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

4. Answer ALL guestions in Section A. For Section B, answer TWO (2) questions only.
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6. Answer all guestions in English language ONLY.

THERE ARE 7 PAGES OF QUESTIONS, EXCLUDING THIS PAGE.







JANUARY 2016 ' CONFIDENTIAL

SECTION A (Total: 60 Markah)

INSTRUCTION: Answer ALL questions.

Please use the answer booklet provided.

Question 1

(a) Convert :

i. Pressure of 20 N/cm? into Pa

(3 Marks)
ii. Density of 5.5 g/! into kg/m’
(3 Marks)
jil. Temperature of 36°C into °F
(3 Marks)

{(b) The mass of a copper cube of sides 2.5cm is 240g. Calculate the density of copper to
the correct number of significant figures in SI units.
(5 Marks)

(c) Distinguish between heat and temperature, and state the Zeroth Law of

Thermodynamics.
(6 Marks)
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Question 2

(a) Define path functions and point functions. Give one example for each type of
functions.

(5 Marks)

(b) The force F required to compress a spring a distance x is given by F-F =k
(Figure 1) where & is the spring constant and Fis the preload. Determine the
work required to compress a spring whose spring constant is k= 4iN/cm a distance
of one cm starting from its free length where F, = 0kN . Express your answer in both
kN.m and kJ.

(5 Marks)

Figure 1: Compression of spring

(c) A 7 hp (shaft) pump is used fo raise water to an elevation of 15m. If the mechanical
efficiency of the pump is 82 percent:

i calculate the maximum power for this pump, then

(4 Marks)
ii. determine the maximum volume fiow rate of water.

{6 Marks)
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Question 3
{a) Define the phases below:

i Compressed liquid

ii.  Saturated liquid

iii. Saturated vapor

iv.  Superheated vapor

(4 Marks)

(b)

One kilogram of water fills a 0.1546 m® weighted piston-cylinder device at a
temperature of 350°C. The piston-cylinder device is now cooled until its temperature
is 100°C. Determine:

i. the final pressure of water, in Mpa

ii. the final volume, inm®

(3 Marks)

(3 Marks)

{c) Complete this table for refrigerant-134a. (show all the calculations involved)

{10 Marks)
Table 1; Refrigerant-134a Properties
T (°C) P (kPa) h (kdfkg) X Phase

Description

(a) 600 180 (b} (c)

-10 (d) (e) 0.6 ()

14 500 @ ) (i

() 1200 300.63 (k) ]
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SECTION B (Total: 40 M).
INSTRUCTION: Answer only TWO (2} questions.

Please use the answer booklet provided.

Question 4

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

closed system. Show all the calculations involved.

(b)

(10 Marks)
Table 2: Conservation of energy principle
Qin, (kJ) Wout, (kJ} Eq, (kd) Ez kd m, kg eze1, kikg
280 (i) 1020 860 3 (i)
-350 130 550 (i) 5 (iv)
(v} 260 300 (Vi) 2 -150
300 {vii) 750 500 1 (viii)

A 3 m® rigid tank contains hydrogen at 250 kPa and 500K. The gas is now cooled
until its temperature drops to 350K. Determine the:

i final pressure in the tank and

ii. amount of heat fransfer.
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Question 5

(a) Distinguish between nozzle and diffuser in terms of it functions, velocity of fluid flow,
fluid pressure and cross section area for inlet and outlet. You may sketch a cross-
section illustration for each device,

(8 Marks)

(b) Steam enters a nozzle at 400°C and 800 kPa with a velocity of 10 m/s, and leaves at
300°C and 200 kPa while losing heat at a rate of 25kW as shown in Figure 2. For an
inlet area of 800 cm?, determine the :

Figure 2: Nozzle

i velocity at the nozzle exit, ¥V, (m/s)

(9 Marks)

ii. volume flowrate of the steam at the nozzle exit, I;'(m3 /s)

(3 Marks)
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Question 6

(a) Draw with a label the basic components of a refrigeration system and typical
operating conditions.

(8 Marks)

(b) A heat engine is operating on a Carnot cycle and has a thermal efficiency of 55
percent. The waste heat from this engine is rejected to a nearby lake at 16°C at a

rate of 800kJ/min as shown in Figure 3. Determine the :

Figure 3: Heat Engine

I. power output of the engine (kW), and

(4 Marks)
ii. - temperature of the source.

