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READ THE FOLLOWING INSTRUCTIONS CAREFULLY BEFORE ANSWERING
THE QUESTION PAPER

This question paper has two parts Part A and Part B.

Part A

1. Part A consists of 10 questions. Answer all guestions. Do not spend more than
45 minutes.

2. All questions carry equal marks.

3 Answers should be written within the space provided. No additional papers are
1ssued.

4. Itis EXTREMELY IMPORTANT that you do not remove the question paper,
or any part of the paper from the examination hall. _

5. Write your index number and registration number in the space provided. Do not
write your NAME.

6. Handover Part A separately.

7. In case of a doubt, consult the supervisor or an invigilator conducting the
examination.

Part B

1. Part B consists of nine questions. Answer only five questions.

2. All questions carry equals marks.

3. Time allocation for part B is 2 hrs and 15 minutes. Do not spend more than 20-
25 minutes for each question.

4. Hand over answer script of part B separately.
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PART A

What are the major requirements to be fulfilled by an industrial air conditioning unit in a
Manufacturing process plant?

.........................................................................................................
........................................................................................................
.........................................................................................................
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.........................................................................................................

A system analyser or compound pressure gauge is inevitable equipment for an auto air
conditioning workshop. Give reasons?

.........................................................................................................

.........................................................................................................
.........................................................................................................
.........................................................................................................
.........................................................................................................
.........................................................................................................
.........................................................................................................
.........................................................................................................
.........................................................................................................
..........................................................................................................

..........................................................................................................




4. Explain briefly, how we could make use of compressed air of an aircraft for air
conditioning its cabin.

......................................................................................................
......................................................................................................

...............................................................................................................................

5. Hot water in a recycling system is cooled through a cooling tower. Explain the
function of the cooling tower in this cooling process.

......................................................................................................
......................................................................................................

ndustrial use. State the
ration process.

ditions of Joule Thomson Coefficient {or the above separ

”)

6. Explain briefly how Oxygen in atrmosphere is separated for 1
I‘

Ol

......................................................................................................
......................................................................................................
.......................................................................................................

......................................................................................................
.......................................................................................................
......................................................................................................
......................................................................................................
......................................................................................................




8. Explain with a suitable sketch how a hot gas defrosting is carried outin a
refrigerator.

......................................................................................................
......................................................................................................
......................................................................................................

......................................................................................................
......................................................................................................
......................................................................................................
......................................................................................................
......................................................................................................
......................................................................................................
.......................................................................................................
......................................................................................................

......................................................................................................

9. For a fan, write the relationship of the parameters pressure, power and air flow rate
across the blade with the speed of the blade.

.........................................................................................................
.........................................................................................................
.........................................................................................................
.........................................................................................................
.........................................................................................................
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PART B

Explain the following thermodynamic processes giving an example that best
describes each process.

i. Isothermal Expansion
1i. Adiabatic Expansion
ili. Constant volume process-
iv. Constant Enthalpy process
v. Isentropic process

Explain briefly.
i. Saturation Temperature
ii. Superheated vapour
iii. Critical Temperature

An ideal Vapour-Compression Refrigeration cycle, with refrigerant 134a as the
working fluid, operates with an evaporator temperature of 20" C and the
condense pressure of 9 bars. The mass flow rate of the refrigerant is 3 kg/min.
Compute,

a) The Coefficient of Performance
b) Refrigerant capacity in Tons of refrigeration.

xplain in detail the procedure in repairing a defective auto air conditioner in an
air conditioning workshow. Your answer should contain the following activities.
i. Fault finding and rectification of the air conditioner.
ii. Gas discharging and recovery
ii. Gas charging
v. 1 Leak test

i s
o

pk s

Do our air conditioning technicians adhere to the procedures given by the
National Ozone Unit of Sri Lanka? If not mention the reasons for such a situation
and suggest how we could correct it.

