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MARCH 2025 CONFIDENTIAL
SECTION A (Total: 100 marks)

Answer FOUR (4) questions.

Please use the answer booklet provided.

Question 1

a) Water at a depth of 5 meters has absolute pressure reading of 145 kPa. Determine the
local atmospheric pressure at this location and the absolute pressure at the same
depth in a liquid with a specific gravity of 0.85. In a different calculation, convert the
local atmospheric pressure and the absolute pressure into kN/m? and Ibf/in?. Show the
necessary unit conversion used in your solution.

(21 marks)

b) Define absolute pressure and gage pressure. Explain how they are measured and
describe the meaning of vacuum pressure.

(4 marks)

Question 2

a) A rigid 80-liter container holds 4 kg of R-134a refrigerant at a pressure of 160 kPa.
Determine the temperature, the quality, the specific enthalpy, and the volume occupied
by the vapor phase. Also, draw a complete P-v diagram with respect to the saturation
lines.

(21 marks)

b) Define the term ‘'quality’ as it applies to saturated mixtures in thermodynamics and
explain what the values of 0 and 1 signify.

(4 marks)

Question 3

a) Steam enters a nozzle steadily at 1.8 MPa and 400°C with an inlet cross-sectional area
of 0.02 m? as shown in Figure 1. The mass flow rate of the steam is 5 kg/s. The steam
exits the nozzle at 1.4 MPa with a velocity of 275 m/s. Heat loss from the nozzle is
estimated to be 2.8 kJ per kilogram of steam. Determine the velocity of the steam at
the nozzle inlet and the temperature of the steam at the nozzle exit.
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Fonr = 28 klkp

P, = 18MpPa V,= 275 nifs

T)= 400°C
A, = 0.02 m?

Figure 1 Steam entering a nozzle
(21 marks)

b) Explain why heat transfer, work interactions, and potential energy changes are typically
neglected in their analysis and identify which form of energy change must be
considered.

(4 marks)

Question 4

a) Anideal Otto cycle has a compression ratio of 8. At the start of the compression stroke,
the air is at 100 kPa and 17°C. During the constant-volume heat addition process, 800
kJ/kg of heat is added to the air. Considéring the variation of specific heats with
temperature, determine the temperature, pressure and internal energy at the end of
isentropic compression and the maximum temperature and pressure in the cycle.

(21 marks)

b) Explain how high compression ratios can lead to engine knocks in spark-ignition
engines and discuss why autoignition is undesirable in such engines by referring to
Figure 2.
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Figure 2 Thermal efficiency versus the compression ratio plot for Otto cycle
(4 marks)

Question 5

a) A steam power plantoperatesona basic ideal Rankine cycle. Steam enters the turbine
at 3 MPa and 350°C and is condensed in the condenser at 75 kPa. Calculate the
amount of heat entering the boiler and the amount of heat rejected by the condenser.

(21 marks)

b) Explain how fluid friction affects the performance of a steam power plant and describe
how engineers compensate for its effects in the system.

(4 marks)

Question 6

(a) An ideal vapor-compression refrigeration system uses R-134a as the working fluid and

operates between pressures of 0.16 MPa and 900 kPa. Given that the refrigerant has

a mass flow rate of 162 kg/h, determine the temperature at the compressor outlet, the

rate of heat extraction from the refrigerated space, the compressor's power input, the

rate of heat rejection to the surroundings, and the system's coefficient of performance
(COP).

(21 marks)

(b) Discuss why refrigerant is slightly superheated before entering the compressor ina

real vapor-compression refrigeration cycle and explain the impact of this condition on

compressor performance.
(4 marks)

END OF EXAMINATION PAPER
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THERMODYNAMICS FORMULA

First Law of Thermodynamics

Density, p = =

P
PH20

Specific Gravity, SG =

Specific Weight, vs = pg

Gage Pressure, Pygge = Paps — Parm

Vacuum Pressure, B,y = Pgem — Paps

my?
2

Kinetic Energy, KE =

Potential Energy, PE = mgz

Total energy, E=U+ KE+ PE

Heat transfer, Q = QAt

Work, W = Fs

Force, F = P4

Spring Force, g _ kx

Electrical work, W, = VIAt

Shaft work, Wy, = 2nnT

Shaft power, Wy, = 2mnT

spring

Spring Work, W_,... = %k(xz2 —x,z)