(3 Marks)
(c) During the isothermal heat rejection process of a Camot cycle, the working fluid

experiences an entropy change of -1.3 kJ/K as shown in Figure 4. if the temperature
of the heat sink is 35°C, determine the:
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359

Carnot heat engine

Figure 4: Carnot Heat Engine

i the amount of heat transfer { kJ},
(3 Marks)
ii. the entropy change of the sink, (ASsink).
' (3 Marks)
iil. the total entropy change for this process (ASiw).
(1 Mark)

END OF EXAMINATION PAPER
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THERMODYNAMICS FORMULA

First Law of Thermodynamics

mp?
2

Kinetic Energy, KE =

Potential Energy, PE = mgz

Total energy, E =U 4+ KE+ PE

Heat transfer, Q = OAt

W = Fs

Force, F = P4

Spring Force, F = kx

Electrical work, W, = VIAz

Shaft work W, = 2mt

Spring Work, W, = %i’c(xz2 —-xlz) '

spring =

Enthalpy, H =U + PV

my
m

Quality, x =

total

Mass total

Myotal =mf ~iL'mg

Ideal gas equation
PV =mRT

AV _ BV
Tl TZ

General Energy Balance
Ein —Eour= 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-Wotner = AH + AKE + APE

Conservation of mass and energy equations for steady-flow process
Z'mfn =Zmout
Q-W=S ourit[h + V3/2 +gz] - 5 imnfh + /2 +gz]

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

Boundary work (T = constant), W, = BV, 1:{%)
1

Mass flow rafe
m= pAV = pV=Vi

Volume flow rafe
V=VA =i/p







Thermal efficiency of a Heat Engine
W,
17;}, — net,oul - 1_ QL
On O

Coefficient of performance

CO.PR = QL — QL = QL'
Wnet,in wnet,in QH - QL

COPHP - QH = qH = QH
Wnet,in wne:,in QH - QL

Carnot Heat Engine

L

b carnot = TMih rev -
T H

Carmnoft Refrigerators and Heat Pumps

COPy carnot = ————
T, /T, -1

- COPy,carnot = ———
1-T, /Ty

isenfropic Process

Iy = 8

TE §=C0Nst, VZ

OIRCH

k

[HP_Z.} _Bs
Pl s=consl. P" 1

[liz.,} wr2
v v
1/ s=consr. rl

Power Cycles

i . V. |4 | "
Compression ratio, r = —2% = B¢ - 1 - 1
mn Voo V2 M
Wnet wnet

MEP =

Vmax - Vmin VYoax ™ Ymin

Otto Cycle

(qin - qout) + (win - wout) = hexi! - kinlet

I = Uy —Uy =C, (15 - T3)

Goue = gy ~ty = ¢, (T4 - 1)







L G out

Thermal efficiency, 1, o = ——
an‘ - rgin

1

k-1
¥

T, om0 =

Diesel Cycle

G = Us — Uy = Py (v3 ~vy) + (23 —uy)=hy—h, mcp(T3 =T5)

Gour = g —ty = ¢, (T} ~1)

Cutoff ratio, r, = LEN S
V, v,
1 rck -1
M, Diesel =1~ r { k(e _1)}
Rankine Cycle
W pimp,in = hy —hy =v(P, ~ P)
Gim =y — Iy
Worb,om = M~ Py
Gour =N4 =y
— Wrnet w1 _M

qln qin

Woet = Qin = Gouwr = Warb,in — wpump,in

S4“‘Sf

X4 -
S 1

]’14 = hf +x4hfg

Refrigeration Cycle

Wnet,ow = QH - QL

W
7],;, - net. out - 1 - QL
Oy o
COPR = QL — QL = QL — hl —h4
Wnet,in Wt in QH - QL h2 - hl
COPyp = On _ 4qu Oy hy — hy

Wnet,in - Wi in - Op—-0, h-h







Conversion Factars.

" Accaleration 1 mis? = 100 cmds? { @mtet e 3,2808 it
- i DLt = 0.3048* mie?
. Areg 1mé = 10% om? = 106 mmd Weem? | lo® = 1550InR = 10764 07
: R iR = 144 in? = 000200304 m?
Density 1ghom® = 1 kgfl = 1000 kgim® 1 glom® = 62,428 frft® = 0.036127 hmiin®
' R .1 Banfin® o 1728 bmitt?
Energy, beat, work,” | 1ki= 1000} =1000N.m=1kPa.m®* | 1ki=05947828
iternzi energy, 0 1 klkg = 1000 mPlsZ ! 1Bl = 1055056 k)
enthalpy S ¢ 1RWh = 3600 ki = 540395 psiz . 3 = FVRBIGORE - &
.o leat=4.184 ) D Rigffom = 25,037 #13%0 = 2.328% kikg
o 1Teal® = 4.1868 o 1 kifkg = 0430 Btuflbm
o YCof' = 41868 ki 1iwh = 3412.14 By
A ) -} thesm = 10 Biu = 1055 % 10%kd
_ R . {natural gas}
:Force o0 10 &1 kg mis® = 108 dyne DN = 22481 bl
ca B 1 kgf - BB0665 N - Libt - 32174 1bm - {157 « 4.44822 N
- Heat flux 1 Vile® = 100 Wim? i1 We® = 03171 Bl - 2
“Heat transfer DR e 1WIet K Pl Wi T - 017612 Bluk - RELOF
- coefficient : .
Length: © lme=10Dcm = 1000 mm = 108 g C lm=393700n = 32808 ft = 10926 yd
© lhkmo= 100DOm PH= 12 in=0.3048" m
1imile = 5280 # = 16093 krn
: i lin=254%cm
Mass © Irg=1000g v 1 kg = 22046226 i
i} metric torr = 00D kg {1 m = Q48359237 kg
i ounce = 28,3295 ¢
Tshog = 32,178 by = 14.5939 kg,
1 short ton = 2000 bm = 807.1847 g
Fowes, : iW=1Ms b1 kW e 3412.14 Bluh
hoat trensfer rate | 1EW = 1000W = 1341 hp = F37.55 Ibf - {5
Lhot = J4B.7 W 1 hp = 550 bf . ft's = 00,7068 8lufs
= 4741 Btudmin = 25445 Blufhy
= 0, 74570 kW
1 bolier hp = 33,475 Blufh
1 Btufh = 1055056 kih
| 1 ton of refrigeration = 200 Btufmin
Pressore 1Py =1 Nt i) Pa = L4504 ¥ 107% phia
LkPa= 10°Ps = 10~ 3 by = Q020886 mHidE
1ot = 100,325 KPa = 101325 bas | Qpsd= 144 i/te = 6894757 kPa
= T80 mm Hg ot 0°C i 1atm = 14.696 psis = 29.92 in Hp 8t 30°F
= 103323 kgliem? i linHg = 3.387 kPa
1w Hg = 01333 kPa
Specific heat Liikg - *C=1hdwg K= 1JMg.-7C 1 Btufbm - F = 41568 kifkg - °C
1 1 Blufibmol « R = 4. 1868 kikmal - K
¢ 1 xdkg - *C = 0.238B5 Bluftbm - °F
= U.235%5 Biwlbm « B