In each of the following part of the question, two items given with respect to
refrigeration. Compare and contrast the two.

i. A window type air conditioner and a split type air conditioner
ii. R12 (CCLF;) and R134a (CF3CH,F) as refrigerants.
iii. Mechanical seal and Lip seal as shaft seals
iv. A desert cooler and a conventional air conditioner using
refrigerant as comfort air conditioning devices.
v. A Vapour compression refrigerator and a vapour absorption
refrigerator.




5. Explain how the conservation of mass and energy be applied to an air
conditioning process.

~d

Air is cooled at the rate of 40 kg per minute and it is subsequently dehumidified
by passing it through a cooled plate, so that the dry bulb temperature drops from
30° C to 20° C. The wet bulb temperature before cooling is 24° C. Using
psychometric chart determine,

ii.
iii.
1v.

Final wet bulk temperature and dew point.

Change in relative humidity.

Rate at which the moisture is removed.

Latent heat transferred in kJ/ sec. Latent heat of water vapour is
2,260 kl/kg.

Following symptoms were observed in faulty refrigeration and air conditioning
systems. Diagnose the possible causes in each case, state the causes briefly and
suggest a method to rectify the fault.

i.
1l
iv.

Formation of ice on the filter screen of the window A/C unit.
Excessive formaiions of ice in the deep freezer of a refrigerator.
Compressors of the unit running continuously.

Formation of ice at the entry to the evaporator.

Inadequate cooling in the system.

(a) Explain

i.
i

Miscibility of oil with refrigerant.
Oil foaming with paying witention to minimize the oil foaming

b) Apart from miscibility of oil. what are the other characteristic properties
of refrigeration o0il? Which one of the above characteristic properties is
most important for refrigeration oils?

Explain each of the following

i1,
1ii.
iv.

Logarithmic mean temperature difference
Heat rejection factor

Plate surface evaporator

Evaporative condenser

Forced draft cooling tower
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1856 THERMOBDYNAMICS

Table A-16 Properties of seiurated refrigerant 134a (CFoH,): Temperature fable

(v: m*/kg; u, ki/kg; k, ki/kg; s, ki/kgK)

Specific Volume | Internal Energy | . Enthalpy
b Temp., | Press, | Sat. | Sat. | Sat. | Sat | sat | .| sat
°C | bars | Liquid | Vapor' | Liquid Vapor | Liquid.| Evap. |. Vapor

I NS A o v X108 v, up u, S ke hy

—40 | 05164 | 07055 | 03569 | ~0.04 | 20445 | .0.00 | 222.88
=36 106332 | 07113 |:0.2947 |  4.68 120673 4731 220,67 1. 0. [ S0
=321 07704 | 07172 1702451 9.47 | 20901 | 952 | 21837 | 0.0401 |0.94
—28 ] 09305'| 07233, 02052 | 1431 | 21129 | - 1437 | 216.01 038 | 0.0600: | 0.9411
=26 | 10199 | 07265 | 0.1882 | 16.75 | 212.43 | 16.82 | 214.80 231.62 | 0.0699 | 0.9390
—24 | L1160 { 07296 |.0.1728 | 1921 | 21357 |- 1929 | 213.57"| 23 “1.0:0798 | 0:9370
T221121921] 07328 | 01590 | 2168 | 21470 | 2177 | 21232 0.0897 .1.0.9351
—20 | 13299 | 07361 | 01464 | 24.17 | 21584 | . 2426 | 211.05 ; 0.0996 | 0.9332
—18 | 14483 | 07395 | 01350 | 26.67 | 21697 | 26777 209.76 | 236.53 | 0.1094 | 0:9315"
—16 | 1.5748 | 07428 | 0.1247-| 29.18 | 218.10 | 29.30 | 20845 0.1192 | 0.9298

-12 1.8540 | 07498 | 0.1068 3425 1 22036 1 3439 205.77 | 240.15 01388 | 0.9267
-8 21704 | 07569 | 0.0919 | 3938 222.60 39.54 | 203.06 | 242.54 | 01583 | 0.5230
—4 25274 | 07644 | 0.0794 |- 44.56 1 224.84 44.75 | 200.15 | 244.90°| 0.1777 | 0.9213

