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CHAPTER 20
THERMOPHYSICAL PROPERTIES 

OF REFRIGERANTS

HIS CHAPTER presents tabular data for the thermodynamic For a few fluids there are gaps in some properties at low temper-

Tand transport properties of refrigerants arranged for the
occasional user. Most of the refrigerants have a thermodynamic
property chart on pressure-enthalpy coordinates with an abbrevi-
ated set of tabular data for the saturated liquid and vapor on the
facing page. In addition, tabular data in the superheated vapor
region are given for R134a to assist students working on com-
pression cycle examples.

For each of the cryogenic fluids, a second table of properties
is provided for the vapor at a pressure of one standard atmo-
sphere; these tables provide data needed when these gases are
used in heat transfer or purge gas applications. For the zeotropic
blends, including R-729 (air), tables are incremented in pressure
with properties given for the liquid on the bubble line and vapor
on the dew line. This arrangement is chosen because pressure is
more commonly measured in the field while servicing equip-
ment; it also highlights the difference between the bubble and
dew point temperatures—the so-called temperature glide experi-
enced with blends.
20
atures due to limitations in the data and/or the models used.
New for the 2001 ASHRAE Handbook are R-143a and R-245fa.

Most of the CFC refrigerants have been deleted. Tables for R-11,
R-13, R-113, R-114, R-141b, R-142b, R-500, R-502, R-503, and
R-720 (neon) may be found in the 1997 ASHRAE Handbook. R-12
has been retained to assist in making comparisons. Revised formu-
lations have been used for many of the HFC refrigerants; these con-
form to international standards, where applicable. The formulations
used are detailed in the References section.

The reference states used for most of the refrigerants correspond
to the international convention of 200 kJ/kg for enthalpy and
1 kJ/(kg·K) for entropy, both for the saturated liquid at 0°C. The
exceptions are water and fluids that have very low critical temper-
atures, such as ethylene and the cryogens.

These data are intended to help engineers make preliminary
comparisons among unfamiliar fluids. For greater detail and a
wider range of data, consult the sources listed in the References
section.
Refrigerant Page Refrigerant Page

Halocarbon Refrigerants R-718 (water/steam) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.32

Methane Series R-744 (carbon dioxide) . . . . . . . . . . . . . . . . . . . . . . . . . . 20.34

R-12 (dichlorodifluoromethane). . . . . . . . . . . . . . . . . . . 20.2

R-22 (chlorodifluoromethane) . . . . . . . . . . . . . . . . . . . . 20.4 Hydrocarbon Refrigerants

R-23 (trifluoromethane) . . . . . . . . . . . . . . . . . . . . . . . . . 20.6 R-50 (methane) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.36

R-32 (difluoromethane)  . . . . . . . . . . . . . . . . . . . . . . . . . 20.8 R-170 (ethane). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.38

Ethane Series R-290 (propane)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.40

R-123 (2,2-dichloro-1,1,1-trifluoroethane)  . . . . . . . . . . 20.10 R-600 (n-butane) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.42

R-124 (2-chloro-1,1,1,2-tetrafluoroethane)  . . . . . . . . . . 20.12 R-600a (isobutane)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.44

R-125 (pentafluoroethane) . . . . . . . . . . . . . . . . . . . . . . . 20.14 R-1150 (ethylene) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.46

R-134a (1,1,1,2-tetrafluoroethane) . . . . . . . . . . . . . . . . . 20.16 R-1270 (propylene) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.48

R-152a (1,1-difluoroethane) . . . . . . . . . . . . . . . . . . . . . . 20.20

R-143a (1,1,1-trifluoroethane) . . . . . . . . . . . . . . . . . . . . 20.22 Cryogenic Fluids

Propane Series R-702 (normal hydrogen) . . . . . . . . . . . . . . . . . . . . . . . . 20.50

R-245fa (1,1,1,3,3-pentafluoropropane). . . . . . . . . . . . . 20.23 R-702p (parahydrogen) . . . . . . . . . . . . . . . . . . . . . . . . . . 20.52

Zeotropic Blends (% by mass) R-704 (helium)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.54

R-404A [R-125/143a/134a (44/52/4)]  . . . . . . . . . . . . . . 20.24 R-728 (nitrogen) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.56

R-407C [R-32/125/134a (23/25/52)]  . . . . . . . . . . . . . . . 20.26 R-729 (air). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.58

R-410A [R-32/125 (50/50)] . . . . . . . . . . . . . . . . . . . . . . 20.28 R-732 (oxygen) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.60

Azeotropic Blends R-740 (argon)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.62

R-507A [R-125/143a (50/50)]  . . . . . . . . . . . . . . . . . . . . 20.29

Absorption Solutions

Inorganic Refrigerants Ammonia-Water  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.65

R-717 (ammonia) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20.30 Water-Lithium Bromide  . . . . . . . . . . . . . . . . . . . . . . . . . 20.65

The preparation of this chapter is assigned to TC 3.1, Refrigerants and Secondary Coolants.
.1
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Fig. 1 Pressure-Enthalpy Diagram for Refrigerant 12
Fig. 1 Pressure-Enthalpy Diagram for Refrigerant 12



Thermophysical Properties of Refrigerants 20.3
Refrigerant 12 (Dichlorodifluoromethane) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure, 

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat 

cp , kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

–100.00 0.00119 1679.1 10.004 113.32 306.09 0.6077 1.7210 0.819 0.449 1.182 1035. 118.5 1005. 6.78 116.7 4.27 26.48 –100.00

–90.00 0.00286 1652.8 4.3948 121.53 310.59 0.6538 1.6861 0.824 0.465 1.176 990. 121.4 819.0 7.18 112.0 4.67 24.90 –90.00

–80.00 0.00619 1626.3 2.1355 129.81 315.19 0.6978 1.6576 0.831 0.481 1.172 945. 124.1 684.9 7.58 107.4 5.08 23.35 –80.00

–70.00 0.01228 1599.5 1.1286 138.17 319.87 0.7400 1.6344 0.840 0.497 1.168 902. 126.7 584.0 7.97 103.0 5.50 21.81 –70.00

–60.00 0.02261 1572.3 0.63992 146.62 324.61 0.7806 1.6156 0.850 0.513 1.166 859. 129.1 505.1 8.37 98.8 5.93 20.30 –60.00

–50.00 0.03911 1544.7 0.38494 155.18 329.39 0.8197 1.6004 0.861 0.530 1.165 816. 131.2 441.8 8.76 94.7 6.38 18.81 –50.00

–40.00 0.06409 1516.5 0.24342 163.86 334.18 0.8577 1.5882 0.873 0.548 1.166 775. 133.0 389.8 9.16 90.7 6.84 17.35 –40.00

–30.00 0.10026 1487.7 0.16057 172.67 338.94 0.8946 1.5784 0.886 0.566 1.169 733. 134.5 346.2 9.55 86.9 7.32 15.91 –30.00

–29.75b 0.10133 1487.0 0.15900 172.89 339.06 0.8955 1.5782 0.887 0.567 1.169 732. 134.5 345.2 9.56 86.8 7.33 15.88 –29.75

–28.00 0.10910 1481.9 0.14841 174.44 339.89 0.9019 1.5767 0.889 0.570 1.170 725. 134.7 338.3 9.63 86.1 7.41 15.63 –28.00

–26.00 0.11854 1476.0 0.13736 176.23 340.83 0.9091 1.5751 0.892 0.574 1.171 717. 135.0 330.6 9.71 85.3 7.51 15.35 –26.00

–24.00 0.12860 1470.1 0.12731 178.02 341.78 0.9163 1.5735 0.895 0.578 1.171 709. 135.2 323.2 9.79 84.6 7.61 15.06 –24.00

–22.00 0.13931 1464.1 0.11815 179.81 342.72 0.9234 1.5720 0.898 0.582 1.172 701. 135.4 316.0 9.87 83.8 7.71 14.78 –22.00

–20.00 0.15070 1458.1 0.10978 181.62 343.65 0.9305 1.5706 0.901 0.586 1.174 693. 135.6 309.0 9.95 83.1 7.80 14.50 –20.00

–18.00 0.16279 1452.1 0.10213 183.42 344.59 0.9376 1.5693 0.904 0.590 1.175 684. 135.8 302.2 10.03 82.4 7.90 14.23 –18.00

–16.00 0.17562 1446.1 0.09512 185.24 345.52 0.9447 1.5680 0.907 0.594 1.176 676. 136.0 295.6 10.10 81.6 8.01 13.95 –16.00

–14.00 0.18920 1440.0 0.08870 187.06 346.44 0.9517 1.5667 0.910 0.598 1.178 668. 136.1 289.2 10.18 80.9 8.11 13.67 –14.00

–12.00 0.20358 1433.8 0.08280 188.89 347.37 0.9587 1.5655 0.913 0.602 1.179 660. 136.3 283.0 10.26 80.2 8.21 13.40 –12.00

–10.00 0.21878 1427.6 0.07737 190.72 348.29 0.9656 1.5644 0.917 0.607 1.181 652. 136.4 276.9 10.34 79.4 8.31 13.12 –10.00

–8.00 0.23483 1421.4 0.07237 192.56 349.20 0.9726 1.5633 0.920 0.611 1.183 644. 136.5 271.0 10.42 78.7 8.41 12.85 –8.00

–6.00 0.25176 1415.1 0.06777 194.41 350.11 0.9795 1.5623 0.923 0.616 1.184 636. 136.6 265.2 10.50 78.0 8.52 12.58 –6.00

–4.00 0.26960 1408.8 0.06352 196.27 351.01 0.9863 1.5613 0.927 0.620 1.186 628. 136.6 259.6 10.58 77.3 8.62 12.31 –4.00

–2.00 0.28839 1402.5 0.05959 198.13 351.91 0.9932 1.5603 0.930 0.625 1.189 620. 136.7 254.1 10.66 76.6 8.73 12.04 –2.00

0.00 0.30815 1396.1 0.05595 200.00 352.81 1.0000 1.5594 0.934 0.630 1.191 612. 136.7 248.7 10.74 75.9 8.84 11.77 0.00

2.00 0.32891 1389.6 0.05258 201.88 353.69 1.0068 1.5586 0.938 0.635 1.193 604. 136.7 243.5 10.82 75.1 8.95 11.51 2.00

4.00 0.35071 1383.1 0.04946 203.76 354.57 1.0136 1.5577 0.942 0.640 1.196 596. 136.7 238.4 10.90 74.4 9.06 11.24 4.00

6.00 0.37358 1376.5 0.04656 205.65 355.45 1.0203 1.5569 0.946 0.645 1.199 588. 136.7 233.4 10.98 73.7 9.17 10.98 6.00

8.00 0.39756 1369.9 0.04386 207.56 356.32 1.0270 1.5561 0.950 0.650 1.202 580. 136.6 228.6 11.07 73.0 9.28 10.71 8.00

10.00 0.42267 1363.2 0.04135 209.46 357.18 1.0337 1.5554 0.954 0.656 1.205 572. 136.5 223.8 11.15 72.3 9.39 10.45 10.00

12.00 0.44895 1356.5 0.03901 211.38 358.03 1.0404 1.5547 0.958 0.661 1.208 564. 136.5 219.1 11.23 71.6 9.51 10.19 12.00

14.00 0.47643 1349.7 0.03683 213.31 358.88 1.0471 1.5540 0.962 0.667 1.211 556. 136.3 214.6 11.31 70.9 9.62 9.94 14.00

16.00 0.50514 1342.8 0.03480 215.24 359.71 1.0537 1.5533 0.967 0.672 1.215 548. 136.2 210.1 11.40 70.2 9.74 9.68 16.00

18.00 0.53513 1335.9 0.03290 217.18 360.54 1.0603 1.5527 0.971 0.678 1.219 540. 136.1 205.7 11.48 69.6 9.86 9.42 18.00

20.00 0.56642 1328.9 0.03112 219.14 361.36 1.0669 1.5521 0.976 0.685 1.223 532. 135.9 201.4 11.57 68.9 9.98 9.17 20.00

22.00 0.59905 1321.8 0.02946 221.10 362.17 1.0735 1.5515 0.981 0.691 1.228 524. 135.7 197.2 11.65 68.2 10.10 8.92 22.00

24.00 0.63305 1314.6 0.02790 223.07 362.97 1.0801 1.5509 0.986 0.697 1.232 516. 135.5 193.1 11.74 67.5 10.23 8.67 24.00

26.00 0.66846 1307.4 0.02643 225.05 363.76 1.0866 1.5503 0.991 0.704 1.237 508. 135.2 189.0 11.83 66.8 10.36 8.42 26.00

28.00 0.70531 1300.1 0.02506 227.04 364.54 1.0932 1.5498 0.997 0.711 1.242 499. 134.9 185.0 11.92 66.1 10.49 8.17 28.00

30.00 0.74365 1292.7 0.02377 229.04 365.31 1.0997 1.5492 1.002 0.718 1.248 491. 134.7 181.1 12.01 65.4 10.62 7.92 30.00

32.00 0.78350 1285.2 0.02256 231.06 366.07 1.1062 1.5487 1.008 0.726 1.254 483. 134.3 177.3 12.10 64.8 10.75 7.68 32.00

34.00 0.82491 1277.6 0.02142 233.08 366.81 1.1127 1.5481 1.014 0.734 1.260 475. 134.0 173.5 12.19 64.1 10.89 7.43 34.00

36.00 0.86791 1269.9 0.02034 235.12 367.54 1.1192 1.5476 1.020 0.742 1.267 467. 133.6 169.8 12.28 63.4 11.03 7.19 36.00

38.00 0.91253 1262.2 0.01933 237.16 368.26 1.1257 1.5470 1.026 0.750 1.274 459. 133.2 166.1 12.38 62.7 11.18 6.95 38.00

40.00 0.95882 1254.3 0.01838 239.22 368.96 1.1322 1.5465 1.033 0.759 1.282 450. 132.8 162.5 12.48 62.1 11.33 6.72 40.00

42.00 1.0068 1246.3 0.01748 241.29 369.65 1.1387 1.5459 1.040 0.768 1.290 442. 132.4 159.0 12.57 61.4 11.48 6.48 42.00

44.00 1.0566 1238.1 0.01662 243.38 370.33 1.1451 1.5454 1.048 0.778 1.299 434. 131.9 155.5 12.67 60.7 11.63 6.25 44.00

46.00 1.1081 1229.9 0.01582 245.47 370.98 1.1516 1.5448 1.055 0.788 1.308 426. 131.4 152.0 12.78 60.0 11.79 6.01 46.00

48.00 1.1614 1221.5 0.01505 247.59 371.62 1.1580 1.5443 1.063 0.798 1.318 417. 130.9 148.6 12.88 59.4 11.96 5.78 48.00

50.00 1.2166 1213.0 0.01433 249.71 372.24 1.1645 1.5437 1.072 0.810 1.329 409. 130.3 145.3 12.99 58.7 12.13 5.55 50.00

52.00 1.2737 1204.4 0.01365 251.85 372.85 1.1710 1.5431 1.081 0.821 1.340 400. 129.7 141.9 13.10 58.0 12.31 5.33 52.00

54.00 1.3327 1195.6 0.01300 254.01 373.43 1.1774 1.5425 1.090 0.834 1.353 392. 129.1 138.7 13.21 57.3 12.49 5.10 54.00

56.00 1.3938 1186.6 0.01238 256.18 373.99 1.1839 1.5418 1.100 0.847 1.366 383. 128.4 135.4 13.33 56.7 12.68 4.88 56.00

58.00 1.4568 1177.5 0.01180 258.38 374.53 1.1904 1.5411 1.111 0.861 1.381 375. 127.7 132.2 13.45 56.0 12.87 4.66 58.00

60.00 1.5219 1168.1 0.01124 260.58 375.05 1.1969 1.5404 1.122 0.876 1.397 366. 127.0 129.1 13.57 55.3 13.08 4.44 60.00

62.00 1.5892 1158.6 0.01071 262.81 375.54 1.2033 1.5397 1.135 0.892 1.414 357. 126.3 125.9 13.70 54.7 13.29 4.23 62.00

64.00 1.6586 1148.9 0.01021 265.06 376.00 1.2099 1.5389 1.148 0.910 1.433 348. 125.5 122.8 13.83 54.0 13.51 4.01 64.00

66.00 1.7302 1139.0 0.00973 267.33 376.44 1.2164 1.5381 1.162 0.929 1.453 339. 124.6 119.7 13.96 53.3 13.75 3.80 66.00

68.00 1.8041 1128.8 0.00927 269.62 376.84 1.2229 1.5372 1.177 0.949 1.476 330. 123.8 116.7 14.11 52.6 13.99 3.59 68.00

70.00 1.8802 1118.3 0.00883 271.94 377.22 1.2295 1.5363 1.193 0.971 1.501 321. 122.9 113.6 14.26 52.0 14.25 3.39 70.00

75.00 2.0811 1090.9 0.00782 277.84 377.99 1.2461 1.5337 1.241 1.037 1.576 298. 120.4 106.1 14.66 50.3 14.96 2.88 75.00

80.00 2.2975 1061.4 0.00691 283.94 378.48 1.2629 1.5306 1.302 1.122 1.677 274. 117.7 98.6 15.11 48.7 15.80 2.40 80.00

85.00 2.5304 1029.1 0.00608 290.27 378.64 1.2801 1.5268 1.384 1.239 1.817 249. 114.7 91.1 15.65 47.2 16.82 1.93 85.00

90.00 2.7808 993.2 0.00533 296.91 378.35 1.2978 1.5220 1.501 1.410 2.026 224. 111.4 83.4 16.29 45.9 18.11 1.49 90.00

95.00 3.0501 952.2 0.00463 303.95 377.45 1.3163 1.5159 1.679 1.683 2.362 197. 107.8 75.6 17.11 45.1 19.81 1.07 95.00

100.00 3.3399 903.8 0.00396 311.58 375.60 1.3360 1.5076 1.996 2.192 2.990 169. 103.7 67.3 18.20 45.7 22.27 0.69 100.00

105.00 3.6525 842.2 0.00330 320.24 372.08 1.3581 1.4952 2.754 3.458 4.544 139. 99.3 58.1 19.87 51.7 26.34 0.35 105.00

110.00 3.9924 742.7 0.00252 331.82 363.95 1.3874 1.4712 7.81 11.44 14.14 105. 94.0 46.3 23.46 113.7 39.46 0.07 110.00

111.97c 4.1361 565.0 0.00177 347.76 347.76 1.4283 1.4283 ∞ ∞ ∞ 0 0.0 — — ∞ ∞ 0.00 111.97

 *Temperatures are on the ITS-90 scale b = normal boiling point  c = critical point
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Fig. 2 Pressure-Enthalpy Diagram for Refrigerant 22
Fig. 2 Pressure-Enthalpy Diagram for Refrigerant 22



Thermophysical Properties of Refrigerants 20.5
 Refrigerant 22 (Chlorodifluoromethane) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure, 

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat 

cp , kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

–100.00 0.00201 1571.3 8.2660 90.71 358.97 0.5050 2.0543 1.061 0.497 1.243 1127. 143.6 845.8 7.25 143.1 4.46 28.12 –100.00

–90.00 0.00481 1544.9 3.6448 101.32 363.85 0.5646 1.9980 1.061 0.512 1.237 1080. 147.0 699.4 7.67 137.8 4.84 26.36 –90.00

–80.00 0.01037 1518.2 1.7782 111.94 368.77 0.6210 1.9508 1.062 0.528 1.233 1033. 150.3 591.0 8.09 132.6 5.25 24.63 –80.00

–70.00 0.02047 1491.2 0.94342 122.58 373.70 0.6747 1.9108 1.065 0.545 1.231 986. 153.3 507.6 8.52 127.6 5.68 22.92 –70.00

–60.00 0.03750 1463.7 0.53680 133.27 378.59 0.7260 1.8770 1.071 0.564 1.230 940. 156.0 441.4 8.94 122.6 6.12 21.24 –60.00

–50.00 0.06453 1435.6 0.32385 144.03 383.42 0.7752 1.8480 1.079 0.585 1.232 893. 158.3 387.5 9.36 117.8 6.59 19.58 –50.00

–48.00 0.07145 1429.9 0.29453 146.19 384.37 0.7849 1.8428 1.081 0.589 1.233 884. 158.7 377.8 9.45 116.9 6.69 19.25 –48.00

–46.00 0.07894 1424.2 0.26837 148.36 385.32 0.7944 1.8376 1.083 0.594 1.234 875. 159.1 368.6 9.53 115.9 6.79 18.92 –46.00

–44.00 0.08705 1418.4 0.24498 150.53 386.26 0.8039 1.8327 1.086 0.599 1.235 865. 159.5 359.6 9.62 115.0 6.89 18.59 –44.00

–42.00 0.09580 1412.6 0.22402 152.70 387.20 0.8134 1.8278 1.088 0.603 1.236 856. 159.9 351.0 9.70 114.0 6.99 18.27 –42.00

–40.81b 0.10132 1409.2 0.21260 154.00 387.75 0.8189 1.8250 1.090 0.606 1.236 851. 160.1 346.0 9.75 113.5 7.05 18.08 –40.81

–40.00 0.10523 1406.8 0.20521 154.89 388.13 0.8227 1.8231 1.091 0.608 1.237 847. 160.3 342.6 9.79 113.1 7.09 17.94 –40.00

–38.00 0.11538 1401.0 0.18829 157.07 389.06 0.8320 1.8186 1.093 0.613 1.238 838. 160.6 334.5 9.87 112.2 7.19 17.62 –38.00

–36.00 0.12628 1395.1 0.17304 159.27 389.97 0.8413 1.8141 1.096 0.619 1.239 828. 160.9 326.7 9.96 111.2 7.29 17.30 –36.00

–34.00 0.13797 1389.1 0.15927 161.47 390.89 0.8505 1.8098 1.099 0.624 1.241 819. 161.2 319.1 10.04 110.3 7.40 16.98 –34.00

–32.00 0.15050 1383.2 0.14682 163.67 391.79 0.8596 1.8056 1.102 0.629 1.242 810. 161.5 311.7 10.12 109.4 7.51 16.66 –32.00

–30.00 0.16389 1377.2 0.13553 165.88 392.69 0.8687 1.8015 1.105 0.635 1.244 800. 161.8 304.6 10.21 108.5 7.61 16.34 –30.00

–28.00 0.17819 1371.1 0.12528 168.10 393.58 0.8778 1.7975 1.108 0.641 1.246 791. 162.0 297.7 10.29 107.5 7.72 16.02 –28.00

–26.00 0.19344 1365.0 0.11597 170.33 394.47 0.8868 1.7937 1.112 0.646 1.248 782. 162.3 291.0 10.38 106.6 7.83 15.70 –26.00

–24.00 0.20968 1358.9 0.10749 172.56 395.34 0.8957 1.7899 1.115 0.653 1.250 772. 162.5 284.4 10.46 105.7 7.94 15.39 –24.00

–22.00 0.22696 1352.7 0.09975 174.80 396.21 0.9046 1.7862 1.119 0.659 1.253 763. 162.7 278.1 10.55 104.8 8.06 15.07 –22.00

–20.00 0.24531 1346.5 0.09268 177.04 397.06 0.9135 1.7826 1.123 0.665 1.255 754. 162.8 271.9 10.63 103.9 8.17 14.76 –20.00

–18.00 0.26479 1340.3 0.08621 179.30 397.91 0.9223 1.7791 1.127 0.672 1.258 744. 163.0 265.9 10.72 103.0 8.29 14.45 –18.00

–16.00 0.28543 1334.0 0.08029 181.56 398.75 0.9311 1.7757 1.131 0.678 1.261 735. 163.1 260.1 10.80 102.1 8.40 14.14 –16.00

