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INSTRUCTIONS TO CANDIDATES

e

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

2. This question paper has Enformation.prmted on both sides of the paper.

3. This question paper consists of TWO (2) sections; .SectEon A and. Section B.

4. Answer ALL questions in Section A. For Section B, answer TWO (2) auestions ONLY,
5. Please write your answers on the answer booklet provided.
6. Answer all questions in English language ONLY.

7. Property Tables has been appended for your reference.

THERE ARE 6 PAGES OF. QUESTIONS, INCLUDING THIS PAGE.
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SECTION A (Total: 60 M)

INSTRUCTION: Answer ALL questions.

Please use the answer booklet provided.

QUESTION 1

(a) A 3 kg rock is thrown upward with a force of 200 N at a location where the local

gravitational acceleration is 9.78 m/s?. Determine the:

i. weight of the rock

{3 Marks)
. net force that act on the rock

(2 Marks)
Hi. acceleration of the rock

(3 Marks)

{b) Define the infensive and extensive properties. Give one example for each type of
properties.
{4 Marks)

(c) The pressure in a compressed air storage tank is 1200 kPa. Determine the tank
pressure in the chamber in the following units:

i, - kN and m units

{2 Marks)
ii. kg, m and s unijts

(3 Marks)
ifi. kg, km, and s units

{3 Marks)
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QUESTION 2

{a) Define fotal energy. List the forms of energy that contribute to the internal energy.
{5 Marks)

{b) Determine the torque applied to the shaft of a car that transmits 335 kW and rotates
at a rate of 3000 rpm.

(5 Marks)

) Water is being heated in a closed pan on top of a range while being stired by a
paddie wheel. During the process, 35 kJ of heat is transferred to the water, and 5 kJ
of heat is lost to the surrounding air. The paddle-wheel work amounts to 500 N.m. If
its final energy is 10 kJ:

i. write the energy balance for this system
(4 Marks)

ii. determine the final energy of the system.
(6 Marks)

QUESTION 3

{a) Define the quality. Explain if the quality have any meaning in the compressed liguid
and superheated vapor regions,

{4 Marks)
{b) A rigid vessel contains 8 kg of R-134a at 500 kPa and 120 °C. Determine the volume

of the vessel and total internal energy.
{6 Marks)
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(c) Complete this table for H20: (show all the calculations involved)

{10 Marks)
Tabie 1: H20 Properties _
T{°C) P (kPa) h {kJ/kg) X Phase Description
(i) 200 (i) 0.7 (iii)
140 {iv) 1800 (v} {vi)
(vii) 950 (viii) 0.0 (ix)
80 500 (x) (xi) (xii)

SECTION B (Total: 40 M).

INSTRUCTION: Answer only TWO (2) questions.

Please use the answer booklet provided.

QUESTION 4

{a) Complete Table 2 below on the basis of the conservation of energy principle for a

closed system. Show all the caiculations involved.

{10 Marks)

Table 2: Conservation of energy principle

Qin, {kJ) Wout, (kd} Eq, (kd) = m, kg ez-e1, kd/kg
280 G) 1020 860 3 (ii)
-350 130 550 (i) 5 (iv)
(v) 260 300 (vi) 2 -150
300 (vii) (vii) 500 1 -250
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(b) A rigid 10 liter vessel initially contains a mixture of liquid water and vapor at 100 °C
with 12.3 percent guality. The mixture is then heated until its temperature is 150 °C.

i Sketch the process on a T-v diagram.

(2 Marks)
ii. Determine its final internal energy per unit mass, us.

{5 Marks)
iii. Determine the heat transfer required for this process, in kJ.

(3 Marks)

QUESTION 5

AT,

(a) Explain conservation of mass principle for a control volume {open sysiem). Sketch
schematic illustrations for any engineering devices and write the formula for
conservation of mass principla.