0 2.5282 | 0.7721 0.0680 | 49.79 | 227.05 50.02 | 197.21 | 247.23 ) 0.1970 | 0.5190
4 3.3765 | 0.7801 0.0600 55.08 | 229.27 5535 | 194.19 | 249:53 | 0.2162 | 0.9169

B | 3.8756 | 07884 | 0.0525 | 6043 | 23146 | 60.73 | 191.07 251,80 | 02354 | 0.915
121744204 + 07971 {-0.0460 | 65.83 | 233.63 |. 66.18 187.85 | 254.03 | 02545 | 09132
16 | 50416 | 08062 | 0.0405 | 71.29 | 23578 | 7i.69 | 184.52 256:22 | 02735 | 0.9116
20 1 57160 | 08157 | 0.0358 | 7680 | 237.91 | 7726 | 181.09 | 25836 | 02024 0.91(2
24 1 64566 | 0.8257 | 0.0317 | '82.37 | 240.01 | 82.80 | 177.55 260,45 | 63113 | 0:9039
261 6.8530 | 0.8309 | 00208 | 8513 | 24105 | 8555 | 17573 261.4% | 0.3208 | 0.9082
28 | 72675 | 08362 | 0.0281 | 23.00 | 242.08 | 88.61 | 173.89 262.50 | 0.3302 | 0.9076
36 | 7.7006 | 0.8417 | 0.0265 | 90.84 | 24310 | 6149 | 172.00 | 363350 0.3326 | 0.9070
311 81528 | 08473 | 0.0250 | 9370 | 2412 | 9439 | 170.09 | 26448 | 0.3490 0.9064
34| 86247 | 0.8530 | 0.0236 | 9658 | 24512 | 6731 | 168.14 | 26545 | 03584 0.9058
361 91168 | 08590 | 0.0223 | 99547 | 246.11 | 10025 | 166.15 | 266.40 | 03673 0.5053
38 | 9.6298 ; 0.8651 | 0.0210 | 10238 | 247.09 | 10321 | 164.12 | 267.33 03772 | 0.5047
40 1 10164 | 08714 | 0.0199 | 10530 | 248.06 | 106.19 | 162.05 | 26824 - 0.3866 | 0.9041
42 110720 | 0.8780 | 0.0188 | 108.25 | 249.02 | 109.19 | 159.04 | 269.14 0.3960 -{ 0.9035
44 | 112991 0.8847 | 00177 | 111.22 | 24956 | 112.22 | 15779 | 270.01 - 0:4054 | 05030

48 - 112526 | 0.8989 | 0.0159 | 117.22 | 251.79 | 118.35 | 153.33 | 271.68 104243 | 0.9017
52 | 13.851 | '0.9143 1.0.0142 | 123.31 253.55 | 12458 | 148.66 | 273.24' | 0.4432 | 0.9004
36| 15278 | 09308 7| 00127 | '129.51 |'25523 | 130.93 | 143.75 27468 0.4622 | 0.8990
60 | 16813 | 09488 | 0.0114 | 135.82 | 256.81 | 137.42 | 138.57 27599 -| 04814 | 0.8973

70121162 | 1.0027 | 0.0086 | 152.22 .| 26015 | 154.34 . 124.08 | 278.43 | 0.5302 | 0.8918
80 26324 | 1.0766 | 0.0064 | 169.88. | 262.14 | 17271 |. 106.41:1 279.12 | 05814 | 0.8827
90 32435 | 1.1949 | 0.0046 | 189.82 26134 | 193.69 82.63 | 27632 | 0.6380 | 0.8655
160 39.742 | 15443 | 0.0027 | 218.60 | 248.49 | 22474 | 34.40 259.13 | 07196 | 0.8117

SOURCE: Produced from a computer program provided by R. S. Basu, Allied Signal Corporation. Literature Source: D. P. Wilson and
R. S. Basy, “Thermodynamic Properties of a New Stratospherically Safe Working Fluid-Refrigerant-134a," ASHRAE Trans., 94 (Pt.2): v
2095-2118,1988.