–14.00 0.30728 1327.6 0.07485 183.83 399.57 0.9398 1.7723 1.135 0.685 1.264 726. 163.2 254.4 10.89 101.1 8.52 13.83 –14.00

–12.00 0.33038 1321.2 0.06986 186.11 400.39 0.9485 1.7690 1.139 0.692 1.267 716. 163.3 248.8 10.98 100.2 8.65 13.52 –12.00

–10.00 0.35479 1314.7 0.06527 188.40 401.20 0.9572 1.7658 1.144 0.699 1.270 707. 163.3 243.4 11.06 99.3 8.77 13.21 –10.00

–8.00 0.38054 1308.2 0.06103 190.70 401.99 0.9658 1.7627 1.149 0.707 1.274 697. 163.4 238.1 11.15 98.4 8.89 12.91 –8.00

–6.00 0.40769 1301.6 0.05713 193.01 402.77 0.9744 1.7596 1.154 0.715 1.278 688. 163.4 233.0 11.24 97.5 9.02 12.60 –6.00

–4.00 0.43628 1295.0 0.05352 195.33 403.55 0.9830 1.7566 1.159 0.722 1.282 679. 163.4 227.9 11.32 96.6 9.15 12.30 –4.00

–2.00 0.46636 1288.3 0.05019 197.66 404.30 0.9915 1.7536 1.164 0.731 1.287 669. 163.4 223.0 11.41 95.7 9.28 12.00 –2.00

0.00 0.49799 1281.5 0.04710 200.00 405.05 1.0000 1.7507 1.169 0.739 1.291 660. 163.3 218.2 11.50 94.8 9.42 11.70 0.00

2.00 0.53120 1274.7 0.04424 202.35 405.78 1.0085 1.7478 1.175 0.748 1.296 650. 163.2 213.5 11.59 93.9 9.56 11.40 2.00

4.00 0.56605 1267.8 0.04159 204.71 406.50 1.0169 1.7450 1.181 0.757 1.301 641. 163.1 208.9 11.68 93.1 9.70 11.10 4.00

6.00 0.60259 1260.8 0.03913 207.09 407.20 1.0254 1.7422 1.187 0.766 1.307 632. 163.0 204.4 11.77 92.2 9.84 10.81 6.00

8.00 0.64088 1253.8 0.03683 209.47 407.89 1.0338 1.7395 1.193 0.775 1.313 622. 162.8 200.0 11.86 91.3 9.99 10.51 8.00

10.00 0.68095 1246.7 0.03470 211.87 408.56 1.0422 1.7368 1.199 0.785 1.319 613. 162.6 195.7 11.96 90.4 10.14 10.22 10.00

12.00 0.72286 1239.5 0.03271 214.28 409.21 1.0505 1.7341 1.206 0.795 1.326 603. 162.4 191.5 12.05 89.5 10.29 9.93 12.00

14.00 0.76668 1232.2 0.03086 216.70 409.85 1.0589 1.7315 1.213 0.806 1.333 594. 162.2 187.3 12.14 88.6 10.45 9.64 14.00

16.00 0.81244 1224.9 0.02912 219.14 410.47 1.0672 1.7289 1.220 0.817 1.340 584. 161.9 183.2 12.24 87.7 10.61 9.35 16.00

18.00 0.86020 1217.4 0.02750 221.59 411.07 1.0755 1.7263 1.228 0.828 1.348 575. 161.6 179.2 12.33 86.8 10.77 9.06 18.00

20.00 0.91002 1209.9 0.02599 224.06 411.66 1.0838 1.7238 1.236 0.840 1.357 565. 161.3 175.3 12.43 85.9 10.95 8.78 20.00

22.00 0.96195 1202.3 0.02457 226.54 412.22 1.0921 1.7212 1.244 0.853 1.366 555. 161.0 171.5 12.53 85.0 11.12 8.50 22.00

24.00 1.0160 1194.6 0.02324 229.04 412.77 1.1004 1.7187 1.252 0.866 1.375 546. 160.6 167.7 12.63 84.1 11.30 8.22 24.00

26.00 1.0724 1186.7 0.02199 231.55 413.29 1.1086 1.7162 1.261 0.879 1.385 536. 160.2 163.9 12.74 83.2 11.49 7.94 26.00

28.00 1.1309 1178.8 0.02082 234.08 413.79 1.1169 1.7136 1.271 0.893 1.396 527. 159.7 160.3 12.84 82.3 11.69 7.66 28.00

30.00 1.1919 1170.7 0.01972 236.62 414.26 1.1252 1.7111 1.281 0.908 1.408 517. 159.2 156.7 12.95 81.4 11.89 7.38 30.00

32.00 1.2552 1162.6 0.01869 239.19 414.71 1.1334 1.7086 1.291 0.924 1.420 507. 158.7 153.1 13.06 80.5 12.10 7.11 32.00

34.00 1.3210 1154.3 0.01771 241.77 415.14 1.1417 1.7061 1.302 0.940 1.434 497. 158.2 149.6 13.17 79.6 12.31 6.84 34.00

36.00 1.3892 1145.8 0.01679 244.38 415.54 1.1499 1.7036 1.314 0.957 1.448 487. 157.6 146.1 13.28 78.7 12.54 6.57 36.00

38.00 1.4601 1137.3 0.01593 247.00 415.91 1.1582 1.7010 1.326 0.976 1.463 478. 157.0 142.7 13.40 77.8 12.77 6.30 38.00

40.00 1.5336 1128.5 0.01511 249.65 416.25 1.1665 1.6985 1.339 0.995 1.480 468. 156.4 139.4 13.52 76.9 13.02 6.04 40.00

42.00 1.6098 1119.6 0.01433 252.32 416.55 1.1747 1.6959 1.353 1.015 1.498 458. 155.7 136.1 13.64 76.0 13.28 5.77 42.00

44.00 1.6887 1110.6 0.01360 255.01 416.83 1.1830 1.6933 1.368 1.037 1.517 448. 155.0 132.8 13.77 75.1 13.55 5.51 44.00

46.00 1.7704 1101.4 0.01291 257.73 417.07 1.1913 1.6906 1.384 1.061 1.538 437. 154.2 129.5 13.90 74.1 13.83 5.25 46.00

48.00 1.8551 1091.9 0.01226 260.47 417.27 1.1997 1.6879 1.401 1.086 1.561 427. 153.4 126.3 14.04 73.2 14.13 5.00 48.00

50.00 1.9427 1082.3 0.01163 263.25 417.44 1.2080 1.6852 1.419 1.113 1.586 417. 152.6 123.1 14.18 72.3 14.45 4.74 50.00

52.00 2.0333 1072.4 0.01104 266.05 417.56 1.2164 1.6824 1.439 1.142 1.614 407. 151.7 120.0 14.32 71.4 14.78 4.49 52.00

54.00 2.1270 1062.3 0.01048 268.89 417.63 1.2248 1.6795 1.461 1.173 1.644 396. 150.8 116.9 14.47 70.4 15.14 4.24 54.00

56.00 2.2239 1052.0 0.00995 271.76 417.66 1.2333 1.6766 1.485 1.208 1.677 386. 149.8 113.8 14.63 69.5 15.52 4.00 56.00

58.00 2.3240 1041.3 0.00944 274.66 417.63 1.2418 1.6736 1.511 1.246 1.714 375. 148.8 110.7 14.80 68.6 15.92 3.75 58.00

60.00 2.4275 1030.4 0.00896 277.61 417.55 1.2504 1.6705 1.539 1.287 1.755 364. 147.7 107.6 14.98 67.6 16.36 3.51 60.00

65.00 2.7012 1001.4 0.00785 285.18 417.06 1.2722 1.6622 1.626 1.413 1.881 337. 144.9 100.0 15.46 65.3 17.61 2.92 65.00

70.00 2.9974 969.7 0.00685 293.10 416.09 1.2945 1.6529 1.743 1.584 2.056 309. 141.7 92.4 16.02 62.9 19.16 2.36 70.00

75.00 3.3177 934.4 0.00595 301.46 414.49 1.3177 1.6424 1.913 1.832 2.315 280. 138.1 84.6 16.70 60.6 21.16 1.82 75.00

80.00 3.6638 893.7 0.00512 310.44 412.01 1.3423 1.6299 2.181 2.231 2.735 249. 134.2 76.6 17.55 58.6 23.87 1.30 80.00

85.00 4.0378 844.8 0.00434 320.38 408.19 1.3690 1.6142 2.682 2.984 3.532 215. 129.7 68.1 18.71 57.4 27.82 0.83 85.00

90.00 4.4423 780.1 0.00356 332.09 401.87 1.4001 1.5922 3.981 4.975 5.626 177. 124.6 58.3 20.48 59.3 34.55 0.40 90.00

95.00 4.8824 662.9 0.00262 349.56 387.28 1.4462 1.5486 17.31 25.29 26.43 128. 118.0 44.4 24.76 83.5 59.15 0.05 95.00

96.15c 4.9900 523.8 0.00191 366.90 366.90 1.4927 1.4927 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 96.15

 *Temperatures are on the ITS-90 scale b = normal boiling point  c = critical point
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Thermophysical Properties of Refrigerants 20.7
 Refrigerant 23 (Trifluoromethane) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure, 

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat 

cp , kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

–155.13a 0.00006 1682.3 238.15 –3.08 289.40 –0.0682 2.4101 1.245 0.497 1.315 1002.7 135.74 1749.9 5.35 257.6 3.78 32.34 –155.13

–150.00 0.00014 1666.7 104.65 3.24 291.93 –0.0157 2.3285 1.224 0.502 1.312 1012.7 138.45 1442.8 5.64 240.8 4.07 31.28 –150.00

–140.00 0.00061 1635.6 26.092 15.35 296.89 0.0788 2.1932 1.199 0.514 1.306 1017.8 143.48 1034.0 6.22 214.0 4.61 29.20 –140.00

–130.00 0.00207 1603.5 8.1690 27.28 301.84 0.1652 2.0832 1.190 0.530 1.300 1006.8 148.15 776.6 6.80 192.9 5.15 27.13 –130.00

–120.00 0.00591 1570.4 3.0565 39.18 306.74 0.2455 1.9926 1.190 0.553 1.296 983.3 152.42 605.4 7.37 176.0 5.70 25.07 –120.00

–110.00 0.01452 1536.4 1.3172 51.11 311.52 0.3209 1.9171 1.196 0.582 1.295 950.3 156.26 486.3 7.93 162.0 6.25 23.02 –110.00

–100.00 0.03165 1501.5 0.63560 63.13 316.12 0.3924 1.8534 1.207 0.619 1.296 910.2 159.60 399.9 8.48 150.2 6.82 20.98 –100.00

–90.00 0.06255 1465.5 0.33598 75.28 320.47 0.4604 1.7992 1.221 0.665 1.303 864.9 162.39 335.1 9.03 140.1 7.42 18.96 –90.00

–82.06b 0.10132 1436.2 0.21367 85.03 323.71 0.5124 1.7615 1.235 0.707 1.311 826.2 164.18 294.5 9.47 133.0 7.92 17.38 –82.06

–80.00 0.11402 1428.4 0.19121 87.59 324.52 0.5257 1.7524 1.238 0.718 1.314 815.8 164.58 285.1 9.58 131.3 8.05 16.97 –80.00

–70.00 0.19431 1389.9 0.11556 100.10 328.22 0.5886 1.7115 1.260 0.779 1.332 763.7 166.08 245.3 10.12 123.4 8.73 15.00 –70.00

–68.00 0.21464 1382.1 0.10513 102.63 328.91 0.6009 1.7039 1.265 0.792 1.336 753.0 166.30 238.3 10.23 121.9 8.87 14.61 –68.00

–66.00 0.23659 1374.1 0.09583 105.17 329.59 0.6131 1.6965 1.270 0.806 1.341 742.2 166.48 231.6 10.34 120.5 9.02 14.22 –66.00

–64.00 0.26024 1366.1 0.08750 107.72 330.25 0.6253 1.6893 1.275 0.820 1.346 731.3 166.63 225.1 10.45 119.0 9.17 13.87 –64.00

–62.00 0.28567 1358.0 0.08003 110.28 330.89 0.6374 1.6822 1.280 0.834 1.351 720.4 166.75 218.9 10.56 117.6 9.32 13.45 –62.00

–60.00 0.31297 1349.8 0.07333 112.86 331.51 0.6495 1.6753 1.286 0.848 1.357 709.3 166.84 212.9 10.67 116.2 9.48 13.07 –60.00

–58.00 0.34223 1341.5 0.06729 115.44 332.11 0.6614 1.6685 1.292 0.863 1.363 698.2 166.90 207.1 10.78 114.9 9.64 12.69 –58.00

–56.00 0.37354 1333.1 0.06184 118.04 332.70 0.6733 1.6619 1.299 0.878 1.370 687.1 166.92 201.5 10.89 113.5 9.80 12.31 –56.00

–54.00 0.40699 1324.7 0.05691 120.65 333.26 0.6852 1.6553 1.305 0.894 1.377 675.8 166.90 196.1 11.00 112.2 9.96 11.93 –54.00

–52.00 0.44268 1316.2 0.05245 123.28 333.81 0.6970 1.6490 1.312 0.910 1.384 664.5 166.85 190.9 11.11 110.9 10.13 11.55 –52.00

–50.00 0.48069 1307.5 0.04840 125.92 334.33 0.7087 1.6427 1.320 0.926 1.392 653.2 166.77 185.8 11.23 109.6 10.31 11.18 –50.00

–49.00 0.50060 1303.2 0.04652 127.24 334.58 0.7146 1.6396 1.324 0.934 1.396 647.5 166.71 183.4 11.28 108.9 10.40 10.99 –49.00

–48.00 0.52113 1298.8 0.04472 128.57 334.83 0.7204 1.6365 1.327 0.943 1.401 641.8 166.65 180.9 11.34 108.3 10.49 10.81 –48.00

–47.00 0.54230 1294.4 0.04301 129.90 335.07 0.7263 1.6335 1.332 0.951 1.405 636.0 166.57 178.5 11.40 107.7 10.58 10.62 –47.00

–46.00 0.56410 1289.9 0.04137 131.24 335.30 0.7321 1.6305 1.336 0.960 1.410 630.3 166.49 176.2 11.45 107.0 10.67 10.44 –46.00

–45.00 0.58656 1285.4 0.03981 132.58 335.53 0.7379 1.6275 1.340 0.969 1.414 624.5 166.39 173.9 11.51 106.4 10.77 10.25 –45.00

–44.00 0.60969 1280.9 0.03831 133.93 335.76 0.7437 1.6245 1.344 0.978 1.419 618.7 166.29 171.6 11.57 105.8 10.86 10.07 –44.00

–43.00 0.63350 1276.4 0.03688 135.28 335.97 0.7495 1.6215 1.349 0.987 1.424 612.9 166.17 169.3 11.63 105.2 10.96 9.89 –43.00

–42.00 0.65801 1271.8 0.03552 136.63 336.18 0.7553 1.6186 1.354 0.996 1.430 607.1 166.05 167.1 11.69 104.5 11.06 9.70 –42.00

–41.00 0.68322 1267.2 0.03421 137.99 336.39 0.7611 1.6157 1.358 1.006 1.435 601.3 165.91 164.9 11.74 103.9 11.16 9.52 –41.00

–40.00 0.70915 1262.6 0.03296 139.35 336.58 0.7669 1.6128 1.363 1.016 1.441 595.5 165.77 162.7 11.80 103.3 11.26 9.34 –40.00

–39.00 0.73581 1257.9 0.03177 140.72 336.77 0.7726 1.6099 1.369 1.025 1.447 589.6 165.61 160.6 11.86 102.7 11.36 9.16 –39.00

–38.00 0.76322 1253.2 0.03062 142.09 336.95 0.7784 1.6070 1.374 1.035 1.453 583.7 165.45 158.5 11.92 102.1 11.46 8.98 –38.00

–37.00 0.79138 1248.5 0.02952 143.47 337.13 0.7841 1.6042 1.379 1.046 1.459 577.9 165.27 156.4 11.98 101.5 11.57 8.80 –37.00

–36.00 0.82032 1243.7 0.02847 144.86 337.30 0.7899 1.6014 1.385 1.056 1.465 572.0 165.08 154.3 12.04 100.8 11.68 8.62 –36.00

–35.00 0.85005 1238.9 0.02746 146.24 337.46 0.7956 1.5985 1.391 1.067 1.472 566.0 164.89 152.3 12.11 100.2 11.78 8.44 –35.00

–34.00 0.88057 1234.0 0.02650 147.64 337.61 0.8014 1.5957 1.397 1.077 1.479 560.1 164.68 150.3 12.17 99.6 11.89 8.27 –34.00

–33.00 0.91191 1229.1 0.02557 149.04 337.76 0.8071 1.5929 1.403 1.088 1.486 554.2 164.46 148.3 12.23 99.0 12.01 8.09 –33.00

–32.00 0.94407 1224.2 0.02468 150.44 337.89 0.8128 1.5901 1.409 1.100 1.494 548.2 164.23 146.3 12.29 98.4 12.12 7.91 –32.00

–31.00 0.97707 1219.2 0.02382 151.86 338.02 0.8186 1.5874 1.416 1.111 1.501 542.2 163.98 144.4 12.36 97.8 12.24 7.74 –31.00

–30.00 1.0109 1214.2 0.02300 153.27 338.14 0.8243 1.5846 1.423 1.123 1.509 536.3 163.73 142.5 12.42 97.2 12.36 7.56 –30.00

–29.00 1.0456 1209.1 0.02221 154.70 338.25 0.8300 1.5818 1.430 1.135 1.518 530.3 163.46 140.6 12.49 96.6 12.48 7.39 –29.00

–28.00 1.0813 1204.0 0.02145 156.13 338.35 0.8357 1.5791 1.437 1.148 1.527 524.2 163.18 138.7 12.55 96.0 12.60 7.22 –28.00

–27.00 1.1178 1198.8 0.02072 157.57 338.45 0.8415 1.5763 1.445 1.161 1.536 518.2 162.89 136.8 12.62 95.4 12.72 7.05 –27.00

–26.00 1.1552 1193.5 0.02002 159.01 338.53 0.8472 1.5736 1.452 1.174 1.545 512.2 162.59 135.0 12.68 94.8 12.85 6.87 –26.00

–25.00 1.1935 1188.3 0.01934 160.46 338.60 0.8529 1.5708 1.461 1.187 1.555 506.1 162.28 133.2 12.75 94.2 12.98 6.70 –25.00

–24.00 1.2328 1182.9 0.01869 161.92 338.66 0.8587 1.5680 1.469 1.201 1.565 500.0 161.95 131.4 12.82 93.5 13.11 6.53 –24.00

–23.00 1.2730 1177.5 0.01807 163.39 338.72 0.8644 1.5653 1.478 1.215 1.576 493.9 161.61 129.6 12.89 92.9 13.24 6.37 –23.00

–22.00 1.3142 1172.1 0.01746 164.86 338.76 0.8701 1.5625 1.487 1.230 1.587 487.8 161.26 127.8 12.96 92.3 13.38 6.20 –22.00

–21.00 1.3564 1166.5 0.01688 166.34 338.79 0.8759 1.5598 1.497 1.245 1.598 481.7 160.89 126.1 13.03 91.7 13.52 6.03 –21.00

–20.00 1.3996 1161.0 0.01632 167.83 338.81 0.8816 1.5570 1.507 1.261 1.611 475.6 160.51 124.3 13.11 91.1 13.66 5.86 –20.00

–19.00 1.4438 1155.3 0.01578 169.33 338.82 0.8874 1.5543 1.517 1.277 1.623 469.4 160.12 122.6 13.18 90.5 13.81 5.70 –19.00

–18.00 1.4890 1149.6 0.01526 170.84 338.81 0.8932 1.5515 1.528 1.294 1.636 463.2 159.72 120.9 13.26 89.9 13.96 5.54 –18.00

–17.00 1.5353 1143.8 0.01476 172.36 338.79 0.8989 1.5487 1.539 1.312 1.650 457.0 159.30 119.2 13.33 89.3 14.11 5.37 –17.00

–16.00 1.5826 1137.9 0.01427 173.89 338.76 0.9047 1.5459 1.551 1.330 1.665 450.8 158.86 117.5 13.41 88.6 14.26 5.21 –16.00

–14.00 1.6806 1125.9 0.01335 176.97 338.66 0.9164 1.5403 1.576 1.368 1.696 438.4 157.96 114.1 13.57 87.4 14.58 4.89 –14.00

–12.00 1.7829 1113.6 0.01249 180.10 338.50 0.9280 1.5346 1.604 1.409 1.731 425.9 156.99 110.8 13.74 86.1 14.92 4.57 –12.00

–10.00 1.8899 1101.0 0.01169 183.27 338.27 0.9398 1.5288 1.634 1.455 1.770 413.3 155.96 107.6 13.92 84.8 15.27 4.26 –10.00

–8.00 2.0016 1087.9 0.01094 186.50 337.98 0.9516 1.5229 1.668 1.504 1.813 400.7 154.87 104.3 14.10 83.5 15.64 3.95 –8.00

–6.00 2.1181 1074.4 0.01023 189.78 337.61 0.9635 1.5169 1.706 1.559 1.861 388.0 153.72 101.1 14.30 82.2 16.03 3.65 –6.00

–4.00 2.2396 1060.4 0.00957 193.12 337.16 0.9755 1.5107 1.748 1.620 1.916 375.2 152.50 97.9 14.50 80.9 16.44 3.35 –4.00

–2.00 2.3663 1045.8 0.00895 196.52 336.62 0.9877 1.5044 1.795 1.689 1.978 362.3 151.22 94.7 14.72 79.5 16.87 3.06 –2.00

0.00 2.4983 1030.7 0.00836 200.00 335.99 1.0000 1.4978 1.849 1.766 2.050 349.4 149.87 91.6 14.96 78.1 17.33 2.78 0.00

2.00 2.6358 1014.9 0.00781 203.56 335.24 1.0125 1.4911 1.911 1.855 2.133 336.2 148.44 88.4 15.21 76.7 17.83 2.50 2.00

4.00 2.7790 998.40 0.00729 207.21 334.37 1.0252 1.4840 1.983 1.958 2.231 322.9 146.94 85.3 15.49 75.2 18.36 2.23 4.00

6.00 2.9279 981.01 0.00679 210.96 333.36 1.0381 1.4766 2.069 2.079 2.347 309.3 145.36 82.1 15.79 73.6 18.93 1.96 6.00

8.00 3.0829 962.61 0.00632 214.83 332.19 1.0514 1.4688 2.174 2.224 2.488 295.1 143.70 78.9 16.12 72.0 19.54 1.71 8.00

10.00 3.2442 942.97 0.00587 218.84 330.83 1.0650 1.4605 2.304 2.400 2.667 280.3 141.96 75.6 16.48 70.4 20.22 1.46 10.00

20.00 4.1519 806.58 0.00385 242.91 319.30 1.1449 1.4054 — — — — — — — — — 0.40 20.00

26.13c 4.8273 525.90 0.00190 280.72 280.72 1.2689 1.2689 ∞ ∞ ∞ 0.0 0.00 — — ∞ ∞ 0.00 26.13

 *Temperatures are on the ITS-90 scale a = triple point b = normal boiling point  c = critical point
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Fig. 4 Pressure-Enthalpy Diagram for Refrigerant 32
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Thermophysical Properties of Refrigerants 20.9
Refrigerant 32 (Difluoromethane) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure, 

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

–136.81a 0.00005 1429.3 453.85 –19.07 444.31 –0.1050 3.2937 1.592 0.660 1.321 1414. 169.6 — — — — 39.01 –136.81

