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INSTRUCTIONS TO CANDIDATES

1. Please read CAREFULLY the instructions given in the question paper.

2. This gquestion paper consists of TWO (2) Sections; Section A and Section B.

3. Answer ALL questions in Section A. For Section B, answer TWQ (2) questions ONLY.

4. Please write your answers on the answer booklet provided.

5. Answer all questions in English language ONLY.

6. Answer should be written in blue or black ink except for sketches, graphic and illustration.

7. Thermodynamics Table of Properties and Formula has been appended for your reference.

THERE ARE 7 PAGES OF QUESTIONS, INCLUDING THIS PAGE.
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SECTION A (Total: 60 marks)

INSTRUCTION: Answer ALL questions.
Please use the answer booklet provided.

Question 1
With reference to basic concept of thermodynamics to systems and processes.

(a) Define the following:
i. Closed system
i. Open system

iii. Adiabatic system
(6 marks)
(b) Convert the following units:
i, 3500 liter/min into m¥/s
ii. 50 psi into kPa
i 0.5 Ibm/ft® into kg/m®
(6 marks)
(c) A deep-sea diver descends into a freshwater lake and experiences a gauge pressure

of 100,000 kPa. Given that the atmospheric pressure at the surface is 101 kPa and the
density of freshwater is 1000 kg/m?, determine the:

i depth (h) of the diver in meters.
(5 marks)

. ii.  absolute pressure, (Paps) acting on the diver in kPa
(3 marks)
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Question 2

With reference to forms of energy and energy transfer of a system.

@

(b)

(©

Define the following:
i. Potential energy
ii. Flow energy
ii. Mechanical energy,
(6 marks)

A piston-cylinder device containing water is being heated, causing the piston to rise.
During this heating process:

e 200 kJ of heat is transferred to the water, Qin.

e 20 kJ of heat is lost to the surroundings, Qout.

o The vapor does 25 kJ of work as it expands, Wout.

Calculate the change in the internal energy of the water for this process.

(6 marks)

A river flows toward.a reservoir at an average velocity of 2 m/s (V) with a volume flow
rate of 15 m3s (V) at a location 600 m (z) above the reservoir surface (height of
waterfall). Determine the:

i. total mechanical energy (emech) Of the river water per unit mass and

(2 marks)

ii. power generation potential (E) of the water flow at that location, assuming the

water could be fully utilized for power generation for dam.

(6 marks)
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Question 3

With reference to Laws of thermodynamics, energies, systems, pure substance properties

and entropy.

€)) Define the following terms:
i. Compressed liquid
ii. Saturated liquid
iii. Saturated vapor
(6 marks)
b A closed, well-insulated vessel contains water at a pressure of 175 kPa and an internal
energy of 1400 kJ/kg.
i. Based on the given properties, determine the phase of the water (compressed
liquid, saturated mixture, or superheated vapor). '
(3 marks)
i. Explain briefly how you determined the phase using thermodynamic property
tables.
(3 marks)
(©) Complete Table 1 below of thermodynamics properties for water. Show all the
calculations involved. Use the following abbreviations where needed:
CL - Compressed (Subcooled) liquid
SL - Saturated liquid
SM - Saturated Mixture
SV - Saturated Vapor
SHV — Superheated Vapor
NA — Not applicable
Table 1: Thermodynamics properties for water
P (kPa) T(°C) u, kd’kg h, kJ/kg Phase Description | Quality (x)
a0 | (@ ® | 3000 © @
5000 80 3 (e) ® @ )

(8 marks)
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SECTION B (Total: 40 marks)
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INSTRUCTION: Answer only TWO questions.
Please use the answer booklet provided.

Question 4

With reference to Laws of thermodynamics, energies, systems, pure substance properties

and entropy.

(a) Match each region or phase (Column A) with its correct description name (Column B)

Column A: Regions [ Phases . || |[ ColumnB:Descriptions |

i. Subcooled Liquid A Subst_ance is in fully liquid and is about to
vaporize

ii. Saturated liquid B. Substance is in both liquid and vapor
phases

jii. Saturated Mixture (Liquid + C. Substance is fully liquid, and is not about to

Vapor) vaporize

iv. Saturated Vapor D. Substance is fully vapor and not about to
condense

v. Superheated Vapor E. liquid and gas phases are indistinguishable

vi. Critical Point F. A vapor that is about to condense

(6 marks)
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(b)

(c)
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A 500-liter rigid tank contains 3 kg of air at 25°C. The atmospheric pressure is 97 kPa.
Match each term or value from the situation with its correct description. Write the letter
of your answer (A - F) in the space provided next to each number.