APPENBIX A-1 ©  SUPPLEMENTARY TABLES AND FIGURES (SI UNITS) [T
Tableo A-17 Properties of saturcied refrigerant 134a (CF.H,): Pressure table
(v, m¥/kg; u, ki/kg; h, ki/kg; s, kilkgK)
] Specific Volume Internal Energy Enthalpy Entropy
Presgs, | Temp., Sat. Sat. Sat. Sat. “Sat. Sat. Sat. Sat,
bars °C Liquid Vapor | Liquid | Vapor | Liquid | Evap. | Vapor Liquid Vapor
po T vy X 10° v, uy u, hy hy k; sp Se
| 06 | =3707 | 07007 | 03100 | 341 | 20612 | 346 | 22127 | 22472 | 00147 | 0950
| 0.8 =31.21 0.7184 0.2366 10.41 209.46 10.47 217.92 228391 0.0440 . | 0.9447
| 10| ~2643 | 07258 | 04917 | 1622 | 21218 | 1629 | 21506 | 23135 | 0.0678 | 09395
L l2 e 0.7323 0.1614 21.23 214.50 21.32 212.54 | 233.86 0.0879 0.9354
% 0.7381 0.1395 | 25.66. | 216.52 25.77 210.27 | 236.04 0.1055 0.9322
| . 07435 0.1229 29.66 21832 | 29.78 208.19 | 237.97 | 0.‘121.1 +0.9295 |
| 07485 | 0.1098 | 3331 | 21994 | 3345 | 20626 | 23971 | 01352 | 09273
‘ I 0.7532 (.0593 36.6% 221.43 36.84 20446 124130 | 01481 0.9253
i 0,7618 0.0834 42.77 224,07 42.95 201.14 | 244.09 0.1710 0.9222
‘ , 0.7697 0.0719- | 48.18 226.38 48.39 198.13 | 246.52 0.1911 0.9197
0.7770 0.0632 53.06 228.43 5331 195.35 248.66 0.2089 0.917"/‘
0.7839 0.0564 57.54 230.28 57.82 192.76 | 250.58 0.2251 0.91660
g‘ 0.7904 | 0.0509 .| 61.69 231.97 62.00 190.32 | 25232 |-0.2399 0.9145:
' 0.8056 0.0409 70.93 235.64 71.33 184.74 | 256.07 0.2723 09117
0.8196 0.0341 78.99 238.74 79.48 179.71 259.19 0.299% 0.6097
0.8328 0.0252 86.19 241.42 86.78 175.07 | 261.85 0.3242 0.9080
0.8454 0.0255 92.75 243,78 93.42 170.73 | 264.15 0.3459 0.9066
| 0.8576 0.0226 98.79 245.83 99.56 166.62 | 266.18 0.3656 09054
‘ 0.8695 0.0202 10442 247.77 105.29 162.68 | 267.97 0.3838 0.9043
0.8928 6.0166 114.69 251.03 115.76 155.23 | 270.99 0.4164 0.9023
i 0.9159 0.0140 123.98 253.74 125.26 148.14 | 273.40 0.4453 0.9003
1645 : 0.9392 0.0121 132.52 256.00 134.02 141.31 275.33 0.4714 0.8982
184 0.9631 0.0105 140.49 257.88 142,22 134.60 | 276.83 0.4854 0.8959
‘ 2040 09878 | 00083 | 14807 | 25941 | 14990 | 12795 | 27794 | 05178 | 0.8934
AR 77.59 1.0562 0.006%9 165.48 261,84 168.12 11:1.06 | 279.17 0.5687 0.8854
30_.() : $6.22 1.1416 0.0053 181.88 262,16 185.30 92.71 278.01 0.6156 0.8735
! SOURCE: Mraduced from a computer program provided by R. S. Basu, Alliad Signal Corporation. Literature Source: D. P. Wilson and R. 5. Bast,
. “Thermudynamlc Properties of a New Stratospherically Safe Working Fluid—Refrigerant-134a,” ASHRAE Trans., 94 [Pt. 2): 2095-2118, 1988,
|
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f Toble A-18