–130.00 0.00013 1412.7 174.36 –8.26 448.77 –0.0276 3.1651 1.583 0.665 1.318 1378. 173.6 — — — — 37.47 –130.00

–120.00 0.00048 1388.4 51.184 7.52 455.33 0.0790 3.0030 1.573 0.674 1.315 1326. 179.2 — — — — 35.23 –120.00

–110.00 0.00145 1363.8 17.907 23.20 461.86 0.1782 2.8668 1.565 0.686 1.312 1273. 184.5 678.6 6.80 229.8 5.69 33.02 –110.00

–100.00 0.00381 1339.0 7.2220 38.83 468.31 0.2711 2.7515 1.560 0.703 1.310 1221. 189.5 562.0 7.22 222.9 6.09 30.83 –100.00

–90.00 0.00887 1313.9 3.2721 54.42 474.61 0.3586 2.6529 1.559 0.725 1.310 1169. 194.1 475.3 7.64 216.1 6.51 28.68 –90.00

–80.00 0.01865 1288.4 1.6316 70.02 480.72 0.4415 2.5679 1.561 0.754 1.311 1118. 198.3 408.4 8.06 209.3 6.95 26.56 –80.00

–70.00 0.03607 1262.4 0.88072 85.66 486.57 0.5204 2.4939 1.566 0.790 1.314 1066. 202.0 355.0 8.48 202.5 7.40 24.48 –70.00

–60.00 0.06496 1235.7 0.50786 101.38 492.11 0.5958 2.4289 1.576 0.833 1.320 1014. 205.1 311.5 8.90 195.8 7.88 22.42 –60.00

–51.65b 0.10133 1212.9 0.33468 114.59 496.45 0.6565 2.3805 1.587 0.875 1.328 971. 207.4 280.9 9.25 190.1 8.30 20.74 –51.65

–50.00 0.11014 1208.4 0.30944 117.22 497.27 0.6683 2.3714 1.589 0.883 1.329 962. 207.7 275.3 9.32 189.0 8.39 20.41 –50.00

–40.00 0.17741 1180.2 0.19743 133.23 502.02 0.7382 2.3200 1.608 0.940 1.343 910. 209.7 244.6 9.75 182.2 8.93 18.44 –40.00

–38.00 0.19409 1174.4 0.18134 136.45 502.91 0.7519 2.3103 1.612 0.952 1.347 900. 210.1 239.0 9.84 180.8 9.05 18.05 –38.00

–36.00 0.21197 1168.6 0.16680 139.69 503.78 0.7655 2.3008 1.616 0.965 1.350 889. 210.4 233.6 9.92 179.4 9.16 17.66 –36.00

–34.00 0.23111 1162.8 0.15365 142.93 504.63 0.7791 2.2916 1.621 0.977 1.354 879. 210.6 228.3 10.01 178.0 9.28 17.27 –34.00

–32.00 0.25159 1156.9 0.14173 146.18 505.47 0.7926 2.2824 1.626 0.990 1.358 868. 210.9 223.2 10.10 176.7 9.40 16.89 –32.00

–30.00 0.27344 1151.0 0.13091 149.45 506.27 0.8060 2.2735 1.631 1.004 1.363 858. 211.1 218.2 10.19 175.3 9.52 16.50 –30.00

–28.00 0.29675 1145.0 0.12107 152.72 507.06 0.8193 2.2647 1.637 1.017 1.367 847. 211.3 213.4 10.27 173.9 9.65 16.12 –28.00

–26.00 0.32157 1138.9 0.11211 156.01 507.83 0.8326 2.2561 1.642 1.031 1.372 837. 211.4 208.7 10.36 172.5 9.78 15.74 –26.00

–24.00 0.34796 1132.9 0.10393 159.31 508.57 0.8458 2.2476 1.648 1.045 1.377 826. 211.5 204.1 10.45 171.1 9.91 15.36 –24.00

–22.00 0.37600 1126.7 0.09646 162.62 509.28 0.8589 2.2392 1.654 1.060 1.383 816. 211.6 199.6 10.54 169.7 10.04 14.99 –22.00

–20.00 0.40575 1120.6 0.08963 165.94 509.97 0.8720 2.2310 1.661 1.075 1.389 805. 211.7 195.2 10.63 168.3 10.18 14.61 –20.00

–18.00 0.43728 1114.3 0.08337 169.28 510.64 0.8850 2.2229 1.668 1.090 1.395 794. 211.7 191.0 10.73 166.9 10.32 14.24 –18.00

–16.00 0.47067 1108.0 0.07762 172.63 511.28 0.8979 2.2149 1.675 1.106 1.401 784. 211.7 186.8 10.82 165.5 10.46 13.87 –16.00

–14.00 0.50597 1101.7 0.07234 175.99 511.89 0.9109 2.2070 1.682 1.122 1.408 773. 211.7 182.7 10.91 164.1 10.61 13.50 –14.00

–12.00 0.54327 1095.2 0.06749 179.37 512.47 0.9237 2.1992 1.690 1.139 1.416 762. 211.6 178.8 11.01 162.7 10.76 13.14 –12.00

–10.00 0.58263 1088.8 0.06301 182.76 513.02 0.9365 2.1915 1.698 1.156 1.423 751. 211.5 174.9 11.10 161.3 10.92 12.77 –10.00

–8.00 0.62414 1082.2 0.05889 186.18 513.54 0.9493 2.1839 1.706 1.174 1.432 741. 211.4 171.1 11.20 159.8 11.08 12.41 –8.00

–6.00 0.66786 1075.6 0.05508 189.60 514.03 0.9620 2.1764 1.715 1.192 1.440 730. 211.2 167.4 11.30 158.4 11.25 12.05 –6.00

–4.00 0.71388 1068.9 0.05155 193.05 514.49 0.9747 2.1690 1.725 1.211 1.450 719. 211.0 163.8 11.40 157.0 11.42 11.69 –4.00

–2.00 0.76226 1062.1 0.04829 196.52 514.91 0.9874 2.1616 1.735 1.231 1.460 708. 210.8 160.2 11.50 155.5 11.60 11.34 –2.00

0.00 0.81310 1055.3 0.04527 200.00 515.30 1.0000 2.1543 1.745 1.251 1.470 697. 210.5 156.7 11.60 154.1 11.79 10.99 0.00

2.00 0.86647 1048.3 0.04246 203.50 515.65 1.0126 2.1471 1.756 1.272 1.481 686. 210.2 153.3 11.71 152.6 11.98 10.63 2.00

4.00 0.92245 1041.3 0.03986 207.03 515.96 1.0252 2.1399 1.767 1.294 1.493 675. 209.8 149.9 11.81 151.1 12.19 10.29 4.00

6.00 0.98113 1034.2 0.03743 210.58 516.24 1.0377 2.1327 1.779 1.317 1.506 664. 209.4 146.7 11.92 149.6 12.40 9.94 6.00

8.00 1.0426 1027.0 0.03518 214.15 516.47 1.0503 2.1256 1.792 1.341 1.519 652. 209.0 143.4 12.03 148.2 12.62 9.60 8.00

10.00 1.1069 1019.7 0.03308 217.74 516.66 1.0628 2.1185 1.806 1.367 1.534 641. 208.5 140.3 12.14 146.7 12.86 9.25 10.00

12.00 1.1742 1012.2 0.03112 221.36 516.80 1.0753 2.1114 1.820 1.393 1.549 630. 208.0 137.1 12.25 145.1 13.11 8.91 12.00

14.00 1.2445 1004.7 0.02929 225.01 516.90 1.0878 2.1043 1.835 1.421 1.565 618. 207.5 134.1 12.37 143.6 13.38 8.58 14.00

16.00 1.3179 997.1 0.02758 228.68 516.95 1.1003 2.0972 1.851 1.450 1.583 607. 206.9 131.1 12.48 142.1 13.67 8.24 16.00

18.00 1.3946 989.3 0.02598 232.39 516.95 1.1128 2.0902 1.868 1.481 1.602 595. 206.3 128.1 12.60 140.5 13.97 7.91 18.00

20.00 1.4746 981.4 0.02448 236.12 516.90 1.1253 2.0831 1.886 1.514 1.622 584. 205.6 125.2 12.73 139.0 14.30 7.59 20.00

22.00 1.5579 973.3 0.02307 239.89 516.79 1.1378 2.0760 1.905 1.548 1.644 572. 204.9 122.3 12.85 137.4 14.65 7.26 22.00

24.00 1.6448 965.2 0.02175 243.69 516.62 1.1503 2.0688 1.926 1.585 1.668 560. 204.1 119.5 12.98 135.8 15.03 6.94 24.00

26.00 1.7353 956.8 0.02051 247.53 516.39 1.1629 2.0616 1.948 1.624 1.693 548. 203.3 116.7 13.11 134.2 15.44 6.62 26.00

28.00 1.8295 948.3 0.01935 251.40 516.09 1.1755 2.0544 1.972 1.667 1.721 536. 202.4 113.9 13.25 132.6 15.88 6.30 28.00

30.00 1.9275 939.6 0.01826 255.32 515.72 1.1881 2.0471 1.997 1.712 1.750 524. 201.5 111.2 13.39 131.0 16.36 5.99 30.00

32.00 2.0294 930.7 0.01722 259.28 515.29 1.2007 2.0397 2.025 1.760 1.783 512. 200.6 108.5 13.53 129.3 16.89 5.68 32.00

34.00 2.1353 921.7 0.01625 263.28 514.77 1.2134 2.0322 2.055 1.813 1.819 499. 199.6 105.8 13.68 127.6 17.47 5.37 34.00

36.00 2.2454 912.4 0.01533 267.34 514.17 1.2262 2.0246 2.088 1.870 1.858 487. 198.5 103.2 13.84 126.0 18.10 5.07 36.00

38.00 2.3597 902.8 0.01447 271.45 513.49 1.2391 2.0169 2.124 1.933 1.901 474. 197.4 100.5 14.00 124.2 18.80 4.77 38.00

40.00 2.4783 893.0 0.01365 275.61 512.71 1.2520 2.0091 2.163 2.001 1.948 461. 196.2 97.9 14.16 122.5 19.58 4.47 40.00

42.00 2.6014 883.0 0.01287 279.84 511.82 1.2650 2.0011 2.206 2.077 2.001 448. 194.9 95.4 14.34 120.7 20.44 4.18 42.00

44.00 2.7292 872.6 0.01214 284.13 510.83 1.2781 1.9929 2.255 2.160 2.060 435. 193.6 92.8 14.52 118.9 21.40 3.89 44.00

46.00 2.8616 861.9 0.01144 288.50 509.72 1.2914 1.9845 2.309 2.254 2.126 421. 192.3 90.2 14.71 117.1 22.48 3.61 46.00

48.00 2.9989 850.8 0.01078 292.95 508.48 1.3048 1.9759 2.369 2.358 2.201 408. 190.8 87.7 14.91 115.2 23.69 3.33 48.00

50.00 3.1412 839.3 0.01015 297.49 507.10 1.3183 1.9670 2.439 2.477 2.287 394. 189.3 85.1 15.13 113.3 25.06 3.06 50.00

52.00 3.2887 827.3 0.00955 302.12 505.57 1.3321 1.9578 2.518 2.613 2.385 379. 187.7 82.6 15.36 111.4 26.61 2.79 52.00

54.00 3.4415 814.8 0.00897 306.87 503.86 1.3461 1.9482 2.609 2.771 2.499 365. 186.0 80.0 15.60 109.4 28.39 2.52 54.00

56.00 3.5997 801.7 0.00843 311.74 501.95 1.3603 1.9382 2.717 2.956 2.633 350. 184.3 77.4 15.86 107.3 30.43 2.26 56.00

58.00 3.7635 787.9 0.00790 316.75 499.82 1.3749 1.9277 2.845 3.175 2.793 335. 182.4 74.8 16.15 105.2 32.82 2.01 58.00

60.00 3.9332 773.3 0.00740 321.93 497.44 1.3898 1.9166 3.001 3.441 2.987 320. 180.4 72.2 16.46 103.0 35.62 1.76 60.00

62.00 4.1089 757.8 0.00691 327.30 494.76 1.4052 1.9048 3.193 3.771 3.228 304. 178.3 69.5 16.81 100.8 38.98 1.52 62.00

64.00 4.2909 741.1 0.00644 332.90 491.73 1.4211 1.8922 3.438 4.190 3.535 288. 176.1 66.8 17.20 98.4 43.10 1.29 64.00

66.00 4.4793 723.0 0.00598 338.78 488.26 1.4377 1.8785 3.761 4.743 3.938 271. 173.7 63.9 17.64 96.0 48.32 1.06 66.00

68.00 4.6745 703.2 0.00553 345.02 484.25 1.4553 1.8634 4.207 5.508 4.495 254. 171.2 61.0 18.16 93.4 55.31 0.85 68.00

70.00 4.8768 680.9 0.00508 351.73 479.52 1.4740 1.8464 4.865 6.639 5.316 236. 168.4 57.8 18.78 90.6 65.51 0.64 70.00

75.00 5.4168 605.9 0.00391 372.39 461.72 1.5314 1.7880 10.13 15.60 11.72 186. 159.6 48.5 21.28 83.1 343.33 0.19 75.00

78.11c 5.7820 424.0 0.00236 414.15 414.15 1.6486 1.6486 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 78.11

 *Temperatures are on the ITS-90 scale a = triple point b = normal boiling point  c = critical point
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Fig. 5 Pressure-Enthalpy Diagram for Refrigerant 123
Fig. 5 Pressure-Enthalpy Diagram for Refrigerant 123



Thermophysical Properties of Refrigerants 20.11
Refrigerant 123 (2,2-Dichloro-1,1,1-trifluoroethane) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure, 

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat 

cp , kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

–80.00 0.00013 1709.6 83.667 123.92 335.98 0.6712 1.7691 0.924 0.520 1.117 1133. 108.3 2093. 6.68 107.4 3.22 28.42 –80.00

–70.00 0.00034 1687.4 32.842 133.17 341.25 0.7179 1.7422 0.927 0.537 1.113 1091. 110.8 1680. 7.09 104.8 3.79 27.09 –70.00

–60.00 0.00081 1665.1 14.333 142.46 346.66 0.7625 1.7206 0.932 0.553 1.110 1049. 113.3 1383. 7.50 102.0 4.35 25.78 –60.00

–50.00 0.00177 1642.6 6.8460 151.81 352.21 0.8054 1.7034 0.939 0.569 1.107 1006. 115.6 1160. 7.91 99.1 4.92 24.48 –50.00

–40.00 0.00358 1620.0 3.5319 161.25 357.88 0.8468 1.6901 0.948 0.585 1.105 964. 117.9 986.4 8.31 96.1 5.49 23.19 –40.00

–30.00 0.00675 1597.0 1.9470 170.78 363.65 0.8868 1.6800 0.958 0.601 1.103 923. 120.0 848.0 8.70 93.0 6.05 21.92 –30.00

–20.00 0.01200 1573.8 1.1364 180.41 369.52 0.9256 1.6726 0.968 0.617 1.102 881. 122.0 735.4 9.09 89.8 6.61 20.66 –20.00

–10.00 0.02025 1550.1 0.69690 190.15 375.45 0.9633 1.6675 0.979 0.634 1.102 841. 123.8 642.4 9.47 86.7 7.18 19.41 –10.00

0.00 0.03265 1526.1 0.44609 200.00 381.44 1.0000 1.6642 0.990 0.651 1.102 801. 125.4 564.6 9.84 83.7 7.74 18.18 0.00

2.00 0.03574 1521.3 0.40991 201.98 382.64 1.0072 1.6638 0.993 0.654 1.103 793. 125.7 550.6 9.91 83.1 7.86 17.94 2.00

4.00 0.03907 1516.4 0.37720 203.97 383.84 1.0144 1.6634 0.995 0.658 1.103 785. 126.0 537.0 9.99 82.5 7.97 17.70 4.00

6.00 0.04264 1511.5 0.34759 205.97 385.05 1.0216 1.6631 0.997 0.661 1.103 777. 126.3 523.8 10.06 81.9 8.08 17.45 6.00

8.00 0.04647 1506.6 0.32075 207.96 386.25 1.0287 1.6628 0.999 0.665 1.103 769. 126.6 511.1 10.13 81.3 8.20 17.21 8.00

10.00 0.05057 1501.6 0.29637 209.97 387.46 1.0358 1.6626 1.002 0.668 1.104 761. 126.8 498.8 10.20 80.7 8.31 16.97 10.00

12.00 0.05495 1496.7 0.27420 211.97 388.66 1.0428 1.6625 1.004 0.672 1.104 754. 127.1 486.8 10.28 80.1 8.43 16.73 12.00

14.00 0.05963 1491.7 0.25401 213.99 389.87 1.0499 1.6624 1.006 0.675 1.104 746. 127.3 475.3 10.35 79.5 8.54 16.49 14.00

16.00 0.06463 1486.7 0.23559 216.00 391.08 1.0569 1.6623 1.009 0.679 1.105 738. 127.6 464.0 10.42 79.0 8.66 16.25 16.00

18.00 0.06995 1481.7 0.21877 218.02 392.29 1.0638 1.6623 1.011 0.682 1.105 730. 127.8 453.2 10.49 78.4 8.77 16.01 18.00

20.00 0.07561 1476.6 0.20338 220.05 393.49 1.0707 1.6624 1.014 0.686 1.106 723. 128.0 442.6 10.56 77.8 8.89 15.77 20.00

22.00 0.08163 1471.5 0.18929 222.08 394.70 1.0776 1.6625 1.016 0.690 1.106 715. 128.2 432.4 10.63 77.3 9.01 15.53 22.00

24.00 0.08802 1466.4 0.17637 224.12 395.91 1.0845 1.6626 1.018 0.693 1.107 707. 128.4 422.4 10.70 76.7 9.12 15.30 24.00

26.00 0.09480 1461.3 0.16451 226.16 397.12 1.0913 1.6628 1.021 0.697 1.107 700. 128.6 412.8 10.77 76.1 9.24 15.06 26.00

27.82b 0.10133 1456.6 0.15453 228.03 398.22 1.0975 1.6630 1.023 0.701 1.108 693. 128.7 404.2 10.84 75.6 9.35 14.84 27.82

28.00 0.10198 1456.2 0.15360 228.21 398.32 1.0981 1.6630 1.023 0.701 1.108 692. 128.7 403.4 10.84 75.6 9.36 14.82 28.00

30.00 0.10958 1451.0 0.14356 230.26 399.53 1.1049 1.6633 1.026 0.705 1.109 684. 128.9 394.3 10.91 75.0 9.48 14.59 30.00

32.00 0.11762 1445.8 0.13431 232.31 400.73 1.1116 1.6635 1.028 0.709 1.109 677. 129.0 385.4 10.98 74.5 9.60 14.35 32.00

34.00 0.12611 1440.6 0.12577 234.38 401.93 1.1183 1.6639 1.031 0.712 1.110 669. 129.1 376.8 11.05 74.0 9.72 14.12 34.00

36.00 0.13507 1435.4 0.11789 236.44 403.14 1.1250 1.6642 1.033 0.716 1.111 662. 129.3 368.4 11.12 73.4 9.84 13.89 36.00

38.00 0.14452 1430.1 0.11060 238.51 404.34 1.1317 1.6646 1.036 0.720 1.112 654. 129.4 360.3 11.19 72.9 9.96 13.66 38.00

40.00 0.15447 1424.8 0.10385 240.59 405.54 1.1383 1.6651 1.038 0.724 1.113 647. 129.5 352.4 11.26 72.4 10.08 13.43 40.00

42.00 0.16495 1419.4 0.09759 242.67 406.73 1.1449 1.6655 1.041 0.728 1.114 639. 129.5 344.7 11.33 71.8 10.20 13.20 42.00

44.00 0.17597 1414.1 0.09179 244.76 407.93 1.1515 1.6660 1.044 0.732 1.115 632. 129.6 337.2 11.40 71.3 10.32 12.97 44.00

46.00 0.18755 1408.7 0.08641 246.86 409.12 1.1581 1.6665 1.046 0.736 1.116 624. 129.7 329.9 11.46 70.8 10.45 12.74 46.00

48.00 0.19971 1403.3 0.08140 248.95 410.31 1.1646 1.6670 1.049 0.741 1.117 617. 129.7 322.8 11.53 70.3 10.57 12.51 48.00

50.00 0.21246 1397.8 0.07674 251.06 411.50 1.1711 1.6676 1.052 0.745 1.119 610. 129.7 315.9 11.60 69.8 10.70 12.28 50.00

52.00 0.22584 1392.3 0.07240 253.17 412.69 1.1776 1.6682 1.055 0.749 1.120 602. 129.7 309.1 11.67 69.3 10.82 12.05 52.00

54.00 0.23985 1386.8 0.06836 255.28 413.87 1.1840 1.6688 1.058 0.753 1.121 595. 129.7 302.6 11.74 68.8 10.95 11.83 54.00

56.00 0.25451 1381.2 0.06458 257.41 415.05 1.1905 1.6694 1.060 0.758 1.123 588. 129.7 296.2 11.80 68.3 11.08 11.60 56.00

58.00 0.26985 1375.6 0.06106 259.53 416.23 1.1969 1.6701 1.063 0.762 1.124 580. 129.7 289.9 11.87 67.8 11.21 11.38 58.00

60.00 0.28589 1370.0 0.05777 261.67 417.40 1.2033 1.6707 1.066 0.767 1.126 573. 129.6 283.9 11.94 67.3 11.34 11.16 60.00

62.00 0.30264 1364.3 0.05469 263.81 418.57 1.2096 1.6714 1.069 0.771 1.127 566. 129.6 277.9 12.01 66.8 11.47 10.93 62.00

64.00 0.32013 1358.6 0.05180 265.95 419.73 1.2160 1.6721 1.072 0.776 1.129 558. 129.5 272.1 12.07 66.3 11.61 10.71 64.00

66.00 0.33838 1352.8 0.04910 268.10 420.89 1.2223 1.6728 1.076 0.781 1.131 551. 129.4 266.5 12.14 65.9 11.74 10.49 66.00

68.00 0.35740 1347.0 0.04656 270.26 422.05 1.2286 1.6735 1.079 0.785 1.133 544. 129.3 261.0 12.21 65.4 11.88 10.27 68.00

70.00 0.37722 1341.2 0.04418 272.42 423.20 1.2349 1.6743 1.082 0.790 1.135 536. 129.2 255.6 12.28 64.9 12.01 10.05 70.00

72.00 0.39787 1335.3 0.04195 274.60 424.35 1.2411 1.6750 1.085 0.795 1.137 529. 129.0 250.4 12.35 64.5 12.15 9.84 72.00

74.00 0.41936 1329.3 0.03985 276.77 425.50 1.2474 1.6758 1.089 0.800 1.139 522. 128.9 245.2 12.42 64.0 12.29 9.62 74.00

76.00 0.44171 1323.4 0.03787 278.96 426.63 1.2536 1.6766 1.092 0.806 1.142 515. 128.7 240.2 12.49 63.5 12.44 9.40 76.00

78.00 0.46494 1317.3 0.03601 281.15 427.77 1.2598 1.6774 1.096 0.811 1.144 507. 128.5 235.3 12.55 63.1 12.58 9.19 78.00

80.00 0.48909 1311.2 0.03426 283.35 428.89 1.2660 1.6781 1.100 0.816 1.147 500. 128.3 230.5 12.63 62.6 12.73 8.97 80.00

82.00 0.51416 1305.1 0.03261 285.55 430.01 1.2722 1.6789 1.103 0.822 1.150 493. 128.1 225.9 12.70 62.2 12.87 8.76 82.00

84.00 0.54019 1298.9 0.03105 287.77 431.13 1.2783 1.6797 1.107 0.827 1.152 486. 127.8 221.3 12.77 61.7 13.02 8.55 84.00

