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1. Please CAREFULLY read the instructions given in the question paper.
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3. This question paper consists of TWO (2) sections; Section A and Section B.

4. Answer ALL questions in Section A. For Section B, answer THREE (3) questions with at least
ONE (1) question from question 4 or question 5.

5. Please write your answers on the answer booklet provided.
6. Answer all questions in English language ONLY.
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SECTION A (Total: 40 marks)

INSTRUCTION: Answer all questions. Show all the necessary calculation steps
including the unity conversion ratio where appropriate and give your answer in SI unit.
Please use the answer booklet provided.

Question 1

a) A submersible instrument shows an absolute pressure of 152 kPa at a depth of 3.50
m in seawater (use density of seawater = 1025 kg/m?).

i) Determine the local atmospheric pressure at this location in kPa.
(5 marks)
ii) Determine the absolute pressure at the same depth if the fluid were replaced by an
oil with specific gravity 0.85.
(5 marks)
iii) Convert the local atmospheric pressure and the oil absolute pressure into Ibf/in?,
showing all unit conversions.

(4 marks)
iv) Convert the density of liquid with specific gravity 0.85 into g/m®.
(2 marks)
b) Explain the difference between absolute and gage pressure.
(4 marks)
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Question 2

a) Arigid 100-liter vessel contains 3.50 kg of R-134a and the measured pressure is 550

b)

kPa. Determine

i) the temperature in °C,

(6 marks)
ii) the quality,

(3 marks)
iii) the specific enthalpy in kJ/kg, and

(3 marks)
iv) the volume of the vapor phase in m®.

(4 marks)

Describe the conditions under which water vapor behaves like an ideal gas. Relate the
water vapor behavior in applications such as air-conditioning and steam power plant.
(4 marks)
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SECTION B (Total: 60 marks)

INSTRUCTION: Answer THREE (3) questions only. Show all the necessary calculation
steps including the unity conversion ratio where appropriate and give your answer in
Sl unit. Please use the answer booklet provided.

Question 3

a) Steam enters a nozzle steadily at 2 MPa and 350°C with an inlet cross-sectional area
of 0.015 m2. The mass flow rate of the steam is 6 kg/s. The steam exits the nozzle at
1.2 MPa with a velocity of 300 m/s. Heat loss from the nozzle to the surroundings is
estimated to be 3 kJ/kg. Determine:

i) the velocity of the steam at the nozzle inlet in m/s unit,
(5 marks)
i) the enthalpy at the nozzle exits in kJ/kg and the phase changes.
(11 marks)

b) Energy such as potential, kinetic and enthalpy can generally be neglected for

compressors, pumps, and fans. Justify why these simplifications are acceptable.
(4 marks)
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Question 4

a) An ideal Otto cycle has a compression ratio of 10.2. At the beginning of the

b)

compression process, the air is at 105 kPa and 32°C. During the constant-volume heat
addition process, the heat added to the air is 900 kJ/kg. Using variable specific heats

from the air tables, determine:

i) the temperature (°C), pressure (kPa), and internal energy (kJ/kg) at the end of

the isentropic compression process, and
(13 marks)

ii) the internal energy at the constant-volume heat addition process (kJ/kg).
(3 marks)

Explain how high compression ratios can lead to engine knocks in spark-ignition
engines and discuss why auto ignition is undesirable in such engines by referring to

Figure 1.
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Figure 1 Thermal efficiency versus the compression ratio plot for Otto cycle
(4 marks)
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Question 5

a)

An ideal Rankine cycle uses steam entering the turbine at 2.5 MPa and 350°C, while
the condenser pressure is maintained at 10 kPa. By fixing the properties under each
state, determine:

i) the heat added in the boiler in kJ/kg, and

(12 marks)
ii) the quality of at the turbine exit.
(4 marks)
b) Identify TWO (2) common applications where two-stroke engines are used and justify
why they are suitable for these uses.
(4 marks)
Question 6

(a) An ideal R-134a vapor-compression refrigeration system operates between 0.24 MPa

in the evaporator and 900 kPa in the condenser. The mass flow rate of the refrigerant
is 150 kg/h. Determine:

i) the compressor outlet temperature (°C),

(9 marks)
i) the rate of heat removal from the refrigerated space (kW), and

(5 marks)
iii)) the compressor power input (kW).