Enthalpy, H=U + PV

. m
Quality, x = —~
Meotal

x=y—yf wherey =v,uorh
Yrg

Mass total

Myotar = mf + mg

Ideal gas equation
PV =mRT

RV, _ BV,
L T,




General Energy Balance
Ein — Eout = AEsystem

AEsystom = AU + AKE + APE

Energy Balance for a closed system
AQ- AW =AU + AKE + APE

Energy Balance for a constant pressure process
Wi+ AU= AH
Q-Wotner = AH + AKE + APE

Conservation of mass and energy equations for steady-flow process
Z Min =z Thout

o s 2
Q-W=5 ol h+%+ gz] - Sl + 2+ g2]

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

Boundary work (T = constant), W, = PV, h{-r;i]

1

Energy balance for a steady-flow process

. . dE
Epp —Eoue = s;st'tem =0
Ein = .out

%
Mass flow rate, i = pAV = pV'= =

Volume flow rate, V=VA =1:}

Thermal efficiency of a Heat Engine

77,}, = Wnet,out =1__.QL
0% Oy
Coefficient of performance
hi—h
COP, = QL=qL= QL _M 4
Whetin ~ Wnet,in Qu—-Q. hy—hy
hy,—h
COP,p = @u _ _Gn _ Qu _ha—hs
Whetin ~ Wnet,in Qu—-Q, hy—hy
Camot Heat Engine
_ 1.
Nh,Carnot = Minrev T,




Carnot Refrigerators and Heat Pumps

COPy, carnot = —————
T, /T, -1

COPy,carnot = —————
1-T, /Ty

Entropy

Sgen = BStotat = ASsys + ASsurr 2 0

AS = m(SZ - 51)

The Entropy Change of Ideal Gases

Constant Specific Heats (Approximate Analysis)

Tz v
S; — $1 = Cyavg lnF1 +R ln-é
TZ P. 2
52 — S1 = Cpavg lnT—1 —R lnF1
Variable Specific Heats (Exact Analysis)
P,

sz—sl=s§—s{’-RlnP
1

Isentropic Processes of Ideal Gases

Constant Specific Heats (Approximate Analysis)

B-6)"
Ty - v,

O-C
T, \Py

)=

Variable Specific Heats (Exact Analysis)

(fé);’frz
Pl Pr1

(@)-2
V1 Vpq

: : : hih
Isentropic Efficiency of Turbine, 1y = =% = -2
Ws hy—hzs

Ws o Rashy

Isentropic Efficiency of Compressors, n¢ = ==
a za~ 1

Isentropic Efficiency of Pump, 1p = == = %Pz—":—’)
a za~




Vza ~ hi=haa

Isentropic Efficiency of Nozzle, ny = =
1= M2s

Gas Power Cycle

vV, V;
Compression ratio, r = 2max — VBo¢ - 11 _
Vmin Vroc V2 V2

Mean Effective Pressure, MEP =

Whet _ Wnet

Vmax=Vmin  Ymax—VYmin

Otto Cycle

Qin = Uz — Uz = (T3 — T3)

Qout = Us — Uy = (T, —T3)

Nth,0tto =

Wnet _ 1— Qout _ 1- T,—Ty _ 1 T (Ty/Ty = 1)

Gin Qin T,—T, = Tp(Ts/T,— 1)
1
Nenotto = 1 — k=1
Diesel Cycle
Qin — Whout = Uz — U2 = (qin = Py(v3—v2)+ (uzs —up) =hg —hy = Cp(Ts -T3)
~Qout = Ug — Uy = Goyp = Ug — Uy = (T4 — T)
Mot =Wnet___1_qout=1_ T,—T) _ _T1(T4/T1"1)
DIl T Gim Gin k(T3 D) kT,(T3/T; — 1)

Nth,piesel = 1 — rE-1 [k(‘l’c — 1)]

Vs v3
= —=—
¢ V. v

Rankine Cycle

Pump (q = 0): Wpump‘in = hz - h1 where h1 = hf@P1

or

Wpump,in = v(P, — P;) where v = v; = Vrap,

Boiler (w = 0): q;, = hs — h,

Turbine (q = 0): Wyurbour = ha — hy

Condenser (W =0): qoye = ha — hy

Whet = Qin — Qout = Wturb,out — Wpump,in

Isentropic Efficiencies for Pumps and Turbines




Ideal Reheat Rankine Cycle

Qin = Qprimary t Greheat = (hg — hp) + (hs — hy)