86.00 0.56720 1292.6 0.02958 289.99 432.23 1.2845 1.6806 1.111 0.833 1.156 478. 127.6 216.8 12.84 61.3 13.17 8.34 86.00

88.00 0.59520 1286.3 0.02819 292.22 433.33 1.2906 1.6814 1.115 0.839 1.159 471. 127.3 212.5 12.91 60.8 13.33 8.13 88.00

90.00 0.62423 1279.9 0.02687 294.45 434.43 1.2967 1.6822 1.120 0.845 1.162 464. 127.0 208.2 12.98 60.4 13.48 7.92 90.00

92.00 0.65430 1273.5 0.02563 296.70 435.51 1.3028 1.6830 1.124 0.851 1.166 457. 126.6 204.0 13.06 59.9 13.64 7.71 92.00

94.00 0.68544 1266.9 0.02445 298.95 436.59 1.3089 1.6838 1.129 0.858 1.169 449. 126.3 199.9 13.14 59.5 13.80 7.50 94.00

96.00 0.71768 1260.3 0.02334 301.21 437.66 1.3150 1.6846 1.133 0.864 1.173 442. 125.9 195.9 13.21 59.1 13.96 7.30 96.00

98.00 0.75103 1253.7 0.02228 303.49 438.72 1.3211 1.6854 1.138 0.871 1.177 435. 125.5 191.9 13.29 58.6 14.13 7.09 98.00

100.00 0.78553 1246.9 0.02128 305.77 439.77 1.3271 1.6862 1.143 0.878 1.182 427. 125.1 188.1 13.37 58.2 14.29 6.89 100.00

110.00 0.97603 1211.9 0.01697 317.32 444.88 1.3572 1.6902 1.172 0.917 1.208 391. 122.8 169.9 13.80 56.0 15.17 5.88 110.00

120.00 1.1990 1174.4 0.01361 329.15 449.67 1.3872 1.6938 1.207 0.964 1.243 354. 119.8 153.4 14.29 53.9 16.14 4.91 120.00

130.00 1.4578 1133.6 0.01094 341.32 454.07 1.4173 1.6969 1.254 1.026 1.294 317. 116.0 138.1 14.89 51.7 17.22 3.98 130.00

140.00 1.7563 1088.3 0.00879 353.92 457.94 1.4475 1.6992 1.318 1.111 1.369 279. 111.5 123.8 15.65 49.5 18.44 3.09 140.00

150.00 2.0987 1036.8 0.00703 367.10 461.05 1.4782 1.7003 1.415 1.240 1.493 239. 106.0 110.2 16.68 47.2 19.87 2.24 150.00

160.00 2.4901 975.7 0.00555 381.13 463.01 1.5101 1.6991 1.584 1.473 1.726 198. 99.3 96.8 18.19 44.8 21.63 1.45 160.00

170.00 2.9372 896.9 0.00425 396.61 462.89 1.5443 1.6939 1.979 2.033 2.309 154. 91.1 82.7 20.71 42.3 24.05 0.74 170.00

180.00 3.4506 765.9 0.00292 416.22 456.82 1.5867 1.6763 4.549 5.661 6.158 102. 80.6 64.3 26.59 39.7 28.82 0.15 180.00

183.68c 3.6618 550.0 0.00182 437.39 437.39 1.6325 1.6325 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 183.68

 *Temperatures are on the ITS-90 scale b = normal boiling point  c = critical point
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Fig. 6 Pressure-Enthalpy Diagram for Refrigerant 124
Fig. 6 Pressure-Enthalpy Diagram for Refrigerant 124



Thermophysical Properties of Refrigerants 20.13
Refrigerant 124 (2-Chloro-1,1,1,2-tetrafluoroethane) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure, 

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat 

cp , kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

–100.00 0.00024 1714.6 44.375 98.87 302.29 0.5417 1.7165 0.953 0.534 1.129 1052. 109.1 — — — — 26.10 –100.00

–90.00 0.00067 1688.6 16.531 108.45 307.68 0.5954 1.6832 0.962 0.551 1.125 1007. 111.9 — — — — 24.69 –90.00

–80.00 0.00169 1662.3 6.9645 118.13 313.21 0.6469 1.6569 0.972 0.569 1.122 963. 114.6 — — — — 23.30 –80.00

–70.00 0.00379 1635.9 3.2523 127.91 318.86 0.6962 1.6362 0.983 0.586 1.119 919. 117.2 972.1 7.84 101.3 6.25 21.92 –70.00

–60.00 0.00779 1609.1 1.6560 137.80 324.62 0.7437 1.6202 0.995 0.605 1.117 875. 119.6 787.9 8.23 97.4 6.75 20.56 –60.00

–50.00 0.01482 1582.0 0.90713 147.81 330.46 0.7896 1.6081 1.007 0.624 1.116 832. 121.8 655.1 8.62 93.5 7.26 19.21 –50.00

–40.00 0.02642 1554.3 0.52863 157.95 336.36 0.8340 1.5993 1.020 0.644 1.116 790. 123.8 554.9 9.01 89.8 7.78 17.88 –40.00

–30.00 0.04452 1526.1 0.32470 168.23 342.29 0.8772 1.5930 1.034 0.665 1.118 748. 125.5 476.6 9.39 86.2 8.32 16.56 –30.00

–20.00 0.07145 1497.3 0.20856 178.66 348.23 0.9191 1.5890 1.049 0.688 1.120 706. 126.9 413.7 9.77 82.7 8.88 15.26 –20.00

–18.00 0.07813 1491.4 0.19180 180.76 349.42 0.9274 1.5884 1.052 0.693 1.121 698. 127.1 402.6 9.85 82.0 9.00 15.00 –18.00

–16.00 0.08529 1485.5 0.17665 182.87 350.61 0.9356 1.5879 1.056 0.698 1.122 690. 127.3 391.9 9.93 81.3 9.11 14.74 –16.00

–14.00 0.09296 1479.6 0.16293 184.99 351.79 0.9438 1.5874 1.059 0.703 1.123 682. 127.5 381.6 10.00 80.7 9.22 14.49 –14.00

–12.00 0.10117 1473.6 0.15048 187.11 352.97 0.9519 1.5870 1.062 0.708 1.124 673. 127.7 371.7 10.08 80.0 9.34 14.23 –12.00

–11.96b 0.10133 1473.5 0.15026 187.15 352.99 0.9521 1.5870 1.062 0.708 1.124 673. 127.7 371.5 10.08 80.0 9.34 14.23 –11.96

–10.00 0.10993 1467.6 0.13917 189.24 354.15 0.9600 1.5867 1.065 0.713 1.125 665. 127.9 362.1 10.15 79.3 9.46 13.98 –10.00

–8.00 0.11928 1461.6 0.12888 191.38 355.33 0.9681 1.5864 1.069 0.718 1.126 657. 128.1 352.8 10.23 78.7 9.57 13.72 –8.00

–6.00 0.12923 1455.5 0.11950 193.52 356.51 0.9761 1.5862 1.072 0.723 1.127 649. 128.2 343.9 10.31 78.0 9.69 13.47 –6.00

–4.00 0.13983 1449.4 0.11093 195.68 357.68 0.9841 1.5860 1.076 0.729 1.128 641. 128.3 335.3 10.38 77.3 9.81 13.22 –4.00

–2.00 0.15108 1443.2 0.10310 197.83 358.86 0.9921 1.5859 1.079 0.734 1.129 633. 128.5 326.9 10.46 76.7 9.93 12.97 –2.00

0.00 0.16303 1437.0 0.09593 200.00 360.02 1.0000 1.5858 1.083 0.740 1.131 625. 128.6 318.9 10.53 76.0 10.05 12.72 0.00

2.00 0.17570 1430.8 0.08936 202.17 361.19 1.0079 1.5858 1.087 0.746 1.132 617. 128.6 311.0 10.61 75.4 10.17 12.47 2.00

4.00 0.18911 1424.5 0.08333 204.35 362.35 1.0158 1.5858 1.090 0.751 1.134 609. 128.7 303.5 10.69 74.7 10.30 12.22 4.00

6.00 0.20331 1418.1 0.07779 206.54 363.51 1.0236 1.5859 1.094 0.757 1.135 601. 128.7 296.1 10.76 74.1 10.42 11.97 6.00

8.00 0.21830 1411.8 0.07268 208.74 364.67 1.0314 1.5860 1.098 0.763 1.137 593. 128.8 289.0 10.84 73.5 10.54 11.72 8.00

10.00 0.23414 1405.3 0.06798 210.94 365.82 1.0392 1.5861 1.102 0.769 1.139 585. 128.8 282.1 10.92 72.8 10.67 11.48 10.00

12.00 0.25084 1398.9 0.06364 213.15 366.97 1.0469 1.5863 1.106 0.776 1.141 577. 128.7 275.3 10.99 72.2 10.80 11.23 12.00

14.00 0.26844 1392.3 0.05964 215.37 368.11 1.0546 1.5865 1.110 0.782 1.143 569. 128.7 268.8 11.07 71.6 10.93 10.99 14.00

16.00 0.28696 1385.7 0.05593 217.60 369.25 1.0623 1.5868 1.114 0.788 1.145 561. 128.7 262.5 11.15 70.9 11.05 10.74 16.00

18.00 0.30644 1379.1 0.05250 219.84 370.38 1.0700 1.5870 1.119 0.795 1.148 553. 128.6 256.3 11.23 70.3 11.18 10.50 18.00

20.00 0.32692 1372.4 0.04932 222.09 371.51 1.0776 1.5873 1.123 0.802 1.150 545. 128.5 250.3 11.30 69.7 11.32 10.26 20.00

22.00 0.34842 1365.6 0.04636 224.34 372.63 1.0852 1.5876 1.128 0.809 1.153 537. 128.4 244.4 11.38 69.1 11.45 10.02 22.00

24.00 0.37097 1358.8 0.04362 226.60 373.75 1.0928 1.5880 1.132 0.816 1.156 529. 128.2 238.7 11.46 68.5 11.58 9.78 24.00

26.00 0.39462 1351.9 0.04107 228.88 374.85 1.1004 1.5883 1.137 0.823 1.159 521. 128.1 233.2 11.54 67.8 11.72 9.54 26.00

28.00 0.41938 1345.0 0.03870 231.16 375.96 1.1079 1.5887 1.142 0.830 1.162 513. 127.9 227.8 11.62 67.2 11.86 9.30 28.00

30.00 0.44530 1337.9 0.03648 233.45 377.05 1.1154 1.5891 1.147 0.838 1.165 505. 127.7 222.5 11.70 66.6 12.00 9.06 30.00

32.00 0.47241 1330.8 0.03442 235.75 378.14 1.1229 1.5895 1.152 0.845 1.169 497. 127.5 217.3 11.78 66.0 12.14 8.83 32.00

34.00 0.50075 1323.7 0.03249 238.07 379.22 1.1304 1.5900 1.157 0.853 1.172 489. 127.2 212.3 11.87 65.4 12.28 8.59 34.00

36.00 0.53034 1316.4 0.03069 240.39 380.29 1.1379 1.5904 1.163 0.861 1.176 481. 126.9 207.3 11.95 64.8 12.43 8.36 36.00

38.00 0.56123 1309.1 0.02901 242.72 381.36 1.1453 1.5909 1.168 0.870 1.180 473. 126.6 202.5 12.03 64.2 12.57 8.13 38.00

40.00 0.59345 1301.6 0.02743 245.07 382.41 1.1528 1.5913 1.174 0.878 1.185 465. 126.3 197.8 12.12 63.6 12.72 7.90 40.00

42.00 0.62704 1294.1 0.02596 247.43 383.45 1.1602 1.5918 1.180 0.887 1.189 457. 125.9 193.2 12.20 63.0 12.88 7.67 42.00

44.00 0.66202 1286.5 0.02457 249.79 384.49 1.1676 1.5923 1.187 0.897 1.194 449. 125.6 188.7 12.29 62.4 13.03 7.44 44.00

46.00 0.69845 1278.8 0.02327 252.17 385.51 1.1750 1.5928 1.193 0.906 1.199 441. 125.2 184.3 12.38 61.8 13.19 7.21 46.00

48.00 0.73635 1271.0 0.02205 254.56 386.52 1.1824 1.5933 1.200 0.916 1.205 433. 124.7 179.9 12.47 61.2 13.35 6.98 48.00

50.00 0.77577 1263.1 0.02090 256.97 387.53 1.1897 1.5937 1.207 0.926 1.211 425. 124.3 175.7 12.56 60.6 13.51 6.76 50.00

52.00 0.81675 1255.1 0.01982 259.39 388.51 1.1971 1.5942 1.214 0.937 1.217 417. 123.8 171.5 12.65 60.0 13.68 6.53 52.00

54.00 0.85931 1247.0 0.01880 261.82 389.49 1.2044 1.5947 1.221 0.948 1.224 409. 123.3 167.4 12.75 59.4 13.85 6.31 54.00

56.00 0.90350 1238.7 0.01784 264.26 390.45 1.2118 1.5951 1.229 0.959 1.231 401. 122.7 163.4 12.85 58.8 14.02 6.09 56.00

58.00 0.94937 1230.3 0.01693 266.73 391.39 1.2191 1.5956 1.238 0.971 1.239 393. 122.1 159.5 12.95 58.2 14.20 5.87 58.00

60.00 0.99695 1221.8 0.01607 269.20 392.33 1.2265 1.5960 1.246 0.984 1.247 385. 121.5 155.6 13.05 57.6 14.38 5.65 60.00

62.00 1.0463 1213.2 0.01527 271.69 393.24 1.2338 1.5965 1.255 0.997 1.256 376. 120.9 151.8 13.15 57.0 14.57 5.43 62.00

64.00 1.0974 1204.3 0.01450 274.20 394.14 1.2411 1.5969 1.265 1.011 1.266 368. 120.2 148.0 13.26 56.4 14.76 5.21 64.00

66.00 1.1504 1195.4 0.01378 276.72 395.01 1.2485 1.5972 1.275 1.026 1.276 360. 119.5 144.3 13.37 55.9 14.96 5.00 66.00

68.00 1.2052 1186.2 0.01309 279.27 395.87 1.2558 1.5976 1.286 1.042 1.287 351. 118.7 140.7 13.48 55.3 15.17 4.79 68.00

70.00 1.2620 1176.9 0.01244 281.83 396.71 1.2631 1.5979 1.297 1.058 1.299 343. 117.9 137.1 13.60 54.7 15.38 4.58 70.00

72.00 1.3207 1167.4 0.01183 284.41 397.52 1.2705 1.5982 1.310 1.076 1.313 334. 117.1 133.5 13.72 54.1 15.60 4.37 72.00

74.00 1.3815 1157.6 0.01124 287.01 398.31 1.2779 1.5985 1.323 1.095 1.327 326. 116.2 130.0 13.85 53.5 15.83 4.16 74.00

76.00 1.4443 1147.7 0.01069 289.63 399.08 1.2852 1.5987 1.337 1.115 1.343 317. 115.3 126.6 13.98 52.9 16.07 3.95 76.00

78.00 1.5093 1137.5 0.01016 292.28 399.81 1.2926 1.5989 1.352 1.137 1.360 309. 114.4 123.2 14.11 52.3 16.32 3.75 78.00

80.00 1.5764 1127.0 0.00965 294.95 400.52 1.3001 1.5990 1.368 1.160 1.379 300. 113.4 119.8 14.26 51.7 16.59 3.54 80.00

85.00 1.7540 1099.6 0.00849 301.75 402.14 1.3187 1.5990 1.415 1.229 1.436 278. 110.7 111.5 14.64 50.2 17.31 3.05 85.00

90.00 1.9462 1070.1 0.00746 308.74 403.51 1.3376 1.5986 1.475 1.318 1.513 255. 107.8 103.3 15.08 48.7 18.16 2.56 90.00

95.00 2.1542 1037.8 0.00653 315.97 404.56 1.3568 1.5975 1.554 1.437 1.618 231. 104.4 95.2 15.60 47.3 19.17 2.09 95.00

100.00 2.3787 1001.8 0.00569 323.50 405.20 1.3766 1.5955 1.665 1.607 1.773 207. 100.7 87.1 16.21 45.8 20.44 1.64 100.00

105.00 2.6212 960.8 0.00492 331.44 405.26 1.3971 1.5923 1.835 1.873 2.022 182. 96.6 78.8 16.99 44.5 22.11 1.21 105.00

110.00 2.8831 912.1 0.00419 339.99 404.46 1.4188 1.5870 2.135 2.357 2.478 156. 91.9 70.1 18.02 43.7 24.46 0.80 110.00

115.00 3.1662 849.5 0.00347 349.58 402.13 1.4428 1.5782 2.837 3.513 3.576 127. 86.6 60.4 19.57 44.3 28.26 0.43 115.00

120.00 3.4739 749.1 0.00267 361.94 395.71 1.4734 1.5593 6.828 9.976 9.676 93. 80.2 48.0 22.76 52.5 38.39 0.11 120.00

122.28c 3.6243 560.0 0.00179 378.79 378.79 1.5156 1.5156 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 122.28

 *Temperatures are on the ITS-90 scale b = normal boiling point  c = critical point
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Fig. 7 Pressure-Enthalpy Diagram for Refrigerant 125
Fig. 7 Pressure-Enthalpy Diagram for Refrigerant 125



Thermophysical Properties of Refrigerants 20.15
Refrigerant 125 (Pentafluoroethane) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure, MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat 

cp , kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

–100.63a 0.00294 1690.8 4.0484 87.33 277.25 0.4910 1.5919 1.043 0.569 1.142 955. 116.4 1218. 7.43 120.4 5.72 21.79 –100.63

–100.00 0.00312 1688.8 3.8337 87.99 277.60 0.4948 1.5899 1.043 0.570 1.141 951. 116.6 1194. 7.46 120.0 5.76 21.69 –100.00

–90.00 0.00734 1656.1 1.7168 98.44 283.22 0.5535 1.5624 1.048 0.593 1.138 892. 119.4 905.2 7.90 114.1 6.31 20.08 –90.00

–80.00 0.01556 1623.1 0.85019 108.97 288.92 0.6094 1.5411 1.057 0.618 1.137 837. 121.9 718.7 8.33 108.5 6.88 18.50 –80.00

–70.00 0.03021 1589.6 0.45734 119.61 294.68 0.6631 1.5249 1.070 0.645 1.137 785. 124.1 588.2 8.76 103.2 7.48 16.94 –70.00

–60.00 0.05450 1555.5 0.26343 130.40 300.44 0.7149 1.5126 1.087 0.675 1.140 735. 126.0 491.5 9.19 98.2 8.10 15.41 –60.00

–58.00 0.06085 1548.5 0.23760 132.57 301.58 0.7250 1.5106 1.090 0.681 1.140 725. 126.3 475.1 9.28 97.2 8.23 15.11 –58.00

–56.00 0.06777 1541.6 0.21477 134.76 302.73 0.7351 1.5086 1.094 0.688 1.141 715. 126.6 459.4 9.37 96.2 8.36 14.81 –56.00

–54.00 0.07531 1534.5 0.19454 136.95 303.88 0.7451 1.5068 1.098 0.695 1.142 706. 126.9 444.5 9.45 95.2 8.49 14.51 –54.00

–52.00 0.08350 1527.5 0.17657 139.16 305.02 0.7551 1.5051 1.102 0.701 1.143 696. 127.1 430.3 9.54 94.2 8.62 14.21 –52.00

–50.00 0.09237 1520.4 0.16058 141.37 306.16 0.7650 1.5035 1.106 0.708 1.145 686. 127.4 416.8 9.62 93.3 8.75 13.91 –50.00

–48.13b 0.10133 1513.7 0.14720 143.44 307.22 0.7743 1.5021 1.110 0.715 1.146 677. 127.6 404.6 9.70 92.4 8.87 13.63 –48.13

–48.00 0.10198 1513.2 0.14631 143.59 307.30 0.7749 1.5020 1.110 0.715 1.146 677. 127.6 403.8 9.71 92.3 8.88 13.61 –48.00

–46.00 0.11236 1506.0 0.13355 145.81 308.43 0.7847 1.5006 1.114 0.723 1.147 667. 127.8 391.4 9.80 91.4 9.02 13.32 –46.00

–44.00 0.12355 1498.7 0.12211 148.05 309.56 0.7945 1.4993 1.119 0.730 1.149 658. 128.0 379.5 9.88 90.4 9.15 13.02 –44.00

–42.00 0.13559 1491.4 0.11184 150.29 310.69 0.8042 1.4981 1.123 0.738 1.151 648. 128.1 368.1 9.97 89.5 9.29 12.73 –42.00

–40.00 0.14853 1484.0 0.10260 152.55 311.81 0.8139 1.4970 1.128 0.745 1.153 639. 128.3 357.1 10.06 88.5 9.43 12.44 –40.00

–38.00 0.16241 1476.6 0.09427 154.81 312.93 0.8235 1.4959 1.132 0.753 1.155 630. 128.4 346.6 10.14 87.6 9.57 12.15 –38.00

–36.00 0.17728 1469.1 0.08675 157.09 314.04 0.8331 1.4949 1.137 0.761 1.157 620. 128.5 336.4 10.23 86.7 9.71 11.86 –36.00

–34.00 0.19318 1461.6 0.07994 159.37 315.15 0.8426 1.4940 1.142 0.769 1.159 611. 128.6 326.7 10.32 85.7 9.85 11.57 –34.00

–32.00 0.21017 1453.9 0.07377 161.66 316.25 0.8521 1.4932 1.148 0.777 1.161 601. 128.6 317.2 10.41 84.8 10.00 11.28 –32.00

–30.00 0.22829 1446.2 0.06817 163.97 317.35 0.8616 1.4924 1.153 0.786 1.164 592. 128.6 308.2 10.50 83.9 10.14 11.00 –30.00

–28.00 0.24758 1438.5 0.06307 166.28 318.44 0.8710 1.4917 1.158 0.794 1.167 583. 128.6 299.4 10.59 83.0 10.29 10.72 –28.00

–26.00 0.26810 1430.6 0.05843 168.61 319.52 0.8804 1.4910 1.164 0.803 1.170 573. 128.6 290.9 10.68 82.1 10.44 10.43 –26.00

–24.00 0.28990 1422.7 0.05419 170.95 320.60 0.8898 1.4904 1.169 0.812 1.173 564. 128.5 282.7 10.77 81.2 10.59 10.15 –24.00

–22.00 0.31304 1414.7 0.05032 173.30 321.66 0.8991 1.4899 1.175 0.821 1.176 555. 128.5 274.8 10.86 80.3 10.75 9.87 –22.00

–20.00 0.33755 1406.6 0.04678 175.66 322.72 0.9084 1.4894 1.181 0.830 1.179 545. 128.4 267.1 10.95 79.4 10.90 9.60 –20.00

–18.00 0.36350 1398.4 0.04353 178.03 323.77 0.9177 1.4889 1.188 0.840 1.183 536. 128.2 259.6 11.05 78.5 11.06 9.32 –18.00

–16.00 0.39093 1390.1 0.04054 180.42 324.81 0.9269 1.4884 1.194 0.849 1.187 527. 128.1 252.4 11.14 77.6 11.22 9.05 –16.00

–14.00 0.41991 1381.8 0.03780 182.82 325.85 0.9361 1.4880 1.201 0.859 1.191 517. 127.9 245.4 11.24 76.7 11.38 8.77 –14.00

–12.00 0.45049 1373.3 0.03528 185.23 326.87 0.9453 1.4877 1.207 0.869 1.196 508. 127.6 238.6 11.33 75.8 11.55 8.50 –12.00

