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QUESTION 1

a)

The first law thermodynamics is the principle that states that energy cannot be
created or destroyed, but it can be transferred from one to another. Work and
heat are two important mechanism for transferring energy in the first law
thermodynamics. In mathematical, thermodynamics can be represent by the
equation:
AU=Q-W

Where AU is the change in internal energy of the system, Q is the amount of heat
added to the system and W the work done by the system. Using the steam turbine
generator or any other adequate example, explain briefly the difference between
work and heat concept and mechanism

(10 marks)
The substance containing in a cylinder with a piston is classified as a closed
system or control mass. As the piston moves, the boundary of control mass also
changes. As heat and work across the boundary of the control mass is changes
while the matter that composes the control mass can always identified and
remain the same. As example, a piston containing 10 kg of water exist as
saturated liquid/vapor at 100 kPa with a quality of 50%. If the system is now
heated so that the volume triples at the pressure 200 kPa, determine the

thermodynamics properties at initial and final state, heat and work changes

(15 marks)
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QUESTION 2

Consider the system shown in Figure 1. Tank A has a volume of 100 L and contains saturated

vapor water at 200 °C. When the valve is cracked open, water flows slowly into cylinder B. The

piston mass requires a pressure of 200 kPa in cylinder B to raise the piston. The process ends

when the pressure in tank A has fallen to 200 kPa. During this process, heat is exchanged with

the surroundings such that the water always remains at 200 °C.
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a) Indicate the process is control mass or control volume? Develop a continuity (6 marks)

equation and energy balance equation for the process with assumptions

b) Determine the mass of water at initial stage in Kg

c) Determine the work done by the piston in KJ unit

d) Determine the heat transfer for the process in KJ unit

(7 marks)
(7 marks)
(5 marks)
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QUESTION 3

A turbine is a machine that converts the energy from a fluid flow such as steam into
mechanical energy. The operation of turbine is based on principles of thermodynamics
which govern the behaviour of energy in various forms such as heat and work. In the
operation of steam turbine, throttling is essential process to allow safe and efficient
operation of the turbine by controlling the flow rate, pressure and quality of steam
entering the turbine. In Figure 2, a small turbine is operated at part load by throttling a
0.25 kg steam supply at 1.4 MPa and 205 °C to 1.1 MPa before enter the turbine, and
the exhaust is 10 kPa

Figure 2
a) Produce energy equation for the process, state all the assumptions (5 marks)

b) ldentify the thermodynamics properties (h) at the inlet, outlet of (3 marks)
throttle valve and exit of turbine

c) Determine the specific work in kJ/kg at the turbine (3 marks)

d) Ifthe turbine produces 110 kW, calculate the exhaust temperature and (6 marks)
quality (if saturated)

e) [f throttle valve is not installed, calculate the power output of turbine (8 marks)
with exit state quality as (d)
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QUESTION 4

Consider a coal fired steam power plant that produces 175 MW of electric power. The power
plant operates on a simple ideal Rankine cycle with turbine inlet conditions of 7 MPa and
550 °C and a condenser pressure of 15 kPa. The coal has a heating value (energy released
when the fuel is burned) of 29,300 kJ/kg. Assuming that 85% of this energy is transferred to
the steam in the boiler and that the electric generator has an efficiency of 96%, determine

a) Thermodynamics properties (h, v, s and x (if any)) for each inlet and outlet ~ (9marks)

for pump, condenser, turbine and boiler.

b) The work (W) done by pump in kd/kg (3 marks)
c) The heat (Q) supplied to the boiler in kd/kg (3 marks)
d) The heat (Q) released from the condenser in kd/kg (3 marks)
e) Thermal efficiency of the cycle (3 marks)
f) Considering the loss of energy transferred and generator efficiency, (4 marks)

determine the actual efficiency of this cycle.

End of questions







