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Important: Attached this question paper together with your answer sheets.

Question 1

Refrigerator is a cycfic device. Describe briefly the following:
a) What does it means by “cyclic device™? Close Systew y
b) What is the main function of this device?  alxevb Weat l( pahd e
’(m\() ' {6 marks)

et A

Question 2

Sketch the actual vapor compression refrigeration cyCle on a temperature-entropy (7-s) diagram. List the
differences between this actual cycle and the corresponding ideaé vapor compression cycle. Show them
clearly on the sketch of the actual cycle. TA o)

Refrigerant-134a enters the compressor of a refrigerator Wa, temperature of -10°C
and leaves the compressor at a pressure of 0.8 MPa. The refrigerant is then cooled in a condenser, where
it exits at a pressure of 0.7 MPa and temperatur. The refrigerant then flows through a throttle
valve, in which it is throttled to a pressure of 0.06 MPa. Heat fransferand pressure drops in the piping lines
connecting the .various compo'nents can be neglected. Sketch the cycle on a pressure-enthalpy (p-h)
diagram and show all the state points clearly. If the isentropic efficiency of the compressor is 94% and the
refrigerant flows at a rate of 0.08 kg/s, determine the:

a) temperature of the refrigerant leaving the compressor, °C; i
b) rate of heat rejected in the condenser, kW, «97 2% 55 @W
c) refrigeration capacity, ton;
d) coefficient of performance of the refrigerator.

(25 marks)
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Saturated refrigerant-134a—Temperature table (Continued)

