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SECTION A (Total: 100 marks)

INSTRUCTION: Answer only FOUR questions.

Please use the answer booklet provided.

Question 1

A 0.9 m® rigid tank initially contains saturated refrigerant-134a vapor at 1200kPa. As a result
of heat transfer from the refrigerant, the pressure drops to 400kPa. Determine:

(a) the final temperature, T,

(6 marks)
(b) the amount of the refrigerant that has condensed
(10 marks)
(c) the amount of heat transfer, Q,,
(9 marks)

Question 2
Steam at 4MPa and 400°C enters a nozzle steadily with a velocity of 60m/s, and leaves at

2MPa and 300°C. The inlet area of the nozzles is 50cm?, and heat is being lost at a rate of
75kdJ/s. Calculate:

(a) the mass flow rate of the steam, m in kg/s

(9 marks)
(b) the exit velocity of the steam, V,in m/s
(12 marks)
(c) the exit area of the nozzle, 4, in m?
(4 marks)
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Question 3

A Carnot heat engine receives heat from a reservoir at 900°C at a rate of 800kJ/min and
rejects the waste heat to the ambient air at 27°C. The entire work output of the heat engine
is used to drive a refrigerator that removes heat from the refrigerated space at - 5°C and

transfer it to the same ambient air at 27°C as shown in Figure 1. Determine:

(a) the thermal efficiency for heat engine, Tt rev

(4 marks)
(b) the maximum power output of heat engine, I’;/net,oul,

(4 marks)
(c) the coefficient of performance, COPg e, of Carnot refrigerator, ,

(4 marks)
(d) the maximum rate of heat removal from the refrigerated space, Q L.z and

(4 marks)
(e) the total rate of heat rejection to the ambient air, (QL’HE .and QH’R)

(9 marks)

Figure 1: A refrigerator powered by a heat engine
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Question 4

A rigid tank contains 5kg of saturated vapor steam at 100°C. The steam is cooled to the
ambient temperature of 25°C.
(a) Determine the entropy change of the steam, in kJ/K.
(10 marks)
(b) For the steam and its surroundings, determine the total entropy change associated
with this process, in kd/K

(10 mark)
(c) Sketch the T-v diagram for this process

(5 marks)

Question 5

An air standard Diesel cycle has a compression ratio of 16 and cutoff ratio of 2. At the
beginning of the compression process, air is at 95kPa and 27°C as shown in Figure 2.
Accounting for the constant specific heats at room temperature, determine:

(a) the temperature after the heat addition process

(10 marks)
(b) the thermal efficiency, and
(10 marks)
(c) the mean effective pressure
(5 marks)
P A
> V
Figure 2: Diesel cycle
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Question 6
An ideal vapor-compression refrigeration cycle that uses refrigerant-134a as its working fluid

maintains a condenser at 800kPa and the evaporator at -12°C as shown in Figure 3.
Determine:

(a) the mass flow rate of the refrigerant, m in kg/s

(10 marks)
(b) the amount of power required to service a 150kW cooling load, V;/,»n
(4 marks)
(c) The coefficient of performance, COP, of the refrigerator
(4 marks)
(d) Sketch the cycle on a T-s diagram with respect to saturation lines.
(7 marks)
On
ft  Condenser
3 5
X Expansion W,
£h valve  compressor —
4 i
| Evaporator ;
4\ 01
Figure 3. Ideal Vapor-Compression Refrigeration Cycle
END OF EXAMINATION PAPER
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THERMODYNAMICS FORMULA

First Law of Thermodynamics

i 2
Kinetic Energy, KE = my

Potential Energy, PE =m gz

Total energy, E = U + KE + PE

Heat transfer, O = QAt

W=Fs

Force, F = PA

Spring Force, ' =kx

Electrical work, W, = VIAt

Shaft workW, = 2mit

Spring Work, w 2

1 2
spring :’ik(x2 .__x] )

Enthalpy, H =U + PV

om
Quality, x = —=£

Mol

Mass total
M1 = mf + mg

Ideal gas equation

PV = mRT
in _ B
L I

General Energy Balance
Ein —Eou= AEsystem

AEsystem =AU + AKE + APE

Energy Balance for a closed system
Q-W =AU + AKE + APE

Energy Balance for a constant pressure process
We+ AU= AH
Q-Woiner = AH + AKE + APE

Conservation of mass and energy equations for steady-flow process
o me :Zmout
Q-W=3 oumn[h + \2/2 +gz] - S inm[h + V22 +gz]

Boundary work (P = constant), W, = mP, (v, —v,)