(2 marks)

(b) Explain the practical difficulties associated with approximating the compression

process (proses 2-3) and expansion process (process 4—1) of the reversed Carnot
cycle in actual refrigeration systems.
(4 marks)

END OF EXAMINATION PAPER
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THERMODYNAMICS FORMULA

First Law of Thermodynamics

Density, p =+

17
PH,0

Specific Gravity, SG =

Specific Weight, v; = pg

Gage Pressure, Fyge = Pabs — Patm

Vacuum Pressure, P,qc = Py — Paps

2
Kinetic Energy, KE = my

Potential Energy, PE = mgz

Total energy, E=U+KE+PE

Heat transfer, Q = QAt

Work, W = Fs

Force, F = PA

Spring Force, F _ kx

Electrical work, W, = VIAt

Shaft work, Wy, = 2mnT

Shaft power, W, = 2nnT

Spring Work, W_,.,.. =%k(x22 -x7)

Enthalpy, H=U+PV

Mg

Quality, x = —
x At/ wherey =v,uorh
Yra

Mass total

Myt = mf + mg

Ideal gas equation
PV =mRT

av, _ By,
L L




General Energy Balance
Ein = Eout = AEsystem

AEsystem = AU + AKE + APE

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

Energy Balance for a constant pressure process
Wer+ AU= AH
Q-Woner = AH + AKE + APE

Conservation of mass and energy equations for steady-flow process
Z Tin =Z Mout

Q-W=3 outn[ h + V?z+ gz] - Yinmfh + K:—+ gz]

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

Boundary work (T = constant), W, = P}V, 1{%}

1

Energy balance for a steady-flow process

, . dE.
Epp —Eopyt = s;.;tem =0
Ein = .out

.V
Mass flow rate, m = pAV = pV= >

Volume flow rate, V=VA =%

Thermal efficiency of a Heat Engine

|/ 4
P
Oy Oy
Coefficient of performance
hi—nh

COP, = QL=qL= QL _h—hy
Wnet,in Whet,in QH - QL hz - hl
h,—h
COPyp = Qu . dn _ Qu _h 3
Wnet,in Whet,in QH - QL hz - h1

Camot Heat Engine

T

nth,Carnot = nth,rev =1 _i




Carnot Refrigerators and Heat Pumps

COPg,carnot = !

T,/T, -1
1
COPy,carnot = —————
1-T, /T,
Entropy

Sgen = AStotal = ASsys + ASqurr 2 0

AS =m(s; —s1)

The Entropy Change of Ideal Gases

Constant Specific Heats (Approximate Analysis)

T, Va2

52 — 51 = Cyavg ln?1 +R lnv—1

T2 P,

S2 — S1 = Cpavg l‘nT—1 - R lnP—1
Variable Specific Heats (Exact Analysis)

Py

sz—sl=s§—s{’—RlnP
1

Isentropic Processes of Ideal Gases

Constant Specific Heats (Approximate Analysis)

@-6)"

(k-1)/k

7=

ERC)

Variable Specific Heats (Exact Analysis)

(ﬁ) _Pr
P/ Py

(&)=t
(21 Vr1

— . =t
Isentropic Efficiency of Turbine, n, = =& = -4
Ws  hi—hgs

. - hos—h
Isentropic Efficiency of Compressors, ¢ = = = —2—1
wg  hzqa—h4

Isentropic Efficiency of Pump, 1p = 2= & 2e=fy)

Wqa hyq—hy




Via o Pahaq

Isentropic Efficiency of Nozzle, ny = = —
285 1= fl2s

Gas Power Cycle

. . Vi 1% V
Compression ratio, r = 8% = “BDC _ 1 _ 11
Vmin Vroe V2 V2

: W;
Mean Effective Pressure, MEP = Bt — eetOCL
Vmax—Vmin Ymax~VYmin

Ofto Cycle

Gin = Uz — Uy = (T35 — T3)

Qout = Us — Uy = (T, — Ty)

. =Wnet=1—qOut=1_T4_Tl= _M
thotte = "o Qin T;-T, N(T3/T, - 1)
1

Nthotto = 1 — R-1

Diesel Cycle

Qin = Whout = U3 — Uz = Qin = P(v3 —v) + (us —up) = hz3 —hy; = (T3 — T3)

~Qout = U1 —Ug = Qoyr = Ug — Uy = (T4 — T1)

