THE OPEN UNIVERSITY.OF SRI LANKA
FACULTY OF ENGINEERING TECHNOLOGY
DIPLOMA IN TECHNOLOGY - LEVEL 4
FINAL EXAMINATION 2008/2009

MEX 4239 - REFRIGERATION & AIR CONDITIONING I "
DATE : 30""MARCH2009 - | - 005
TIME . : 0930 HRS, - 1230 HRS. : -
DURATION : 3HOURS

ANSWER ANY FIVE QUESTIONS. ALL QUESTIONS CARRY EQUAL MARKS.

1. Define the following giﬁng their units of measurement.
i One Ton of Refngeratmn
ii. Coefficient of performance of a heat pump

. Specific heat capacity of a gas
iv. Enthalpy
v. Entropy

2. (a)  Explain how the actual refrigeration cycle differs from the ideal refrigeration
cycle in a vapour compression system.

(b) A refrigerator using R 134a as a refrigerant operates on an ideal vapour
compression cycle between -20° C at the evaporator and 9.0 bars pressure at
the condenser. If the mass flow rate of reﬁ‘igerant 1s 0.06 kg/sec, determine:

1 Rate of heat removal from refrigerated space and power input to the
COmpIessor. o .

(i)  Heat rejection rate to the environment.
(1if) Coefﬁvcient of ‘performance of refrigerator. _
3. (a) ~ Explain “Relative Humidity” (RH)
HoNv is RH measured in a Laboratoxy.

What are the functions of air conditioning systems. Explam

(b)  Air enters a window type air condmoner at 1 atm pressure, 30°C and relative
humidity of 80% at the rate of 10 m*/miniite. Airleaves the air conditioner and
enters the room at 14°C. Part of moisture is removed at 14°C. Determine the
rate of heat and moisture removal from air.

4. Explain the folldv"'viﬁg', -

i A simple® device to keep ditr drmkmg water few degrecs lower than the
ambient temperature. ’
ii. How can we maintain our llvmg rooms at'a comfortablé temperature without

using high energy consummg machmes such as air conditioners.

Page 1 of 2-



gy
ey

gy

Toepl

’:ii‘i" .

" Compare and contrast the followmg» :

®
(i)

(iii)
W)

Evaporanve cooling systems sultable for a home in the Dry Zone. W111 thlS'
work in the wet zone. If not Why A

Window type air conditioner and split type air conditioner.

R12 (CCL,F;) and R134a (CF;CHoF) as refrigerants..

- Mechanical seal and Lip seal as shaft sealing mechanisms.

Vapour compression refrigerator and vapour absorption refrigerator.

Following symptoms (defects) were observed in refrigeration -and air conditioning
systems. Diagnose the possﬂ)le causes starting from very simple ones and suggest a

method to rectify,

@ Formation of ice on the filter scréen of a window A/C unit.

(i) . Excessive formation of ice in the deep freeze compartment of a refrigerator.

(iii) Compressor unit running continuously.

- (iv) ‘Formation of ice at the eﬁtry to pipe to the evaporato'r.:

W) Excessive collection of water in the cabin in a self défrosting refrigerator.

(vi)  Inadequate cooling in the refrigerator.

(i)  Prepare a list of important tools and measuring equlpment that should be
available in an air conditioning workshop.

(i)  Explain how a refrigerant is recovered into a cylmder to avoid it bemg
released to environment.

(iii) - Explam the procedure in detall in chargmg a refrigerant into an automobile air
conditioner.

(a) . Write an account on various kinds of réfn'gerants used over the years and
reasons for changing them from time to time.

(b) | Explam “Global Warmmg What are ws1ble symptoms that we can
experience today caused as a result of global warming.. :

(c) . What are the-.decisions taken by the “Montreal .Protocol” to combat
env1ronmental damage? .

