R 160 B 3L, A 2 AL+ A S B B4 A BRI # S H ¥ K
RFHAR . AT TREERF - TA

EHEE - B2 SEEN 0307 - ik < 1
% BEPEE : ASE U PR B

1.Please answer the following questions :( 20 4~)

(a) What are the internal energy, total energy, enthalpy, entropy and
exergy related to a system?

(b) Please compare the work done in an expansion process from P; to
P, for the isentropic, isothermal, isobaric and polytropic processes.

(¢) When two fluid streams are mixed in a mixing chamber, can the
mixture temperature be lower than the temperature of both streams?
Why?

(d)t is well known that the thermal efficiency of heat engine increases
as the temperature of the energy source increases. In an attempt to
improve the efficiency of a power plant, somebody suggests
transferring heat from the available energy source to a higher
temperature medium by a heat pump before energy is supplied to
the power plant. What do you think of this suggestion? Why?

)

. Consider a well-insulated horizontal rigid cylinder that is dmded into
two compartments. Initially one side of the piston contains 1 5m’ of air
at 600 kPa and 100°C while the other side contains S5m’ of air at
400kPa and 20°C while the piston is locked by a pin. The piston is then
released and is free to move. Thermal equilibrium is finally established
in the cylinder as a result of heat transfer through the piston. Assume
that the thermal process is much slower than the mechanical process,
determine the final equilibrium temperature in the cylinder. (20 %*)
3. Answer the following true or false. If false, explain why (& '"true" ¥ FEEEFE
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«li  According to Clausius Statement of the second law of the thermodynamics, if a
room is heated using a heat pump the heat input to room is always greater than
the work input to the heat pump. Therefore it violates the first law of
thermodynamics.

t2) 'When a closed system is undergoing a process, the entropy of the system is
always increased.

{3) According to the second law of thermodynamics, for a closed system
performing a cycle, the cycle integration of the work (input and output) will not
always equal to the cycle integration of the heat (input and output).

¢4) The above statement in (3) violates the first law of thermodynamics.
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(52 A gas contained within a piston-cylinder assembly expands adiabatically. The

gas is subsequently compressed back to its initial state. The gas undergoes a

reversible process.

4. (20%) An ideal gas in a closed system undergoes a cycle composed of the following
three internally reversible processes:

Process 1-2: a constant-pressure expansion at 300 kPa from 20 to 160 T,
Process 2-3: a constant-volume cooling to 20 °C, and
Process 3-1: an isothermal compression to 300 kPa.

Let ¢,=3.12 kJ/(kg-K) and R= 2.08 kJ/(kg-K) for this gas. Determine
(a) the heat transfer for each process, in kl/kg, and

(b) the thermal efficiency of the cycle.

5. When a fluid expands through a porous plug (or a valve) to a lower pressure is called
(207) a throttling process, which is commonly used to determine the Joule-Thomson coeffi-

cient
by = (QI)
J = ap hs

since the enthalpy of the fluid remains approximately constant during such a process.
(a). Show that v is related to the constant pressure specific heat c,

oe-tpea()

(b). For a gas obeying the equation of state p(v — b) = RT, where b is a positive
constant, can the temperature be reduced in a Joule-Thomson expansion?

¢c). Can a throttling process be used to lower the temperature of an ideal gas? Why?

(d). The throttling process, like free expansion, is irreversible, please find the entropy
production in terms of pressure drop Ap.