–10.00 0.48272 1364.7 0.03295 187.66 327.88 0.9545 1.4873 1.214 0.880 1.201 499. 127.4 232.0 11.43 75.0 11.72 8.23 –10.00

–8.00 0.51666 1356.0 0.03081 190.09 328.88 0.9636 1.4870 1.222 0.891 1.206 489. 127.1 225.5 11.53 74.1 11.89 7.97 –8.00

–6.00 0.55237 1347.2 0.02882 192.55 329.86 0.9727 1.4867 1.229 0.902 1.211 480. 126.8 219.2 11.63 73.2 12.07 7.70 –6.00

–4.00 0.58990 1338.3 0.02699 195.02 330.84 0.9818 1.4865 1.237 0.913 1.217 471. 126.4 213.1 11.73 72.3 12.25 7.44 –4.00

–2.00 0.62932 1329.2 0.02528 197.50 331.80 0.9909 1.4862 1.245 0.925 1.224 461. 126.0 207.2 10.61 71.4 12.41 7.17 –2.00

0.00 0.67068 1320.0 0.02371 200.00 332.74 1.0000 1.4860 1.254 0.938 1.230 452. 125.6 201.4 10.99 70.6 12.58 6.91 0.00

2.00 0.71405 1310.7 0.02224 202.52 333.67 1.0091 1.4857 1.262 0.950 1.238 442. 125.2 195.7 11.23 69.7 12.75 6.65 2.00

4.00 0.75948 1301.2 0.02088 205.05 334.59 1.0181 1.4855 1.272 0.964 1.245 433. 124.7 190.2 11.42 68.8 12.93 6.40 4.00

6.00 0.80703 1291.5 0.01961 207.60 335.49 1.0271 1.4853 1.281 0.978 1.254 423. 124.1 184.8 11.60 68.0 13.12 6.14 6.00

8.00 0.85678 1281.7 0.01843 210.17 336.36 1.0362 1.4850 1.291 0.992 1.263 413. 123.6 179.5 11.76 67.1 13.31 5.89 8.00

10.00 0.90879 1271.7 0.01733 212.75 337.22 1.0452 1.4848 1.302 1.008 1.273 404. 123.0 174.3 11.91 66.2 13.51 5.64 10.00

12.00 0.96312 1261.5 0.01630 215.36 338.06 1.0542 1.4845 1.313 1.024 1.283 394. 122.3 169.2 12.07 65.4 13.72 5.39 12.00

14.00 1.0198 1251.1 0.01533 217.99 338.87 1.0632 1.4842 1.325 1.041 1.295 384. 121.6 164.3 12.22 64.5 13.94 5.14 14.00

16.00 1.0790 1240.5 0.01443 220.63 339.66 1.0723 1.4839 1.338 1.059 1.307 375. 120.9 159.4 12.37 63.6 14.16 4.90 16.00

18.00 1.1407 1229.7 0.01359 223.31 340.43 1.0813 1.4836 1.351 1.079 1.321 365. 120.1 154.6 12.53 62.8 14.39 4.66 18.00

20.00 1.2050 1218.6 0.01279 226.00 341.17 1.0903 1.4832 1.365 1.100 1.336 355. 119.3 149.9 12.69 61.9 14.63 4.42 20.00

22.00 1.2720 1207.3 0.01205 228.72 341.87 1.0994 1.4828 1.381 1.122 1.353 345. 118.4 145.3 12.85 61.0 14.89 4.18 22.00

24.00 1.3417 1195.7 0.01135 231.46 342.55 1.1085 1.4823 1.397 1.146 1.371 335. 117.5 140.8 13.01 60.2 15.15 3.95 24.00

26.00 1.4142 1183.8 0.01069 234.24 343.19 1.1176 1.4818 1.415 1.173 1.391 324. 116.5 136.3 13.19 59.3 15.43 3.72 26.00

28.00 1.4896 1171.5 0.01007 237.04 343.79 1.1267 1.4812 1.435 1.201 1.414 314. 115.5 131.9 13.37 58.4 15.73 3.49 28.00

30.00 1.5680 1158.9 0.00949 239.88 344.35 1.1359 1.4805 1.456 1.233 1.439 304. 114.4 127.6 13.55 57.5 16.05 3.26 30.00

32.00 1.6495 1145.9 0.00893 242.75 344.87 1.1451 1.4797 1.480 1.268 1.468 293. 113.3 123.3 13.75 56.7 16.38 3.04 32.00

34.00 1.7342 1132.4 0.00841 245.65 345.33 1.1543 1.4788 1.506 1.307 1.500 283. 112.1 119.1 13.95 55.8 16.74 2.82 34.00

36.00 1.8220 1118.5 0.00791 248.60 345.75 1.1636 1.4779 1.535 1.350 1.537 272. 110.8 114.9 14.17 54.9 17.14 2.60 36.00

38.00 1.9133 1104.0 0.00744 251.59 346.10 1.1730 1.4767 1.567 1.400 1.579 261. 109.5 110.7 14.40 54.1 17.56 2.39 38.00

40.00 2.0079 1089.0 0.00700 254.63 346.39 1.1825 1.4755 1.605 1.457 1.628 250. 108.1 106.5 14.64 53.2 18.02 2.18 40.00

42.00 2.1061 1073.3 0.00657 257.73 346.60 1.1920 1.4740 1.648 1.522 1.686 239. 106.7 102.4 14.91 52.3 18.54 1.97 42.00

44.00 2.2080 1056.7 0.00617 260.88 346.72 1.2017 1.4724 1.698 1.600 1.754 228. 105.2 98.3 15.19 51.4 19.10 1.77 44.00

46.00 2.3136 1039.4 0.00578 264.10 346.75 1.2115 1.4705 1.757 1.692 1.837 216. 103.6 94.1 15.51 50.6 19.74 1.57 46.00

48.00 2.4231 1020.9 0.00541 267.41 346.66 1.2215 1.4683 1.828 1.805 1.938 204. 101.9 90.0 15.85 49.7 20.46 1.38 48.00

50.00 2.5367 1001.3 0.00505 270.80 346.44 1.2317 1.4657 1.917 1.945 2.065 192. 100.1 85.8 16.23 48.9 21.28 1.19 50.00

52.00 2.6544 980.2 0.00470 274.30 346.06 1.2421 1.4628 2.029 2.124 2.228 180. 98.2 81.5 16.66 48.2 22.24 1.01 52.00

54.00 2.7765 957.2 0.00437 277.94 345.48 1.2529 1.4593 2.177 2.363 2.447 168. 96.3 77.2 17.16 47.5 23.37 0.84 54.00

56.00 2.9032 931.9 0.00404 281.75 344.65 1.2641 1.4552 2.382 2.696 2.753 155. 94.2 72.6 17.74 47.0 24.74 0.67 56.00

58.00 3.0346 903.4 0.00371 285.79 343.48 1.2759 1.4501 2.689 3.196 3.212 141. 92.0 67.9 18.44 46.8 26.45 0.51 58.00

60.00 3.1711 870.3 0.00338 290.15 341.84 1.2886 1.4437 3.200 4.028 3.976 127. 89.6 62.8 19.32 47.3 28.70 0.35 60.00

62.00 3.3130 829.8 0.00303 295.04 339.42 1.3027 1.4351 4.238 5.696 5.502 112. 86.9 57.2 20.53 49.3 31.93 0.21 62.00

64.00 3.4609 773.5 0.00264 301.03 335.43 1.3200 1.4220 7.51 10.75 10.08 96. 83.8 50.3 22.45 54.7 38.57 0.09 64.00

66.02c 3.6290 568.0 0.00176 318.39 318.39 1.3706 1.3706 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 66.02

 *Temperatures are on the ITS-90 scale a = triple point b = normal boiling point  c = critical point
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Thermophysical Properties of Refrigerants 20.17
Refrigerant 134a (1,1,1,2-Tetrafluoroethane) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure, 

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat 

cp , kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

–103.30a 0.00039 1591.1 35.496 71.46 334.94 0.4126 1.9639 1.184 0.585 1.164 1120. 126.8 2175. 6.46 145.2 3.08 28.07 –103.30

–100.00 0.00056 1582.4 25.193 75.36 336.85 0.4354 1.9456 1.184 0.593 1.162 1103. 127.9 1893. 6.60 143.2 3.34 27.50 –100.00

–90.00 0.00152 1555.8 9.7698 87.23 342.76 0.5020 1.8972 1.189 0.617 1.156 1052. 131.0 1339. 7.03 137.3 4.15 25.79 –90.00

–80.00 0.00367 1529.0 4.2682 99.16 348.83 0.5654 1.8580 1.198 0.642 1.151 1002. 134.0 1018. 7.46 131.5 4.95 24.10 –80.00

–70.00 0.00798 1501.9 2.0590 111.20 355.02 0.6262 1.8264 1.210 0.667 1.148 952. 136.8 809.2 7.89 126.0 5.75 22.44 –70.00

–60.00 0.01591 1474.3 1.0790 123.36 361.31 0.6846 1.8010 1.223 0.692 1.146 903. 139.4 663.1 8.30 120.7 6.56 20.80 –60.00

–50.00 0.02945 1446.3 0.60620 135.67 367.65 0.7410 1.7806 1.238 0.720 1.146 855. 141.7 555.1 8.72 115.6 7.36 19.18 –50.00

–40.00 0.05121 1417.7 0.36108 148.14 374.00 0.7956 1.7643 1.255 0.749 1.148 807. 143.6 472.2 9.12 110.6 8.17 17.60 –40.00

–30.00 0.08438 1388.4 0.22594 160.79 380.32 0.8486 1.7515 1.273 0.781 1.152 760. 145.2 406.4 9.52 105.8 8.99 16.04 –30.00

–28.00 0.09270 1382.4 0.20680 163.34 381.57 0.8591 1.7492 1.277 0.788 1.153 751. 145.4 394.9 9.60 104.8 9.15 15.73 –28.00

–26.07b 0.10133 1376.7 0.19018 165.81 382.78 0.8690 1.7472 1.281 0.794 1.154 742. 145.7 384.2 9.68 103.9 9.31 15.44 –26.07

–26.00 0.10167 1376.5 0.18958 165.90 382.82 0.8694 1.7471 1.281 0.794 1.154 742. 145.7 383.8 9.68 103.9 9.32 15.43 –26.00

–24.00 0.11130 1370.4 0.17407 168.47 384.07 0.8798 1.7451 1.285 0.801 1.155 732. 145.9 373.1 9.77 102.9 9.48 15.12 –24.00

–22.00 0.12165 1364.4 0.16006 171.05 385.32 0.8900 1.7432 1.289 0.809 1.156 723. 146.1 362.9 9.85 102.0 9.65 14.82 –22.00

–20.00 0.13273 1358.3 0.14739 173.64 386.55 0.9002 1.7413 1.293 0.816 1.158 714. 146.3 353.0 9.92 101.1 9.82 14.51 –20.00

–18.00 0.14460 1352.1 0.13592 176.23 387.79 0.9104 1.7396 1.297 0.823 1.159 705. 146.4 343.5 10.01 100.1 9.98 14.21 –18.00

–16.00 0.15728 1345.9 0.12551 178.83 389.02 0.9205 1.7379 1.302 0.831 1.161 695. 146.6 334.3 10.09 99.2 10.15 13.91 –16.00

–14.00 0.17082 1339.7 0.11605 181.44 390.24 0.9306 1.7363 1.306 0.838 1.163 686. 146.7 325.4 10.17 98.3 10.32 13.61 –14.00

–12.00 0.18524 1333.4 0.10744 184.07 391.46 0.9407 1.7348 1.311 0.846 1.165 677. 146.8 316.9 10.25 97.4 10.49 13.32 –12.00

–10.00 0.20060 1327.1 0.09959 186.70 392.66 0.9506 1.7334 1.316 0.854 1.167 668. 146.9 308.6 10.33 96.5 10.66 13.02 –10.00

–8.00 0.21693 1320.8 0.09242 189.34 393.87 0.9606 1.7320 1.320 0.863 1.169 658. 146.9 300.6 10.41 95.6 10.83 12.72 –8.00

–6.00 0.23428 1314.3 0.08587 191.99 395.06 0.9705 1.7307 1.325 0.871 1.171 649. 147.0 292.9 10.49 94.7 11.00 12.43 –6.00

–4.00 0.25268 1307.9 0.07987 194.65 396.25 0.9804 1.7294 1.330 0.880 1.174 640. 147.0 285.4 10.57 93.8 11.17 12.14 –4.00

–2.00 0.27217 1301.4 0.07436 197.32 397.43 0.9902 1.7282 1.336 0.888 1.176 631. 147.0 278.1 10.65 92.9 11.34 11.85 –2.00

0.00 0.29280 1294.8 0.06931 200.00 398.60 1.0000 1.7271 1.341 0.897 1.179 622. 146.9 271.1 10.73 92.0 11.51 11.56 0.00

2.00 0.31462 1288.1 0.06466 202.69 399.77 1.0098 1.7260 1.347 0.906 1.182 612. 146.9 264.3 10.81 91.1 11.69 11.27 2.00

4.00 0.33766 1281.4 0.06039 205.40 400.92 1.0195 1.7250 1.352 0.916 1.185 603. 146.8 257.6 10.90 90.2 11.86 10.99 4.00

6.00 0.36198 1274.7 0.05644 208.11 402.06 1.0292 1.7240 1.358 0.925 1.189 594. 146.7 251.2 10.98 89.4 12.04 10.70 6.00

8.00 0.38761 1267.9 0.05280 210.84 403.20 1.0388 1.7230 1.364 0.935 1.192 585. 146.5 244.9 11.06 88.5 12.22 10.42 8.00

10.00 0.41461 1261.0 0.04944 213.58 404.32 1.0485 1.7221 1.370 0.945 1.196 576. 146.4 238.8 11.15 87.6 12.40 10.14 10.00

12.00 0.44301 1254.0 0.04633 216.33 405.43 1.0581 1.7212 1.377 0.956 1.200 566. 146.2 232.9 11.23 86.7 12.58 9.86 12.00

14.00 0.47288 1246.9 0.04345 219.09 406.53 1.0677 1.7204 1.383 0.967 1.204 557. 146.0 227.1 11.32 85.9 12.77 9.58 14.00

16.00 0.50425 1239.8 0.04078 221.87 407.61 1.0772 1.7196 1.390 0.978 1.209 548. 145.7 221.5 11.40 85.0 12.95 9.30 16.00

18.00 0.53718 1232.6 0.03830 224.66 408.69 1.0867 1.7188 1.397 0.989 1.214 539. 145.5 216.0 11.49 84.1 13.14 9.03 18.00

20.00 0.57171 1225.3 0.03600 227.47 409.75 1.0962 1.7180 1.405 1.001 1.219 530. 145.1 210.7 11.58 83.3 13.33 8.76 20.00

22.00 0.60789 1218.0 0.03385 230.29 410.79 1.1057 1.7173 1.413 1.013 1.224 520. 144.8 205.5 11.67 82.4 13.53 8.48 22.00

24.00 0.64578 1210.5 0.03186 233.12 411.82 1.1152 1.7166 1.421 1.025 1.230 511. 144.5 200.4 11.76 81.6 13.72 8.21 24.00

26.00 0.68543 1202.9 0.03000 235.97 412.84 1.1246 1.7159 1.429 1.038 1.236 502. 144.1 195.4 11.85 80.7 13.92 7.95 26.00

28.00 0.72688 1195.2 0.02826 238.84 413.84 1.1341 1.7152 1.437 1.052 1.243 493. 143.6 190.5 11.95 79.8 14.13 7.68 28.00

30.00 0.77020 1187.5 0.02664 241.72 414.82 1.1435 1.7145 1.446 1.065 1.249 483. 143.2 185.8 12.04 79.0 14.33 7.42 30.00

32.00 0.81543 1179.6 0.02513 244.62 415.78 1.1529 1.7138 1.456 1.080 1.257 474. 142.7 181.1 12.14 78.1 14.54 7.15 32.00

34.00 0.86263 1171.6 0.02371 247.54 416.72 1.1623 1.7131 1.466 1.095 1.265 465. 142.1 176.6 12.24 77.3 14.76 6.89 34.00

36.00 0.91185 1163.4 0.02238 250.48 417.65 1.1717 1.7124 1.476 1.111 1.273 455. 141.6 172.1 12.34 76.4 14.98 6.64 36.00

38.00 0.96315 1155.1 0.02113 253.43 418.55 1.1811 1.7118 1.487 1.127 1.282 446. 141.0 167.7 12.44 75.6 15.21 6.38 38.00

40.00 1.0166 1146.7 0.01997 256.41 419.43 1.1905 1.7111 1.498 1.145 1.292 436. 140.3 163.4 12.55 74.7 15.44 6.13 40.00

42.00 1.0722 1138.2 0.01887 259.41 420.28 1.1999 1.7103 1.510 1.163 1.303 427. 139.7 159.2 12.65 73.9 15.68 5.88 42.00

44.00 1.1301 1129.5 0.01784 262.43 421.11 1.2092 1.7096 1.523 1.182 1.314 418. 138.9 155.1 12.76 73.0 15.93 5.63 44.00

46.00 1.1903 1120.6 0.01687 265.47 421.92 1.2186 1.7089 1.537 1.202 1.326 408. 138.2 151.0 12.88 72.1 16.18 5.38 46.00

48.00 1.2529 1111.5 0.01595 268.53 422.69 1.2280 1.7081 1.551 1.223 1.339 399. 137.4 147.0 13.00 71.3 16.45 5.13 48.00

50.00 1.3179 1102.3 0.01509 271.62 423.44 1.2375 1.7072 1.566 1.246 1.354 389. 136.6 143.1 13.12 70.4 16.72 4.89 50.00

52.00 1.3854 1092.9 0.01428 274.74 424.15 1.2469 1.7064 1.582 1.270 1.369 379. 135.7 139.2 13.24 69.6 17.01 4.65 52.00

54.00 1.4555 1083.2 0.01351 277.89 424.83 1.2563 1.7055 1.600 1.296 1.386 370. 134.7 135.4 13.37 68.7 17.31 4.41 54.00

56.00 1.5282 1073.4 0.01278 281.06 425.47 1.2658 1.7045 1.618 1.324 1.405 360. 133.8 131.6 13.51 67.8 17.63 4.18 56.00

58.00 1.6036 1063.2 0.01209 284.27 426.07 1.2753 1.7035 1.638 1.354 1.425 350. 132.7 127.9 13.65 67.0 17.96 3.95 58.00

60.00 1.6818 1052.9 0.01144 287.50 426.63 1.2848 1.7024 1.660 1.387 1.448 340. 131.7 124.2 13.79 66.1 18.31 3.72 60.00

62.00 1.7628 1042.2 0.01083 290.78 427.14 1.2944 1.7013 1.684 1.422 1.473 331. 130.5 120.6 13.95 65.2 18.68 3.49 62.00

64.00 1.8467 1031.2 0.01024 294.09 427.61 1.3040 1.7000 1.710 1.461 1.501 321. 129.4 117.0 14.11 64.3 19.07 3.27 64.00

66.00 1.9337 1020.0 0.00969 297.44 428.02 1.3137 1.6987 1.738 1.504 1.532 311. 128.1 113.5 14.28 63.4 19.50 3.05 66.00

68.00 2.0237 1008.3 0.00916 300.84 428.36 1.3234 1.6972 1.769 1.552 1.567 301. 126.8 109.9 14.46 62.6 19.95 2.83 68.00

70.00 2.1168 996.2 0.00865 304.28 428.65 1.3332 1.6956 1.804 1.605 1.607 290. 125.5 106.4 14.65 61.7 20.45 2.61 70.00

72.00 2.2132 983.8 0.00817 307.78 428.86 1.3430 1.6939 1.843 1.665 1.653 280. 124.0 102.9 14.85 60.8 20.98 2.40 72.00

74.00 2.3130 970.8 0.00771 311.33 429.00 1.3530 1.6920 1.887 1.734 1.705 269. 122.6 99.5 15.07 59.9 21.56 2.20 74.00

76.00 2.4161 957.3 0.00727 314.94 429.04 1.3631 1.6899 1.938 1.812 1.766 259. 121.0 96.0 15.30 59.0 22.21 1.99 76.00

78.00 2.5228 943.1 0.00685 318.63 428.98 1.3733 1.6876 1.996 1.904 1.838 248. 119.4 92.5 15.56 58.1 22.92 1.80 78.00

80.00 2.6332 928.2 0.00645 322.39 428.81 1.3836 1.6850 2.065 2.012 1.924 237. 117.7 89.0 15.84 57.2 23.72 1.60 80.00

85.00 2.9258 887.2 0.00550 332.22 427.76 1.4104 1.6771 2.306 2.397 2.232 207. 113.1 80.2 16.67 54.9 26.22 1.14 85.00

90.00 3.2442 837.8 0.00461 342.93 425.42 1.4390 1.6662 2.756 3.121 2.820 176. 107.9 70.9 17.81 52.8 29.91 0.71 90.00

95.00 3.5912 772.7 0.00374 355.25 420.67 1.4715 1.6492 3.938 5.020 4.369 141. 101.9 60.4 19.61 51.7 36.40 0.33 95.00

100.00 3.9724 651.2 0.00268 373.30 407.68 1.5188 1.6109 17.59 25.35 20.81 101. 94.0 45.1 24.21 59.9 60.58 0.04 100.00

101.06c 4.0593 511.9 0.00195 389.64 389.64 1.5621 1.5621 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 101.06

 *Temperatures are on the ITS-90 scale a = triple point b = normal boiling point  c = critical point



20.18 2001 ASHRAE Fundamentals Handbook (SI)
Refrigerant 134a Properties of Superheated Vapor

Pressure = 0.101325 MPa

Saturation temperature = −26.07°C

Pressure = 0.200 MPa

Saturation temperature = −10.07°C

Pressure = 0.400 MPa

Saturation temperature = 8.94°C

Temp.,*

°C

Density, 

kg/m3

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Vel. Sound,

m/s

Temp.,*

°C

Density, 

kg/m3

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Vel. Sound, 

m/s

Temp.,*

°C

Density, 

kg/m3

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Vel. Sound, 

m/s

Saturated Saturated Saturated

Liquid 1374.34 166.07 0.8701 747.1 Liquid 1325.78 186.69 0.9506 672.8 Liquid 1263.84 212.08 1.0432 583.8

Vapor 5.26 382.90 1.7476 145.7 Vapor 10.01 392.71 1.7337 146.9 Vapor 19.52 403.80 1.7229 146.6

−20.00 5.11 387.68 1.7667 147.8

−10.00 4.89 395.65 1.7976 151.0 −10.00 10.01 392.77 1.7339 147.0

0.00 4.69 403.74 1.8278 154.2 0.00 9.54 401.21 1.7654 150.6

10.00 4.50 411.97 1.8574 157.2 10.00 9.13 409.73 1.7961 154.0 10.00 19.41 404.78 1.7263 147.0

20.00 4.34 420.34 1.8864 160.1 20.00 8.76 418.35 1.8260 157.3 20.00 18.45 414.00 1.7583 151.2

30.00 4.18 428.85 1.9150 162.9 30.00 8.42 427.07 1.8552 160.4 30.00 17.61 423.21 1.7892 155.0

40.00 4.04 437.52 1.9431 165.7 40.00 8.12 435.90 1.8839 163.4 40.00 16.87 432.46 1.8192 158.6

50.00 3.91 446.33 1.9708 168.4 50.00 7.83 444.87 1.9121 166.3 50.00 16.20 441.76 1.8485 162.0

60.00 3.78 455.30 1.9981 171.0 60.00 7.57 453.97 1.9398 169.2 60.00 15.60 451.15 1.8771 165.3