(@)  Briefly state the services rendered by the “National Ozone Unit”
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56 _ : ‘ THERMODYNAMICS

Table A-16  Properties of saturated refrigerant 134a (CE4H,): Temperature table
(v, m*/kg; u, ki/kg; h, ki/kg; s, ki/kgK)

Specific Volume Intemal'Energy © . Enthalpy - .. Entropy -

Temp., Press, | Sat Sat. .| Sat Sat. | Sat. |, | Sat. | Sat. [ Sat - -
" '°C - | 'bars | Liquid | Vapor | Liquid | Vapor | Liquid | Evap. | Vaper | Liquid | Vapor
T e AP» ) up. X 10° Vg ' RE T Mg hf B hfs ) h‘ o P - 8f o S;, o

. —40° | 05164 | 0.7055 | 0.3569 | —0.04 | 20445 | - '0.00 | 222.88 |-222.88 :| 0.0000 | 0.9560
—36 | 06332 | 07113 |0.2947 4.68 | 20673 | 473 | 220,67 | 22540 | 0.0201 | 09506
-32 | 07704 | 07172 | 0.2451 | 9.47.| 209.01 | . 952 | 21837 | 227.90 | 0.0401 | 0.9456
—28 -{-09305'| 07233 |.02052 | 1431 | 21129 | 1437 | 216.01 | 230.38 | 0.0600 | 0.9411
“-26 -| 1.0199 | 07265 | 0.1882 | 1675 |.212.43 | 16.82 | 214:80 | 231.62°| 0.0699 | 0.9390 '
~24 ] 1.1160.{ -0.7296 | 0.1728 | "19.21 | 21357 | . 19.29 | 213.57-| 232.85 | 0.0798 | 0.9370
-22 -} 12192 | 07328~ | 0.1590 | -21.68 | 21470 | 21.77 | 212.32 | 234.08 | 0.0897 | 0.9351
-20 | 13299 | 07361 | 0.1464 | 24.17 | 215.84 | 24.26.| 211.05 | 23531 | -0.0996 | 0.9332
—18 |'14483 | 07395 | 0.1350 | '26.67 | 21697 | 2677 | 209.76 | 23653 |.0.1094 | 09315
-16. |- 1.5748 | 07428 "|. 0.1247 | 29.18 | 218.10 | 29.30 ~208.45 23774 | 0.1192 " | 0.9298."
J—12 | 18540 | 07498 . | 0.1068 | 34.25.- 22036 | *34.39 | 205.77 | 240.15| 0.1388 | 09267
© -8 | 21704 | 07569 | 0.0919 | 39.38 | 222.60 | "39.54 | 203.00 | 242.54| 0.1583.| 0.9239
=4 |:2:5274 | 107644 | 0.0794 |- 44.56 | 224.84 | 4475 | 200.15 | 24490 | 01777 | 09213 ..
S0 | 29282 | ‘07721 | 0.0689 |“49.79 | 227.06- | :50.02 | 197.21"| 247.23 | 0.1970 | 09190 .
4 7| 33765 | 07801 | 0.0600 | '55.08.| 229:27 | -5535 | 194.19 [ 249.53:| 02162 | 09169
87| 3.8756 | 07884 - | 0.0525 | 6043 | 23146 | 60.73 191.07 | 251.80 ._0;23'54"'09150-"‘
