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L4pgl!3l!! Attached this question paper together with your answer sheets.

Question 1

Refrigerator is a cycllc device, Describe briefly the following:
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a) What does it means by "cyclic device'?

b) What is the main function of this device?

Question 2
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Sketch the acfual vapor compresgion refrigeration cycle on a temperature-entrcpy (I-s) diagram. List the

differences betr'rcen this actual cycle and the corresponding vapor compression cycle. Show them

cleady on the sketch ofthe actualcycle. T
(10 marks)

Question 3

Reiigennt-134a enIerc the compressof of a refrigeratorSlj_lEllfglqlufa, lemperature of -10'C
and leaves the mmpressor at a pressure of 0.8 l/]Plryefrigerant is then cooled in a condenser, where
it exits at a pressure of 0.7 MPa and tempelatuEof 22ry. The refrigerant ihen flows through a throttle
valve, in which it is throttled to a pressure of0.06 MF;Xtat transfeaand pressure drops in the piping lines
connecting lhe.various compqnents can be neglected. Sketch the cycle an a pressurc€nthalpy \p-h)
diagram and show all the state points clearly. lf lhe isentrcpic etficiency of the compressor is 94% and lhe
refrigerant flows at a rate of 0.08 kg/s, determine the:

a) temperature of the refigerant leaving the compressor, "C;
b) rate of heat rejecfed in the condense! kW:
c) refrigeration capacity, fon;
d) coefiicient of performance of the refrigerator.

(25 narks)
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Saturated refri lanf134a Tem rature table

nr3/kg
Sat. Sat.

kJ/ke
Enthalpy, Enttopy,

kt tvg kl lk.  K

Sat. Sat.
l iquid,

Sat. Sat. Sat.Sai. Sat.
Temp.,
T"C

I jquid, Evap., liquid, Evap., vapor,

20
22

t24
26
2a

572.O7
64a.27
646. t8
645.84
727.31

o.92234
0.92160
0.92048
0.92014
0.91944

0.0008161 0.035969
0.0008210 0.033828
0.0008261 0p31834
0.0008313 0.029976
0.0008366 0.024242

n!134a

- -36.95"C)

7a.a6 162.16 241,.02 79.32 rA2.?7
ar.64 160.42 242.06 A2.U rAO.49
a4.44 158.65 2€.r0 84.98 178.69
a7.26 156.A7 244.12 A7.43 176.45
90.09 155.05 245.!4 90.69 174.99

261.59 0.30063 0.62172
262.54 0.31011 0.61149
263.67 0.319581 0.60130
254.6a 0.32903 0.59115
265.68 0.33846 0.58102

XttXcKJ
Tvuh
'C m3/kg kJ/kg kJ

= - la 77"c)

Sat,  0.31121 209.12
-20 0,33608 220.60

10 0.35048 227.55
a 0.36476 234.66

ta 0.37493 24r.92
2A 0.39342 249.34
30 0,40705 256.95
4A O 42rA2 264.71
aa o 43495 272.64
60 0.448a3 2a0.73
7A 0.46269 2Aa,99
aa 4.47651 297,4!
90 0.49032 306.00

100 0.50410 314.74

227,79 0.9644
240.76 1.4174
244.54 ] 4477
256,54 1,4774
264,66 1,1066
212.94 1,1353
281.37 1.1636
249.97 1.L91a
294.74 |.2191
307.66 \.2463
316.75 7.2732
326.00 r.2997
335.42 1.3260
344.99 1.3520

0,14014 219.54

0.14645 225.9L
0.15263 233,23
0.15904 240.66
0.16544 244.22
0,t7172 245.93
0.17194 263.79
0.L44t2 27L.79
0.19025 279.96
0.19635 29a.28
4.20242 296.75
0.20847 305.34
0.21419 3t4.r?

239.16 4.9446

246.36 4.9724
254.60 1.0031
262.93 1.0331
211.34 LO624
279.97 ] 0912
244.70 1. t195
29J.si  L.r4i4
306.!9 1.1749
3t5.1T t.202Q
324.09 L.224a
334.57 1.2553
344.20 L.2a14

l .

P = 0.10 MPa {1" = 26 37"c)

o.t9254 2ra.I9 234.44 0.9514
0.19841 219.66 239.44 O.9721
4.24743 226.75 4Zl2 J^493a-.
0.2I630 233.95 255.54 1.0332
0.22506 24L30 263.81 1.0628
4.21373 244.79 272.t7 1.A9IA
4.24233 246.44 230,68 1,1203
a.250aa 264.25 289.34 l.r4a4
4.2593-/ 2-/2.22 294.t6 t.t762
0.26743 280,35 307,13 1,2035
a.27626 2aa.64 316.26 1.2305
4.24465 291.44 325.55 1.2572
0,29303 305.69 334.99 1.2436
0,30134 314.46 344.60 1_3096

l-134a (Conttn

kJlkE n/ks kl/ks K
Tv
"Cn m3/kg kllks kl/kg kJ/kC K

vu.hs
m3/ks kJlkc kJ/Re RJ/ks. K

P = o.50 [lPa (1., = 15.71"C) P = 0.60 MPa ({ , !  = 21.55'C) P = 0.70 MPa (L", 
- 26.69'C)