Properties of superheated refrigeremnt 134a (CFsH,)

(7, °C; v, m*/kg; u, kd/kg: h} kJ/kg; s, ki/kg-K)

T v lu I h ] ' 5. v ’ u I /] J 5
" | 0.6 bar (0.060 MPa) (T, = —37.67°C) | 1.0 bar (0.10 MPa) (T, = —26.43°C)
Sat. | 031003 | 206.12 | 22472 | 09520 | 0.19170 | 212.18 | 231.35 | 0.9395
-20 | 033536 | 217.86 | 237.98 | 1.0062 | 0.19770 | 216.77 | 236.54 0.9602
210 | 034992 | 22497 | 24596 | 1.0371 | 0.20686 | 224.01 | 244.70 | 0.9918
0] 036433 | 23224 | 254.10 | 1.0675 | 021587 | 231.41.| 252.99 | 1.0227
10 | 037861 | 239.69 | 262.41-]1.0973 | 0.22473 | 238.96 | 261.43 |~ 1.0531
20| 039279 | 24732 | 270.89 | 1.1267 | 023349 | 246.67 | 270.02 | 1.0829
30 | 040688 | 255.12 | 279.53 | 1.1557 | 0.24216 | 254.54 | 27876 | 1.1122
40 |-0.42091 ‘| 263.10 | 288.35 | 1:.1844 | 0.25076 | 262.58 | 287.66 | 1.1411
501 043487 | 27125 | 29734 | 12126 | 025930 | 270.79 | 296.72 | 1.1696
60 | 044879 | 279.58 | 30651 | 1.2405 | 026779 | 279.16 | 305.94 | 1.1977
70 | 0.46266 | 288.08 | 31584 | 1.2681 | 027623 | 287.70 | 315.32 | 1.2254
80 | 047650 | 296.75 | 325.34 | 1.2954 | 0.28464 | 296.40 | 324.87 | 1.2528
90 | 0.49031 | 30558 | 335.00 | 1.3224 | 029302 | 305.27 | 334.57 | 1.2799
' 1.4 bars (0.14 MPa) (T, = —18.80°C) | 1.8 bars (0.18 MPa) (T, = —12.73°C)
Sat. | 0.13945 | 21652 | 23604 | 0.9322 | 0.10983 | 219.94 | 239.71 | 0.9273
C 10 | 0.14549 | 223.03 | 243.40 | 09606 | 0.11135 | 222.02 | 242.06 | 0.9362
0 | 0.15219 | 23055 | 251.86 | 0.9922 | 0.11678 | 229.67 | 250.69 | 0.9684
10 | C.15875 | 238.21 | 26043 | 1.0230 | 0.12207 | 237.44 | 259.41 | 0.9998
20 | 0.16520 | 246.01 | 269.13 | 1.0532 | 0.12723 | 24533 | 268.23 | 1.0304
30 1 017155 | 25396 | 277.97 | 1.0828 | 0.13230 | 253.36 | 277.17 | 1.0604
40 1 017783 | 262.06 | 286.96 | 1.1120 | 0.13730 | 261.53 | 286.24 | 1.0898
50 | 0.18404 | 270.32 | 256.00 | 1.1407 | 0.14222 | 26985 | 29545 | 1.1187
60 | 019020 | 278.74 | 30537 | 1.1690 | 0.14710 | 27831 | 304.79 | 1.1472
70 1 019633 | 287.32 | 314.80 | 1.1969 | 0.15193 | 286.93 | 314.28 | 1.1753
80 { 0.20241 | 296.06 | 324.39 | 1.2244 | 0.15672 | 295.71 | 323.92 | 1.2030
95 1| 0.20846 | 304.95 | 334.14 | 1.2516 | 0.16148 | 304.63 | 333.70 | 1.2303
2.6 bars (0,20 MFa) (F = —16.09°C) | 2.4 bars (8.24 MPa) (T, = —5.37°0)
Sat. | 0.00933 | 22:.43 | 24130 | 0.9253 | 0.08343 | 224.07 | 244.00 | 0.9222