12 {44294 | 07971 | 0.0460 | '65.83.| 233.63 | 66.18 | 187.85 | 254.03 [T0.2545 | 09132 .
1167 -5.0416° | 0.8062 .| 00405 | -71.29 | 235.78|. 7169 | 18452 | 256.22 3| '0.2735 || 09116
720 57160 | 0.8157|°0.0358 | 76.80 | 237.91.|" 77:26 '| 18109 258361 0.2924 .1 09102 "
24 | 64366 | 08257 .| 0.0317.| 8237 124001 | 82.90. 17155 | 260.45° 03113 |-0.9089' -
" 2668530 | 0.8300 | 0.0298 | " 85.18 | 24105 8575"| 175.73.| 261.48 | 03208 ;| 0.9082 .
28| 72675 | 0.8362 | 0.0281 { 8800 | 242.08 | - 88.61 | 173.89 | 262.50 | 03302 | 0.9076.
30 .| 7.7006 | 0.8417 | 00265 | 90.84 | 243.10 | 9149 | 172.00 | 263:50°|~0.3396 | 0.9070
320 |'8.1528 |" 08473 | 00250 | " 9370 | 244.12 |- 94.39 | 170.09 | 264.48 | 0.3490 1 09064 -
34| R.6247 | 08530 | 00236 | 9658 | 245.12°| ~97.31¢| 168.14 | 26545 | 0.3584 09058 . .
.36 71 9.1168 | '0.859,0 100223 | 9947 | 246.11 .| 10025 | 166.15 | 266.40- 03678 | 09053
- 38, | 9.6298 | 08651 | 0.0210 | 10238 | 247.09 | 10321 | 164.12["267.33 | 03772 | 0.9047 -
. 40 | 10.164 | 0.8714 .| 0.0199 | 105.30 | 248.06 '| .106.19 .| 162.05 |.268.24 | 0.3866 | 0.9041 -
-’42 ©} 10720 | 0.8780 -} 0.0188 |- 108.25 | 249.02 | 109.19 | 159.04|..:269.14 | 0.3960 | 0.9035 . -
44 .| 11299 | 08847 | 00177 ) 11122-| 249.96| 11222 | 157.79'.| 270.01 | 0.4054 | 0.9030. .
48 ,‘12526' i 08989- | 0.0159 | 11722 | 25179 | 11835 | 153.33 | 271.68 | 04243 | ‘09017 -
.52 | 13.851 | 09142 - |-0.0142 | 12331 | 253.55 | 124.58 | 14866 | 273.24 | 0:4432 | 0.9004 -
56 .01 15.278 | -0:9308 “| 0.0127 | 129.51 | 255.23 ( 13093 | 143.75- 274.68 | 0.4622 | 0:8990.
.60 | 16.813 | 09488 | 0.0114-| 13582 | 256.81 . 137.42 | 138.57 | 275.99 | :04814- | 0.8973
70 |-31162- | 110027 | 00086 | 15222 | 260.15 | 15434 | 124.08'| 27843 | 0.5302| 0.8918
.80 }:26324.] . 1.0766 " | 0.0064 |. 169.88 .|-262.14 | -172.71 |- 10641 | 279.12 | 0.5814" | 0.8827 .
90 | 32435 | .1.1949 " | 0.0046 | 189.82 | 261.34 | 193.69. | . 82.63 | 27632 | 0.6380 | 0.8655
~100 } .‘39.742'{,'1'5443;-, '0.0027 |- 218.60 24849 '224‘.74 _'34.40‘- 259.13. 0.719‘6--‘0.8111‘..