Ntn,bi =M=1—q"ut=1_ﬂ= _ N(T,/T, - 1)
Diesel Gin Qin k(T; —T,) kT, (T3/T, — 1)
1 [rk-1
Nth,Diesel = 1 — oy [k(rc — 1)}
_V3_vs
Te = 72 = v_z

Rankine Cycle

Pump (q = 0): Wopump,in = h, — hy where hy = hf @Py

or Wpump,in = v(PZ - P1) WheTe V= vl = Uf@P1

Boiler (w = 0): q;, = hy — h,

Turbine (g = 0): Weyrpour = hz — hy

Condenser (W = 0): qpy = hy — hy

Wnet = Qin — 9out = Wiurb,out — Wpump,in

Isentropic Efficiencies for Pumps and Turbines

Ws hys — hy

= Wqa hZa - hl




Ideal Reheat Rankine Cycle

din = Qprimary + Qreheat = (hs — hy) + (hs — hy)

Weurbout = Weurby + Weurbst = (hz — he) + (hs — he)

Partial Pressure of Dry Air and Water vapor

P=PE,+ P,

Enthalpy of Dry Air and Water vapor

Rary air = CpT = (1.005k] /kg.® C)T

DRgry air = C,AT = (1.005Kk] /kg.” C)AT

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

hg(T) = 2500.9 + 1.82T

Specific and Relative Humidity of Air

~m, PBV/R,T PJR, _ 0.622 P, 0.622P,
“m, PV/R,T PJR, B, P-B

m, _PV/R,T B,

O g Ry/RT B VTSR ™ Feaer
o= wP
= (0.622 + w)P,
0.6220P,
W ==
P - ¢Pg
Cp(Tz - T1) + thfgz
W, =
hg1 - hfz
0.622P,
w, = g2
P, — sz

Total Enthalpy of Atmospheric Air

H=H,+ H,=mgzh, + m,h,

h = h, + why

Dew Point Temperature

po = Isat@p,







Conversion Foctons

DIMENSION METRIC METRIC/ENGLISH
Acceleration t m/s” = 100 emfs® 1 mis? = 32808 fu/s?
1 fi/s* = 03048 mi?
Aren $ o s 100 et = (0P mm® = 1076 km? I m® = 1530 in® = 10.764 ii?
1 i = 144 in? = 0.09790304" m?
Density 1 pfom? = { kgl = 1000 kg/m? 1 gfom’ = 62.428 B/ = 0.036127 bmfin®
1 Ibmifin? = 1728 Ibm/it?
1 kgfn? = 0.062428 Tbm/f?
Energy, heat, work, 1 &J = 1000 § = 1000 N-m = | kPa-m? 1 kI =D94782 Btn
internal energy. 1 klfkg = 1000 nr'/s? 1 B = 1.055056 kJ
enthalpy 1 kWh = 3600 k1 = 5.40395 psia-fi’ = 778.169 IbIR
leal'm 4084 1 Buw/then = 25.037 i1%/s? = 2326 kifkg
$ITeal’ = 4,1868 ) 1 ki/fkg = 0.430 Bru/iam
1Cal' = 4.1868 kJ | kWh = 3412.14 Bty
1therm = 10° Biu= 1035 % 10° kJ
{omiural gas)
Foete I N = kg-m/s® = 107 dyne I N ={.2248] ibf
! kgT= 980665 N 1 1bf = 32:174 e fi/s® m= 4 44822 N
Heat Mux 1 Wiem? = 10° Wm? 1 Wim® = 0.3171 Buwh-i?
Heat mansfer I Wi *C = | WimK 1 WAn%oC = 0,17612 Bu/h4120F
eoclliciant
Length 1 ot 100 o = 1000 nim = 10* pin 1fnse 39370 in = 3. 3808 ft = 1.0926 yd
{ kea = 1000 m 1h=]2mw=03048" m
1 mile = 5280 fi = 16093 kin
lin=254°cm
Mass Tkg=1000g 1kg = 22046226 tan
1 metric ton = 1000 kg 1 Ibm = 045359237 kg
Tounce m283495 ¢
1 slug = 32,174 lbm = 145920 kg
1 short ton = 2000 Ihox = 9071847 kg
Power, I Waells 1 kW = 3412 14 Bui/h
heat trassfer rate {kW = 1000W 2 1348 hp = 737.56 Ibf-fils
It = 7457 W 1 bp == 550 Wolfi/s = (.7068 Biu/s
= 42 21 Bi/min = 2343 5 Buyh
= D.74570 kW
1 boiler bip = 33,475 Bru
1 Btwh = 1 055056 ki
1 toon of refrigeration = 200 Buvmin
Presisure 1Paw | N/m® 1Pa = 1.4508 x 10t psia
1 kPg = 108 Pt = 10~* MPa = () Q20888 thiff12
1 atm = 101,325 kPa = 1.01328 bany 1 psi = 144 (b/A% = 6894757 kPa
= 760 mm Hg at 0°C 1 3im = 14.696 psia = 29,92 in Hg a1 30°F
= ] 03323 kpffcm? tin Hg = 3387 kPu
1 mm Hg = {1333 LPa
Specific beat 1 kikg C = 1 kifkpK =} VpC 1 Buw/lbo°F = 41868 kI g-°C
1 Buwlhmal-R = 4. 1868 kKikmol-K
1 Wifkg-°C = 00.23885 Biufthm-°F
= 0.23885 Bu/tbm-R