" CoumnA |/ "7 ColumnB:Descriptions .
i. Rigid tank A. Temperature used to calculate the pressure

of the air inside the tank

il. 500 liters B. Subtracted from the absolute pressure to
calculate the gauge pressure

ili. 3 kg of air C. Volume of the air stored in the tank
iv. 25°C D. Mass used to determine air density or
specific volume
v. Atmospheric pressure E. Pressure measured relative to atmospheric
(97kPa) pressure
vi. Gauge pressure [F. Indicates that the volume of the system
remains constant

(6 marks)

A mass of 0.1 kg of helium is contained in a rigid vessel with a volume of 0.2 m?, and
the pressure is measured to be 350 kPa. The vessel is heated until the pressure is 700
kPa.

i. Determine the initial temperature, T1 (K).

(3 marks)
ii. Determine the final temperature, Tz (K).

(3 marks)
iii. Calculate the change in temperature of helium, AT (in °C and K)

(2 marks)
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Question 5
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With reference to Laws of thermodynamics, energies, systems, pure substance properties

and entropy.

Air enters a 28-cm pipe steadily with the following inlet and exit conditions. Air is heated as it

flows as shown in Figure 1.

Inlet (State 1):

Pressure P4 = 200 kPa
Temperature T = 20°C
Velocity V1 =5 m/s
Diameter, D1=28 cm

Exit (State 2):

Pressure P2 = 180 kPa
Temperature T2 = 40°C
Diameter, D2=28 cm

0
Air  ___ L
200 kPa G, 180 kPa
w°C L e a0C
Sm/s

Figure 1: Air flow steadily in pipe

Determine the following:

(a) volume flowrate at the inlet pipe, V, (m¥%s)

(b) mass flowrate of air, m (kg/s)

(c) velocity at the exit, V2 (m/s)

(d) volume flowrate at the exit, V5 (m®/s)
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(5 marks)

(7 marks)

(5 marks)

(3 marks)
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Question 6

With reference to the second law of thermodynamics to cyclic devices.

(a) A heat pump and a refrigerator operate on the same basic reversed Carnot cycle but
serve different purposes.
i. Explain the working principle of a heat pump and a refrigerator, highlighting the
direction of heat transfer and the role of each main component in the cycle.

(6 marks)

ii. Explain the similarities and differences between a heat pump and a refrigerator

in terms of their function, purpose, and performance (COP).

(6 marks)

(b) An air conditioner removes heat steadily from a house at a rate of 750 kJ/min (Q.),

while drawing electric power at a rate of 5.25 kW (Wi). Determine:
i. the COP of this air conditioner and,

(3 marks)

ii. rate of heat transfer to the outside air, Qn (kW).
(5 marks)

END OF EXAMINATION PAPER
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THERMODYNAMICS FORMULAE

First Law of Thermodynamics

Quality, x=—2 2"

My v /2

V=V, +(x)vfg; u=u; +(x)ufg,' h=h, +(x)hfg

Mass total,

Myotal = mf +mg

Ideal gas equation
PV =mRT;, Pv=RT

An _ B,
L I
General Energy Balance

Ein—Eout= AEsystem

AEsystem = AU + AKE + APE

Energy Balance for a closed.system, constant volume process
Q-W=AU + AKE + APE
Ideal gas: Q—-W =mc,(T,-T,)

Energy Balance for a constant pressure process
Wr+ AU= AH
Q-Woner = AH + AKE + APE
Ideal gas: Q-W = mcp(T2 —Tl)

Conservation of mass and energy equations for steady-flow process
> Min =% Mout

Q-W=3 ouir[h + V42 +gz] - Tinth[h + V22 +gz]

. . Vz . V2
Qin + Win +m[hl +?+gzl)= Qom +Wom +’h h2 +72+g22

Boundary work (P = constant), W, = mF,(v, —v;)

Boundary work (T = constant), W, = PV, m(%}

1

Polytropic Process, PV = C

PV —PoV,
1-n

Boundary work (Polytropic), W, =
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Mass flow rate

m =pAV=pI'/=lV/-

Volume flow rate

v=vA =2
p

Thermal efficiency of a Heat Engine

/4
77,;, = net,out = 1_&
Ou Oy
Coefficient of Performance of a Refrigerator and Heat Pump
CO PR — QL = qL = QL
Wnet,in Whet,in QH - QL
Wnet,in Wnet,in QH - QL

Carnot Heat Engine

A

nth,Camot = "th,rev =1- .
T H

Carnot Refrigerators and Heat Pumps

COPg, carnot =

COPp,carnot =

Isentropic Process

S =5

O
B Jseeons. \ B2

(&j Ejk
R S=consl. vz
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B)  _Ps
R P,
s=const.

