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1. What are the characteristics of all heat engines? Is it possible for a heat engine to operatc
without rejecting any waste heat (0 2 low-temperature reservoir? Explain. (10%)

2. Athin-walled double-pipe counter-flow heat exchanger is used to cool oil (G, = 2.20 kl/kg’C)
from 150°C to 40°C at 4 rate of 2 key/s by water (Cy = 4.18 kI/kg"C) that enlers at 22°C at o rate
of 1.5kg/s. Determine the rate of heat transfer in the heat exchanger and the exit temperature
of water. {109}
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3. Two Gibbs equationis are: ds= %_‘1 + Erf__"', and ds = % - v—f:ﬁ Obtain equations for the
entropy change of ideal gasés under the constani-specific-heat assumption. Prove that the two
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equations are equivalent. Show that for the isentropic process [%] - [%] . (15%)
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4. Describe the processes of the ideal vapor-compression refrigeration cycle and why we can not
just use a reversed Camot cycle for the purpose of refrigeration or heat pumping. (20%)

5. Describe the processes of the ideal Diescl cycle and derive the thermal efficiency, which is
function of compression ratio and cutoff ratio. (15%}

6. (a) What is the dew-point temperature? (5 %)
(b) In summer, the outer surface of a glass filled with iced water frequently “sweats.” How
can you explain this sweating? (5 %)
(c) What are the higher and lower heating values of a fuel? How do they differ? How is the
heating value of a fuel related to the enthalpy of combustion of that fuel? (5 %)

7. (a) Describe the inversion line and the maximum inversion temperature. (5 %)
(b) Start with the following Maxwell equation, {10 %)
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and the Gibbs equation, Tds = dh - vaP, derive the Clapeyron equation
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