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1. Read the instructions very carefully

2. Thetime alowed for this examination is STRICTLY three hours
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5. Number the questions you have attempted
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Section A Answer any two QUESTIONS FROM THISSECTION

Question 1.

a)
b)

c)

Question 2:

a)

b)

c)

Question 3:

Question 4:

Explain the working principle of a Simple REankine Cvcle. Identifv and describe its four main proce
using a T-s (temperature-entropy) or P-v (pressure-volume) diagram. {Tmarks)
Discuss the significance of boiler pressure and condenser pressure in the efficiency of the Simple |
Cwcle. How do these parameters affect the thermal efficiencyv and performance of a steam

power plant? (bmarks)
A steam power plant operates on a Simple Rankine Cwvcle with steam entering the turbine at 3 MPs3
600°C and exiting the turbine at 10 kPa. Assuming ideal conditions, determine the thermal efficien
cvele. Use steam tables to find enthalpy values for the states involved. {Tmarks)

Describe the process of steam formation from water, highlighting the kev stages involved. Explain
latent heat plavs a role in this transformation. (6marlks)
A vessel contains water at 100°C under standard atmospheric pressure. Explain what happens whe
continuously supplied to the water, including changes in temperature, phase, and energy transfer. I
this process relate to the concept of saturated steam and superheated steam? [ Tmarks)
A boiler heats 2 kg of water from 30°C to produce steam at 100°C under standard atmospheric pre
Given that the specific heat capacity of wateris 4.18 kI'kg-K and thelatent heat of vaporization of
100°C is 2260 kl'kg, calculate the total heat energy required for this process. ([ Tmarks)

a) Explain the significance of the First Law of Thermodvnamics in relation to heat engines. (7mar
b) Why is it impossible to construct a perfect heat engine? Felate vour answer to the Second Law

Thermodwynamics. {Tmarks)

c) A gasundergoes a thermodvnamic process where it absorbs 200 J of heat and does 80 J of worl

Determine the change in internal energy of the gas. (Tmarkds’
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a) Explain the working principle of a steam turbine and differentiate between impulse and
reaction turbines. (7marks)
b) Derive the expression for turbine efficiency using the isentropic efficiency equation:
.Iill — .Iilz

Nturbine =
hy—h,s

where h; is the inlet enthalpy. h» is the actual exit enthalpy. and has is the ideal exit

enthalpy:. (7marks)
c) Discuss the effects of steam velocity, pressure drop. and blade erosion on turbine
efficiency and lifespan. (6marks)

Section B Answer any Three QUESTIONS from thisSECTION

Question 1.
(a) Explain the primary objectives of power plant control systems. (7marks)
(b) Describe the role of Automatic Voltage Regulators (AVR) in maintaining stable power
generation. (7marks)
(c) Discuss the significance of load frequency control (LFC) in a power plant and how it
helps maintain system stability. (6marks)
Question 2:

(a) Explain the working principle of photovoltaic (PV) solar cells and how they convert
sunlight into electricity. (7marks)
(b) Discuss the key factors affecting the efficiency of a solar PV system. (6marks)
(c) Compare grid-connected and off-grid solar power systems. highlighting their
advantages and disadvantages. (7marks)

Question 3:
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(a) Derive the expression for the maximum power output of a solar PV cell based on th

current-voltage (I-V) characteristics. (6marks)
(b) How does shading affect the performance of a solar panel. and what methods are us
to mitigate its impact? (7marks)

(c) A solar panel has an open-circuit voltage of 40V and a short-circuit current of 8A. I
maximum power point voltage is 32V and the comresponding current is 7A. calculate th
maximum power output and the panel's efficiency given that the panel receives 1000 W
of solar radiation over an area of 1.5 m>. (7marks)

Question 4:

(a) Derive the expression for the thermal efficiency of an ideal simple gas

turbine cycle. (7mark
(b) Discuss the effect of pressure ratio on the performance of a simple gas

turbine cycle. (6mark
(c) What are the major losses in a simple gas turbine cycle. and how can they be
minimized? (7mark
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