SOURCE: Produced from a computer program provlded by R. 5. Basu, Allied Signal Corporation. Literature Sourr:e D. P. Wilsen and

R. §..Basy, “Thermodynamic Properties of ‘a New Stratospherically Safe Working Fluid-Relrigerant-134a,” ASHRAE Trans., 94 [PL.2):
2095-2118,1988,



APPENDIX A1 ®  SUPPLEMENTARY TABLES AND Ficures (ST UNITS) 1057
Table A-17  Properties of saturated refrigerant 134a (CF,H,): Pressure table
(v, m3/kgs u, ki/kg; b, ki/kg; s, ki/kg-K) ' ‘
B ‘Specific Volume | " Internal Energy- (-° * Enthalpy - Entropy .
Prews., | Temp, | Sat. | Sat. | Sat | Sat. | Sat Sat. | Sat. | ‘Sat .
burs “C Liquid Vapor | Liquid | Vapor .| Liquid | Evap. {: Vapor. | Lignid | Vapor
ro T. X103 | Lwe | w1 w B 1 hg | By s 5
06 | ~37.07 | 07097 | 031007 | = 341} 206.12 | . 346 | 22127 | 22472 | 0.0147 | 09520
0K | ~3120 | 07184 1| 02366 | 1041 | 20946 | 10.47 | 217.92 | 22839 | 0.0440.| 09447
0 o] =2643 | 07258 | 01917 | 1622 | 21218 | 16.29 | 21506 | 23135 | 0.0678 | 09395
M2 ] ~2236 | 07323 | 01614 | 2123 | 21450 | 2132 | 21254 | 233.86 | 0.0879 | 09354
147, | <1880 | 07381 | 01395 || 2566 |-21652 | 2577 |21027 | 23604 | 01055 | 09322
6| 1562 | 07435 | 01229 | 2066 | 21832 | 2978 | 20819 | 237.97 | 01211 | 09295
3| 07485 | 01098 | 3331 | 21994 | 3345 | 20626 | 23971 | 0.1352 | 0.9273
07532 | 0.0993 | 3669 | 22143 | 36.84 | 20446 | 24130 |.0.1481 .| 09253
" 07618 {00834 | 4277 | 22407 | 4295 | 20114 | 244.09.| 01710 | 09222
07697 | 00719 | 4818 |'92638 | 4839 |.198.13 | 24652 | 0.1911 | 09197 -
07770 | 00632 | 5306 | 22843 | §331 | 19535 | 248.66 | 02089 | 09177 -
07839 | 0.0564 | S7.54 | 230.28 | 57.82 | 19276 | 250.58 | 02251 | 091660
07904 | 00509 | 6169 | 231.97 | “6200 | 1903225232 | 02399 | 09145
| 0.8056 | 00409 | 7093 | 23564 | 7133 | 18474 | 25607 | 02723 | 09117
038196 | 00341 | 7899 | 23874 | 7948 | 17971 | '259.19 | 0.2999 | 09097 -
“0.8328 | 00202 { 8619 | 24142 | 8678 | 17507 | 26185 .| 03242 | 09080
| 08454 | 00255 | 9275 | 24378 | ‘9342 | 17073 | 26415 | 03459 '|:.0.9066
08576 | 00226 | 9879 | 24588 | 99.56 | 166.62 | 266.18 03656 | 0.9054
08695 | 00202 | 10442 | 24777 | 10529 | 162.68 | 267.97 | 03838 | 09043 °
0.8928:. | 00166 | 114.69 | 251.03 | 11576 | 15523 | 270.99. | 04164 | 09023 -
109159, 7| 00140 | 12398 | 35374 | 12526 | 148.14 | 27340.| 04453 | 09003 -
09392 |00121 | 132.52 | 25600 | -134.02 | 14131 | 27533:| 04714 | 08982 .
09631 |-0.0105 | 14049 | 257.88 | 14222 | 134.60 | 276.83 | 04954 | 0.8959.:
09878 | 0.0093 | 148.02. | 25941 | 14999 | 127.95 | 277.94 | 0.5178 | 08934 -
10562 | 00069 | 16548 | 261.84 | 168.12 | 11106 | 279.17-| 0.5687 | :0.8854
11416 | 0.0053 | 181.8% | 262.16'| 18530 | 9271 | 27801 | 06156 | 08735

SOURCE,'PI oduced from a computer program provided by R:.S: Basu, Allied Signal Corpuration. Literature Source: D. P. Wilson ond R, $. Basy,
“Thermadynumic Properties of a New Stratospherically Safe Working Fluid—Relrigerant134a,” ASHRAE Trains., 94 (Pt. 2): 2095-2118, 1988,



—Tabio A=18——Properiies of suporhoated refrigerant 134a (CF.Hy)

(T, °C; v, m3/kg; u, ki/kg; h; Id)kg; s, kl/kg-K)