ATy S O Tt 40 e Sl IS . e e (S e e e — L

SEs st conversion tactor betwern metnic and Enplisdh s,

‘Catoere is aviginully Sefined o she o Beat peeded 10 raise the emp otlgolvmmb) 120, bual it varics with The i tional sténm table (IT)
cilotie (generally prefecred by aogineess) i exsctly 4.1565 J by definition and the specific beat of waber at 13°C, “The thermocheoscal calone (geneally pre-
Frrred by physicrats) o exacly 4184 J by defsndtion and smeap(mdh o the specitic heat b \\z!erd room eagwenune, The dilference batweds the two bs shout 0.06 peevens,
which is negligible. The capitaliosd Cabirie moad by auittonist o actuadly 3 kilocalotht {1000 §T calocies)
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DIMENSION METRIC METRIC/ENGLISH
Spevific volume kg = 1000 Likg = 1000 confg 1 g = 16.02 IP'fTbm
| A¥bm = 0.062428 mkg
Tempermun T(X) = °C) + 273.15 TR) = T(°F) = 459.67 = LETK)
ATIK) = AR®C) °F) = LET(°C) + 32
ATIFy = AT(R) = L.BARK)
Therinzl I WinC = 1 WK t WrmSC = 0.57782 Buhi-°F
comductivity
Velority 1 mfs = 3.60 km/h 1 s 2 3.2808 fufs = 2.237 mi/h
1 mifh = 146667 fus
1 smifh = 16093 km/h
Volume 1= {000 L = 10® em? (ec) Ind =61024x 107 i’ =35.315 %
= 264.17 gel (U5}
1US, gallun =231 in® = 37854 L
1 fl punce = 295735 ¢m® w 00293735 L
1US, gallon = 128 (1 ounces:
Volume Mow eats 1 m¥s = 60,000 Limin = 105 em™s 1 s = 15,850 galfmin {gpm) = 35.315 1/
= 21 18,9 it min {¢fm)

[ oW I T T T . ST ¢ S e e e S e

ipfechanicd! hadsepower. The elecmical harsepower §s takien bo be exacly 766 W.

Some Pliysical Constants

Universal gos constat

Standand acceleration of gravity

Stmdand almosphenc pressure.

Stefun—Bollzmumn constant

Bolzmann's constant
Specd of light in vacium

Speed of sound in dey gir at 0°C and 1 am
Hedd of fusion of waler a1 § aun

Enthalpy of vaporization of waler 41 1 atm

R, =8.31447 &MkmotK
= §.31447 kPa-m’fkminl K
= 0.0831447 bar-mfksnal-K
= 82 05 L-am/krool-K
= 19858 Buu/lbmol-R
= 154537 ftlbiflbmol-R
= 10.73 psia-(*Abmal-R

£ = 9.50665 m/s?
= 32474 fus?

1 aim == 101.325kPa
= 1013258 bar
= 14.696 psia
= 760 mm Hy (6°C)
= 299213 in Hg (32°F)
= 10.3323 m H,0 (4°C)

am S 6704 % 107 Wi K
=10.1714 x 10~* Bro/b-fi*R?

k2 § 380650 x 16-2 J/K

= 29979 x 10" mfs
= 8836 2 10P fus

c= 33136 mfa
= |089 fifs

By 3337 Mg
= 1435 Bau/lbm

= 2256.5 kikg

&y,
= 970.12 Bru/lbm

s
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