Weurbout = Weurbg + Weurbar = (hg — hy) + (hs — hg)

Partial Pressure of Dry Air and Water vapor

P=PE,+ P,

Enthalpy of Dry Air and Water vapor

hary air = €T = (1.005k] /kg.° C)T

Ahgry air = CoAT = (1.005k] /kg.® C)AT

h,(T,low P) = hy(T)

h,(T) = 2500.9 + 1.82T

Specific and Relative Humidity of Air

_my, _BV/R,T _RJRy _ B 0622,
m, PV/R,T BJR, P P-P,

m, BV/R,T _B,

e P =
¢ mg I‘?gV/RgT Pg where ) sat@T
0= wP
~(0.622 + w)P,
0.6220P,
w=—
_ Cp(Tz - T]_) + a)zhfgz
“1= h, —h
01 T2
0.622F,
w, = g2
Pz - sz

Total Enthalpy of Atmospheric Air

H =H, + H, = mghy + m,h,

h=hg + wh,

Dew Point Temperature

po = Isat@p,




D

Energy, heat worky
iﬂljmal eneiny;
enthalpg‘

Force

Meat flux:

Haat trancler
doefileient

Length

Mass

Pewier,
heat transier rate

Pressure

Spetific heat

1 aWse'= 100 cs?

1 = 10% pm2 = 108 m? = 1075 ken?

1 gfcm’ 1 4g/L = 1000 kg/in®

1k)-= 1000 1 = 1000 N-m = 1 kPa . m?
1 kikg = 1000 midls?
1 %Wh = 3600 %)
1call=4.184 J
i ch@l’ = 41868 J
1Cal' = 4.1868 k)

1N =1 kg mis? = 107 dyne
llg‘f QSDGGSN

1 Wicm? = 10% wim?
1 Win? - °C = 1 Wim? - i,

1m = 100 cm = 1000 mm = 10° pm
1 kin = 000 m
kg = mm)g

1 metiic tori = 1000 ke

IW=1ds
1 k¥ = 1000 W = 1.341 hp
1 hpt = 745.7 W

1 Pa =1 Nim?

1 kP2 = 103 Pa = 10-2 MPa

1 atm = 101325 kPa = 101325 hag
= 760 min Hg at o°C
= [,03323 Rgf.i‘cmf

1t Hg = 0.1332 %P3

1kifkg-°C=1klkg-K = 1Jg+C

_ METRIC/ENELISE

1 mys? = 3.2B08 ftfs?
1 457 = 0.3048* ys?

1t m?» 1550 i = 10.764 112
112 = 144 in? = D.09290304* m?

1 grem? = 62,428 Ibm/it? = 0.036127 (bm/in®
1 bmiin? = 1728 lom/t?
1 ks = (LOB2428 1bmift®

1k = 0.94782 B
1 Biu = 1.055056 kJ
= 5.40395 psia + ft? = 778.169 Io . ft
1 Biwlbm = 25,037 #P/s? = 2.326* kikg
1 ki‘ig = 0.430 Biwibm
1 kWh = '3412.14 Biu
1 therm = 10% Bt = 1.055 % 10% K
(naturat gas)

1N = 0.22481 Iof
13bf ~ 32.174 tbm - fifs? - 4.44822 N

1 Wim = 0.3171 Btum - #°
1 Wime -« °C = 0.17612 Bturh - fi2 - °F

Im =38 370 in —3.28D3f‘l 1. 0926 yd
it = 12in = 0.3048" m

1 mile- 5280 ft = 1. 5093 km

L = 2.54%¢ cm

lhg~2 2046226 Ibm

1 1bm = 0.45359237* kR

1 aonce = 2R.3495 g

lslag=32.174 lbm = 14,5939 kg,

1 shorl ton = 2000 Ibm = B07.1847 kg

14W = 3412, 14 Btu/h
=737, 56 [V ﬁa's

1 hp = B8O If - fils =0.7068 Btufs
= 42,41 Btu/min = 2544 % Btofh
= 0,74570 kW

1 boiler hp = 33,475 Bhu/h

1 Btuth = 1055055 kM

1 ton of refrigeration = 200 Blu/min

1 Pa = LASDE 5 1D-% psia
= 0.020886 lplit?
1 psl = 144 IiME = 6.894757 kPa
1atm = 14695 psia = 29; 92 in Hg at 30°F
1inHg = 3:387. WPa: )

