0.2868 0.6068
02300 . 0555
01841 05081
- 01472 04647
S0HT9 042
00946
- 00760
~ oou3

Table 2 - One dimensional isentropic compressible flow functions for an ideal gas with
k=1.4 for Question 5

Substance hog hsoox hogsk hsoox
kJ/kmol kJ/kmol kJ/kmol kJ/kmol
C2Hs(g) -84,680 - = -
O2 0 14,770 8,682 24,523
N2 0 14,581 8,669 23,714
HO -241,820 - 9,904 27,896
CO -110,530 - 8,669 23,844
CO2 -393,520 - 9,364 32,179

Table 3 - Enthalpy values for Question 6




