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CONFIDENTIAL

INSTRUCTION: Answer FOUR questions ONLY.

Question 1

With reference to the problem concerning property diagrams and tables.

(a) Complete the Table 1(a) below for refrigerant-134a (R-134a). Use the following
abbreviations where needed:
e ‘CL"— Compressed (Subcooled) liquid
e SL — Saturated liquid
e SM - Saturated Mixture
e SV - Saturated Vapor
o SHV - Superheated Vapor
o NA — Not applicable
. INSL_JF - insufficient information given
Table 1(a): Properties of R-134a
Pressﬁre Temperature Specific Specific
State ’ P +| volume, v | enthalpy, | Phase | Quality, x
2 P [kPa] T [°C] :
1 280 -12 (i) (i) (iii) '.,('iv_)
2 ) 20 70.005 vi) (Vi) (viii)
(10 marks)
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CONFIDENTIAL
(b) A closed tank contains water at 150 kPa with a specific volume of 0.85 m3kg.

i. Using the saturation tables, analyze and justify the phase condition of the water.

(5 marks)
ii. Sketch T-v diagram with complete label to show the phase condition.

(4 marks)
iii. Calculate the quality, X

(3 marks)
iv. Volume of the tank, V (m°)

(3 marks)
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Question 2
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With reference to the problem solving and energy transfer analysis of closed system.

(@) Complete the Table 2(a) below based on the conservation of energy principle.

Table 2(a): Conservation of energy principles

i .

Qout (kJ) Esinal (kJ) Einitial (kJ) m(kg) | exe: (kJ/kg)
280 i) 1500 720 ) (i)
(i) 200 88 (iv) 2.5 32
120 40 v) 60 ) 50
-350 130 (i) 550 5 (viii)
(10 marks)

(b) A 1 kg sample of oxygen is heated from 20°C to 120°C. Calculate the amount of heat

transfer required when this heating is done:

i, at constant volume and

il at constant pressure

(5 marks)

(5 marks)

ii.  Compare and analyze the results obtained in part (i) and (ji). Explain, based on

thermodynamic principles, why the heat required at constant pressure is higher

than at constant volume.
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Question 3

With reference to the problem solving and energy transfer analysis of an open system.

(@) Characterize between nozzle and diffuser. You may include diagram, functions, velocity,
pressure and cross section area between inlet and exit.
(10 marks)

(b) Refrigerant-134a (R-134a) enters a 28 cm diameter pipe as shown in Figure 1 steadily
at 200 kPa and 20°C with a velocity of 5 m/s. The refrigerant gains heat as it flows and
leaves the pipe at 180 kPa and 40°C.

& 28 cm

Figure 1: Pipe

i. Determine the volume flow rate, V;,, of the refrigerant at the inlet.

(3 marks)
ii. Compute the mass flow rate, m , of the refrigerant

(3 marks)
iii.  Calculate velocity, V,, at the exit

(4 marks)

iv. Discuss how the chanées in temperature and pressure affect the velocity and
volume flow rate of the refrigerant across the pipe. Use thermodynamic reasoning
based on the principles of mass conservation and the specific volume change of
R-134a.

(5 marks)
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Question 4
With reference to solve problems concerning gas and vapor power cycles, refrigeration and

heat pump as well as air conditioning:

An air-standard Diesel cycle has a compression ratio of 16 and a cutoff ratio of 2. At the

beginning of the compression process, air is at 95 kPa and 27°C. Assume constant properties
for air at 300 K with C,= 0.718 kJ/kg.K, Cp= 1.005 kJ/kg.K, R=0.287 kJ/kg.K, k = 1.4.

(a)

(b)

(c)

(d)

Determine the temperature after the heat-addition process;

(6 marks)
Compute the thermal efficiency.
(10 marks)
Calculate the mean effective pressure, MEP
(7 marks)

Analyze how the cutoff ratio affects the thermal efficiency of the Diesel cycle compared
to the Otto cycle with the same compression ratio. Justify your answer briefly.

