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SECTION A (Total: 100 marks)

INSTRUCTION: Answer only FOUR questions.

Please use the answer booklet provided.

Question 1

0.05 m® of liquid water and 0.9 m® of water vapor in equilibrium are contained in a piston-
cylinder device at 600 kPa as shown in Figure 1. The water is now heated at constant

pressure until the temperature reaches 200 °C.

(a) Determine the initial temperature of the water, 7, and explain.

(4 marks)
(b) Calculate the total mass of the water, m,
(9 marks)
(c) Determine the final volume, V, and its phase.
(7 marks)
(d) Sketch the process on a P —v diagram with respect to saturation lines.
‘ (5 marks)

Water

P =600 kPa

Figure 1: Piston cylinder containing water
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Question 2

A rigid tank is divided into two equal parts by a partition. Initially, one side of the tank
contains 5 kg of water at 200 kPa and 25 °C and the other side is evacuated as shown in
Figure 2. The partition is then removed and the water expands into the entire tank. The
water is allowed to exchange heat with its surrounding until the temperature in the tank
returns to the initial value of 25 °C.

(a) Determine the volume of the tank, V.

tan k
(5 marks)
(b) Calculate the final pressure, P, and
(7 marks)
(c) Calculate the heat transfer for this process, Q, .
(13 marks)
System boundary
4
- .f‘ T I I
o :
/ |
| Evacuuted f
j space : LPartition
t
- L
i H,0 j
; m=5kg ;
£, =200 kPa @% .
. T, =25°C i
L”. e et e o wes . ek, g g

Figure 2: Tank divided into two equal parts by a partition
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Question 3

The compressor in a refrigerator compresses saturated R-134a vapor at -18 °C to 1.4 MPa.

(a) State the assumptions and expressed the energy balance for this steady flow system

in the rate form.
(8 marks)
(b) Calculate the work required, w,, by this compressor, in kd/kg, when the compression
process is isentropic.

(14 marks)
() Sketch the T-s diagram for this process. . __

{3 marks)

T,=-18°C

Figure 3: Compressor compresses saturated R-134a vapor
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Question 4

A four-cylinder spark ignition engine that operates on ideal Otto cycle has a compression
ratio of 10.5. At the beginning of the compression process, the air is at 98 kPa and 310 K
and the temperature at the end of constant-volume heat addition process is 1827 °C as
shown in Figure 4. Accounting for the variation of specific heats with temperature, determine

the followings;

(a) The amount of heat supplied to the air, O,

(15 marks)
(b) The thermal efficiency, 7,
(10 marks)
PoA
y n
1827 ¢
] méé‘%:/”;;,
4“4";«’/’/{
i,
LA f..’:? ‘
2‘;.’2)» e - \' Qom
310K
=5 Y

Figure 4: Otto cycle
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Quesfion 5

A refrigerator uses refrigerant-134a as the working fluid and operates on an ideal vapor-
compression refrigeration cycle between 0.14 MPa and 0.8 MPa as shown in Figure 5. If the
mass flow rate of the refrigerant is 0.05 kg/s.

(a) The rate of heat removal, QL from the refrigerated space and

(16 marks)
(b) The rate of power input, Wm to the compressor,
(4 marks)
(c) The rate of heat rejection, QH to the environment, and
(3 marks)
(d) The coefficient of performance, COP of the refrigerator
(2 marks)

Figure 5: Ideal Vapor-Compression Refrigeration Cycle
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Question 6

Saturated humid air at 200 kPa and 15°C is heated to 30°C as it flows through a 2 cm radius

pipe at a velocity of 1200 m/min as shown in Figure 6. Disregarding pressure losses,
determine

(@)

(b)

(c)

(d)

The relative humidity at the pipe outlet, ¢,

(4 marks)
The volume flow rate at the pipe inlet, 7,
(3 marks)
The mass flow rate of dry air, m,, and }
(7 marks)
The rate of heat transfer, in kW, to the air.
(11 marks)

Heating
coils |

sc A — 2
mu}% [ - ()

mom‘ 200 kpa AR

2.