Boundary work (T = constant), W, =PV, ln[%—}

1

Mass flow rate
h= pAV = pV=VN

Volume flow rate
V=VA =m/p




Thermal efficiency of a Heat Engine

~Drerow g O

n, = =1
"0y 0,

Coefficient of performance

Copy=-2L - 41 __ &
Wnet,in Wnet,in QH w QL

)
COPHP — J(VH - QH QH

Wnet,in Wt in QH - .QL

Camot Heat Engine

TL
Nh.carnot = Minrey = 1--
: Ty

Carmot Refrigerators and Heat Pumps

1

COPy,carnot = ———
T,/T, -1
COPR,carnoi = ]
1-T, /T,
Isentropic Process

8§y =8

T] S=consl. V2

[sz | (&](kl)/k
TI S=consl, Pl

k
})1 S=const. k vl

(@) _ P
P] S='const. Pr 1

(..‘2] = r
1% v,
L swconst. 7l

Power Cycles

. o V 14
Compression ratio, r = 0% - _EDC _ 1 _

min V’I DC

V, v,

W . : Wnet

MEP=—"rd

max Vmin Vimax ™ Ymin

Otto Cycle

(qin - qout) + (Wm - Wouf) = hexit ~h

inlet

Gin =Uz —Uy =c, (I3 ~T,)

Do =Ug —ty =c, (T} —T})




) pgs W/HET Q()ul
Thermal efficiency, = =1-

77th,0tto - Q g,
1

Moo =1—
kel

Diesel Cycle

Gin =y =ty = P (vy = vy) + (uy ~uy) = hy —hy =c,(I5-1,)

o =Yg —ty =¢, (T, =T7)

. V.
Cutoff ratio, r, =3 = Y3

, w
M bz’esel =1- 1 [ FCk - }
’ ph=1 k(e = 1) »
Rankine Cycle
W pump,in = by =hy =v(P, - P,)
Qin =Py —hy
Wiarb,om = H3 —hy
Dour =hy —hy

Wnef Q()ut
Ty == =172

qm qin

net = Gin " Youw = Wirb,in —W pump,in

_ S4 "’Sf
X4 -

S 1g

h4 = hf + .X4hfg

Refrigeration Cycle

Wnet,out = QH - QL

77 = Wnet,oul = 1 . ”_QL

"oy Oy
C()PR — QL - qL — QL; — hl B h4
Wnet,in Woet in QH —"QL h2 w‘hl
COP,,p = Oy _ 9y _ Oy _ hy = h,
Wnez,z’n Weerin On 0, , —hy

COPyp = COP, +1




Conversion Factors

Force

Heat flux

Heat transfer
coeflicient

Length

Mass

Power,
heat transfer rate

Pressure

Specitic heat

; mis? = 100 cmis?

m? = 10¢ em? = 10% mm? = 1075 km?

lgiem? = 1 kgit = 1000 kg/m?®

= 1000 = 1000 N = 1 kPg.m?®
g = 1000 m?is? '

h = 3600 kJ

all = 4.184 J

ITcal = 4,1868 1

1
1
1
1
1
1Calf = 4.1868 ki

1Nw= 1kg. mfs? = 105 dyne
1 wgf - 9.80665 N

1 Wiem? = 10% Wm®
T Wim# . °Cow L Wim® . K

1m =100 cm = 1000 mm = 10% um
Tkm = 1000 m

Tkg= 1000
1 metric fon = 1000 kg

LW =13
LEW = 1000 W = 1,341 hp
1hpt = 7457 W

1Pa= | Nim®

LkPa = 103 Pa = 1072 MPa

Latm = Y01.325kPa = 101325 bars
= 760 mm He.at 070
= 1.03323 kgtem?

LmmHg = 0.1333 Py

Lkdikg - ™Com Lhdig-K = 1 Jg . °C

1 mfe? = 3.2808 tys?

1 ft/5% = 0,3048° mss?

L m? = 1650 in® = 10,764 12
112 = 144 in? = 0,09290304* n?