T vl"u]h_ls vlulAhl-le
" |-0.6 bar (0.060 MPa) (T, = —37.07°C) | 1.0 bar (0.10 MPa) (T, = ~26.43°C)
Sat. | 0.31003 | 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
=10 | 034992 | 224.97 | 245.96 | 1.0371 | 0.20686 | 224.01 |, 244.70 | 0.9918
0| 0.364337| 232.24 | 254.10 | 1.0675 | 021587 | 231.41 | 25299 | 1.0227
10 | 0.37861 | 239.69 | 262.41 | 1.0973 | 0.22473 | 238.96 | 261.43 | 1.0531
20.] 039279 | 247.32 | 270.89 | 1.1267 | 0.23349 | 246.67 | 270.02 | 1.0829
30 |- 0.40688 | 255.12 | 279.53 | 1.1557.| 0.24216 | 254.54 | 278.76 | 1.1122
40 | 0.42091°| 263.10 | 28835 | 1.1844 | 0.25076 | 262.58 | 287.66 | 1.1411
50 | 043487 | 271.25 | 297.34 | 1.2126 | 0.25930.| 270.79 | 296.72 | 1.1696
60 | 0.44879 | 279.58 | 306.51 | 1.2405 | 0.26779 | 279.16 | 30594 | 1.1977
70 | 046266 | 288.08 | 315.84 | 1.2681 | 0.27623 | 287.70 | 31532 | 12254
80 | 047650 | 29675 | 32534 | 1.2954 | 0.28464 | 296.40 | 324.87 | 12528
190 |-0.49031 | 30558 | 335.00 | 13224 | 020302 | 305.27 | 33457 | 1.2799
| L4 bars(0.14 MPa) (Tu = —18.80°C) | 1.8 bars (0.18 MPa) (T, = —12.73°C)
" Sat. | 0.13045 | 21652 | 23604 |-0.9322 | 0.10983 | 219.94 | 239.71 | 0.9273
~10 | 014549 | 223.03 | 243.40°| 09606 | 0.11135 | 222,02 | 242.06 | 0.9362
.0 | 015219 | 230.55 | 251.86 | 0.9922 | 0.11678 | 229.67 | 250.69 | 0.9684
-1,0  0.15875 | 238.21 | 260.43 {.1.0230 0.12207 | 23744 | 259.41 | 0.9998
20| 0.16520 | 246.01 | 269.13 | 1.0532 | 0.12723 | 24533 | 268.23 | 1.0304
30 | 0.17155 | 253.96 | 277.97 | 1.0828 | 0.13230 | 25336 | 277.17 | 1.0604
" 40 | 017783 | 262.06 | 28696 | 1.1120-| 0.13730 | 26153 | 286.24 | 1:0898 -
50 | 0.18404 | 27032 | 296.09 | 1.1407 | 0:14222 | 269.85 | 29545 | 111187
" 60 | 0:19020 | 278.74 | 30537 | 1.1690 | 0.14710 | 278.31 | 304,79} 11472
70| 0.19633 | 287.32 | 3[4.80 | 11969, | 0.15193 | 28693 | 31428 | 1.1753 .
80 | 020241 | 296.06 | 32439 | 12244 | 0.15672:| 29571 | 323.92 | 12030
90" | 0.20846 |- 304.95 | 334.14:| 1.2516 | 0.16148 | 30463 | 333.70 | 12303 .
*. | 2.0'vars (0.20 MPa) (To =10.09°C) | 2.4 bars (0.24 MPa) (T, = —537°C)
| sat”| 0.09933 | 221.43 | 24130 | 0.9253 | 0.08343 | 224.07 | 244.09 | 09222
©~10 { 009938 | 22150 | 24138 }09256. | - |- . | o
© 70| 010438 | 229123 | 250.10.| 0.9582 [ 0.08574 | 22831 | 248.89 | 0.9399 "
* 10 | 010922 | 237.05 | 258.89 | 0.9898 | 0.08993 | 23626 | 257.84 | 0.9721 -
©20-] 011304 | 244.99 | 267.78 | 1:0206 | 0.09399 ‘| 244.30° | 266.85°| 1.0034
" 30| 0.11856 | 253.06 | 276.77°| 1.0508 | 0.09794"| 25245 | 27595 | 1.0339
.40 | 012311 | 26126 | 28588 | 1.0804 | 0.10181 | 260.72 | 285.16 | 1.0637 -
750 | 0.12758 | 269.61 | 29512 | 1.1094 | 0.10562 | 269.12 |.29447 | 1.0930
760 | 013201 | 278.10 | 304.50 | 1.1380 | 0.10937.| 277.67 | 30391 | 11218 ..
70 | 0.13639 | 286.74 | 314.02 | 1.1661 | 0.11307 | 28635 | 313.49 | 11501
80' |- 014073 | 295.53 | 323.68'| 11939 | 0.11674 | 295.18 | 323.19 | 11780
90 | 0.14504 |. 304.47 | 333.48 | 1.2212 | 0.12037 | 304.15 | 333.04 | 1.2055




Table A-18 (Conﬁnuedr_

] v [« ] & [ s v |« | & | s

' 2.8 bars (0.28 MPa) (Ty, = —1.23°Cy |- 3.2 bars (0.32 MPa) (T,,, = 2.48°C)