1 Btufibm - °F, = 4.1868 kIikg - °C

1 Btofibmol - R = 4.1868 kifkmal » K

1 kikg + *C = 0.23B8S Biuflbm . °F
= 0.24885 Bluibm « R

“Evart coaversian factor betwien metric and English anits.

1Cokeie-is angily DENined g5 ARk Brin; bf Nesl needed to raise the lemparalurg of 1 2 ot waler by 1°C, kul W armes with ferperatiste. The interetional
steam tatle (1T} cakirie igeneradly prefzmad tw engingers) is éxartly 4.1868 J by diefinition and eorrespands b ke specific fzek of water 3t 15, The

merma:hamlea' czlorie (generaily pretetred by physscists) i5 piactly 4.284 3 by eatmifion and corespands Yo e 3pecilis heat of wal

at 1000 lepnpgrativs.

The ditleronce bobuoen the two & gboul .06 portanil. which is negligibie, The cipitatisad Calarie lised by nutritionists |s dctimllya Silocaloria 3000 1Y

calms’



DIMENSION KETRIC METRIC/ENGLISH
Specific volume 1 m¥kg = 1000 Likg = 1000 cm¥/g 1 m3kg = 16.02 ft¥hbm
1 f1%bm = 0.062428 m¥kg
Temperature TIK) = 71°C) + 273.15 TIR) = T1°F) + 45967 = 1.BTK)
ATIK) = ATCC) RF)= 1.8 7{°C) + 32
ATPF) = AKR) = 1.8 ATIH)
Thermas ITWm-“C=1Wm-K 1 Wim . °C = 0.57782 Bluth - §t - °F
conduziivity
velocity 1 s = 3.60 kmih 1 m/s = 3.2808 s = 2.237 mifh

Volume IMO L= 10%cm3 (tt)

Volume flpw rale 1'm¥s = 60,000 Umin = 10° codfs

1 mith = 1.46667 ft/s
1 mifh = 1.6093 km/h

1m? =6.1024 % 108 jn* = 35315 4t*
= 264.17 gal (U.S.)
1 U.S. galon = 231 in® = 3.7854 |,
1 fl aunce = 29,5735 cm® = D.0295735 1
1 U.S. galien = 128 fl ounces

1 m¥s = 15,850 gaifmin (gpm) = 35.315 ft3fs
= 23118.9 ft¥min (¢fm)

SMachanicet horsepowar. The e sriica: horszpower is Loken 1o ve exaclly 746 W

Some Physical Constants

Univirsal gas constant

Standard acceieration of gravity

Standard atmospherlc pressure

Stefan-Bollzmann constant

Bostzrnann's cotistant -
Speed of flght in vacuum

Speed of sound in dry air at 0°C and 1 &lm
Heat of Tusion of waler 2t ] atm

Enthalpy of vaporization of waler at 1 atm

R, = 8.31447 ky/kmol - K
» B.31447 kPa - itdkmol - K
= 0.0831447 ber i m¥kmo! + K
= #2.05 L - atmvkmiol + K
= 1.5858 Btuiibmol . R
= 154537 1 - Ibffibms! . R
= 10.73 psla - fi%ibmel - R

g = 9.80665 mis®

32,174 Wwe?
13tm = 101.325 kP2
= 1.01325 bar
= 14.696 psia

= 760 mm Hg (0°C)
= 29.9213 in Mg (32T}

= 10.3323 m H;0 (4°C)

=~ B.6704 % 10-¥Wm? . K*
=0.1714 % 1078 Biw/h - ft2 - B*

k= 1.380650 x 10772 JiK
£, = 2.9979 % 1% s
= 9836 x 107 fus

£ =233136mis
= 1089 s

b, = 333.7 kiikg
"= 143.5 Btwibm

Py = 2256.5 kiike
™ = 970.12 Bwibm