L glem® = 62,428 Ibmitt® = 0036127 bmiin®
Libmfin® = 1728 lom#ft®
1 kg/m® = 0.062428 tbmfte

1 k) =094782 Bry
1 Bty = 1.055056 kJ
= 5.40395 psia - #% = 778,169 bt . #t

L Btufibm = 25037 #%s% = 2.326*% ifkg
Lkdikg = 0.430 Blufibm
LhWh = 3417214 B
Ltherm = 10° Bty = 1.055 % 105k

{natural gas)

LN = 0,2248] 1nf
Libf = 32.174 1om - fifs? = 444822 N

1 Wim? = 0.3171 Btuth - ft?
L Wim? - °C = 0.17612 Bufh - ft2 . °F

L m=88.370 in = 3.2808 # = 10926 vd
TH=1210n = 0.3048*m

I'mile = 5280 #t = 1.8093 km

Lin =254 cm

Lekg «.2.2046226 bm

Jdbm = 0,45359237" kg

}ounce = 2B.3495 g

Lslug = 32,174 tbm = 14,5939 kg

1 shiort tor = 2000 tbm = 9071847 kg

1 KW = 3412.14 Btuth
= 737.56 bt « s

T'hp = 550 Ibf - ft/s = 0, 7068 Bluls
= 42 41 Btw/min = 2544.5 Blui
w D, 74570 kW

1 boller hp = 33,475 Buyh

1 Btu/ho= 1.055056 kit

1 ton of refrigeration = 200 Btu/min

1Pa = 14504 x 107 psia
= (,020886 i
1opst = 144 IA2 = B.RI4TET kP
Latm = 14,696 psia = 29,92 in Hy at 30°F
lin Hy = 3,387 kPa

1 Btullbm « *F = 4.1868 kifkg - °C
1 Btullbmol « R = 4.1868 ifkmot » K
1 idfkg « *C = 0.23885 Btuilbm « °F

*Exact pooversion factor between metnic ang English anits,

Calorie & oiginglly delined 29 10 arount of besl needed Lo rae the temparsivre of 1 g of wales by 170, but it varies with nparalure. The iternationgd
sigarm taiie (T} calore (penerally preferred by engineers’ is exatily 4 1868 § by cebnition and correspands 1o the specific heat of water at 15°C. The
thermochemical calone (generally preferres by physicists) is ExaClly 4. EBL ] by detinilion and Cotesponds 1o e specitic heat ol water at 1001 Semper e,
Thg ditlerence botween thi tew is aboyt 0.06 porcent, which is negligibie. The capitaiized Calorie used by sutritionists is actually 2 kilocalerie 1100017
caloriosh,




Specific volume

1mdkg = 1000 Lkg = 1000 ey

Temperature TIK) = T°C) + 273.15
ATIK) = AT°C)
Thermal TWim-*C=1Wm.K
conductivity
Velocity 1 mis = 3.60 kevh
Volume Dd e 1000 L = 10% cm® (oo}

Yolume flow rate 1 m¥s = 60,000 Umin = 10°% cm¥s

1 m¥kg = 16.02 ft¥ibm

Lfibm = 0062428 mifkg

KR) = M°F) + 459.67 = 1.87K)
T°F) = 1.8 7I°C)+ 32

ATF) = ARR) = 1.8 AN

1 Wim .« “C = Q57782 Btaih - & - 9

1 mis = 3.2808 tt/s = 2.237 mifh
1 mith = 1.46667 fifs
1 mith = 16093 kit

1m® = 86,1024 x 10% in? = 35.315 13
= 264.17 gal (1.5}
1 U8, galion = 231 in® = 37854 L
1 flounge = 29,5735 omS = 0,0205735 |,
1 U8, galion = 128 1 sunces

1m%s = 15,850 galfmin (gom) = 35.315 #t%s
= 2118.9 ft%min {cim)

*Mechenical horsepower. The electizg! borsepower s taken 1o be expitly 746 V.

Some Physical Constants

Universal gas constant

Standard acceleistion of gravity g

Standard atmospheric pressure i

Stefan-Boltzmann constant o

Boltzrnany's constant k

R, = 8.31447 kikmol - K

= 8.31447 kPa - m¥umol - K
= 0.0831447 bar - m¥kmat - K
= 82.05 L » atefemol « K

= 1.9858 Biufibmol - R

= 154537 1t < Biftbniol - R

= 10.73 psia « ft3bmol - R

= G.80665 m/s?
= 32,174 1i/e?

am = 101,325 kPa
= 1.01325 bar
= 14,696 psia
=.760 mm Hg (0°C}
= 25,9213 in Hp (327F)
= 10.3323 m H,0 (4°C)

= 56704 % 105 Wim? . K4
= 01714 x 1078 Brush - ft2 . g5

= 1.380650 % 107 K

Speed of light in vacuum €, = 29979 % 108 mis
= 9836 x 10%{tls
Speed of sound in dry air at 0°C and 1 atm ¢ = 331,36 mis
= 1088 ft/s
Heat of fusion of water at 1 atm By = 333.7 kifkg

Enthalpy of vaporization of water at 1 atm h

= 143.5 Biullom

o = 2256.5 Kikg

= 970.12 Btuflom