2 /)/‘(/‘/’/‘

Specific volume, Internal energy, Enthalpy, : . Entropy,
m3/kg kJ/kg klikg Ckikg « K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Temp., press., liquid, vapor, liquid, Evap., vapor, liquid,. Evap., vapor, liquid,  Evap., vapor,
T°C P kPa v Vy U, Ug Uy hy hy hy 5 : S 85
"I20 572.07 0.0008161 0.035969 78.86 162.16 241.02 79.32 182.27 261.59 0.30063i 0.62172 0.92234
‘22 608.27 0.0008210 0.033828 81.64 160.42 242.06 82,14 180.49 262.64 0.31011 0.61149 0.92160
24 646.18 0.0008261 0031834 84.44 158.65 243.10 8498 178.69 263.67 0.31958 0.60130 0.92088
26 685.84 0.0008313 0.029976 87.26 156.87 244.12 87.83 176.85 264.68 0.3290F 0.59115 0.92018
28 727.31 0.0008366 0.028242 90.09 155.05 245.14 90.69 174.99 265.68 0.33846 0.58102 0.91948
Superheated refrigerant-134a
T W u h 5 v u h 5 v u h 5
°C m3/kg kilkg  kifkg kifkg - K| m¥kg kikg klkg  klkg - K| mikg kilkg kikg klkg - K
P = 0.06 MPa (T, = —36.95°C) £ = 0.10 MPa (T, = —26.37°C) P =0.14 MPa (T, = —18.77°C)
Sat. 0.31121 209.12 227,79 0.9644 0.19254 215.19 23444 095518 0.14014 219.54 239.16 0.9446
-20 0.33608 220.60 240.76 1.0174 0.19841 219.66 239.50 0.9721
—10 0.35048 227.55 24858 1.0477 0.20743 226.75 _247.49 < 0.14605 225.81 246.36 0.9724
0 0.36476 23466 25654 1.0774 0.21630 23395 25558 1.0332 0.16263 233.23 25460 1.0031
10 0.37893 241.92 264.66 1.1066 0.22506 241.30 263.81 1.0628 0.16808 240.66 262.93 1.0331
20 0.39302 24935 272,94 1.1353 0.23373 24879 272.17 1.0918 .16544 248.22 271.38 1.0624
30 (0.40705 256.95 281,37 1.1636 0.24233 256.44 28068 1.1203 0.17172 25593 279.97 1.0912
40  0.42102 264.71 289.97 1.1915 0.25088 264.25 28934 1.1484 0.17794 263.79 288,70 1.1195
50 0.43495 27264 29874 1.2191 0.256937 272.22 298.16 1.1762 0.18412 271.79 29\7-,\57 1.1474
60 0.44883 280.73 307.66 1.2463 0.26783 280.35 307.13 1.2035 0.12025 ~ 279.96 30659 1.1749
70  0.46269 288.99 316.75 1.2732 0.27626 288.64 316.26 1.2305 0.19635 288.28 315.77 1.2020
80 0.47651 297.41 326.00 1.2997 0.28465 297.08 32555 1.2672 0.20242 296.75 325.09 1.2288
90  0.49032 306.00 33542 1.3260 0.29303 305.69 33499 1.2836 0.20847 305.38 334.57 1.2583
100  0.50410 314.74 344,99 1.3520 0.30138 31446 34460 1.30%6 0.21449 31417 34420 1.2814
Superheated refrigerant-134a (Continued)
T v u h s v u h s v o o8 il s
°C  m¥kg kllkg kiikg ki/kg - K| m3kg kitkg klkg  klkg - K| mikg  kllkg : kitkg kikg K
P = 0.50 MPa (T, = 15.71°C) P = 0.60 MPa (T,,, = 21.55°C) P = 0.70 MPa (T, = 26.69°C)
Sat. 0.041118 238.75 259.30 0.9240 0.034295 241.83 262.40 09218 0.029361 244.48 265.03 0.9199
20 0.042115 242.40 263.46 0.9383 i :
30 0.044338 250.84 273.01 0.9703 0.035984 249.22 270.81 0.9499 0.029966 247.48 1 268.45 09313 -
40 0.046456 259.26 282.48 1.0011 0.037865 257.86 280.58 (0.9816 0.0316%6 256.395 278.57 0.9641
50 0.048499 267.72 291.96 1.0309 0.039655 266.48 290.28 1.0121 0.033322 265.20 _i 288.53 0.9954
&0 0.050485 276.25 301.50 1.0589 0.041389 275.15 29898 1.0417 0.034875 274.01 = 29842 1.0256
- 70 0.052427 284.89 .311.10 1.0883 0.043069 283.89 309.73 1.07056 0.036373 282.87 308.33 1.054%9
20 0.054331 293.64 320.80 1.1162 0.044710 292.73 31855 1.0987 0.03782% 291.80 318.28 1.0835
90 0.056205 302.51 330.61 1.1436 0.046318 301.67: 32946 1.1264 0.039250 300.82 328.29 1.1114
100 0.058053 311.50 340.53 1.1705 0.047900 310.73 335.47 1.1536 0.040642 309.85 338.40 1.1389
110 0.059880 320.63 350.57 1.1971 0.049458 319.91 34959 1.1803 0.042010 319.19 348.60 1.1658
120 0.061687 329.89 360.73 1.2233 0.050997 329.23 359.82 1.2067 0.043358 328.55 358,90 1.1924
130 0.063479 339.29 371.03 1.2491 0.052519 338.67 370.18 1.2327 0.044688 338.04 369.32 1.2186
140 0.065256 348.83 38l.46 1.2747 0.054027 348.25 380.66 ' 1.2584 0.046004 347.66 37986 1.2444
150 0.067021 358.51 392.02 1.2999 0.055522 357.96 391.27 1.2838 0.047306 357.41 39052 1.2699
180 0.068775 368.33 402.72 1.3249 0.057006 367.81 402.01 1.3088 0.048597 367.29 401.31° 1.2951
P = (.80 MPa (T, = 31.31°C) P = (.90 MPa (T, = 35.51°C) P = 1.00 MPa (T,,, = 39.37°C)
Sat. 0.025621 246,79 267.29 0.9183 0.022683 24885 269.26 0.9169 0.020313 250.68 270.99 0.915%6
40 0.027035 254,82 276.45 0.9480 0.023375 253.13 274.17 0.9327 0.020406 251.30 271.71 0.9179
50 0.028547 263.86 286.69 0.9802 0.024809 262.44 284,77 0.9660 0.021796 26094 282.74 0.9525
60 0.029973 272.83 296.81 1.0115 0.026146 271.60 295.13 0.3976 0.023068 270.32 293.38 0.9850
70 0.031340 281.81 306.88 1.040 0.027413 280.72 305.39 1.0280 0.024261 279.59 303.85 1.0160
80 0.032659 290.84 316.97 1.0698 | 0.028630 289.86 315.63 1.0574 0.025398 288,86 314.25 1.0458
90 0.033941 299.95 327.10 1.0981 0.029806 29%.06 325.89 1.0860 0.026492 298.15 32464 1.0748
100 0.035193 309.15 337.30 1.1258 0.030951 308.34 336.19 11,1140 0.027552 307.51 335.06 1.1031
110 0.036420 318.45 347.59 1.1530 0.032068 317.70 34656 1.1414 0.028584 316.94 34553 1.1308
120 0.037625 327.87 357.97 1.1798 0.033164 327.18 357.02 1.1684 0.029592 326.47 356.06 1.1580
130 0.038813 337.40 368.45 1.2061 0.034241 336.76 367.58  1.1949 0.030581 336.11 366.69 1.1846
140 0.039985 347.06 379.056 1.2321 0.035302 346.46 378.23 1.2210 0.031554 34585 377.40 1.2109
150 0.041143 356.85 389.76 1.2577 0.036349 356.28 389.00 1.2467 0.032512 35571 388.22 1.2368
160 0.042290 366.76 400.59 1.2830 0.037384 366.23 39988 1.2721 0.033457 -365.70 399.15 1.2623
170 0.043427 376.81 411.55 1.3080 0.038408 376.31 41088 1.2972 0.0343%2 375.81 410.20 1.2875
180 0.044554 386.99 422,64 1.3327 0.039423 386.52 422,00 1.3221 0.035317 386.04 421.36 '1.3124




: .'.-_-r--_i.:.f;._ mp.ﬂeﬁ} Lok ﬂﬂ@ﬂbﬁm i >

b ) Gylhe donice dov KQ.»P-f{'ci(y . ‘s u‘i/UV;G‘ o)

prieest in Hose Ly ctem QMN Vecycle ot {n
[,,v.u--’r a’F r,é,-Fr{cj ety ./ Madn ‘oa,r-f @,f (z,%&( cootr
s ;. /

'\) Condens.er

W) Compressor

-“D € vy (TY&Q{L:)'T

V) tettle vatvae

VB L:IC'VULJA C(}\UFV@‘&"%WL ) .