—~10 | 0.09938 | 221.50 | 24135 | 0.9256

0§ 0.10438 | 22923 | 250.10 | 09582 | 0.08574 | 228.31 | 248.80 | 0.9399
10 | 0.10922 | 237.05 | 258.89 | 0.9898 | 0.08993 | 236.26 | 257.84 | 0.9721
20 | 0.11394 | 24499 | 267.78 | 1.0206 | 0.09399 | 244.30 | 266.85 | 1.0034
30 | 0.11856 | 253.06 | 276.77 | 1.0508 | 0.09794 | 252.45 | 27595 | 1.0339
40 | 0.12311 | 261.26 | 285.88 | 1.0804 | 0.10181 | 260.72 | 285.16 | 1.0637
50 | 0.12758 | 269.61 | 295.12 | 1.1094 | 0.10562 | 269.12 | 294.47 | 1.0930
60 | 0.13201 | 278.10 | 304.50 | 1.1380 | 0.10937 | 277.67 | 30391 | 1.1218
70 | 0.13639 | 286.74 | 314.02 | 1.1661 | 0.11307 | 286.35 | 313.49 | 1.1501
80 | 0.14073 | 295.53 | 323.68 | 1.1939 | 0.11674 | 295.18 | 323.19 | 1.1780
90 | 0.14504 | 304.47 | 33348 | 1.2212 | 0.12037 | 304.15 | 333.04'| 1.2055
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Toble A-18  (Continued)

T u_'th]s v‘ul\h's

2.8 bars (028 MPa) (T = ~1.23°C) | 3.2 bars (0.32 MPa) (T, = 2.48°C) -

Sat. | 0.07193 | 226.38 | 24652 | 0.9197 | 0.06322 | 22843 | 248.66 | 0.9177
0 | 0.07240 | 22737 | 247.64 | 0.9238 ‘
10 | 007613 | 23544 | 256.76 | 0.9566 | 0.06576 | 234.61 | 255.65 | 0.9427
20 | 0.07972 | 24359 | 26591 | 0.9883 | 0.06901 | 242.87 | 264.95 | 0.9749
30 | 0.08320 | 251.83 | 275.12 | L0192 | 007214 | 251.19 | 274.28 | 1.0062
40 | 0.08660 | 260.17 | 284.42 | 1.0494 | 0.07518 | 259.61 | 283.67 | 1.0367
50 | 0.08992 | 268.64 | 293.81 | 1.0789 | 0.07815 | 268.14 | 293.15 | 1.0665
60 | 0.09319 | 277.23 | 30332 | 1.1079 | 0.08106 | 276.79 | 30272 | 1.0957
70 | 0.09641 | 285.96 | 312.95 | 1.1364 | 0.08392 | 28556 | 312.41 | 1.1243
80 | 0.09960 | 294.82 | 32271 | 1.1644 | 0.08674 | 294.46 | 32222 | 1.1525
90 | 010275 | 303.83 | 33260 | 1.1920 | 0.08053 | 303.50 | 332.15 | 11802
100 | 0:10587 | 312.98 | 342.62 | 12193 | 0.09220 | 312.68 | 34221 | 12076

= 893C) | 5.0 bars (0.50 MPa) (T, = 15.74°C)

i

4.0 bars (0.40 MPa) (T,

Sat. | -0.05089 | 231.97 | 25232 | 0.9145 | 0.04086 | 235.64 | 256.07 | 0.9117
10 | 0.05119 | 232.87 | 25335 | 0.9182
20 ] 0.05397 | 241.37 | 262,96 | 0.9515 | 0.04188 | 239.40 | 26034 | 0.9264
30 | 0.05662 | 249.89 | 272.54 | 0.9837 | 0.04416 | 24820 | 270.28 | 0.9597
40 | 0.05017 | 258.47 | 282.14 | 1.0148 | 0.04633. | 256.90 | 280.16 | 0.9918
50 | 0.06164 | 267.13 | 291,79 | 1.0452 | 0.04842 | 265.83 | 290.04 | 1.0229
60 | 0.06405 | 275.89 | 301.51 | L0748 | 0.05043 | 274.73 | 299.95 | 1.0531
70 § 0.06641 | 284.75 | 31132 | 1038 | 0.05240 | 283.72 | 309.92 | 1.0825
80 1 0.06873 | 293.73 | 321.23 | 11322 | 0.05432 | 252.80 | 319.06 | 1.1114
90 | 0.07102 | 302.84 | 331.25 | 11602 ; 0.05620 | 302.00 | 330.10 | 1.1397

