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1. Two reversible power cycles are arranged in series. The first cycle
receives energy by heat transfer from a reservoir at temperature 7 and
rejects energy to a reservoir at an intermediate temperature 7. The
second cycle receives the energy rejected by the first cycle from the
reservoir at temperature 7 and rejects energy to a reservoir at
temperature T lower than 7. Derive an expression for the intermediate
temperature T in terms of 7y and T when

(a) the net work of the two power cycles is equal. (6%)
(b) the thermal efficiencies of the two power cycles are equal.

(6%)

2. The pressure-volume diagram of a Carnot power cycle executed by an
ideal gas with constant specific heat ratio k& is shown in figure.

Demonstrate that V,V,=V;V;. (12%)
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3. Air enters a compressor operating at steady state at 17°C, 1 bar and exits

at a pressure of 5 bars. Kinetic and potential energy changes can be
ignored. If there are no internal irreversibilities, evaluate the work and

heat transfer, each in kJ per kg of air.ﬂow, for the following cases:

(a). isothermal compression. (6%)

(b) polytropic compression with n = 1.3. (6%)
(c) adiabatic compression. (6%)

(d) sketch the processes on P-v and T-s diagrams, and clearly

mark each case. (8%)
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4. Consider a gas obeying the equation of state pV = Z(T, p)RT , which can

be illustrated by reference to Fig. P4. Derive expressions for the volume
expansivity £ and the isothermal compressibility & for the gas in
terms of T, p, Z, and the first derivatives of Z. For gas states with

Pr<3 and 1.3<T, <2, determine the signof «. (20%)
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5. Reducing the compressor work input of a refrigeration system can be

accomplished by means of multistage compression. One arrangement of
two-stage compression using the refrigerant itself for inter-cooling in a
refrigeration system is shown in Fig. P5. A central role is played in the
cycle shown in Fig. P5 by a liquid-vapor separator, called a flash chamber.
Refrigerant exiting the condenser at state 5 expands through a valve and
enters the flash chamber, in which the liquid and vapor components
separate into two streams. Saturated vapor exiting the flash chamber
enters the heat exchanger at state 9. Saturated liquid exiting the flash
chamber at state 7 expands through a second valve into the evaporator.

On the basis of a unit mass flowing through the condenser, the fraction of
vapor formed in the flash chamber equals the quality x of the refrigerant at

(F@minAHEE FHGEFHEL)
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state 6 for the cycle shown Fig. P5. The fraction of liquid formed is
then (1—x). Assume that all the processes in the cycle are internally
reversible except for the throttling processes. Plot a T-s diagram of the
cycle and show the principal states of the refrigerant for the ideal cycle

on the T-s diagram. (15 %)
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6. When would the analysis of the mixture in terms of mass fraction be
identical to the analysis of the mixture in terms of mole fraction?

Explain. (15 %)