{8 Marks)

{b) Steam enters a long, horizontal pipe with an inlet diameter of Dy = 16 cm at 2 MPa
and 300 °C with a velocity of 2.5 m/s. Farther downstream, the conditions are 1.8
MPa and 250 °C, and the diameter D, = 14 cm as shown in Figure 2. Determine the :

2P STEAM 1.8 MPa
300°C T asee
o '

e

Figure 2. Horizontal pipe

i mass fiow rate of the steam, r;:(kg/ 5)

{6 Marks)

it. rate of heat transfer, é(k.f /8)
(6 Marks)
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QUESTION 6

(@)

(©

State the Second Law of Thermodynamics, Briefly explain a thermal energy
reservoir. Give TWO (2) examples.
(6 Marks)

A food department is kept at -12 °C by a refrigerator in an environment at 30 °C. The
total heat gain to the food depariment is estimated to be 3300 kJ/h and the heat
rejection in the condenser is 4800 kJ/h as shown in Figure 3. Determine the ;

Figure 3: Refrigerator

E. power input to the compressor in kW.

(4 Marks)
il. Coefficient of Performance (COP) of the refrigerator.

{3 Marks)

During the isothermal heat addition process of a Carnot cycle, 900 kJ of heat is
added to the working fluid from a source at 400 °C. Determine: '

i the entropy change of the working fluid, (ASaua).

(3 Marks)
ii. the entropy change of the source, (ASsource).

(3 Marks)
iii. the total entropy change for the process (ASiota).

{1 Marks)

END OF EXAMINATION PAPER
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THERMODYNAMICS FORMULA

First Law of Thermodynamics

my?

Kinetic Energy, KE =

Potential Energy, PE = mgz

Total energy, E = U + KE + PE

Heat transfer, O = QA1

W=Fs

Force, ¥ = P4

Spring Force, F = kx

Electrical work, W, = VIAt

Shaft workW,, = 2zt

Spring Work, W, w?li/c(xzz ~x°)

enthalpy, H =1 + PV

m
Quality, x=—=%
: m

total

Mass fotal
mtom'! = mf +mg

Ideal gas equation
PV =mRT

ah _ BY,
T 1,

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
Wt AU= AH
Q-Wother = AH + AKE + APE

Conservation of mass and energy equations for Steady-flow process
me :Z?‘hour
Q*WZZoutm[h + V22 +gz] - Siarinfh + \2(2 +gz]

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

Boundary work (T = constant), W, =PV, h{%w
1/

Mass flow rate
m= pAV = oV=V i

Volume flow rate
V=VA =ri/p







Thermal efficiency of a Heat Engine

Wner,our . 1 i QL

"0, 0,

Coefficient of performance

COPR - Q_L - qr QI

anet,in Wiier,in QH - QL
COPHP = ;QH — QH QH

W net,in Wyt in QH - QL

Carnot Heat Engine

T

r]rh,Camm = nrh,rev =]-
Ty

Carnot Refrigerators and Heat Pumps

1

COPy, carnot = w————
7,/T, -1

1

COPy , carnol = ————-
' 1-7,/T,

Isentropic Process

5y = Sl

sz

ol

T2 (Pg (kwi)/k
(?Jé‘rcoﬂsh ) LEJ

i
k
( ) }S‘:CGHS‘I ( 2]

@4 _ P

P

k ! )s=const. 7l
( Xz_} = Y2
[ v
(¢ § = Consi. ri

Power Cycles

, . ¥ V Vo v
Compression rafio, p = & . “80c _ "1 W
min VTDC Vz L)
MEP _ W/nel — wne,{
max r/min Vinax ™ Vmin
Otto Cycle

(an ~Gou } + (Win - wou.f) = hexi! - hinier

i = Uy — Uy :C\!(TS _T2)

oy = Ug — U :Cv(T4 “711)







. W
Thermal efficiency, n,, ., = -2 = | - Jou
' in . qn'n

1

N one = - P
2

Diesel Cycle

Gin = Uz — MU, ﬂPz(%“Vz)“i‘(”a—”z):hs.*”hz =c, (I3 -Ty)