Sat. | 0.07193 | 22638 | 246.52 | 0.9197 | 006322 | 228.43 | 248.66 | 0.9177
0 | 007240 | 22737 | 247.64 | 09238 ' ' _ ,
10 | 007613 | 23544 | 256.76 | 09566 | 0.06576 | 234.61 | 255.65 | 0.9427
20 | 0.07972 | 24359 | 26591 | 09883 | 0.06901 | 242.87 | 264.95 | 0.9749
30 | 0.08320 | 251.83 | 275.12°| 1.0192 | 0.07214 | 251.19 | 274.28 | 1.0062
40 | 0.08660 | 260.17 | 28442 | 1.0494 | 0.07518 | 259.61 | 283.67 | 1.0367
50 | 0.08992 | 268.64 | 293.81 | 10789 | 0.07815 |'268.14 | 293.15 |  1.0665
60 | 0.09319 | 277.23 | 30332 | 11079 | 0.08106 | 276.79 | 30272 | 1.0957
70 | 0.09641 | 285.96 | 312.95 | L1364 | 0.08392 | 28556 | 31241 | 1.1243
80 | 0.09960 | 294.82 | 322.71 | 1.1644 -} 0.08674 | 29446 | 32222 | 1.1525
90 | 0.10275 | 303.83 | 332.60 | L1920 | 0.08953 | 303.50 | 332.15 | 1.1802
7100 | 0.10587 | 312.98 | 342.62 | .1.2193 | 0.09229 | 312.68 | ‘34221 | 1.2076

4.0 bars (0.40 MPa) (T, = 8.93°C) | 5.0 bars (O.SQ MPa) (T, = 15.74°C)

Sat.-|. 0.05089-| 231.97 | 25232 | 0.9145 | 0.04086 | 235.64 |'256.07 | 0.9117
10 | 005119 | 232.87 | 253.35 | 0.9182 I D
20 | 005397 | 24137 | 26296 | 09515 | 004188 | 23040 | 260:34°| 0.9264 -
30 | 0.05662 | 249.89 | 272.54 | 0.9837 | 0.04416 | 24820 | 27028 0.9597
40 |'0.05917 | 25847 | 282.14 | L0148 | 0.04633 | 256.99 |.280.16 | 0.9918
50 | 0.06164 | 267.13 | 29179 | 1.0452 | 0.04842 | 265.83 | 290.04 | 10229
60 | 0.06405 | 275.89 | 30151 | 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 | 0.06873 | 29373 | 321,23 1322 | 0.05432 | 292.80 | 319.96 | 1.1114
90-1 007102 | 302.84 | 331,25 | 11602 | 0.05620 | 302.00 | 330.10 | 1.1397
100 | 0.07327 | 312.07° | 34136 | 1.1878 | 0.05805 | 31131 | 34033 | 1.1675
110 | 0.07550 | 321.44 | 351,64 [:1.2149 | 0.05988 | 32074 |.350.68 | 1.1949 -

6.0 bars (0.60 MPa) (T = 21.58°C) | 7.0 bars (0.70 MPa) (T, = 26.72°C)

Sat. | 0.03408 | 238.74. 259,19 1 0.9097 0.02918 | 241.42 | 261.85 | 0.9080
30 | 0.03581 | 246.41 | 267.89° | (.9388 | 002979 | 244.51°| 26537 | 09197
40 | 003774 | 25545 | 27809 | 09719 | 0.03157 | 25383 | 27593 | 09539
50 |-0.03958 | 264.48 | 288.23 |.1.0037 |-0.03324 | 263.08 | 28635 | 0.9867
60 | 0.04134 | 273.54 | 29835 | 1.0346 | 0.03482 | 27231 | 296.69 | 1.0182
70 | 0.04304 | 282.66 | 30848 | 1.0645 | 003634 | 281.57 | 307.01 | 1.0487
80 | 0.04469 | 291.86 | 318,67 | 1.0938 | 0.03781 | 200,88 | 317.35 | 1.0784
90 | 0.04631 | 301.14 | 32893 | 11225 | 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 | 32003 | 34970 | 11781 | 0.04201 | 31931 | 348.71 | 1.1637
120 | 0.05099 | 329.64.| 300,24 | 12053 1 0.04335 | 32898 | 359.33 | 11910
130 | 0.05251 | 339.93 | 37088 | 12320 | 0.04468 | 338.76 | 370.04'| 1.2179

1059



Table A-18 (Continued)