(2 marks)
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Question 5

With reference to solve problems concerning gas and vapour power cycles, refrigeration and
heat pump as well as air conditioning:

A simple Rankine cycle uses refrigerant R134a as the working fluid. The boiler operates at
2000 kPa and the condenser at 24°C. The mixture at the exit of the turbine has a quality of 93
percent.

(a) turbine inlet temperature, T3

(6 marks)
(b) cycle’'s thermal efficiency, 7,
(10 marks)
(c) back-work ratio of this cycle, row
(4 marks)
(d) Identify and label the key state points (1 to 4) on a T-s diagram.
(5 marks)
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Question 6

With reference to solve problems concerning gas and vapour power cycles, refrigeration, and

heat pump as well as air conditioning:

A heat pump that operates on the ideal vapor-compression cycle with refrigerant-134a is used
to heat a house. The mass flow rate of the refrigerant is 0.25 kg/s. The condenser and
evaporator pressure are 1400 kPa and 320 kPa, respectively.

(a) Sketch a T-s diagram with respect to the saturation lines.

(6 marks)
(b) Calculate the rate of heat supply to the house, O,

(8 marks)
(c) Determine the volume flow rate of refrigerant at the compressor inlet.

(3 marks)
(d) Compute the coefficient of performance, COP of the heat pump.

(3 marks)

END OF EXAMINATION PAPER
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THERMODYNAMICS FORMULAE

First Law of Thermodynamics

g L)

. m
Quality, x = =

L v Jg

v=v, +(x)vfg; u=us +(x)ufg; h=h, +(x)hfg

Mass total,

Myotar = mf, + mg

Ideal gas equation
PV =mRT; Pv=RT

An _BV,
I T,
General Energy Balance

Ein—Eout= AE§ystem

AEsystem = AU + AKE + APE

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

Energy Balance for a constant pressure process
We+ AU= AH
Q-Wotner = AH + AKE + APE
Ideal gas: Q-W = mcp(T2 -T)

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

Q-W=3 ousit[h + V42 +gz] - Tinmifh + V32 +gz]

. , V2 . . V2
Qin + I/Vin +m[h1 +_£-+gzlJ = Qom +-Waul +7h(h2 ,+'2i+g22)

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

Boundary work (T = constant), W, = AV, ln(%—]

1

Polytropic Process, PV" = C
PiVi =PV
1-n

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

™ =_pAV=pV=%

Volume flow rate

V=VA =—

Thermal efficiency of a Heat Engine

77,;, - Wnet,out = 1 ___QL
On Oy
Coefficient of Performance of a Refrigerator and Heat Pump
COP, = O __ 41 _ o
Wnet,in Wnet,in QH - QL
Wnet,in Whet.in QH - QL

Carnot Heat Engine

nth,Camat = nth,rev =1=

Carnot Refrigerators and Heat Pumps

COPg, carnot =

COP,p,carnot =

Isentropic Process

§, =8

Tl s=const. V2

& ) ﬁ (k-1 k
T s—const })1

k
( 1 J = V2 )
S=consl.
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5 _ B
A Py
s=const.

(v_zj ¥
v vV
"V s=const. rl

Power Cycles

. . | 4 vV V. A% v
Compression ratio, r = ~2% = -80€ -1 =1 _n

Vain Ve - V, vy v
ME P - Wnet - wnet = anz
Viax =V Vaax ~ Vi v(l-—l)
-
Otto Cycle

(qin - qout) + (Win - Wout) = harit - hinlet

G =ty ~uy =¢,(I; -T5)

Qo =g —uy =¢,(T;, —T})

Wnet =1_M

Thermal efficiency, 1My ou, = 0
? i qin

A 1
M ono =1 ———= cold-air standard
' rk—l

Diesel Cycle

Gin =W, ., *3-42) = Palv; -Vvp)tug-uy)=hy-hy =cp(T3-T,)

Qo =g —t =¢,(T} —T7)

V.
Cutoff ratio, r, =—> = Vs
Vo

1| &
Tth, Diesel =1—k— P (C D = cold-air standard
, pr- fe —

Joule-Brayton Cycle

Gin =W, L *3 - U2) = Py(V3 vy )+ (s -uz) = hy-hy =cp(T5-T;)