Figure 6: Air flows through heating coil

END OF EXAMINATION PAPER
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THERMODYNAMICS FORMULA

First Law of Thermodynamics

B my?
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KE

PE = mgz

Ein - E(ml = (Qin - Qoul) + (VVm - Woul)

AE =AU+ AKE + APE

system

0= QA

Electrical power, W, = VI (kW)

Electrical work, W, =VIAt (kJ)

W =Fs

Shaft work, W, = 2mit

F=kx

F=P4

1
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l(’,(x22 —xl2

Spring work, W, = )

H=U+PV

. _ mg
Quality, x =

Myotal

Myt = mf +mg

Ve =Ve "Vr

V=V, txv,

U =up XU,

Pv=RT
PV =mRT
BV _ BV,
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Pv=ZRT
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Carnot Heat Engine
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Isentropic Process
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Power Cycles
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Diesel Cycle

Gin = Uz —Uy = Py (v3 = vy) + (g —uy) = h3 — by =c,(I3-T,)

Gouwr = Uy — Uy :CV(T4 mTl)

v
r,=—>=—=
Vo, v,

. -1 1 rg( -1
h, Diesel — *
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Rankine Cycle

w =hy —=h =v(P, - R)

pump ,in

G =M —hy

turb, out

Qou = h4 - hl

Mn = " zl“gﬂ
qin qin

net = Gin = Qow = wrurb,in - Wpump,in

h4 :hf +X4hfg

Refrigeration Cycle

Q, =m(h —h,)
Oy = m(h, - hy)
W, = r(h, - h)
Win =04y -0
COP, = 9 __4q: 9 b —hy,

Wnet,in Woet in QH - QL h2 - hl

Heat Pump




COP,, = Oy _ 49y Oy whz“hz

Wnet,in wne[,in QH - QL h2 - hl

Total Pressure

P=P, +P (kPa)

Partial Pressure of Water Vapor

Pv = ¢Pg = ¢I)sal@7'

Specific Humidity of Air
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Relative Humidity of Air

m PVI/RT P
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o, Py
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Enthalpy of Air

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

h=h,+oh, =c,T +oh, (kJ/kg dry air)




Specific volume

1 mdkg = 1000 kg = 1000 cmifg

1 m.3fkg = 16.02 f¥1bm
1 f3bm = 0062428 FT"IE,"Rg

Temperature TiK) = T1°C) + 273.15 TR} = TW°F) + 459.67 = L.BTK)
ATIK) = AT°C) T°F) = 1.8 TI°C) + 32
AT'F) = ATIR) = 1.B ATIK)
Thermal I Wim -°C =1 Wim - K 1 Wim - °C = G.87782 Biwh - 3t - *F
conductivity
Welocity 1 mfs = 3.60 km/h 1 mis = 3.2B08 ft/s = 2.237 mith
1 mith = 1.46667 fifs
1 mith = 1.6093 km/h
Volume 1 m® = 1000 L = 10%cm3 (cc) 1md =6.1024 % 10% in? = 35.315 {3

Molume flow rate

1 m¥s = 80,000 Limin = 10% cm¥s

= 264.17 gal {U.8.)

1 US.gallon = 231 in® = 37854 L

1 flounce = 29.6735 cm? = (0.0295736 L
1 US. gallen = 128 f] ounces

1 m¥s = 15,850 galimin (gpm) = 35.315 fis
= 2118.9 ft¥fmin (cim)

Hechenical norsepoaver. The electrical horsepersr s 1aken (o be exactly 746 Vi

Some Physical Constants

Universal gas constant

Standard accelzration of gravity g

Standard atmospheric pressure 1

Stefan-Holtzmann constant e

Bollzmann's constant

Speed of Hght In vacuum

¥

Speed of sound in dry air at 0°C and 1 atm c

Hzat of fusion of water at 1 atm

Enthalpy of vaparization of water at 1 atm

#

£y

b,

R, = 831447 kljkmol - K

= 8.31447 KPa - mikmaol - K
= (,0831447 bar - m3kmol - K
= 82,05 L - atmkmal - K

= |,9858 Btu'lbmol - R

= 154537 it - Ibilbmol - R

= 10.73 psiz - ft¥bmel - R

= .80665 m/s®
= 32,174 ft4s?

agtm = 101.325 kFa
1.01325 har

14.696 psia

= F60 mm Hg (0°C)
=28.9213 in Hg (32°F)
= 10,3323 m H.0 (4°C}

w 56704 X 1078 Wim? . K¢
=0,1714 x 1078 Btu/h - ft2 - §*

= 1.380650 x 1072 /K

= 2.9979 X 108 mis
= 9.836 x 108 ftis

= 33136 mfs
= 1089 fus

11

it

o= 333.7 kg
= 143.5 Buflom

hy, = 2256.5 klikg

© = 070,12 Btwlbm




- Conversion Factors

Acceleration

frea

Density

Enargy, heat, work,
internal energy,

1 mie? = 100 cmis?