‘ﬂ) Man Fawnekpn

C\ . V) To absack Weat aud e
auwga and Vepected o waru fuot
area . )
@ W ned . J |
N %ﬂﬁ-\ “‘) TO ﬂ’tﬂim\‘d-lﬂ e T pzrodure ot
Ga-‘d‘_k gwga \
TQL “m) Maindain g lww\ipliﬁ) of air .
14 ‘ amn Pa 7‘:
Qua poiaE—TINN, ligh mfﬁ,w#uwa
Aiott S
Valvg” .
Lewd
Pressuvg




TIEMOHD REda FAGHLAN B, DAuUS..

Wneeat

2 \
-I lade it of ¢
oo 4 W)

| {
F

Athnal Vapor Cawpfzssion/

Achial Vapor adeal vapey
-2 pvesss  have 1-2 s a leadvopic  process
a_sunfrophic effiuusy Cadiabatic "process)
ot Lompregsey - Not

A tsmwopié F«rc{f%

Shke 4 Skade of
Prﬂé&wm Asop ot pYessuve maintan at outlet of
outlet of Condenser Basdpe . Zoapes condonser .
Stete S Yede ©
—_— = : 5 y
‘ Pressdve ?%_;--r%t’“ . Kssuivn talet omd oudiedt ‘“?
f' ijﬂ il rg:é(\m euafcmst% ¢« pPressvuvd s Saune Valuz
k‘f‘f" o

hpurt :
r Alove on  latent of \oad |

zt-’n?awa absew
*(’ww‘és e by ot \ACV2 oA @ *
Vewrule 0F \ateid o " (g/cﬁ‘)“
Weat LI &
VACCLAS e 1
% ] s
s o
\‘ \N}

Y NN
Lechant _
—57

y -

Mizh  s=s, S

Yl i pov Com Fri&éSff}n




e MoMP pEaA FEOULAN &. bpud .

"‘3=‘~f ‘ b
State { P-4 Adagron .

"‘]w\“‘jop Oiﬂ'\pa T=-f0.c
M= 24748 kg feg
St=%9 = j.0030 b flea- &

1

State 2 5
€i=%. =« 1.0030 Lﬁ;fkj\a : @ Tresswip 0.8 Mpa .
’Tamr((rb‘e VeAween 5% aud ba’c -

K | h | ¢ I’\ ' . t-0p2 (-,_.
p= 28669 + (296.2 (- 25¢-69) [ 2O%-0%m
J’" it

E”O 2854 6 ¢ 802 ) TR

e hy | . 0020 L‘z, = lfilr‘lghgf[a)

CO | Qagsi| {010

Toe to+ (Lo- logamoi- Ba8s
2= o+ (ke ho [-oilo -~ 0-9502 )
| Tuz ST G c,{

State 2

| {
h{;crf ;I:.: 2'2«5.6/ tMm‘ P-: Q.%W.Pd ) /qj:lﬂ;s-' L‘i
l = - | ‘AZ.A-' W
o=hg = 8204 k(g ke
| \/\14 # l’\‘l}-ll; + b,
aii ' ' L\;’té &
Wy =y = 8214 Kk3]1q k. hod . ‘
> T 294 1€ "?[HM-P/‘H ”
.9y
hz‘i = o
(".QW(P;S‘{V;[-I'{Z-LQ

Votwee™ ot an A Foc .



Vo 29F ik
To 206 - 38
Qpa — GO _ DAF (L —29LS
W “¢e 20k S& — 296 - &1

o
T’l‘f < (o.3% ngf/

Ci> (‘FQMP uf' leave ’HU .leﬂrxry’é.@'ﬁo(
bo.25C J;yﬁ,ug at stecfe 24

% @"4 = V&-C‘L\zq-ﬂlﬂzv

= O,o%(;zclal—(efgz.w) .
= 1F.20 kw
x

J

& B = 15 Chy —Tad

= 00§ (Zt]u:l' 4G — §1=LE{-I>
= D22 bW lake e

" s 133 .5 3kw
«{%.0 29 C£ 'f(‘:-t;( ot C&'{Fﬂ,{,}j—ﬂ ;
Copr= il b )
" CL\-LC\""O)7

b - 24 va-galy
L, ) - ;