70.00 3.67 464.43 2.0251 173.6 70.00 7.33 463.20 1.9671 171.9 70.00 15.05 460.63 1.9051 168.4

80.00 3.56 473.70 2.0518 176.1 80.00 7.11 472.57 1.9940 174.6 80.00 14.54 470.21 1.9326 171.4

90.00 3.46 483.13 2.0781 178.6 90.00 6.89 482.08 2.0206 177.2 90.00 14.08 479.91 1.9597 174.3

100.00 3.36 492.71 2.1041 181.0 100.00 6.70 491.74 2.0468 179.7 100.00 13.65 489.72 1.9864 177.1

110.00 3.27 502.44 2.1298 183.4 110.00 6.51 501.53 2.0727 182.2 110.00 13.24 499.65 2.0126 179.8

120.00 3.19 512.32 2.1553 185.7 120.00 6.34 511.47 2.0983 184.7 120.00 12.87 509.71 2.0386 182.4

130.00 3.11 522.35 2.1805 188.1 130.00 6.17 521.55 2.1236 187.1 130.00 12.51 519.90 2.0641 185.0

140.00 3.03 532.52 2.2054 190.3 140.00 6.01 531.76 2.1486 189.4 140.00 12.18 530.21 2.0894 187.5

150.00 2.96 542.83 2.2301 192.6 150.00 5.87 542.12 2.1734 191.7 150.00 11.87 540.66 2.1144 190.0

Pressure = 0.600 MPa

Saturation temperature = 21.58°C

Pressure = 0.800 MPa

Saturation temperature = 31.33°C

Pressure = 1.000 MPa

Saturation temperature = 39.39°C

Temp.,*

°C

Density, 

kg/m3

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Vel. Sound, 

m/s

Temp.,*

°C

Density, 

kg/m3

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Vel. Sound, 

m/s

Temp.,*

°C

Density, 

kg/m3

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Vel. Sound, 

m/s

Saturated Saturated Saturated

Liquid 1219.08 229.62 1.1035 524.0 Liquid 1181.92 243.58 1.1495 477.4 Liquid 1149.06 255.44 1.1874 438.6

Vapor 29.13 410.67 1.7178 145.0 Vapor 38.99 415.58 1.7144 142.9 Vapor 49.16 419.31 1.7117 140.6

30.00 27.79 418.97 1.7455 149.0

40.00 26.41 428.72 1.7772 153.4 40.00 36.98 424.61 1.7437 147.6 40.00 48.95 419.99 1.7139 141.0

50.00 25.21 438.44 1.8077 157.4 50.00 35.03 434.85 1.7758 152.4 50.00 45.86 430.91 1.7482 146.9

60.00 24.16 448.16 1.8374 161.2 60.00 33.36 444.98 1.8067 156.8 60.00 43.34 441.56 1.7807 152.0

70.00 23.22 457.93 1.8662 164.7 70.00 31.90 455.08 1.8366 160.8 70.00 41.21 452.05 1.8117 156.7

80.00 22.37 467.75 1.8944 168.0 80.00 30.62 465.17 1.8656 164.6 80.00 39.36 462.47 1.8416 160.9

90.00 21.59 477.65 1.9221 171.2 90.00 29.46 475.30 1.8939 168.1 90.00 37.74 472.86 1.8706 164.9

100.00 20.88 487.64 1.9492 174.3 100.00 28.41 485.49 1.9215 171.5 100.00 36.29 483.26 1.8989 168.6

110.00 20.22 497.72 1.9759 177.3 110.00 27.46 495.74 1.9486 174.7 110.00 34.99 493.69 1.9265 172.1

120.00 19.61 507.92 2.0022 180.1 120.00 26.58 506.07 1.9753 177.8 120.00 33.80 504.19 1.9535 175.4

130.00 19.04 518.22 2.0280 182.9 130.00 25.77 516.50 2.0015 180.8 130.00 32.71 514.75 1.9800 178.6

140.00 18.51 528.63 2.0536 185.6 140.00 25.01 527.03 2.0272 183.7 140.00 31.70 525.39 2.0061 181.7

150.00 18.01 539.17 2.0787 188.2 150.00 24.31 537.66 2.0527 186.4 150.00 30.76 536.12 2.0318 184.6

160.00 17.54 549.82 2.1036 190.8 160.00 23.65 548.40 2.0777 189.2 160.00 29.90 546.95 2.0571 187.5

170.00 17.10 560.59 2.1282 193.3 170.00 23.03 559.24 2.1025 191.8 170.00 29.08 557.88 2.0820 190.3

180.00 16.68 571.48 2.1525 195.8 180.00 22.45 570.20 2.1270 194.4 180.00 28.32 568.91 2.1066 193.0

190.00 16.29 582.50 2.1766 198.2 190.00 21.89 581.28 2.1511 196.9 190.00 27.60 580.05 2.1309 195.6

200.00 15.91 593.63 2.2003 200.6 200.00 21.37 592.46 2.1750 199.4 200.00 26.92 591.29 2.1550 198.2

Pressure = 1.200 MPa

Saturation temperature = 46.32°C

Pressure = 1.400 MPa

Saturation temperature = 52.43°C

Pressure = 1.600 MPa

Saturation temperature = 57.91°C

Temp.,*

°C

Density, 

kg/m3

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Vel. Sound, 

m/s

Temp.,*

°C

Density, 

kg/m3

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Vel. Sound, 

m/s

Temp.,*

°C

Density, 

kg/m3

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Vel. Sound, 

m/s

Saturated Saturated Saturated

Liquid 1118.89 265.91 1.2200 405.0 Liquid 1090.50 275.38 1.2488 375.1 Liquid 1063.28 284.11 1.2748 348.1

Vapor 59.73 422.22 1.7092 138.2 Vapor 70.76 424.50 1.7068 135.6 Vapor 82.34 426.27 1.7042 132.9

50.00 58.09 426.51 1.7226 140.7

60.00 54.32 437.83 1.7571 146.9 60.00 66.61 433.69 1.7347 141.2 60.00 80.74 428.99 1.7124 134.7

70.00 51.26 448.81 1.7896 152.3 70.00 62.25 445.31 1.7691 147.5 70.00 74.43 441.47 1.7493 142.3

80.00 48.69 459.61 1.8206 157.1 80.00 58.74 456.56 1.8014 153.0 80.00 69.61 453.30 1.7833 148.7

90.00 46.49 470.30 1.8504 161.5 90.00 55.79 467.60 1.8322 158.0 90.00 65.71 464.76 1.8153 154.2

100.00 44.55 480.94 1.8794 165.6 100.00 53.24 478.53 1.8619 162.5 100.00 62.43 476.01 1.8458 159.2

110.00 42.83 491.58 1.9075 169.4 110.00 51.03 489.39 1.8906 166.6 110.00 59.62 487.13 1.8753 163.8

120.00 41.28 502.25 1.9350 173.0 120.00 49.05 500.25 1.9186 170.5 120.00 57.14 498.19 1.9038 168.0

130.00 39.87 512.95 1.9619 176.4 130.00 47.28 511.11 1.9459 174.2 130.00 54.95 509.23 1.9315 171.9

140.00 38.58 523.72 1.9882 179.7 140.00 45.67 522.02 1.9726 177.7 140.00 52.98 520.28 1.9586 175.6

150.00 37.39 534.56 2.0142 182.8 150.00 44.19 532.97 1.9988 181.0 150.00 51.18 531.36 1.9851 179.1

160.00 36.29 545.48 2.0397 185.8 160.00 42.83 544.00 2.0246 184.2 160.00 49.54 542.49 2.0111 182.5

170.00 35.26 556.50 2.0648 188.8 170.00 41.57 555.10 2.0499 187.2 170.00 48.03 553.68 2.0366 185.7

180.00 34.31 567.60 2.0896 191.6 180.00 40.41 566.28 2.0748 190.2 180.00 46.63 564.94 2.0617 188.8

190.00 33.40 578.80 2.1141 194.4 190.00 39.31 577.55 2.0994 193.1 190.00 45.32 576.29 2.0865 191.8

200.00 32.56 590.11 2.1382 197.1 200.00 38.28 588.92 2.1237 195.9 200.00 44.10 587.71 2.1109 194.7

210.00 31.76 601.51 2.1621 199.7 210.00 37.32 600.38 2.1477 198.6 210.00 42.96 599.23 2.1350 197.6

220.00 31.01 613.02 2.1856 202.3 220.00 36.41 611.94 2.1714 201.3 220.00 41.88 610.84 2.1588 200.3

230.00 30.29 624.64 2.2090 204.8 230.00 35.55 623.60 2.1948 203.9 230.00 40.87 622.55 2.1823 203.0

240.00 29.61 636.36 2.2320 207.2 240.00 34.73 635.35 2.2179 206.4 240.00 39.91 634.35 2.2055 205.6

250.00 28.96 648.18 2.2548 209.7 250.00 33.96 647.22 2.2408 208.9 250.00 39.00 646.25 2.2285 208.2

*Temperatures are on the ITS-90 scale



Thermophysical Properties of Refrigerants 20.19
Refrigerant 134a Properties of Superheated Vapor (Concluded)

Pressure = 1.800 MPa

Saturation temperature = 62.90°C

Pressure = 2.000 MPa

Saturation temperature = 67.49°C

Pressure = 2.200 MPa

Saturation temperature = 71.74°C

Temp.,*

°C

Density, 

kg/m3

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Vel. Sound,

m/s

Temp.,*

°C

Density, 

kg/m3

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Vel. Sound, 

m/s

Temp.,*

°C

Density, 

kg/m3

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Vel. Sound, 

m/s

Saturated Saturated Saturated
Liquid 1036.81 292.26 1.2987 323.2 Liquid 1010.74 299.96 1.3209 300.1 Liquid 984.76 307.32 1.3417 278.4
Vapor 94.53 427.59 1.7014 130.1 Vapor 107.46 428.52 1.6983 127.2 Vapor 121.25 429.08 1.6948 124.3
70.00 88.23 437.17 1.7296 136.5 70.00 104.37 432.22 1.7091 129.9
80.00 81.54 449.76 1.7657 144.0 80.00 94.85 445.86 1.7483 138.9 80.00 110.03 441.49 1.7303 133.3
90.00 76.38 461.74 1.7992 150.3 90.00 87.97 458.49 1.7835 146.2 90.00 100.70 454.98 1.7680 141.8
100.00 72.17 473.36 1.8308 155.9 100.00 82.58 470.57 1.8164 152.4 100.00 93.78 467.61 1.8023 148.7
110.00 68.64 484.78 1.8610 160.8 110.00 78.17 482.32 1.8474 157.8 110.00 88.25 479.75 1.8344 154.7
120.00 65.60 496.06 1.8900 165.4 120.00 74.44 493.86 1.8772 162.7 120.00 83.70 491.59 1.8649 160.0
130.00 62.91 507.29 1.9183 169.6 130.00 71.18 505.30 1.9059 167.2 130.00 79.79 503.25 1.8942 164.9
140.00 60.53 518.50 1.9457 173.5 140.00 68.33 516.68 1.9338 171.4 140.00 76.41 514.81 1.9226 169.3
150.00 58.37 529.71 1.9725 177.3 150.00 65.78 528.03 1.9609 175.4 150.00 73.40 526.32 1.9501 173.5
160.00 56.42 540.95 1.9988 180.8 160.00 63.47 539.39 1.9875 179.1 160.00 70.71 537.81 1.9769 177.4
170.00 54.62 552.24 2.0246 184.2 170.00 61.37 550.79 2.0135 182.6 170.00 68.28 549.31 2.0032 181.1
180.00 52.97 563.59 2.0499 187.4 180.00 59.45 562.23 2.0390 186.0 180.00 66.06 560.84 2.0289 184.6
190.00 51.44 575.01 2.0748 190.6 190.00 57.67 573.72 2.0641 189.3 190.00 64.02 572.42 2.0542 188.0
200.00 50.01 586.50 2.0993 193.6 200.00 56.02 585.28 2.0888 192.4 200.00 62.13 584.06 2.0790 191.3
210.00 48.68 598.08 2.1236 196.5 210.00 54.49 596.92 2.1131 195.5 210.00 60.38 595.76 2.1035 194.4
220.00 47.43 609.74 2.1475 199.4 220.00 53.05 608.64 2.1371 198.4 220.00 58.74 607.53 2.1276 197.5
230.00 46.25 621.50 2.1710 202.1 230.00 51.70 620.44 2.1608 201.3 230.00 57.21 619.38 2.1514 200.4
240.00 45.14 633.34 2.1944 204.9 240.00 50.43 632.33 2.1842 204.1 240.00 55.77 631.31 2.1749 203.3
250.00 44.09 645.28 2.2174 207.5 250.00 49.23 644.30 2.2073 206.8 250.00 54.42 643.33 2.1981 206.1

Pressure =2.400 MPa

Saturation temperature = 75.70°C

Pressure = 2.600 MPa

Saturation temperature = 79.41°C

Pressure = 2.800 MPa

Saturation temperature = 82.90°C

Temp.,*

°C

Density, 

kg/m3

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Vel. Sound, 

m/s

Temp.,*

°C

Density, 

kg/m3

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Vel. Sound, 

m/s

Temp.,*

°C

Density, 

kg/m3

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Vel. Sound, 

m/s

Saturated Saturated Saturated
Liquid 958.58 314.40 1.3616 257.9 Liquid 931.88 321.29 1.3806 238.2 Liquid 904.29 328.05 1.3990 219.1
Vapor 136.07 429.27 1.6908 121.4 Vapor 152.12 429.08 1.6863 118.3 Vapor 169.71 428.50 1.6812 115.3
80.00 127.96 436.42 1.7112 126.9 80.00 150.48 430.22 1.6895 119.3
90.00 114.90 451.12 1.7523 137.0 90.00 131.08 446.81 1.7359 131.7 90.00 150.13 441.84 1.7183 125.9
100.00 105.89 464.44 1.7885 144.8 100.00 119.15 461.03 1.7745 140.8 100.00 133.85 457.32 1.7603 136.4
110.00 99.00 477.04 1.8218 151.5 110.00 110.50 474.19 1.8093 148.1 110.00 122.89 471.16 1.7970 144.6
120.00 93.44 489.22 1.8532 157.2 120.00 103.72 486.75 1.8417 154.4 120.00 114.63 484.17 1.8305 151.5
130.00 88.79 501.14 1.8831 162.4 130.00 98.17 498.96 1.8724 160.0 130.00 108.00 496.70 1.8620 157.5
140.00 84.77 512.90 1.9119 167.2 140.00 93.46 510.94 1.9017 165.0 140.00 102.49 508.93 1.8919 162.9
150.00 81.27 524.57 1.9398 171.6 150.00 89.39 522.79 1.9301 169.7 150.00 97.78 520.97 1.9207 167.8
160.00 78.15 536.20 1.9670 175.7 160.00 85.80 534.57 1.9576 174.0 160.00 93.66 532.90 1.9486 172.3
170.00 75.35 547.82 1.9935 179.6 170.00 82.59 546.30 1.9844 178.1 170.00 90.01 544.77 1.9757 176.5
180.00 72.81 559.45 2.0195 183.3 180.00 79.70 558.04 2.0106 181.9 180.00 86.74 556.61 2.0021 180.5
190.00 70.48 571.11 2.0449 186.8 190.00 77.07 569.79 2.0362 185.5 190.00 83.78 568.45 2.0279 184.3
200.00 68.34 582.82 2.0699 190.2 200.00 74.65 581.57 2.0614 189.0 200.00 81.08 580.31 2.0533 187.9
210.00 66.36 594.58 2.0945 193.4 210.00 72.43 593.40 2.0861 192.4 210.00 78.59 592.21 2.0782 191.4
220.00 64.51 606.41 2.1188 196.6 220.00 70.36 605.29 2.1105 195.6 220.00 76.29 604.16 2.1027 194.7
230.00 62.79 618.31 2.1427 199.6 230.00 68.44 617.24 2.1345 198.8 230.00 74.15 616.17 2.1268 198.0
240.00 61.18 630.29 2.1662 202.5 240.00 66.64 629.27 2.1581 201.8 240.00 72.16 628.25 2.1505 201.1
250.00 59.66 642.35 2.1895 205.4 250.00 64.95 641.37 2.1815 204.8 250.00 70.30 640.39 2.1740 204.1

Pressure = 3.000 MPa

Saturation temperatue = 86.20°C

Pressure = 4.000 MPa

Saturation temperature = 100.35°C

Pressure = 6.00 MPa

Saturation temperature = n/a (supercritical)

Temp.,*

°C

Density, 

kg/m3

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Vel. Sound, 

m/s

Temp.,*

°C

Density, 

kg/m3

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Vel. Sound, 

m/s

Temp.,*

°C

Density, 

kg/m3

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Vel. Sound, 

m/s

Saturated Saturated Saturated

Liquid 875.30 334.75 1.4171 200.4 Liquid 626.95 376.48 1.5272 101.3 Liquid
Vapor 189.25 427.47 1.6752 112.2 Vapor 396.29 404.57 1.6024 93.4 Vapor
90.00 173.82 435.84 1.6983 119.1
100.00 150.47 453.20 1.7455 131.8
110.00 136.36 467.93 1.7845 141.0 110.00 233.68 446.28 1.7131 119.8 110.00 762.66 375.61 1.5174 173.6
120.00 126.23 481.47 1.8194 148.5 120.00 199.79 465.29 1.7621 132.5 120.00 591.77 405.75 1.5950 127.4
130.00 118.34 494.36 1.8518 155.0 130.00 179.83 481.11 1.8018 142.0 130.00 418.90 439.87 1.6807 120.4
140.00 111.89 506.86 1.8824 160.7 140.00 165.73 495.51 1.8371 149.7 140.00 333.91 465.19 1.7428 130.1
150.00 106.45 519.11 1.9117 165.9 150.00 154.89 509.13 1.8697 156.4 150.00 289.37 484.69 1.7894 139.9
160.00 101.75 531.21 1.9399 170.6 160.00 146.10 522.25 1.9004 162.4 160.00 260.70 501.52 1.8288 148.3
170.00 97.62 543.21 1.9673 175.0 170.00 138.74 535.07 1.9296 167.8 170.00 239.96 516.92 1.8639 155.7
180.00 93.94 555.16 1.9940 179.2 180.00 132.41 547.69 1.9578 172.7 180.00 223.87 531.45 1.8963 162.2
190.00 90.62 567.10 2.0201 183.1 190.00 126.88 560.17 1.9850 177.4 190.00 210.82 545.43 1.9269 168.1
200.00 87.61 579.05 2.0456 186.8 200.00 121.97 572.58 2.0115 181.7 200.00 199.88 559.04 1.9559 173.6
210.00 84.84 591.02 2.0706 190.4 210.00 117.55 584.95 2.0374 185.8 210.00 190.50 572.39 1.9839 178.6
220.00 82.30 603.03 2.0952 193.8 220.00 113.56 597.30 2.0627 189.7 220.00 182.31 585.57 2.0109 183.4
230.00 79.94 615.10 2.1195 197.2 230.00 109.90 609.66 2.0875 193.4 230.00 175.06 598.64 2.0371 187.8
240.00 77.74 627.22 2.1433 200.4 240.00 106.55 622.05 2.1119 197.0 240.00 168.56 611.63 2.0626 192.1
250.00 75.69 639.41 2.1668 203.4 250.00 103.44 634.47 2.1359 200.5 250.00 162.68 624.57 2.0876 196.2
260.00 73.77 651.66 2.1900 206.5 260.00 100.56 646.93 2.1595 203.8 260.00 157.33 637.50 2.1121 200.0
270.00 71.96 664.00 2.2130 209.4 270.00 97.87 659.45 2.1827 207.1 270.00 152.41 650.43 2.1361 203.8
280.00 70.25 676.41 2.2356 212.2 280.00 95.35 672.03 2.2057 210.2 280.00 147.88 663.38 2.1598 207.4
290.00 68.63 688.89 2.2580 215.0 290.00 92.98 684.67 2.2283 213.3 290.00 143.67 676.35 2.1830 210.9
300.00 67.10 701.46 2.2801 217.8 300.00 90.75 697.38 2.2507 216.2 300.00 139.75 689.36 2.2059 214.3

*Temperatures are on the ITS-90 scale
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Thermophysical Properties of Refrigerants 20.21
Refrigerant 152a (1,1-Difluoroethane) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure, 

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

–118.59a 0.00006 1192.9 303.29 13.79 419.32 0.1119 2.7357 1.477 0.699 1.220 1401. 154.0 — — 176.3 0.10 31.65 –118.59

–110.00 0.00019 1177.1 107.74 26.62 425.38 0.1927 2.6368 1.505 0.717 1.214 1337. 157.8 — — 170.2 0.94 30.23 –110.00

–100.00 0.00058 1158.7 37.617 41.75 432.59 0.2827 2.5399 1.518 0.740 1.207 1275. 162.0 1714. 5.81 163.4 1.91 28.58 –100.00

–90.00 0.00153 1140.1 15.052 56.96 439.97 0.3681 2.4593 1.524 0.763 1.201 1219. 166.0 1222. 6.14 156.9 2.89 26.96 –90.00

–80.00 0.00359 1121.3 6.7438 72.23 447.48 0.4492 2.3920 1.530 0.789 1.196 1166. 169.8 934.8 6.47 150.7 3.86 25.34 –80.00

–70.00 0.00765 1102.4 3.3197 87.57 455.08 0.5266 2.3357 1.539 0.816 1.192 1115. 173.4 747.5 6.81 144.7 4.84 23.75 –70.00

–60.00 0.01500 1083.2 1.7682 103.02 462.74 0.6009 2.2885 1.551 0.845 1.190 1066. 176.6 615.9 7.14 139.0 5.82 22.18 –60.00

–50.00 0.02742 1063.7 1.0064 118.62 470.40 0.6723 2.2487 1.567 0.877 1.189 1016. 179.5 518.4 7.48 133.5 6.81 20.63 –50.00

–40.00 0.04721 1043.8 0.60583 134.40 478.02 0.7414 2.2152 1.587 0.913 1.190 967. 182.1 443.3 7.82 128.2 7.80 19.09 –40.00

–30.00 0.07718 1023.5 0.38242 150.39 485.55 0.8085 2.1868 1.610 0.952 1.193 919. 184.2 339.7 8.21 123.1 8.81 17.58 –30.00

–28.00 0.08469 1019.4 0.35056 153.62 487.04 0.8216 2.1817 1.615 0.960 1.194 909. 184.5 325.3 8.29 122.1 9.01 17.29 –28.00

–26.00 0.09276 1015.3 0.32186 156.86 488.52 0.8348 2.1767 1.620 0.968 1.195 899. 184.9 312.5 8.36 121.2 9.21 16.99 –26.00

–24.02b 0.10133 1011.2 0.29622 160.07 489.98 0.8477 2.1719 1.625 0.977 1.196 889. 185.2 301.2 8.44 120.2 9.41 16.69 –24.02

–24.00 0.10142 1011.1 0.29595 160.11 490.00 0.8478 2.1719 1.625 0.977 1.196 889. 185.2 301.0 8.44 120.2 9.42 16.69 –24.00

–22.00 0.11072 1006.9 0.27253 163.37 491.47 0.8608 2.1672 1.630 0.985 1.197 880. 185.5 290.7 8.52 119.2 9.62 16.39 –22.00

–20.00 0.12068 1002.7 0.25131 166.64 492.94 0.8737 2.1627 1.635 0.994 1.199 870. 185.8 281.2 8.59 118.2 9.83 16.10 –20.00

–18.00 0.13133 998.5 0.23206 169.92 494.40 0.8866 2.1583 1.641 1.003 1.200 860. 186.1 272.4 8.67 117.3 10.03 15.80 –18.00