T v I " !h I 5 vAl u 1h‘s
8.0 bars (0.80 MPa) (Tsxc = 31.33°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 | 0.02691 | 252.13 | 273.66 | 0.9374 | 0.02325 | 25032 | 27125 | 0.9217
50 | 0.02846 | 261.62 | 284.39 | 0.9711 | 0.02472 | 260.09 | 282.34 | 09566
60 | 0.02992 | 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 | 303.94 | 10214
80. | 0.03264 | 289.89 | 316.00 | 1.0647 | 0.02861 | 288.87 | 314.62 | 1.0521 -
90 | 0.03393 | 299.37 | 326.52 | 1.0940 | 0.02980 | 298.46 | 32528 | 1.0819
100 | 0.03519 | 308.93 | 337.08 | 1.1227 | 0.03095 | 308.11 | 335.96 | 1.1109
110 | 003642 | 318.57 | 347.71 | 1.1508 | 0.03207 | 317.82 | 346.68 | 1.1392
120°| 0.03762 | 32831 | 358.40 | 1.1784 | 0.03316 | 327.62 | 35747 | 1.1670
130 | 0.03881 | 338.14 | 369.19 | 1.2055 | 0.03423 | 337.52 | 368.33 | '1.1943
140 | 0.03997 | .348.09 | 380.07 | 1.2321 | 0.03529 | 347.51 | 379227 | 1.2211
- - | 10.0 bars (1.00 MPa) (T, = 39.39°C) | 12.0 bars (1.20 MPa) (Ts:i = 46.32°C)
© Sat | 0.02020 [-247.77 | 267.97 | 0.9643 | 0.01663 | 251,03 | 270.99 | 0.9023
" 40| 0.02020 | 248.39 | 268.68 | 0.9066 - I
50 | 002171 | 258.48 | 280.19 | 0.9428 | 0.01712 | 254.98 | 275.52 | 0.9164
| 60.{ 002301 | 268.35 | 291.36 | 0.9768 | 0.01835 | 265.42 | 287.44 | 0.9527.
70 | 002423 | 278.11 | 302.34 |.1.0093 | 0.01947 | 275.59"| 298.96 | 0.9868 .
80 | 0.02538 | 287.82 | 313.20 | 1.0405 | 0.02051 | 285.62 | 310.24 | 1:0192
90 | 0.02649 | 297.53 | 324.01 | 1.0707 | 0.02150 | 295.59 | 321.39:| 1.0503 .-
. 100 | 0.02755 | 307.27 | 334.82 | 1.1000 | 0.02244.| 305.54 | 33247 | 1.0804
110 | 002858 | 317.06 | 345.65 | 1.1286 | 0.02335 | 315.50 | 343.52 | 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 | 11660
140 | 003154 | 346.92 | 37846 | 1.2111 | 0.02592 | 345.73 | 376,83 | 1.1933
.| 14.0 bars(1.40 MPa) (To = 52.43°C) | 16.0 bars (1.60 MPa) (T, = 57.92:C)
‘sat. | 0.01405.| 253.74 | 273.40 | 0.9003 | 0.01208 | 256.00 | 275.33"| 0:8982
60 | 0.01495 | 262.17 | 283.10 .| 09297 | 0.01233 | 258.48 | 27820 | 0.9069
70 170.01603 | 272.87 | 295.31 |-0.9658 | 0.01340 | 269.89 | 29133 | 0.9457
© 80 | 0.01701 | 28329 | 307.10° | 0.9997 | 0.01435 | 280.78 | 303.74 | 0.9813
90 | 001792 | 29355 | 318.63 | 1.0319 | 0.01521 | 20139 |.315.72 | 1.0148
100 | 0.01878 | 30373 | 330.02 | 1.0628 | 0.01601 | 301.84 | 327.46 | 1.0467
110 | 001960 | 313.88 | 34132 | 1.0927 | 0.01677 |-312.20 | 339.04 | 10773
120, 0.02039 | 324.05 | 352.59 | 1.1218 | 0.01750 | 322.53 | 350.53 |-1.1069
130 | 002115 | 334.25 | 363.86 | 1.1501 | 001820 | 332.87 | 361.99 | 1.1357.
140 0.02185 | 344.50°| 375.15 | 1.1777 | 0.01887 | 343.24 | 373.44 | 1.1638
150 | 0.02262 | 354.82°| 38649 | 1.2048 | 0.01953 | 353.66 |-384.91 | 1191 .
160} 0.02333 | 365.22 | 397.89 | 12315 | 0.02017 | 364.15 | 369.43 | L2181

L

SOURCE: Producéd Frém a computer progru;n provided by R. S. Basu. Allied Signal Corporation. Literature
Source: D. P. Wilson. and R. §. Basu. "Thermodynamic Properties of a New Statospherically Safe Working
Fluid—Refrigerant-134a,” ASHRAE Trans., 94 (Pt. 2): 2095-2118, 1988. .