Gow =hy =y =, (T, ~-T)

. P
Pressure ratio, r, = 2
B
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1
Meh srayn = 1 ——g = cold-air standard

&
Ty

Rankine Cycle

U =h,—h =v(H-R)

pump,in

g =M —hy

Wb, out = h3 - h4

Qour = hy— hl

Wnet = 1 _ qout

N =——
qin qin

Wyet = @in ~Dour = Warb,in — W pump,in

Reheat Rankine Cycle

TOtal heat inPUt: qin = qprimary + qreheal = (hS - h2) + (hs - h4)

qout = hG —hl

Wb out = Wiabd T Warv st = (hy —hy) +(h; — k)

Refrigeration Cycle

Wnet,out = QH - QL

W
77,}, — net,out - 1_ &
Oy Oy
COPR = QL = qL — QL — hl _h4
net,in Waet,in QH - QL h2 - kl
COPHP = QH = qH - QH = h2 —h3
Wnet,in Whet,in QH - QL h2 - hl

COP, = COPy +1
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Conversion Factors

DIMENSION

METRIC/ENGLISH

Acéé!erétion ’
 Area

ﬁénsit_y L

Energy, heat, work,
internal energy,
enthalpy

Foce

Heat Flux

Heat transfer
coafficient

Length

Mass

Penwer,
heat transfer rate

Prassuire

Sperific heat

1 mie? = 100 ¢m/s?

1?2 = 104 em2 = 105 mm? m 1076 km?

1g/em? = 1 kgl = 1000 kg/m®

1K =1000)=1000N-m=1kPa-m?
1 klkg = 1000 m2R?

1kWh = 360041

1cal' =4.184 §

1iTcal'=4.1868 )

1 Calt = 4.1868 Wi

1 N = 1 kg-mis?2 = 109 dyne
1 kgf = 9.80665 N

1 Wiem? = 10* Wim?
TWime:°C = 1 Wim?-K

1m = 100 cm = 1000 mm = 10% xm
1km = 1000m

lkg = 1000 ¢
1 metric ton = 1000 kg

tw=1J8
I KW = 1000 W = 1.341 hp
I hpt=7457 W

1 Pa=1 Nm?

1 kPa =103 Pa = 103 MPa

1 atm = 101.325 kPa = 1.01325 bars
= 7&0 mm Heg at 0°C
= 1,02323 kghiem?

1 mm Hg = 0.1333 kPa

Lkifkg-C=1kikg-K = 1lg-*C

1 m/s? = 3.2808 fis?.
1 firs? = 0.3048* m/s?

1 m? = 1550 in2 = 10,764 t2
1 fi2 = 144 in? = 0.09290304* m?

1 glem?® = 62.428 1bm/it® = 0036127 bmfin?
1 lbmifin® = 1728 lbm/ft>
1 kg/m? = 0,062428 Ibm/ft?

1 ki = 0.94782 Btu
1 Biu = 1.055066 KJ
= 5.40385 psia - ft¥ = 778.169 Ibf - #t

1 Btw/lhm = 25,037 ftés? = 2.326* kikg
1 kidkg = 0.430 Btufbm
1 kWh = 3412.14 Btu
1 therm = 10° Bty = 1.055 X 10%kJ

{natural gas)

1 N = 0.22481 Ibf
1 fbf = 32,174 1bm - ftfs? = 4.44822 N

1 wim? = 0.3171 Btut - it?
1 Wime s °C = 0.17612 Btuth - f2 - °F

1m=39370in= 3.2808 ft = 1.0926 vd
1ft=12in=0.3048*m

1 mite = F2B0 f = 1.6083 km
lin=254*cm

1 kg = 2,2046226 bm

1 lbm = 0.45359237* kg

1l ounce = 28.3485 ¢

1slug = 32.174 lbm = 14,5939 kg

1 short ton = 2000 |bm = 807.1847 kg

1 kW = 3412.14 Btu/h
= 737.56 IbF - ffs

1 hp = §50 bf - fils = 0.7068 Bluls
= 42 41 Btu/min = 2544.5 Btuh
= 0.74570 kW

1 baoiler hp = 33,475 Btu/h

1 Btwh = 1.055056 kJh

1 ton of refrigeration = 200 Btu/min

1 Pa = 1,4504 x 10~% psia
= (,020886 ipf/ft2
1 psl = 144 iffi2 = B.8D4757 kPa
1 atm = 14,695 psia = 29.92 in Hg at 30°F
1inHg = 3.387 kPa