1m? = 10*cm? = 105 mm? = 10-¢ km?

1glem? = 1 kgrl = 1000 kg/m®

1Lkl=1000J)=1000N-m= 1kPa-m?
1 klkg = 1000 mife?

1 mfs? = 3.2B0R ftis?
1 /52 = 0.3048* m/s?

1 m? = 1550 in2 = 10,764 12
1 ft2 = 144 in? = 0.09290304* m?

L glem?® = 62,428 Ibm/ft* = 0.036127 lbm/in®
L toméint = 1728 lbmeft?
1 kgfm® = 0.062428 |bmdft?

1 kJ = 084782 Bty
1 Bty = 1.055056 ki

gnthalpy 1 ¥¥%h = 3600 k! = B 40395 psia . ¥ = 778.169 Ibf . ft
1call =4.184 1 1 Btufthm = 25 037 fi2/s? = 2. 326% kitkg
11T ¢al* = 4.1868 J 1 kitkg = 0.430 Biu/lom
1Cal' = 41868 kJ 1 kWh = 3412.14 Btu
1 therm = 305 Binp = 1085 > 10%k]
(natural gas)
Force 1N = 1xg-mis? = 109 dyne 1 W = 0.22481 Ibf
1 wpf = 9.80665 N Libf = 32,174 om - fi/s? = 4.44822 N
Heat flux 1 Wieen® = 10% Wim?# 1 Wim?® = 0.3171 Btu/h - f*
Heat transfer 1Wim# . °C = 1 Wim® - K 1 Wim# . °C = 0,17612 Btufh - ft2 - °F
coefficient
Length 1m=100cm = 1000 mm = 10% pm I m=39.370 in = 3.2808 ft = 1.0926 yd
1 km = 1000 m 1ft=12in=0.3048*m
1 mite = 5280 ft = 1.6093 km
lin=2584*cm
Mass Lhp = 1000 g 1 kg = 2.20462256 bm
I rnetric ton = 1000 kg 1 1bm = 0.4535%237* kg
1 unce = 28.3495 g
1 slup = 32,174 lbm = 14,5939 kg
1 shart tan = 2000 |bm = 907.1847 kg
Power, LW=1J5 1 kW = 341214 Btu/h

heat transter rate

Pressure

Specific heat

LEW = 1000 W = 1.341 hp
1 hpt = 7457 W

| Pa =1 Nim?
1 kPa = 108 Pa = 10~ MPa
latm = 101.8325 kPa = 1.01325 barg
260 mm Hg ol 0°C
= 1,03323 kpficm?
1 mm Hg = 0.1333 kPa

Lkifkg-"C = 1khkg-K =1 lig.°C

o

= 737.56 Ibf - fi/s

1 hp = 550 Ibf . ft's = 0.7068 Btu's
= 4241 Btu/min = 2544.5 Btuth
=0, 74570 kW

1 boiler hp = 33,475 Btu'h

1 Btuth = 1.055056 kih

1 ton of reirigeration = 200 Btu/min

1 Pa = 14504 x 1077 psia
= (.020886 1f/t2
1 psi = 144 i = 6,894757 kPa
1 atm = 14,696 psia = 29.92 in Hp at 30°F
linHpg = 3.387 kPa

1 Blubm « °F = 4,1868 klkg « °C

1 Btw/lbmaol « R = 4.1868 klikmol .« K

1 klkg - *C = 0.23885 Btu/lbm « °F
= ULZ23B88Y Btuflbm - B

“Exact convvarsion factor tetween metric and English units.

ICakrie is argrriaily delined a5 the anvoaas of hesl needed Lo raise U tempertore of 18 of waler by 1°C, bt it varies with fermporature, The international
stearn tatide (1T} calorie (penerafly preferred by engineers! is exacily 4.1868 J by de=fnition and correspands to the specific heat of water at 15°C. The
thermachemical calorie generally preterred by phySnists) IS exactly 4. L84 1 by Sefiition and correapands 1o the specilic heat of swater at maomm gl yes.
T ditterence Yotween the fwa is sbout 0,06 percant, which is negligibk. The capitalized Calorie used by nuiritionists is actually a kilocaloria {1000 [T

calaries).