(v_z] _Vn
. \ % v
1/ s=const. rl

Power Cycles

. . V V V V. v
Compression ratio, r =—2% = 80C - 1 -1 "1
win Vioe V2 Va2 Vn
ME P — Wnet - Wnet - Wnez
Vmax - Vmin Viax ~ Vmin V(l — _1_)
r

Otto Cycle

(qin - qout) + (Wm - Wout) = hexit - hinlet

Qi =4y —uy =¢,(I; - T)

Gos =Ug —th =, (T, - T})

net _I_M

Thermal efficiency, 1 ou0 =—Q =
i i qin

1
Moo =1— ——= cold-air standard

"
Diesel Cycle
Gin =Wy 0 HU3 U2 ) = Py(v3-vy )+ (uy-uy) = hy-hy =cp(I3-T3)
Qour =Ugq —U =cv(T4 —Ii)
) V, v
Cutoff ratio, r, = 2> =2
Vy v

n =1 L —rck L cold-air standard
{th, Diesel — *+ - - A
t ese. rk_l k(rc —1)

Joule-Brayton Cycle

qin ='wb,out +(u3 'u2)=P2(V3'v2)+(u3 -u2)=h3'h2 =CP(713 'Tz)

qoul =h4 _hl =cp(T4 —T'l)

. P
Pressure ratio, r, = =2
A
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Dt Brayion =1~ =i cold-air standard
k
o

Rankine Cycle

Woump,in = hZ - hl = V(PZ - Pl)

G =l =Py

m

wturb,out = h3 —h4

Qout = h4 - hl
Ny = Waet _ 1 _ Gour
qin qin

Wiet =9in ~Dout = Weurb,in — Wpump,in

Reheat Rankine Cycle

Total heat input, 4., = 4 primary + Drctear = (s —hy) + (hs —hy)

9 out =h6 —hl

Wewrb out = Whavl T Wbt = (hy —hy) + (hs — hy)

Refrigeration Cycle

Wnet,out = QH - QL

77;, - Wnet,out - 1—25-
1
Oy Oy
COPR - QL — qL - QL — hl —h4
net.in wnet,in QH . QL h2 - hl
COPHP - QH _ qH QH h2 - h3

/4

netin  Wnet,in Oy-0, h -h

COP,p = COP, +1
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Conversion Factors

DIMEMSION
Aéﬁéleration :
hes oo

Density .

Energy, heat, work,
- internal energy,
enthatpy

Force

Heat flux

Heat transfer
cosflicient

Length

Mass

Power,
heat transier rate

Pressure

Specific heat

METRIC

'1 mie? = 100 crmis?

1m? = 104 em2 w 105 mm? » 1076 km?

1gfom? = 1 kgL = 1000 kg/m*

11 =1000)=100DN-m=1kPz.m3

1 klkg = 1000 mifs?
1¥Wh = 36004
lcal'=4.184 }
11Tcal' =4.1868 )
1Cal' = 4.1868 ki

1 N =3 kg-mis?= 10%dyne
1 kgf = 980665 N

1 Wicm® = 10* Wim?#
I Win? - °C = 1 Wim? . K

1 = 100 cm = 1000 mm = 10 zm
1km=1000m

1hg=1000¢g
1 metiic toa = 1000 kg

Iw=1Js
LW =1000W =134l hp
Ihpt =7457 W

1 Pa =1 Nim?
1kPa=10%Pa = 10-I WP

1 atm = 101.325kPa = 1,01325 bars

= 260 mm He at 0°C
= 1,03323 kpflem?
1 mm Mg = 0.1333 kPa

lkitkg-C=1kikg-K =1dg-°C

METRIC/EXGLISH

1 m/s? = 3.2808 ft/e?
1 fi/s? = 0.3048* mss?

1 m2 = 1550 in2 = 10,764 fi2
1 #2 = 144 in? = 0.09250304* m?

1 glom? = 62,428 1bmfit* = 0.036127 ibmiin®
1 bmfin? = 1728 Ibm/t
1 kg/m? = 0,062428 Ibmft®

1k = 0384782 Bl
1 Btu = 1.055056 Kd
= 5.40305 psia - ft3 = 778.169 1bf - ft
1 Btw/lbm = 25,037 {¥s2 = 2.326* kikg
1 kg = 0.430 Btubm
1 kWh = 3412.14 Biu
1 therm = 10° Btu = 1.055 % 105kl
{naturai gas)