1 Btu/lbm - °F = 4.1868 kJ/kg » °C

1 Btuslbmol - R = 41868 kJ/kmal - K

1 kl/kg - °C = 0.2388S5 Btu/lbm - °F
= . 2388» Biuflbm - R

*Exart conversion factor batween metric and English units.

1Gakeie s oipnally defieed 93 the sroual of heat geeded Lo raise the tempacatura of 1 2 of waber by 1°C, bul it varis with fempersture. The international
steam table {IT} cakorie (peneratly prefemed by enpinaers) iz exactiy 4.1868 ) by definition and corresgands tp the specific heak of wates at 15°C. The
inermachemical calorie [generally preferred by physitists) i exactly 4. 184 1 by dehinition and carrespands to the spacific head of water at com lergaratyre.
The dittgrenc botween the Iwo is aboul D.0B percant, which is negligible. The capitalizad Calarie used by nuiritionists is actually a ilocalorie {1000 17

talories).
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DIMENSION MEIRIC METRIC/ENGLISH
Specific volume 1 mikg = 1000 L/kg = 1000 cm¥g . 1 mPfkg = 16.02 ft¥lbm
. © 1 f¥Ibm = 0,062428 m¥kg -
Temperature 7IK) = T°C) + 273.15 TR} = T°F) + 459.67 = 1.8TK)
ATIK) = AT°C) TTF) = 1.8 A°C) + 32 .
_ . ATCF) = ATRY = 1.B ARK)
Thermal 1Wm.°C=1Wm-K 1 Wim . °C = 0.57782 8tu/h - & - °F
condectivity
Velocity 1 mfs = 3.60 kmth 1 mfs = 3.2808 ftfs = 2.237 mith
1 mith = 146667 fifs
o 1 mith = 1.6093 km/h
Yolume 1m?=1000L = 106 cm?® lec) 1m® =6.1024 x 10¢ in® = 36.315 #?
g ' . =26417 gl IR
1U.8. gallon =231 in> = 3.7854 L
1 fl ounce = 29,5735 ¢m® = 0.0295735 L
’ , . 1 U.S. gallon = 128 1l ounces
Volume flow rate 1 m¥s = 60,000 Umin = 108 cm®fs 1 m3s = 15,850 galimin (gpm) = 35.315 ft¥fs
= 2118.9 ft3min (cfm)

FMechanical horsspower. The elecirical horsepower is faken to be exactly 746 W,

Some Physical Constants

Universal gas constant

Standard acceleration of gravity

Standard atmospheric pressure

Stefan-Boltzmann constant

Boitzmann’s constant
Speed of light in vacuum

Speed of sound in dry air at 0°C and 1 atm
Heat of fusion of water at 1 atm

Enthalpy of vaporization of water at 1 atm

R, = 8.31447 kikmol - K
= 8.31447 kPa - miéfkmol - K
= 0,0831447 bar - m3kmol - K
» 82.05 L - atmAmol - K
= 1 8888 Btudbmo! « R
= 154537 ff . IbHbmol . R
= 10.73 psia - ft¥ibmol - R

g = 9,80665 mfs?
= 32,174 #/s2 .

1 atm = 101,325 kPa
= 1.013256 hat
= 14.69¢ psia
= 780 mm Hg (0°C)
= 29,9213 in Hg (32°F)
= 10.3323 m H,0 (4°C)

o= 56704 X 10-5Wim2 . K4
=0.1714 X 1078 Btwh « 2 . R*

k= 1.380650 x 10-% JK

¢, = 2.9972 X 108 mys
= 9.836 x 109 ft's

c=331.36mi
= 1089 fi's
hg;«= 333.7 kike
= 143.5 Blwlbm

y = 2256,5 ki/ke
= 970.12 Btu/lbm
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