100 j 0.07327 | 312,07 | 341,38 | {1878 § 0.05805 | 311.31 | 34033 | 1.1675

110 | 0.07550 | 32144 | 351.64 | L2149 | 0.65988 | 320.74 | 350.68 | 1.1949

6.0 bars (0.64 MPa) (7., = LL8&C) 7.0 bars (0.70 WMiPa) (Ty = 26.72°C)

3
M
=

Sat. | 0.03408 | 238.74 09097 | 0.02918 | 24142 | 261.85 | 0.9080
30 § 0.03581 | 2464l 0.9388 : 6.02979 | 24451 | 265.37 | 09197
40 § 0.03774 | 25545 09719 | 0.03157 | 25383 | 27593 | 0.9539
50 1 0.03958 | 264.48 10037 1 003224 | 263.08 | 286.35 | 0.9867
60 § 0.04134 | 273.54 83! 1.0346 | 0.03482 | 27231 | 296.69 | 1.0182
70 | 0.04304 | 282.66 | 30848 | 1.0645 | 0.03634 | 281.57 | 307.01 | 1.0487
80 | 0.04469 | 291.86 | 31K.67 | 1.0938 | 0.03781 | 290.88 | 317.35 | 1.0784
90 | 0.04631 | 301.14 | 32893 | 1.1225 | 0.03924 | 300.27 | 327.74 1.1074

100 |-0.04790 | 310.53 | 339.27 | 11505 { 0.04064 | 309.74 | 338.19 | 1.1358

110 [ 0.04946 | 320,03 | 349,70 | [.1781 { 0.04201 | 319.31 | 348.71 | 1.1637

120 | 0.05099 | 329.64 | 360.24 | 1.2053 | 0.04335 | 328.98.| 359.33 | 1.1910

130 | 0.05251 | 339.93 | 37088 | 1.2320 | 0.04468 | 338.76 | 370.04 | 1.2179
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Fauble A-18 (Continued)

T v.l'u ]hJ 5 v l u.] h" 5
8.0 bars (0.80 MPa) (T, = 3L33°C) | 9.0 bars (0.90 MPa) (T, = 35.53°C)
Sat. | 0:02547 | 24378 | 264.15 | 0.9066 | 0.02255 | 245.88 | 266.18 | 0.9054
40 | 002691 | 252.13 | 273.66 | 0.9374 | 0.02325 | 25032 | 27125 | 0.9217
50 | 0.02846 | 261.62 | 28430 | 0.9711 | 0.02472 | 26009 | 282.34 | 0.9566
60 | 002992 | 271.04 | 294.98 | 1.0034 | 0.02609 | 269.72 | 29321 | 0.9897
70 | 0.03131 | 280.45 | 305.50 | 1.0345 { 0.02738 | 279.30 | 30394 | 10214
80 | 0.03264 | 289.89 | 316.00 | 1.0647 | 0.02861 | 288.87 | 314.62 | 1.0521
50 | 003393 | 209.37 | 32652 | 1.0040 | 0.02980 | 298.46 | 325.28 1.0819
100 §0:03519 | 308.93 | 337.08 | 1.1227 | 0.03095 | 308.11 | 33596 | 1.1109
110 | 0.03642 | 318.57 | 347.71 | 11508 | 0.03207 | 317.82 | 346.68 | 11392
120 | 003762 | 32831 | 35840 | 1.1784 | 003316 | 327.62 | 357.47 | 1.1670
130 [ 0.03881 | 338.14 | 360.19 | 12055 | 003423 | 337.52 | 36833 | 1.1943
140 | 003997 | 348.09 | 380.07 | 1.2321 | 003529 | 347551 | 37927 12211
10.0 bars (1.00 MPa) (T, = 39.39°C) | 1 g
Sat. | 0.02020 | 247.77 | 267.97 | 0.9043 | 0.01663 | 251.03 | 270.99 | 0.9023
40 [ 0.02029 | 24839 | 268.68 | 0.9066

ot

2.

