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5. Write your answers only in BLACK or BLUE ink.
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SECTION A (Total: 40 marks)

INSTRUCTION: Answer ALL questions.

Please use the answer booklet provided.

Question 1

The area of a compressed air storage tank is 0.5 m? with a force of 600 kN. Express this
tank’s pressure in kPa and convert into the following units:
i. mmHg
i. Ibf/in?
(8 marks)

Question 2
Define kinetic energy and potential energy. Write the equations and the units for both
energies.

(8 marks)

Question 3

Tabulate completely the specific properties of refrigerant-134a (R-134a) as shown in Table

1. (Hint: show all calculations/method involved)

Table 1: Specific properties of R-134a
1.%C P, kPa v, m*/kg Phase description Quality, x

ik 320

10 0.0065

(8 marks)
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Question 4
Write short notes about nozzles and diffusers. You may sketch schematic illustrations for
these engineering devices.

(8 marks)

Question 5

Describe FOUR (4) main components of steam power plant having Rankine cycle.

(8 marks)
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SECTION B (Total: 60 marks)

INSTRUCTION: Answer only THREE (3) questions.
Please use the answer booklet provided.

Question 6

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 the
following:

i. The mass of the refrigerant in the tank.

(7 marks)
ii. The amount of heat transferred.

(13 marks)

Question 7

Steam at 3 MPa and 400°C enters an adiabatic nozzle steadily with a velocity of 40 m/s and
leaves at 2.5 MPa with a velocity of 300 m/s as shown in Figure 1.

| - ,“g
1 3
Steam !
—_—
] 1 .
P
' |
1
/' !
/ P: =2.5 MPa
P. =3 \IPa V: = 300 m/s
T: =400 oC
V: =40 m/s

Figure 1: Nozzle system

i Determine the exit temperature, Tex:.

(11 marks)

N ) " . ; A
i, Determine the ratio of the inlet to exit area, —-.
2

(9 marks)
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Question 8
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 2. The condenser and

evaporator pressures are 0.9 and 0.2 MPa, respectively while the mass flow rate of the

{ o

refrigerant is 19.2 kg/min.

— C'oud;nser
3 5
\/ -Expansion - W,
2& valve  Compressor
] & 1
, Evaporator fromet

LY

O

Figure 2: Ideal Vapor-Compression Refrigeration Cycle

i, Determine the rate of heat supply, QH to the house.
(13 marks)

ii. Calculate the volume flow rate of the refrigerant at the compressor inlet, V,
(4 marks)
i Determine the coefficient of performance, COP,, of the heat pump, and

(3 marks)
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Question 9

A four-cylinder spark ignition engine has a compression ratio of 10.5, and each cylinder has
a maximum volume of 0.4 L. At the beginning of the compression process, the air is at 98
kPa and 37 °C, and the maximum temperature in the cycle is 2100 K. Assume the engine

operates on the ideal Otto cycle and variable specific heats are used for air.

i. Show the said processes in T-s diagram with respect to the saturation lines.
(3 marks)

il. Calculate the amount of heat supplied, Qi, and heat rejection, Qou, per cylinder in kJ.
(17 marks)

END OF EXAMINATION PAPER
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THERMODYNAMICS FORMULA

First Law of Thermodynamics

KE=MV2
2
PE = mgz

Eln - Eout - (Qtn = Qoul) i3 (Wm ik n/rml)

AE, .n =AU +AKE + APE

0=0At

Electrical power, W, = VI (kW)

Electrical work, W, = VIAt (kJ)

W =Fs

Shaft work, W, =2t

F=k

F =PA

2

)

spring ~

Spring work, W_ = %k(xz2 -%

H=U+PV

5 _ mg
Quality, x =

m

total

Mipral = mf +mg

Vg =V =V,

VSV XV,

Uy =Up XU,

Pv=RT

PV =mRT

PIVI - P2V2
L T

Pv=ZRT
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5,85 =52-51-Rln-2
1
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W, =—jvdP—Ake—Ape
1

L™ =_V(P2 _P:)—Ake_Ape

(k-1)/k
(isentropic) w,,,, , = BT -1) = AL [ B -
k-1 k-1]\ R,

(n=1)/n
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Mih,carnot = ’hh,m = _-ﬁ'

Isentropic Process

8y =5
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Power Cycles
g ¥ i - Vanc =ﬁ="_1
Van Ve V2 W
MP = Wnet wnel

Vmax = Vmin Vmax ~ Vmin

Otto Cycle

(qin = qaul) + (win - woul) = hexil - hinlet

Qin =Uy—ty =¢,(I; -T)

GQous =g —uy =c,(T, - T))




Tth, 0110 it

Diesel Cycle

Qin = Whou T (U3 -u3) = Py(vy -v, )+ (uz-u,)=hy-h, =¢p(T;-T,)

Gow = Uy — U =CV(T4 _Tl)

nhnov
r,=—=-—=
V, v,

1 re —1
ooy =1 — Tr 1\
Tth, Diesel e [k(rc —DJ

KRankine Cycle

=hy—h =v(P,-R)

wpump,in
Gin =hy —hy
wlurb,vul = h3 - h4
Dou = h4 = hl
w q
_ nel out
T =—2eb =] —omt
9in qin
Waer =9in — Qo = Wb in — wpump,in
34 —=
Sk

h4 = hf +x4h/g

Refrigeration Cycle

O, =rih —hy)
Oy =m(h, —hy)
W,, = m(h, —h,)
Wn=0uw-01

O, _Mh-h

COPy =2 - 91 __
Wnﬂ,m W et in QH _QL hz —hl

Heat Pump




COPHP = QH _ 4y QH h2 _h3

Wnel,in W iet,in QH g QI. h2 i hl

Total Pressure

P =P, +P (kPa)

Partial Pressure of Water Vapor

Pv = ¢Pg = ¢Rval@7'

Specific Humidity of Air

P,

\d

m, PVIRT P,IR,

a

m, PVIRT PR,

=0.622

a

0.622P, .
= P—}TL (kg water vapor/kg dry air)

41

)

c,(T,-T))+w,h,
, = ;

&~hp,

Relative Humidity of Air

m, PVIRT P
=—r=—"—"_=_‘where P, =P
=5 PVIRT P, il d

a

o F

%= 0622+ P,

Enthalpy of Air

H=H,+H,=mh, +mh,

h=h, +wh, =c,T +wh, (kl/kg dry air)