–16.00 0.14271 994.2 0.21457 173.21 495.85 0.8994 2.1541 1.647 1.013 1.202 850. 186.3 264.4 8.74 116.4 10.24 15.51 –16.00

–14.00 0.15484 989.9 0.19865 176.52 497.29 0.9122 2.1500 1.653 1.022 1.203 841. 186.5 256.8 8.82 115.4 10.45 15.22 –14.00

–12.00 0.16777 985.6 0.18414 179.83 498.72 0.9249 2.1460 1.658 1.032 1.205 831. 186.7 249.8 8.90 114.5 10.66 14.93 –12.00

–10.00 0.18152 981.3 0.17090 183.16 500.15 0.9375 2.1421 1.665 1.041 1.207 821. 186.9 243.1 8.97 113.6 10.87 14.64 –10.00

–8.00 0.19614 976.9 0.15879 186.50 501.56 0.9501 2.1383 1.671 1.051 1.209 811. 187.0 236.9 9.05 112.6 11.08 14.35 –8.00

–6.00 0.21166 972.5 0.14770 189.86 502.96 0.9627 2.1347 1.677 1.062 1.211 801. 187.1 230.9 9.12 111.7 11.30 14.06 –6.00

–4.00 0.22812 968.1 0.13754 193.22 504.36 0.9752 2.1311 1.684 1.072 1.213 792. 187.2 225.2 9.20 110.8 11.51 13.77 –4.00

–2.00 0.24555 963.6 0.12821 196.61 505.74 0.9876 2.1277 1.690 1.083 1.215 782. 187.3 219.8 9.27 109.9 11.73 13.48 –2.00

0.00 0.26399 959.1 0.11963 200.00 507.11 1.0000 2.1243 1.697 1.094 1.218 772. 187.4 214.6 9.35 109.0 11.94 13.20 0.00

2.00 0.28349 954.6 0.11174 203.41 508.47 1.0124 2.1211 1.704 1.105 1.221 762. 187.4 209.7 9.42 108.1 12.16 12.91 2.00

4.00 0.30407 950.0 0.10447 206.83 509.82 1.0247 2.1179 1.711 1.116 1.224 752. 187.4 204.9 9.50 107.2 12.39 12.63 4.00

6.00 0.32578 945.4 0.09776 210.27 511.16 1.0370 2.1148 1.719 1.128 1.227 742. 187.4 200.3 9.57 106.3 12.61 12.35 6.00

8.00 0.34867 940.8 0.09156 213.72 512.48 1.0492 2.1118 1.726 1.139 1.230 733. 187.3 195.8 9.65 105.4 12.83 12.07 8.00

10.00 0.37277 936.1 0.08583 217.19 513.78 1.0614 2.1089 1.734 1.152 1.233 723. 187.2 191.5 9.73 104.5 13.06 11.79 10.00

12.00 0.39812 931.3 0.08052 220.67 515.08 1.0736 2.1060 1.742 1.164 1.237 713. 187.1 187.3 9.80 103.7 13.29 11.51 12.00

14.00 0.42476 926.6 0.07560 224.17 516.36 1.0857 2.1032 1.750 1.177 1.240 703. 187.0 183.3 9.88 102.8 13.52 11.23 14.00

16.00 0.45275 921.8 0.07104 227.69 517.62 1.0978 2.1005 1.759 1.190 1.244 693. 186.8 179.3 9.95 101.9 13.76 10.96 16.00

18.00 0.48211 916.9 0.06680 231.22 518.86 1.1098 2.0978 1.768 1.203 1.249 683. 186.6 175.5 10.03 101.1 13.99 10.68 18.00

20.00 0.51291 912.0 0.06286 234.77 520.09 1.1219 2.0952 1.776 1.217 1.253 673. 186.4 171.8 10.11 100.2 14.24 10.41 20.00

22.00 0.54517 907.0 0.05919 238.34 521.30 1.1339 2.0926 1.786 1.231 1.258 663. 186.1 168.1 10.18 99.4 14.48 10.14 22.00

24.00 0.57894 902.0 0.05577 241.93 522.50 1.1459 2.0901 1.795 1.246 1.263 653. 185.8 164.5 10.26 98.5 14.73 9.87 24.00

26.00 0.61428 896.9 0.05258 245.53 523.67 1.1578 2.0876 1.805 1.261 1.268 643. 185.5 161.0 10.34 97.7 14.98 9.60 26.00

28.00 0.65122 891.8 0.04960 249.16 524.83 1.1698 2.0852 1.815 1.277 1.274 633. 185.1 157.6 10.42 96.8 15.23 9.33 28.00

30.00 0.68982 886.6 0.04682 252.80 525.96 1.1817 2.0828 1.826 1.293 1.280 623. 184.7 154.3 10.50 96.0 15.49 9.06 30.00

32.00 0.73012 881.4 0.04422 256.47 527.07 1.1936 2.0804 1.837 1.309 1.286 613. 184.3 151.0 10.57 95.1 15.76 8.80 32.00

34.00 0.77216 876.0 0.04179 260.16 528.16 1.2055 2.0780 1.848 1.326 1.293 602. 183.9 147.8 10.66 94.3 16.03 8.54 34.00

36.00 0.81600 870.7 0.03951 263.86 529.23 1.2174 2.0757 1.860 1.344 1.300 592. 183.4 144.6 10.74 93.5 16.30 8.27 36.00

38.00 0.86169 865.2 0.03737 267.60 530.27 1.2292 2.0734 1.872 1.362 1.307 582. 182.9 141.5 10.82 92.6 16.58 8.01 38.00

40.00 0.90927 859.7 0.03536 271.35 531.28 1.2411 2.0711 1.885 1.381 1.315 572. 182.3 138.5 10.90 91.8 16.87 7.75 40.00

42.00 0.95879 854.1 0.03348 275.13 532.27 1.2529 2.0689 1.898 1.401 1.324 561. 181.7 135.5 10.99 91.0 17.17 7.50 42.00

44.00 1.0103 848.4 0.03170 278.93 533.23 1.2648 2.0666 1.912 1.421 1.333 551. 181.1 132.5 11.07 90.2 17.47 7.24 44.00

46.00 1.0639 842.6 0.03004 282.76 534.16 1.2766 2.0643 1.926 1.443 1.342 541. 180.4 129.6 11.16 89.3 17.78 6.99 46.00

48.00 1.1196 836.7 0.02846 286.62 535.06 1.2884 2.0620 1.941 1.465 1.353 530. 179.7 126.7 11.25 88.5 18.10 6.73 48.00

50.00 1.1774 830.8 0.02699 290.50 535.93 1.3003 2.0598 1.957 1.489 1.364 520. 178.9 123.9 11.34 87.7 18.43 6.48 50.00

52.00 1.2374 824.7 0.02559 294.41 536.77 1.3121 2.0575 1.974 1.513 1.375 509. 178.2 121.1 11.44 86.9 18.77 6.23 52.00

54.00 1.2997 818.6 0.02427 298.35 537.56 1.3240 2.0552 1.992 1.539 1.388 499. 177.3 118.4 11.53 86.1 19.12 5.98 54.00

56.00 1.3643 812.3 0.02303 302.33 538.32 1.3358 2.0528 2.010 1.566 1.402 488. 176.4 115.6 11.63 85.3 19.48 5.74 56.00

58.00 1.4313 805.9 0.02185 306.34 539.04 1.3477 2.0504 2.030 1.595 1.416 478. 175.5 113.0 11.73 84.5 19.86 5.50 58.00

60.00 1.5007 799.4 0.02074 310.38 539.72 1.3596 2.0480 2.051 1.626 1.432 467. 174.6 110.3 11.84 83.6 20.25 5.25 60.00

62.00 1.5726 792.7 0.01968 314.45 540.35 1.3716 2.0456 2.073 1.658 1.450 456. 173.6 107.7 11.95 82.8 20.66 5.01 62.00

64.00 1.6471 785.9 0.01868 318.57 540.94 1.3835 2.0431 2.097 1.693 1.468 445. 172.5 105.1 12.06 82.0 21.08 4.78 64.00

66.00 1.7242 779.0 0.01774 322.72 541.47 1.3955 2.0405 2.122 1.730 1.488 435. 171.4 102.5 12.17 81.2 21.53 4.54 66.00

68.00 1.8039 771.9 0.01684 326.92 541.95 1.4076 2.0379 2.150 1.769 1.511 424. 170.2 99.9 12.30 80.4 22.00 4.31 68.00

70.00 1.8864 764.6 0.01598 331.16 542.37 1.4196 2.0351 2.179 1.812 1.535 413. 169.0 97.4 12.42 79.6 22.49 4.08 70.00

72.00 1.9717 757.2 0.01517 335.45 542.73 1.4318 2.0323 2.211 1.859 1.562 402. 167.8 94.9 12.56 78.8 23.01 3.85 72.00

74.00 2.0599 749.5 0.01440 339.79 543.02 1.4440 2.0294 2.245 1.909 1.591 390. 166.5 92.4 12.70 78.0 23.56 3.62 74.00

76.00 2.1510 741.6 0.01366 344.18 543.24 1.4562 2.0264 2.283 1.964 1.624 379. 165.1 89.9 12.85 77.2 24.15 3.40 76.00

78.00 2.2452 733.5 0.01296 348.63 543.38 1.4686 2.0232 2.324 2.025 1.661 368. 163.7 87.5 13.01 76.4 24.77 3.18 78.00

80.00 2.3424 725.2 0.01228 353.15 543.43 1.4810 2.0198 2.370 2.092 1.702 356. 162.2 85.0 13.18 75.6 25.44 2.96 80.00

90.00 2.8780 678.5 0.00933 376.87 542.06 1.5451 2.0000 2.703 2.586 2.016 297. 153.7 72.8 14.23 71.6 29.64 1.91 90.00

100.00 3.5050 618.5 0.00686 403.59 536.28 1.6151 1.9707 3.495 3.776 2.805 233. 143.1 60.3 15.92 68.0 36.59 0.96 100.00

110.00 4.2432 517.4 0.00446 439.22 517.31 1.7058 1.9096 9.26 12.22 8.53 158. 129.1 44.7 19.94 69.5 55.48 0.17 110.00

113.26c 4.5168 368.0 0.00272 477.55 477.55 1.8037 1.8037 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 113.26

 *Temperatures are on the ITS-90 scale a = triple point b = normal boiling point  c = critical point
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Refrigerant 143a (1,1,1-Trifluoroethane) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure, 

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

–111.81a 0.00107 1330.5 14.807 52.52 319.59 0.3142 1.9695 1.211 0.630 1.192 1058. 137.6 912.1 5.91 137.0 4.90 13.72 –111.81

–110.00 0.00129 1326.2 12.430 54.71 320.68 0.3277 1.9579 1.212 0.635 1.191 1049. 138.2 867.9 5.97 135.8 5.00 13.75 –110.00

–100.00 0.00333 1301.9 5.1127 66.87 326.81 0.4000 1.9012 1.220 0.664 1.185 1002. 141.7 680.1 6.34 129.5 5.53 13.80 –100.00

–90.00 0.00761 1277.2 2.3596 79.13 333.06 0.4688 1.8553 1.233 0.694 1.181 954. 144.9 553.4 6.72 123.5 6.10 13.71 –90.00

–80.00 0.01572 1252.2 1.1971 91.55 339.40 0.5348 1.8180 1.250 0.726 1.178 907. 147.8 462.1 7.08 117.8 6.70 13.48 –80.00

–70.00 0.02991 1226.7 0.65675 104.16 345.80 0.5984 1.7879 1.270 0.759 1.177 859. 150.4 393.0 7.45 112.5 7.34 13.11 –70.00

–60.00 0.05307 1200.6 0.38446 116.99 352.21 0.6599 1.7635 1.293 0.794 1.178 811. 152.5 338.8 7.82 107.4 8.02 12.61 –60.00

–50.00 0.08874 1173.9 0.23754 130.05 358.58 0.7197 1.7438 1.318 0.833 1.182 764. 154.2 294.9 8.19 102.5 8.73 12.00 –50.00

–48.00 0.09773 1168.5 0.21695 132.69 359.85 0.7314 1.7403 1.323 0.841 1.184 754. 154.5 287.1 8.26 101.6 8.88 11.86 –48.00

–47.24b 0.10133 1166.4 0.20971 133.70 360.33 0.7359 1.7391 1.325 0.844 1.184 751. 154.6 284.2 8.29 101.2 8.94 11.81 –47.24

–46.00 0.10742 1163.0 0.19849 135.35 361.11 0.7431 1.7370 1.328 0.850 1.185 745. 154.7 279.6 8.33 100.6 9.03 11.72 –46.00

–44.00 0.11786 1157.5 0.18191 138.01 362.37 0.7548 1.7339 1.334 0.858 1.186 735. 154.9 272.3 8.41 99.7 9.18 11.57 –44.00

–42.00 0.12907 1152.0 0.16697 140.69 363.62 0.7664 1.7308 1.339 0.867 1.188 726. 155.1 265.3 8.48 98.8 9.33 11.42 –42.00

–40.00 0.14109 1146.4 0.15350 143.38 364.86 0.7779 1.7279 1.345 0.876 1.189 716. 155.3 258.6 8.56 97.8 9.49 11.27 –40.00

–38.00 0.15398 1140.8 0.14133 146.08 366.10 0.7894 1.7251 1.351 0.885 1.191 707. 155.5 252.0 8.63 96.9 9.65 11.11 –38.00

–36.00 0.16775 1135.1 0.13031 148.79 367.34 0.8008 1.7224 1.357 0.894 1.193 697. 155.6 245.7 8.70 96.0 9.81 10.95 –36.00

–34.00 0.18247 1129.4 0.12032 151.52 368.56 0.8122 1.7198 1.363 0.904 1.195 688. 155.7 239.6 8.78 95.1 9.97 10.79 –34.00

–32.00 0.19816 1123.7 0.11124 154.25 369.78 0.8236 1.7173 1.369 0.913 1.198 678. 155.8 233.6 8.85 94.2 10.13 10.62 –32.00

–30.00 0.21488 1117.9 0.10297 157.00 370.99 0.8348 1.7149 1.375 0.923 1.200 669. 155.8 227.8 8.93 93.3 10.30 10.44 –30.00

–28.00 0.23267 1112.1 0.09544 159.77 372.19 0.8461 1.7126 1.382 0.933 1.203 659. 155.9 222.3 9.18 92.4 10.49 10.27 –28.00

–26.00 0.25156 1106.2 0.08857 162.54 373.39 0.8573 1.7104 1.388 0.944 1.206 650. 155.9 216.8 9.26 91.6 10.66 10.09 –26.00

–24.00 0.27161 1100.3 0.08228 165.33 374.57 0.8685 1.7083 1.395 0.955 1.209 640. 155.8 211.6 9.33 90.7 10.83 9.90 –24.00

–22.00 0.29286 1094.3 0.07652 168.13 375.74 0.8796 1.7062 1.402 0.966 1.212 630. 155.8 206.4 9.41 89.8 11.01 9.72 –22.00

–20.00 0.31535 1088.3 0.07125 170.95 376.91 0.8907 1.7043 1.409 0.977 1.216 621. 155.7 201.4 9.48 89.0 11.19 9.53 –20.00

–18.00 0.33915 1082.2 0.06640 173.78 378.06 0.9018 1.7024 1.417 0.988 1.219 611. 155.6 196.6 9.56 88.1 11.37 9.33 –18.00

–16.00 0.36428 1076.0 0.06194 176.63 379.20 0.9128 1.7005 1.424 1.000 1.223 602. 155.4 191.8 9.64 87.2 11.55 9.14 –16.00

–14.00 0.39081 1069.8 0.05784 179.49 380.33 0.9238 1.6987 1.432 1.012 1.227 592. 155.2 187.2 9.71 86.4 11.74 8.94 –14.00

–12.00 0.41877 1063.6 0.05405 182.37 381.44 0.9347 1.6970 1.440 1.025 1.232 582. 155.0 182.7 9.79 85.5 11.94 8.74 –12.00

–10.00 0.44823 1057.2 0.05056 185.27 382.54 0.9457 1.6953 1.449 1.038 1.237 573. 154.8 178.4 9.87 84.7 12.13 8.53 –10.00

–8.00 0.47923 1050.8 0.04733 188.18 383.63 0.9566 1.6937 1.457 1.051 1.242 563. 154.5 174.1 9.95 83.9 12.33 8.32 –8.00

–6.00 0.51182 1044.3 0.04434 191.11 384.70 0.9675 1.6921 1.466 1.065 1.247 553. 154.2 169.9 10.04 83.0 12.53 8.12 –6.00

–4.00 0.54606 1037.7 0.04158 194.05 385.75 0.9783 1.6906 1.476 1.079 1.253 544. 153.9 165.8 10.12 82.2 12.74 7.90 –4.00

–2.00 0.58199 1031.0 0.03901 197.02 386.79 0.9892 1.6890 1.485 1.093 1.260 534. 153.5 161.8 10.21 81.4 12.96 7.69 –2.00

0.00 0.61967 1024.3 0.03662 200.00 387.81 1.0000 1.6876 1.495 1.109 1.266 524. 153.1 157.9 10.29 80.5 13.17 7.47 0.00

2.00 0.65916 1017.4 0.03440 203.00 388.81 1.0108 1.6861 1.505 1.124 1.273 515. 152.6 154.1 10.38 79.7 13.40 7.25 2.00

4.00 0.70051 1010.5 0.03234 206.03 389.79 1.0216 1.6846 1.516 1.141 1.281 505. 152.1 150.3 10.47 78.9 13.63 7.03 4.00

6.00 0.74378 1003.5 0.03042 209.07 390.75 1.0324 1.6832 1.528 1.158 1.289 495. 151.6 146.6 10.57 78.1 13.87 6.81 6.00

8.00 0.78901 996.3 0.02862 212.13 391.68 1.0432 1.6818 1.539 1.176 1.298 485. 151.0 143.0 10.66 77.2 14.12 6.59 8.00

10.00 0.83628 989.1 0.02695 215.22 392.60 1.0539 1.6804 1.552 1.194 1.307 475. 150.4 139.5 10.76 76.4 14.38 6.36 10.00

12.00 0.88564 981.7 0.02538 218.33 393.48 1.0647 1.6790 1.565 1.214 1.317 465. 149.8 136.0 10.86 75.6 14.64 6.14 12.00

14.00 0.93714 974.2 0.02392 221.47 394.35 1.0755 1.6775 1.578 1.234 1.328 455. 149.1 132.6 10.96 74.8 14.92 5.91 14.00

16.00 0.99085 966.5 0.02255 224.63 395.18 1.0863 1.6761 1.593 1.256 1.340 445. 148.4 129.3 11.07 74.0 15.21 5.68 16.00

18.00 1.0468 958.7 0.02126 227.81 395.98 1.0970 1.6747 1.608 1.278 1.353 435. 147.6 126.0 11.18 73.2 15.51 5.45 18.00

20.00 1.1052 950.8 0.02005 231.02 396.76 1.1078 1.6732 1.624 1.302 1.366 425. 146.8 122.7 11.29 72.4 15.82 5.22 20.00

22.00 1.1659 942.7 0.01892 234.27 397.50 1.1186 1.6717 1.641 1.328 1.381 415. 145.9 119.5 11.40 71.5 16.15 4.99 22.00

24.00 1.2290 934.4 0.01785 237.54 398.20 1.1295 1.6701 1.659 1.355 1.398 405. 145.0 116.4 11.52 70.7 16.50 4.76 24.00

26.00 1.2947 926.0 0.01685 240.84 398.87 1.1403 1.6685 1.679 1.384 1.416 394. 144.0 113.3 11.64 69.9 16.87 4.53 26.00

28.00 1.3630 917.3 0.01591 244.18 399.49 1.1512 1.6669 1.699 1.416 1.435 384. 143.0 110.2 11.77 69.1 17.26 4.30 28.00

30.00 1.4340 908.4 0.01501 247.56 400.07 1.1621 1.6652 1.722 1.449 1.457 374. 141.9 107.2 11.91 68.3 17.67 4.07 30.00

32.00 1.5077 899.3 0.01417 250.97 400.61 1.1730 1.6634 1.746 1.486 1.480 363. 140.8 104.2 12.04 67.5 18.11 3.84 32.00

34.00 1.5842 890.0 0.01338 254.42 401.09 1.1840 1.6616 1.772 1.526 1.507 352. 139.6 101.2 12.19 66.6 18.58 3.61 34.00

36.00 1.6636 880.4 0.01262 257.91 401.52 1.1951 1.6596 1.801 1.570 1.536 342. 138.4 98.3 12.34 65.8 19.09 3.38 36.00

38.00 1.7460 870.5 0.01191 261.45 401.89 1.2062 1.6575 1.832 1.618 1.569 331. 137.1 95.4 12.50 65.0 19.63 3.16 38.00

40.00 1.8314 860.3 0.01123 265.04 402.19 1.2174 1.6553 1.867 1.671 1.606 320. 135.7 92.5 12.67 64.2 20.22 2.93 40.00

42.00 1.9200 849.7 0.01059 268.68 402.42 1.2286 1.6530 1.906 1.732 1.648 309. 134.3 89.7 12.85 63.3 20.87 2.71 42.00

44.00 2.0117 838.7 0.00998 272.39 402.56 1.2400 1.6505 1.949 1.799 1.696 298. 132.8 86.8 13.03 62.5 21.57 2.49 44.00

46.00 2.1068 827.3 0.00940 276.15 402.62 1.2515 1.6478 1.998 1.877 1.752 286. 131.2 84.0 13.24 61.7 22.35 2.27 46.00

48.00 2.2053 815.4 0.00884 279.98 402.58 1.2631 1.6448 2.054 1.966 1.817 275. 129.6 81.1 13.45 60.8 23.20 2.06 48.00

50.00 2.3073 803.0 0.00831 283.90 402.43 1.2748 1.6416 2.118 2.070 1.894 263. 127.9 78.3 13.69 60.0 24.16 1.85 50.00

52.00 2.4130 789.9 0.00780 287.90 402.15 1.2868 1.6381 2.194 2.194 1.985 251. 126.1 75.4 13.94 59.1 25.23 1.64 52.00

54.00 2.5224 776.1 0.00731 292.00 401.72 1.2989 1.6343 2.285 2.343 2.097 238. 124.2 72.5 14.23 58.2 26.45 1.44 54.00

56.00 2.6357 761.5 0.00684 296.22 401.12 1.3113 1.6300 2.395 2.528 2.236 226. 122.2 69.6 14.54 57.4 27.84 1.24 56.00

58.00 2.7530 745.8 0.00639 300.57 400.31 1.3240 1.6252 2.534 2.762 2.413 213. 120.1 66.6 14.89 56.5 29.45 1.05 58.00

60.00 2.8744 728.9 0.00594 305.09 399.24 1.3371 1.6197 2.714 3.069 2.647 200. 117.9 63.6 15.29 55.6 31.37 0.87 60.00

65.00 3.1977 678.3 0.00486 317.45 394.94 1.3726 1.6018 3.564 4.532 3.763 164. 111.8 55.4 16.64 53.6 38.41 0.45 65.00

70.00 3.5527 600.8 0.00370 333.19 385.42 1.4172 1.5694 7.72 11.50 9.04 122. 104.2 45.1 19.30 53.2 55.97 0.11 70.00

72.71c 3.7610 431.0 0.00232 358.91 358.91 1.4906 1.4906 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 72.71

 *Temperatures are on the ITS-90 scale a = triple point b = normal boiling point  c = critical point



Thermophysical Properties of Refrigerants 20.23
Refrigerant 245fa (1,1,1,3,3-Pentafluoropropane) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure, 