Sat. 0.041118 234.75 249.30 A,924A
20 0.0421i5 242.40 263.46 A.93a3
30 0044338 240.44 273.41 A.9703
40 0.046456 249.26 242.44 r.OAlr
50 0.044499 267.72 291_96 ] 4309
60 0.0504a5 276.25 301.50 1.0599
70 4.052427 234.a9 .311.10 1.08a3
30 0 054331 293.64 320.30 r.1162
90 0.056205 302.51 330.61 r . r€6

100 0.058053 311.50 340.53 1.1705
110 0.059a80 320.63 350.57 l r971
120 0.06r637 329.89 360.73 1.2233
130 0.063479 339.29 3t!.O3 1.2491
140 0,065256 344.43 3Ar.46 1.2747
150 0.067021 358.51 392.02 1.2999
160 0.064775 36a,33 4A2.72 1.3249

0.034295 241.83 262.40 A92tA

0.435944 249.22 270.81 0.9499
0.037465 257.86 280.54 0.9816
0.039659 266.48 290.24 1.Or2r
0.o41349 275.15 299,98 1.0417
0.043069 2$.49 309,73 1,0705
o.o447 ),4 292.73 319.55 r.0987
0.046318 301.67. 329.46 1.1264
0,047900 310.73 339.47 L1536
0.049458 319.91 3,19.59 1.1a03
0.454997 329,23 359.42 1.2067
0.052519 33a.67 37A.Ia 1.2327
a.aa4027 34a.25 3A0.66 1.25a4
0.455522 357.96 39t.27 L.283A
0.057006 367,8i 402.01 1.30a3

4.429361 244.4A 265.03 0.9199

0.a29966 247.4a t 26A.45 0.9313
0.031696 256.39 27A.57 0,9641
0.433322 265.20 28a.53 0.9954
o.o34a75 274.01 29A.42 1.0256
o.0363J3 2a2,A7 308.33 1.0549
0.037829 291.a0 3t8.28 1.0835
0.039250 300.42 32A.29 I.II14
0.040642 309.95 338.40 1.13A9
0.042010 319.19 348.50 1.1658
0.043358 328.55 354.90 1.1924
0.0446a3 33a.04 369.32 1.2186
0.046004 347.66 379.a6 1.2444
0,047306 357.41 390,52 !,2699
0.048597 367.29 40131 1_2951

P = 0.80 MPa { I . . .  = 31.31"C) P * 0.90 MPa ( I - t  = 35 51"c) P= 1.00 MPa ( I . - ,  = 39 37'C)

sat. 0.025621 246,79 261.29 0.9tA3
40 0.027035 254,a2 276.4a O.94AO
50 0.028547 2G.a6 286.69 0.9a02
60 0.029973 272.43 296.a1 1.0i10
70 0031340 281.S1 306 A3 1.0408
30 0.032659 290.44 316.97 1.069a
90 0.033941 299.95 327.10 1.0981

100 0.035193 309.15 337.30 1.125A
110 0.036420 318.45 347.59 1,r530
120 0.037625 327,A7 357.9i 7.t79A
i30 0.038813 337.40 368.45 1.2061
140 0,()39945 347.06 319.05 1.2321
150 0.041143 356.a5 3a9.76 1.2577
160 0.042290 366.76 400.59 1.2830
Ila 4.443427 376.at 411.55 130a0
130 0,044554 3a6.99 422,64 I_3327

0.022643 244.45 269_26 0.9t69
0.023375 253,13 274.17 0.9321
o.a24aa9 262.44 2A4.77 0.9660
0.026146 271.60 295.13 0.9976
0.427413 240.72 305.39 1.0280
0.028630 289.86 315.63 1.0574
0.029406 299.06 325.89 1.0860
0.030951 30s.34 336.19 r .1140
0.032064 317.70 346.56 1.1414
0.033164 327.18 357.02 1.1634
4.034241 336.76 367_58 1.1949
0.035302 346.46 37A.23 t.22IO
0.036349 356.23 3A9.OO \.2467
0.037384 366.23 3gg.aa L.ii2l
0.034404 376.31 4LA_aA 1.2972
0.039423 3a6.52 422.OO 1.3221

0.020313 250.68 270.99 0.9156
0.020406 251.30 27t.1t 4.9179
4.421796 260,94 242.74 0.9525
a.a23o6a 270.32 293.3S 0.9450
0.424261 279,59 303.85 1.0160
0.025398 28a,86 314.25 1.045a
0.426492 294.Ls 324,64 1.O74A
o.02taa2 307.51 335.06 1.1031
0.024584 316.94 345.53 1.130a
0.029492 326.47 356.06 t.l5a0
0.030581 336.11 366.69 r .1a46
0.031554 345.a5 377.40 1.2109
0.032512 3s5.71 3aA.22 !.236A
0.033457 -365.70 399,!5 L2623
0.034392 375.81 4IO.20 r.2a75
0.03s317 386.04 42t.36 t.3r24
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