G = Uy —Hy = CV(T4 ‘TI)

Cutoff ratio, r, = LY
Vy v,

-1 1 rck -1 ?
nrh,Drese.’ ]f-k"] k(l‘c"-})

L

Rankine Cycle

w =hy =l =v(P, - P)

pump.in

Gin = h3 - h2

Wb, out = h3 —'h4

Gow ™ h4 _.h}

wner - I _ Qr}ur

an gin

T =

Woer = Gy — o = wrurb,m o wpwnp,fn

54‘510

x4 =
S fe

h4 = h_f "f“x,;]’lfg

Refrigeration Cycle

Wncz,ow = QH *""Q,f,

Wnet,ow - I %_Q_L_‘

Ny =
" O 0y
COPR — QL - g[; :.t QL — hl —h’4
Wnef,in wner,z‘n QH - Qi_ h2 - hi
COPHP — QH - gH QH h2 B h.?

Wne.’,:‘n W et in QH - QL hz - hl

COPyp =COP, +1







Density

Engrgy, heal, work,
internat enargy,
enthalpy

Forge
Heat fux

Heat transfer
coefficient

Length

Poiwer,
heat transfer rate

Pressure

Spacific heat

Conversion Factors

T mig? = 100 cmifg?

1@ = 100 cm? = 105 men? w0 1076 g2 ?
Tgiem® = ¥ kgl = 1000 kgim?

Tid= 10003 =000N -7 = 1xPa-
1 ®ikp = 1000 mitig?

I KWh = 3680 k)

Teal' = 4.184 3

DIT cal® = 41868 4

1Cal = 41868 x)

1N 1 kg mis® o 508 dyne
f kgf = 9.80668 1

I Wiea® = 104 Wim?
LW °C e D Wi K

Tre= 100cm = 1000 mm = 108 g
Yhm = 1000 m

Lig = 10007 ;
1 metre o = 1000 kg '

W= 1 M
LR = LODO W = 1341 hp
Uhpt = 7557 W

[Py ow | N

LkPa = 105 Py = 100 miPe

Vatn = 101325 &Ps = 1014925 hars
= G0 min My al §°C
= 108828 kptiom?®

L Mg = Q1383 ¢Py

Lhitkg - °C o= L kikg <K = | Mg 0

Lmfs? = 32808 {14
17 = 53,3048 mad

Len® o 15800 = 10.764 112
HI = 144 in? = (.08280304% md

L glem® « 62,428 bt « 0036127 lhmyind
I tmfin® = 1728 1bmift?
bhpim® v G.062428 bt

Lid = 0.94782 By
1 Bty = Y.OSE0SE kI
= 540395 peis - % = 778,169 1nf . 4
I Blufibe = 25,037 #t¥%7 = 23267 Kikg
1 Klikg = 0,436 Bruibm
L kih = 341214 Bl
! tharm = L Big = 1.08% x 1094
{natural gas)

bR 022481 i
Elof w 32,174 tm - A5t = 404825 N

I Wim® = 0.3171 Btum - 4%
PVmE - °C = 017677 Blgth . #2 . o

Loy 30370 0n = 30808 # « L0928 v
litw 12in = 0.3048" m

I mile = 280 = 16003 km
Tin=254% em

Ik = 2,2046225 o

I lpm = Q45359237 by

lounce = 2R.3494 p

lug = 32,174 ibmy = 14,5539 e,

1 shart tor = 2000 lbr =~ 007, 1847 kg

TRW = 3412 14 Buk
= 73756 bt . fifg

Ihp =850 I - s = 0.7068 Bhofs
=42 47 Btuimin = 25445 Bruif
= Q74570 kW

! boller hp = 33,475 Siuk

i Btufh = 3088056 K

1 ton of refiigesation = 200 Blumin

{ P2 o= LABOS w0 pate
= Q020886 1hie
}opst o= 144 IHE = 5804787 kPy
Labm = LAGYE pyia = 25,92 i Hyy at 30°F
}inHy = 3.387 kPa