1 N = 0.22481 Ibt
L Ibf = 32,174 Ibm - fi/s? = 4.44822 N

1 Wim? = 0.3171 Btu/ - #?
1 W2 . °C = 0.17612 Btufh - ft2 . °F

1m=39370in= 3.2808 # = 1.0926 yd
1t=12in=0.3048"m

1 mile = 5280 ft = 1.60983 km
lin=25%4*cm

1 hg = 2.2046226 |bm

1 lbm = 045309237 kg

1 qunce = 28,3485 ¢

1slug = 32.174 lbm = 14,5939 kg

1 short bon = 2000 Ibm = 807.1847 kg

1 kW = 3412.14 Btuh
= 737.56 Ibf - ftfs

1 hp = 550 Ibf - fi’s = 0.7068 Biu's
= 42,41 Btu/min = 2544.5 Btu/h
= 0.74570 kW

1 boiler hp = 33,475 Btu/h

1 Btwh = 1.055056 k)

1 ton of refrigeration = 200 Btu/min

1 Pa = 1,4504 x 1072 psia
= (020886 1bff2
1 psi = 144 ibff12 = 5.6884757 kPa
1 atm = 14,696 psia = 29.92 in Hp at 30°F
1inHg = 3.387 kPa

1 Btuflbm - *F = 4.1868 kJ/kg - °C

1 Btuilbmol « R = 4.1868 kl/kmal - K

1 Wike - *C = 0.23885 Btu/lbm - °F
= U.2388% Btu/lbm - R

*Bxact conversian factor between meatric and English units.

Cakrie 15 orignally defined 33 the amoual of heat needed (o raise the temparature of 1 @ of water by 1°C, bot it varkes wills tempersture. The international
stearm tabde (1T} calorie (penerally preferred by engineerst is exartly 4. 1868 | by definition and correspands to the spegific heat of water at 15°C. The
thermachemical calodie Igeneraly preferrad by physatists) | exactly 4. 184 1 by definifian and correapands to e specitic heal of wates at 2onm lemperature.
The diflerence botwesn the lws is aboul 0,06 percent, which is negligibte. Fhe capétalizad Calarie used by nufritionists is actually a kilogaloria {1000 IT

calories).
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DIMERSION METRIC v METRIC/ENGLISH

Specific volume 1 mikg = 1000 L/kg = 1000 cm¥g | ImPhg = 1602 fbm
. ' . ' 1 f#%1bm = 0,062428 mke
Temperature | TIKY = T°Ch + 273.15 ' : RR) = N°F) + 469.67 = L.BRK}
ATIK) = AT°C) R°F)= 18 AC)+32

_ | ATCF) = ATIR) = 1.8 ATIK)
Thermal 1Wm-*C=1Wm-K S 1Wm.*C=057782Btuh-ft-°F

conductivity . :
Velacity 1 mis = 3,60 kmvh _ 1 mfs = 3.2808 ft/s = 2.237 mith

1 mith = 1.46667 fifs
) 1 mifh = 1.6093 kmvh

Yolume 1 m® = 1000 L = 105 cm® (cc) 1m3 =6.1024 x 10% in? = 35.315 #3
= 264,17 gat (US)

1US. galion =231 in® = 3.7854 L

1 fl ounee = 29 6735 ¢m® = 00296735 L

1 U.S. galion = 128 # ounces

Volurne flow rate 1 m¥s = 60,000 Umin = 108 cin™ 1 m¥s = 15,850 galfmin {gpm) = 35.315 135
i = 2118.9 f3min (cim)

htechanical horsspower. The electrical horsepower is taken o b exselly 746 W.

Some Physical Constants

8.31447 kifkmaol - K
8.31447 kPa - m¥kmol - K
= 0.0821447 bar - m¥kmol - K
= 82,08 L . atmfmol - K

= 1.9858 BtuAlbmol - R

= 1654537 i1 . Ihfflhmol - R

= 10.73 psia - ft¥omel - R

Standard acceleration of gravity g = 9.80665 mis®
= 32.174 fi)s? -

Standard atmospheric pressure 1 atm = 101.325 kPa

= 1.01325 bar

= 14696 psia -

= 760 mim Hg {0°C)
=29.9213 in Hg (32°F}
= 10.3323 m H0 (4°C)

Stefan-Boltzmann constant o= 56704 X 10-8Wim? . K¢
=0.1714 x 1078 Btu/h - f{2 - R*

Boitzmann’s canstant &= 1.380650 x 1022 J/K

Speed of light in vacuum ¢, = 2.9979 x 10° mis
T =9.836 X 108 fis

‘Speed of sound in dry air at 0°C and 1 atm c=331.36 mfs
. = 1089 fi/s

Heat of fusion of water a3 1 atm ha~= 333.7 kifkg
= ]143.5 Blufthrn

= 2256.5 kifkp
= 970.12 Biflbm

Universal gas constant R,

" Enthalpy of vaporization of water at 1 atm g
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