[~

bars (1,20 MPz) (T, = 46.32°C)

50 | 0.02171 | 258.48 | 280.19 | 0.9428' | 0.01712 | 254.98 | 27552 | 0.9164
60 [ 0.02301 | 268.35 |- 291.36 | 0.9768 | 0.01835 | 265.42 | 287.44 | 0.9527
70 1 0.02423 | 278.11 | 302.34 | 1.0092 | 0.01947 | 275.5% | 298.96 | 0.9868
80 | 0.02538 | 287:82 | 313.20 1.0405} 0.02051 | 285.62 | 310.24 | 1.0192
50 1 0.02645 | 297.53 | 324.01 | 1.0707 | 0.02150 | 29559 | 321.39 | 1.0503
100 | 0.02755 | 307.27 | 334.82 | 1.1000 | 0.02244 | 305.54 | 332.47 | 1.0804
110 | 0.02858 | 317.06 | 345.65 | 1.1286 | 0.02335 | 315.50 43.52 | 1.1096
120} 0.02959 | 326.93 | 356.52 | 1.1567 ] 0.02423 | 325.51 | 354.58 | 1.1381
130 | 0.03058 | 336.88 | 367.46. ] 1.1841 | 0.02508 | 335.58 | 365.68 | 1.1660

140 | 0.03134 | 346.92 | 378.46 | 12111 | 0.02592 | 345.73 | 376.83 | 1.1933
14.0 bars (1.46 MPa) (T, = 5243°C) | 16.0 bars {1.66 MPa) (T = 57.92°C)
Sat. | 0.01405 | 253.74 | 273.40 | 0.9003 | 0.01208 | 2356.00 | 275.33 | (.8982
60 | 0.01495 | 262.17 | 283.10 | 0.9297 | 0.01233 | 25848 | 27820 | 0.9069
0.01603 | 272.27 | 29531 | 0.9658 | 0.01340 | 269.89 29133 | 0.9457
3
3

o)

]
C.0i701 | 283.29 07.10 | 09997 | 0.01435 | 280.78 | 303.74 | 0.9813
0 1 0.01792 | 293.; 18.63 | 1.0319 § 0.01521 | 291.39 | 31572 | 1.0148
100 ; 0.01878 | 303.73 | 330.02 | 1.0628 | 0.01601 | 30i.24 | 327.46 | 1.0467
110 | 0.01960 | 313.88 | 341.32 | 1.0927 | 0.01677 | 31220 | 33904 | 1.0773
120 | 0.02039 | 324.05 | 352.59 | 1.1218 | 0.01750 | 322.53 | 350.53 | 1.1069
130 | 0.02115 | 334.25 | 363.86 | 1.1501 | 0.01820 | 332.87 | 361.99 | 1.1357
140 | 0.02189 | 344.50 | 375.15 | 1.1777 | 0.01887 | 34324 | 373.44 | 1.1638
150 | 0.02262 | 354.82 | 386.49 { 1.2048 | 0.01953 | 353.66 | 384.91 | 1.1912
160 | 0.02333 | 365.22 | 397.89 - 1.2315 | 0.02017 | 364.15 | 369.43 1.2181

1
i

NDOGo =)
<

w

SOURCE: Produced from a computer program provided by R. S. Basu. Allied Signal Corporation. Literature
Saurce: D. P. Wilson and R. S. Basu. “Thermodynamic Properties of a New Stratospherically Safe Working
Fluid—Refrigerant-134a,” ASHRAE Trans., 94 (Pt. 2): 2095-2118, 1988.
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Figure A-25 Psychrometric chart, metric units, barometric pressure 1,01 bars
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