I Bawlibre « °F = 41888 riikg . °C

1 Biudbmel « R = 4. 1868 idikengl . ¥

1kilkg - °C = 023885 Btufibe . oF
= (2Bl Beaibm . R

"Exatt seaversion fazter between metric png English units,

"Gl i arignnatly Sitined a8 e arsouat ol sl sieegand L rage

st tate (17} eiborie {eunergtly prefeed by argisieers) is eenclly 4. 1868 ) by efiniiinn
shermochamio s catone [generaily putterrsg iy plnparingsd in erfetly 4, E84 3 iy detiadtion and CHIEDAIS D the Spieilie hans ol WAL @1 PR T e,
Tha ditference botwean the two fe abaut .05 bercant, whick is neghigitie. The papitalizad Calorie yyss by nuintionists is sctually & hilazalorie (3007

oyisties),

the Lemgoraiore of | g of witer b 10, bt 8 enris with termpursture. The #lesabinngt
ant cofresnonds 1o thie specific Basy of water gt J6%8 The






Specific volume Imdfug = LOCU g = 1000 em¥y

Tampsrature v T = TIPC) - 273015
ATIR) = ATC)
|

Tharmat L1 Wim-C = 1 Wi - K

conductivity

Vetacity I mfs = 3.60 kmih

Wolume Im#= 1000 L = 100 cm® (o)

Volume flow rate 1 mds = 53,000 Umin = 10° cm¥e

I m%g = 16.02 f¥bm
17e%ibm = 0062428 oy

TR} = T°F) + 450,67 = 1BYIK)
T°F) = 1.8 T°C) + 32
ATEF) = ATIR) = 1.8 ATIK)

LW °C e OB7782 Btufh - # . oF

1L mifs = 3.ZBOB s = 2,237 mith
1 mifth = 148687 fiis
1L mifh = 168093 kvl
Im® = 61024 % 10% in? = 35,315 %
= 264.17 ga! [L.8.}
1 W8, gallon = 231 in® = 3,7854 L
L flounce = 28.8735 cmd® = DLOROBT3S L
1 U5, gafion = 128 1t bunces

1 O gatimin {gpm) = 35,315 (3
= F 9 ft¥emin (cfni)

1 miig = 18,
= 7]

&
18,

Hhtechanical dorsepowesr, The dieeiricel Borapomr 18 kel 15 be exztlly 745 W

Some Physical Constants

Universal gas sonstant

Standard zveelziation of gravily

Standard atmospharic pressure i

Stefan-Boltymann constant or

Boflzrann's constant 1

Speed of Hghe in vasuum
Speed of sound i dry air at 0°C and 1 atm I
Heal of fusion of water st 1 atm n

Enthalpy of vagorization of water at | atm i3

g

R, = 831447 kifkmol - K

wr 831447 kP2 - m¥komet - K

00831447 bar - m¥kmed . K

8205 L - almdkemot - ¥

1.98%8 Btufibmo! « R

- 1545.837 {1 - Ibfibmol - R
10.73 paie - 13%thmel . &

B.80860 nvg?
32174 ts?

101,325 kia
1.01325 bar

14,696 psia

TE0 mm Hy {0°C
29,9213 in Hg {32°F)
10,3323 m H0 {4°C)

w BBT04E X 108 pimE . KY
= QIR EA 50 1078 Bufh - 12 s

= L 380680 x 102 K

#

@

i

iR

13

atmy

LN T I R |

£, 29979 x 108 nyis

= 9836 % 10 ftis
331.36 mis
= LOBS fifg
= 3337 kikg
u | 43,5 Bioadbm

e ® 2256.5 kitkg

= §570.12 Bhufibm