*Exact eortversion facter betwoen metrc and English wnits,

it is riginally delined s The amoant of fest needed 16 taise The lomporalee of T of waler by 170, it il waries with tompersture. The intemationnl
strarm dabie UIT] catorie {generally prefemed by enpineerst is exacily 4,1858 J by definition and omespands 16 the spacific beat of watey at 15°C. The
snpemochamica) talorie generally pretetred by physinists] (S exaotly 8,384 J by celntion and conespands 10 Fie spetite: heal of waies Al radm teripitatere.
Tre giticrence botween the b 15 abaut D.06 perconl, whith is noglipibse. The capitafized Calonie weed by nubritionists is aclually 5 kilocalene (1000 1Y
salories),






Specific volums 1 mifkg = 1000 Ukg = 1000 emdg 1 m¥kg = 16.02 f%bm
i f3hhm = 0062428 mike
Temparature TIKY = T°Cy + 273,18 KR} = TI°F} + 45967 = LETH)
ATiE) = ARCY TR = 1.8 W)+ 32
ATUFY = ARR) = LB ATIK)
Thermat TWm-C=1%Wm. K 1Wm-*C = 057782 Biwh - it - °F
conductivity :
Velocity 1 mfs = 3.60 kevh I mfs = 32808 fifs = 2.237 mifh
I mifh = 1.48657 #ifs
1 mifte = 1.6093 ki
Volume 1 m® = 1000 L = 0% cm® (o) 1m¥ = 51024 % 108 in® = 35316 1
w 264,17 gal (US.)
1 U5, galion = 231 In® » B.7B54 L
I flounce = 205735 e’ = 00285735 L
. 1 LS. galion = 128 #l punces
Voturme flow rete 1 m¥%s = 80,000 Umin = 108 em?fs 1 m¥fs = 15,850 gai/min {gpm) = 35.315 #t¥s
= 2118.8 ft¥min (cim}

bpchanical horsepawer, The eiecinzal hirsapower i ok to e exacily 766 VL

Some Physical Constants
Universal gag constant

Standard acceleration of gravity

Standard stmaospheric g}%essare

Siefan-Boltzmeann constard

Boltrrnann's constant
Speed of light in vacuum

Speed of sound in dry air 3t °C and 1 atm
Heat of fusion of water &t 1 atm

Enthalpy of vaporization of waler et 1 abm

R, = 831447 klimol - K
= 831447 kPa . mi¥fmol - K
= 0.0831447 bar - m¥kmol - K
= B2.05 L - atmimsol - K
= 1.2858 Btuibmol - R
= 184537 {{ - bifibmol . R
= 10.73 psia - fi¥bmol - R

£ = 2.80665 mis?
= 32,174 fus?

1 atm = 101.325 kPa
= 1.01325 bar
= 14.595 psia
= 760 mm Hg {0°C)
= 28,9213 in Mg (32°F;
= 10.3323 m H,{ {4°C)

o = B.BT04 2 1078 Whn? - K
=0.1714 X 1078 Btw/m 2 RY

k= 1.380650 x 107% J/K

.= 2,9979 X 18 mis
= 9,836 x 108t

¢=133130mis
= 1089 fils
h,?_-# 333.7 kifg
= 143.5 Btwihm
By, = 2254.5 kg
= G7(.12 Btulbm







