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SECTION A (Total: 100 marks)
INSTRUCTION: Answer only FOUR questions.
Please use the answer booklet provided.
Question 1

A 0.7 m® rigid tank contains refrigerant-134a initially at 180 kPa and 40 percent quality. Heat
is now transferred to the refrigerant until the pressure reaches 700 kPa. Determine

{a) The mass of the refrigerant in the tank,

(14 marks)
{b} The amount of heat transferred, and
(8 marks}
{c) Sketch the process on a P-v diagram with respect {o saturation lines.
(3 marks)

Question 2

Refrigerani-134a enters an adiabatic compressor as saturated vapor at -26 °C and leaves at
0.8 MPa and 82 °C. If the mass flow rate of the refrigerant is 1.5 kg/s, calculate

(a) The initial pressure
{2 marks)
{b) The power input to the compressor
(16 marks)
{c) The volume flow rate of the refrigerant at the compressor inlet and exit. Will the
volume flow rates be the same or not? Explain.
(7 marks)
Question 3

A Carnot heat engine operates between two reservoirs at 850 °C and 27 °C. The rate of heat
supplied to the heat engine is 785 kd/min as shown in Figure 1. One-half of the work output
of the heat engine is used fo drive a refrigerator that rejects heat from the cold refrigerated

space at -5 °C and also transfers heat to the same warm envircnment at 27 °C. Determine
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{a) The maximum rate of heat absorption from the refrigerated space by the refrigerant,
and
{16 marks)
(b) The total rate of heat rejection to the warm environment.

(9 marks)

-Figure 1: A refrigerator powered by a heat engine
Question 4
(2) Explain the meaning of entropy by considering the microscopic nature of matter.
{3 marks)
(b) 2 kg of R-134a initially at 700 kPa and 28 °C undergoes a process during which the

entropy is kept constant until the pressure drops to 100 kPa. Determine

i. The internal energy change of the R-134 during this process.

(18 marks)
ii. The final temperature of the R-134a
{1 mark}
{i. Sketch the T-v diagram for this process
{3 marks)

Question 5

An ideal Otto cycle has a compression ratio of 10. At the beginning of the compression
process, air is at and uses air as the working fluid as shown in Figure 2. At the beginning of
the compression process, air is at 98 kPa and 300 K. The pressure is doubled during the
constant-volume heat-addition process. Accounting for the variation of specific heats with

temperature, determine

(a) The temperature and pressure at the end of the isentropic process, and
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{15 marks)

(b) The amount of heat transferred to the air in kJ/kg.
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Question 6

Figure 2: Otio cycle

A heat pump used to heat a house operates on an ideal vapor-compression refrigeration

cycle with refrigerant-134a as the working fluid as shown in Figure 3. The condenser and

evaporator pressures are 900 kPa and 200 kPa, respectively. If the mass flow rate of the

refrigerant is 19.2 kg/min, determine

(&) The rate of heat supply, Qh, to the house

(13 marks)

(b) The volume flow rate of the refrigerant at the compressoer inlet, K

{4 marks)

(c}) The coefficient of performance, COP,,, of the heat pump, and

(4 marks)

(d) Sketch the cycle on a T-s diagram with respect to saturation lines.
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Figure 3: Idea! Vapor-Compression Refrigeration Cycle
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THERMODYNAMICS FORMULA

First Law of Thermodynamics
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Diesel Cycle

G = U3 = Uy = Py(vy =y )+ {uy —uy) = by — by *Cp(Ts -1;)

Gow =Hq ch(T4 _Ti)

! ] -1
th, Diesel rk_i k‘(]’c - 1)

Rankine Cycle

Woump in = h2 - hl = V(P?_ MPI)

G =My —hy

Wourb, 0w = hB - h4

Gour =g =y

et _ .. Qou

an %’n

ey =

net = Gin " Qow = Waat,in ™ W pumpin

34_Sf
X, =

S

Refrigeration Cycle
QL = by - hy)
Oy =i, —hy)
W, =k, —h)
W =0Qu ~0s
COP, = o, .4z o, by — By

Wnet,in wner,in QH - QL h2 - hi

Heat Pump







COP,, = Oy | _ 9y Oy - hy ”ha

Wner,in Woet in QH - QL h2 - hl

Total Pressure
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Enthalpy of Air
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