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

–50.00 0.00286 1523.5 4.8232 137.62 368.35 0.7482 1.7822 1.196 0.718 1.097 1054. 122.8 1749. 7.71 107.2 7.50 23.48 –50.00

–40.00 0.00582 1500.5 2.4705 149.72 375.45 0.8012 1.7694 1.221 0.740 1.095 987. 125.1 1301. 8.06 103.2 8.06 22.26 –40.00

–30.00 0.01104 1477.1 1.3545 162.03 382.69 0.8529 1.7604 1.240 0.763 1.094 929. 127.3 1020. 8.41 99.5 8.64 21.03 –30.00

–20.00 0.01967 1453.3 0.78749 174.52 390.03 0.9032 1.7545 1.257 0.787 1.094 877. 129.3 827.5 8.76 95.8 9.24 19.78 –20.00

–10.00 0.03324 1428.9 0.48154 187.18 397.45 0.9522 1.7513 1.273 0.811 1.094 829. 131.0 687.7 9.12 92.3 9.86 18.52 –10.00

0.00 0.05359 1404.0 0.30756 200.00 404.93 1.0000 1.7502 1.290 0.837 1.095 783. 132.5 581.6 9.47 88.8 10.49 17.25 0.00

2.00 0.05866 1399.0 0.28251 202.59 406.43 1.0094 1.7503 1.294 0.842 1.096 774. 132.7 563.4 9.53 88.2 10.62 17.00 2.00

4.00 0.06411 1393.9 0.25987 205.18 407.93 1.0188 1.7504 1.297 0.848 1.096 765. 133.0 546.1 9.60 87.5 10.75 16.74 4.00

6.00 0.06996 1388.8 0.23939 207.78 409.44 1.0281 1.7505 1.301 0.853 1.097 756. 133.2 529.5 9.67 86.8 10.88 16.48 6.00

8.00 0.07622 1383.7 0.22082 210.39 410.94 1.0374 1.7508 1.305 0.859 1.097 747. 133.4 513.6 9.74 86.2 11.01 16.23 8.00

10.00 0.08293 1378.5 0.20397 213.00 412.45 1.0467 1.7511 1.309 0.864 1.098 738. 133.6 498.5 9.81 85.5 11.15 15.97 10.00

12.00 0.09009 1373.3 0.18864 215.63 413.95 1.0559 1.7514 1.312 0.870 1.098 729. 133.8 483.9 9.88 84.9 11.28 15.72 12.00

14.00 0.09774 1368.1 0.17469 218.26 415.46 1.0651 1.7518 1.316 0.875 1.099 721. 134.0 470.0 9.95 84.2 11.41 15.46 14.00

14.90b 0.10133 1365.7 0.16885 219.44 416.13 1.0692 1.7520 1.318 0.878 1.099 717. 134.1 464.0 9.98 83.9 11.47 15.34 14.90

16.00 0.10589 1362.8 0.16197 220.90 416.97 1.0742 1.7523 1.320 0.881 1.100 712. 134.2 456.7 10.02 83.6 11.55 15.20 16.00

18.00 0.11457 1357.5 0.15035 223.54 418.47 1.0833 1.7528 1.324 0.887 1.100 703. 134.3 443.8 10.09 82.9 11.69 14.95 18.00

20.00 0.12380 1352.2 0.13972 226.20 419.98 1.0924 1.7534 1.328 0.893 1.101 695. 134.4 431.5 10.16 82.3 11.82 14.69 20.00

22.00 0.13360 1346.9 0.13000 228.86 421.48 1.1014 1.7540 1.332 0.899 1.102 686. 134.6 419.6 10.23 81.7 11.96 14.43 22.00

24.00 0.14400 1341.5 0.12108 231.54 422.99 1.1104 1.7547 1.337 0.905 1.103 677. 134.7 408.2 10.30 81.0 12.10 14.18 24.00

26.00 0.15503 1336.1 0.11289 234.22 424.49 1.1194 1.7554 1.341 0.911 1.104 669. 134.7 397.2 10.37 80.4 12.24 13.92 26.00

28.00 0.16670 1330.6 0.10536 236.91 425.99 1.1283 1.7562 1.345 0.917 1.105 660. 134.8 386.6 10.44 79.8 12.38 13.66 28.00

30.00 0.17904 1325.1 0.09843 239.60 427.49 1.1372 1.7570 1.350 0.923 1.106 652. 134.9 376.4 10.51 79.2 12.52 13.41 30.00

32.00 0.19209 1319.6 0.09205 242.31 428.99 1.1461 1.7578 1.354 0.929 1.107 643. 134.9 366.5 10.59 78.6 12.66 13.15 32.00

34.00 0.20586 1314.0 0.08616 245.03 430.49 1.1549 1.7587 1.359 0.936 1.108 635. 134.9 356.9 10.66 77.9 12.81 12.89 34.00

36.00 0.22038 1308.4 0.08072 247.75 431.99 1.1637 1.7597 1.364 0.942 1.110 626. 134.9 347.7 10.73 77.3 12.95 12.64 36.00

38.00 0.23568 1302.7 0.07569 250.49 433.48 1.1725 1.7606 1.368 0.949 1.111 618. 134.9 338.8 10.80 76.7 13.10 12.38 38.00

40.00 0.25179 1297.0 0.07103 253.24 434.97 1.1813 1.7616 1.373 0.956 1.112 609. 134.9 330.1 10.87 76.1 13.24 12.13 40.00

42.00 0.26873 1291.2 0.06671 255.99 436.46 1.1900 1.7626 1.378 0.962 1.114 601. 134.8 321.8 10.94 75.5 13.39 11.87 42.00

44.00 0.28654 1285.4 0.06271 258.76 437.95 1.1987 1.7637 1.383 0.969 1.115 592. 134.7 313.7 11.01 74.9 13.54 11.62 44.00

46.00 0.30523 1279.6 0.05899 261.53 439.43 1.2074 1.7648 1.388 0.976 1.117 584. 134.6 305.8 11.09 74.3 13.69 11.36 46.00

48.00 0.32485 1273.7 0.05554 264.32 440.91 1.2160 1.7659 1.394 0.984 1.119 575. 134.5 298.2 11.16 73.7 13.84 11.11 48.00

50.00 0.34542 1267.7 0.05232 267.11 442.38 1.2246 1.7670 1.399 0.991 1.121 567. 134.4 290.8 11.23 73.1 13.99 10.85 50.00

52.00 0.36696 1261.7 0.04933 269.92 443.85 1.2333 1.7682 1.405 0.998 1.123 559. 134.2 283.6 11.31 72.5 14.15 10.60 52.00

54.00 0.38951 1255.6 0.04653 272.74 445.32 1.2418 1.7694 1.410 1.006 1.125 550. 134.0 276.6 11.38 72.0 14.30 10.35 54.00

56.00 0.41311 1249.5 0.04393 275.57 446.78 1.2504 1.7706 1.416 1.013 1.127 542. 133.8 269.8 11.46 71.4 14.46 10.10 56.00

58.00 0.43777 1243.3 0.04149 278.41 448.24 1.2590 1.7718 1.422 1.021 1.129 533. 133.6 263.1 11.53 70.8 14.62 9.84 58.00

60.00 0.46353 1237.0 0.03922 281.26 449.69 1.2675 1.7730 1.428 1.029 1.131 525. 133.4 256.7 11.61 70.2 14.78 9.59 60.00

62.00 0.49043 1230.7 0.03709 284.13 451.13 1.2760 1.7743 1.434 1.038 1.134 516. 133.1 250.4 11.69 69.6 14.94 9.34 62.00

64.00 0.51849 1224.3 0.03509 287.01 452.57 1.2845 1.7756 1.441 1.046 1.137 508. 132.8 244.3 11.76 69.0 15.11 9.09 64.00

66.00 0.54774 1217.8 0.03322 289.90 454.00 1.2930 1.7768 1.447 1.055 1.140 500. 132.5 238.3 11.84 68.5 15.27 8.85 66.00

68.00 0.57823 1211.3 0.03147 292.80 455.43 1.3014 1.7781 1.454 1.063 1.143 491. 132.1 232.5 11.92 67.9 15.44 8.60 68.00

70.00 0.60998 1204.7 0.02982 295.71 456.85 1.3099 1.7794 1.461 1.072 1.146 483. 131.8 226.8 12.01 67.3 15.61 8.35 70.00

72.00 0.64302 1198.0 0.02828 298.64 458.25 1.3183 1.7807 1.468 1.082 1.149 474. 131.4 221.3 12.09 66.8 15.79 8.10 72.00

74.00 0.67739 1191.2 0.02682 301.59 459.66 1.3267 1.7820 1.476 1.091 1.153 466. 131.0 215.9 12.17 66.2 15.96 7.86 74.00

76.00 0.71313 1184.3 0.02545 304.55 461.05 1.3351 1.7834 1.483 1.101 1.157 457. 130.5 210.6 12.26 65.6 16.14 7.61 76.00

78.00 0.75026 1177.3 0.02416 307.52 462.43 1.3435 1.7847 1.491 1.111 1.161 449. 130.0 205.4 12.34 65.0 16.32 7.37 78.00

80.00 0.78882 1170.3 0.02295 310.50 463.80 1.3519 1.7860 1.499 1.122 1.165 441. 129.5 200.3 12.43 64.5 16.51 7.13 80.00

82.00 0.82886 1163.1 0.02180 313.51 465.16 1.3603 1.7873 1.508 1.133 1.169 432. 129.0 195.4 12.52 63.9 16.69 6.89 82.00

84.00 0.87039 1155.8 0.02072 316.53 466.51 1.3687 1.7886 1.517 1.144 1.174 424. 128.4 190.5 12.61 63.3 16.89 6.65 84.00

86.00 0.91347 1148.4 0.01970 319.56 467.85 1.3770 1.7899 1.526 1.156 1.180 415. 127.8 185.8 12.71 62.8 17.08 6.41 86.00

88.00 0.95813 1140.9 0.01873 322.61 469.17 1.3854 1.7912 1.535 1.168 1.185 407. 127.2 181.1 12.80 62.2 17.28 6.17 88.00

90.00 1.0044 1133.3 0.01782 325.68 470.48 1.3938 1.7925 1.545 1.180 1.191 398. 126.5 176.5 12.90 61.7 17.49 5.94 90.00

92.00 1.0523 1125.6 0.01695 328.77 471.77 1.4021 1.7938 1.556 1.194 1.198 390. 125.8 172.0 13.00 61.1 17.69 5.70 92.00

94.00 1.1020 1117.7 0.01613 331.88 473.05 1.4105 1.7950 1.567 1.208 1.205 381. 125.1 167.6 13.11 60.5 17.91 5.47 94.00

96.00 1.1533 1109.6 0.01535 335.00 474.31 1.4189 1.7962 1.578 1.222 1.212 373. 124.4 163.3 13.22 60.0 18.13 5.24 96.00

98.00 1.2064 1101.5 0.01461 338.15 475.55 1.4272 1.7974 1.590 1.237 1.220 364. 123.6 159.0 13.33 59.4 18.36 5.01 98.00

100.00 1.2614 1093.1 0.01391 341.31 476.77 1.4356 1.7986 1.603 1.254 1.229 356. 122.7 154.8 13.44 58.8 18.59 4.79 100.00

105.00 1.4070 1071.5 0.01231 349.33 479.73 1.4566 1.8014 1.638 1.299 1.255 334. 120.4 144.6 13.74 57.4 19.21 4.23 105.00

110.00 1.5648 1048.7 0.01089 357.50 482.53 1.4777 1.8040 1.679 1.352 1.286 312. 117.9 134.8 14.08 56.0 19.89 3.68 110.00

115.00 1.7358 1024.4 0.00962 365.85 485.13 1.4989 1.8062 1.729 1.416 1.327 290. 115.1 125.3 14.45 54.6 20.65 3.15 115.00

120.00 1.9205 998.4 0.00849 374.40 487.49 1.5203 1.8079 1.790 1.497 1.381 267. 112.0 116.0 14.87 53.2 21.52 2.64 120.00

125.00 2.1200 970.1 0.00748 383.19 489.54 1.5420 1.8091 1.868 1.603 1.455 244. 108.5 106.9 15.35 51.8 22.54 2.15 125.00

130.00 2.3351 939.0 0.00656 392.29 491.19 1.5642 1.8095 1.975 1.749 1.560 221. 104.6 97.8 15.92 50.4 23.77 1.68 130.00

135.00 2.5671 904.0 0.00571 401.79 492.30 1.5869 1.8087 2.131 1.967 1.723 196. 100.2 88.7 16.62 49.0 25.30 1.24 135.00

140.00 2.8173 863.4 0.00492 411.85 492.60 1.6108 1.8062 2.389 2.331 2.002 170. 95.4 79.4 17.52 47.9 27.33 0.84 140.00

145.00 3.0874 813.4 0.00416 422.82 491.58 1.6364 1.8008 2.908 3.071 2.582 143. 89.8 69.4 18.79 47.4 30.29 0.47 145.00

150.00 3.3802 743.3 0.00336 435.71 487.81 1.6661 1.7892 4.561 5.410 4.433 113. 83.5 57.8 20.97 49.3 35.69 0.17 150.00

154.05c 3.6400 517.0 0.00193 463.06 463.06 1.7294 1.7294 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 154.05

 *Temperatures are on the ITS-90 scale b = normal boiling point  c = critical point
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Fig. 10 Pressure-Enthalpy Diagram for Refrigerant 404A
Fig. 10 Pressure-Enthalpy Diagram for Refrigerant 404A
Reprinted with permission from E.I. duPont de Nemours



Thermophysical Properties of Refrigerants 20.25
Refrigerant 404A [R-125/143a/134a (44/52/4)] Properties of Liquid on the Bubble Line and Vapor on the Dew Line

 Pres-

sure, 

MPa

 Temperature, 

°C
Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

 Pres-

sure, 

MPaBubble     Dew Liquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

0.00500 –94.18 –93.00 1444.4 3.05033 83.20 310.67 0.4810 1.7496 1.147 0.637 1.163 959. 132.8 760.4 7.20 123.6 6.00 17.77 0.00500

0.00600 –91.96 –90.80 1438.3 2.57089 85.75 311.99 0.4952 1.7415 1.149 0.643 1.162 947. 133.4 723.1 7.29 122.3 6.12 17.57 0.00600

0.00700 –90.03 –88.89 1432.9 2.22501 87.98 313.15 0.5074 1.7347 1.151 0.649 1.161 937. 134.0 693.2 7.37 121.2 6.23 17.39 0.00700

0.00800 –88.31 –87.19 1428.1 1.96336 89.95 314.17 0.5181 1.7290 1.153 0.653 1.161 928. 134.5 668.3 7.44 120.2 6.33 17.23 0.00800

0.00900 –86.77 –85.67 1423.8 1.75831 91.74 315.10 0.5277 1.7240 1.155 0.657 1.160 920. 134.9 647.2 7.50 119.3 6.42 17.08 0.00900

0.01000 –85.36 –84.27 1419.9 1.59315 93.36 315.94 0.5364 1.7196 1.157 0.661 1.160 913. 135.3 628.9 7.56 118.5 6.50 16.95 0.01000

0.02000 –75.43 –74.45 1392.0 0.83310 104.92 321.94 0.5963 1.6923 1.171 0.690 1.159 863. 137.8 520.6 7.97 113.1 7.10 15.99 0.02000

0.04000 –64.18 –63.29 1359.7 0.43580 118.21 328.80 0.6617 1.6680 1.191 0.725 1.159 807. 140.3 429.8 8.43 107.2 7.77 14.84 0.04000

0.06000 –56.87 –56.03 1338.3 0.29818 126.98 333.25 0.7028 1.6553 1.206 0.749 1.161 772. 141.7 383.1 8.73 103.5 8.25 14.07 0.06000

0.08000 –51.30 –50.50 1321.7 0.22768 133.73 336.63 0.7336 1.6470 1.218 0.769 1.164 745. 142.5 352.4 8.96 100.8 8.65 13.47 0.08000

0.10000 –46.75 –45.98 1308.0 0.18460 139.30 339.37 0.7584 1.6410 1.228 0.786 1.166 723. 143.1 329.8 9.14 98.6 8.97 12.97 0.10000

0.10132b –46.48 –45.71 1307.2 0.18233 139.64 339.53 0.7599 1.6406 1.229 0.787 1.166 722. 143.2 328.5 9.15 98.4 8.99 12.94 0.10132

0.12000 –42.87 –42.12 1296.1 0.15547 144.09 341.70 0.7793 1.6364 1.238 0.801 1.169 705. 143.5 312.1 9.28 96.7 9.25 12.54 0.12000

0.14000 –39.47 –38.74 1285.5 0.13440 148.33 343.72 0.7975 1.6327 1.246 0.815 1.172 689. 143.8 297.6 9.42 95.1 9.51 12.16 0.14000

0.16000 –36.42 –35.72 1276.0 0.11844 152.14 345.52 0.8136 1.6296 1.254 0.828 1.175 674. 144.0 285.4 9.54 93.7 9.74 11.81 0.16000

0.18000 –33.66 –32.97 1267.2 0.10591 155.62 347.14 0.8282 1.6270 1.262 0.840 1.177 661. 144.2 274.9 9.65 92.4 9.95 11.50 0.18000

0.20000 –31.13 –30.45 1259.1 0.09580 158.83 348.61 0.8414 1.6248 1.269 0.851 1.180 649. 144.3 265.7 9.75 91.3 10.15 11.20 0.20000

0.22000 –28.79 –28.12 1251.5 0.08747 161.81 349.97 0.8536 1.6228 1.276 0.861 1.183 638. 144.3 257.5 9.84 90.2 10.33 10.93 0.22000

0.24000 –26.61 –25.95 1244.4 0.08049 164.61 351.22 0.8650 1.6211 1.282 0.871 1.186 628. 144.3 250.2 9.93 89.2 10.51 10.68 0.24000

0.26000 –24.56 –23.91 1237.6 0.07454 167.25 352.39 0.8756 1.6196 1.288 0.881 1.189 618. 144.3 243.5 10.02 88.3 10.66 10.44 0.26000

0.28000 –22.63 –21.99 1231.2 0.06941 169.75 353.48 0.8855 1.6182 1.294 0.891 1.192 609. 144.3 237.4 10.10 87.4 10.83 10.22 0.28000

0.30000 –20.80 –20.17 1225.1 0.06494 172.13 354.51 0.8949 1.6169 1.300 0.900 1.195 601. 144.2 231.8 10.13 86.6 11.11 10.00 0.30000

0.32000 –19.06 –18.44 1219.2 0.06101 174.40 355.48 0.9038 1.6158 1.306 0.908 1.198 593. 144.1 226.6 10.21 85.9 11.26 9.80 0.32000

0.34000 –17.40 –16.80 1213.5 0.05753 176.57 356.40 0.9123 1.6147 1.312 0.917 1.201 585. 144.0 221.8 10.29 85.1 11.40 9.60 0.34000

0.36000 –15.82 –15.22 1208.0 0.05442 178.65 357.27 0.9203 1.6138 1.317 0.925 1.204 577. 143.9 217.3 10.36 84.4 11.54 9.41 0.36000

0.38000 –14.30 –13.71 1202.8 0.05163 180.66 358.09 0.9280 1.6129 1.322 0.934 1.207 570. 143.8 213.1 10.43 83.8 11.67 9.23 0.38000

0.40000 –12.84 –12.26 1197.7 0.04910 182.60 358.88 0.9354 1.6120 1.328 0.942 1.210 563. 143.7 209.1 10.49 83.2 11.80 9.06 0.40000

0.42000 –11.44 –10.86 1192.7 0.04681 184.47 359.64 0.9425 1.6113 1.333 0.949 1.213 557. 143.5 205.4 10.56 82.5 11.93 8.89 0.42000

0.44000 –10.09 –9.51 1187.9 0.04472 186.28 360.36 0.9494 1.6105 1.338 0.957 1.216 550. 143.4 201.8 10.62 82.0 12.05 8.73 0.44000

0.46000 –8.78 –8.21 1183.2 0.04280 188.04 361.05 0.9560 1.6098 1.343 0.965 1.219 544. 143.2 198.5 10.68 81.4 12.18 8.57 0.46000

0.48000 –7.51 –6.95 1178.6 0.04104 189.75 361.71 0.9624 1.6092 1.348 0.972 1.222 538. 143.0 195.3 10.74 80.9 12.30 8.42 0.48000

0.50000 –6.28 –5.73 1174.1 0.03941 191.41 362.35 0.9685 1.6085 1.353 0.980 1.225 532. 142.9 192.2 10.79 80.3 12.41 8.28 0.50000

0.55000 –3.37 –2.83 1163.4 0.03584 195.37 363.84 0.9831 1.6071 1.365 0.998 1.234 518. 142.4 185.1 10.93 79.1 12.70 7.93 0.55000

0.60000 –0.65 –0.12 1153.1 0.03285 199.10 365.21 0.9968 1.6058 1.377 1.016 1.242 505. 141.9 178.8 11.06 77.9 12.97 7.60 0.60000

0.65000 1.90 2.42 1143.4 0.03030 202.64 366.46 1.0095 1.6046 1.389 1.033 1.250 493. 141.3 172.9 11.18 76.9 13.24 7.29 0.65000

0.70000 4.32 4.82 1134.0 0.02810 206.00 367.62 1.0215 1.6036 1.400 1.051 1.259 481. 140.8 167.6 11.30 75.8 13.50 7.00 0.70000

0.75000 6.60 7.10 1124.9 0.02619 209.21 368.69 1.0329 1.6025 1.412 1.068 1.268 470. 140.2 162.7 11.41 74.9 13.75 6.73 0.75000

0.80000 8.77 9.26 1116.1 0.02450 212.29 369.69 1.0437 1.6016 1.424 1.085 1.277 460. 139.6 158.1 11.52 74.0 14.01 6.47 0.80000

0.85000 10.85 11.33 1107.6 0.02301 215.26 370.62 1.0540 1.6007 1.435 1.102 1.287 450. 139.0 153.9 11.63 73.1 14.26 6.22 0.85000

0.90000 12.83 13.30 1099.3 0.02167 218.11 371.48 1.0639 1.5998 1.447 1.120 1.296 440. 138.4 149.9 11.74 72.3 14.51 5.98 0.90000

0.95000 14.74 15.20 1091.2 0.02047 220.87 372.29 1.0733 1.5989 1.459 1.137 1.306 431. 137.7 146.1 11.84 71.5 14.76 5.75 0.95000

1.00000 16.57 17.02 1083.3 0.01939 223.54 373.04 1.0824 1.5981 1.471 1.155 1.317 422. 137.1 142.6 11.94 70.7 15.00 5.53 1.00000

1.10000 20.03 20.47 1068.0 0.01750 228.65 374.41 1.0996 1.5965 1.495 1.190 1.339 404. 135.8 136.0 12.14 69.3 15.50 5.12 1.10000

1.20000 23.27 23.69 1053.1 0.01592 233.50 375.60 1.1158 1.5949 1.520 1.228 1.363 388. 134.4 130.0 12.34 67.9 16.00 4.74 1.20000

1.30000 26.31 26.72 1038.7 0.01457 238.12 376.65 1.1309 1.5933 1.547 1.266 1.388 373. 133.0 124.5 12.54 66.7 16.51 4.38 1.30000

1.40000 29.18 29.58 1024.5 0.01340 242.54 377.55 1.1453 1.5916 1.574 1.307 1.416 358. 131.6 119.5 12.74 65.5 17.04 4.05 1.40000

1.50000 31.90 32.29 1010.7 0.01238 246.80 378.34 1.1590 1.5900 1.603 1.350 1.446 344. 130.2 114.8 12.93 64.3 17.58 3.74 1.50000

1.60000 34.49 34.86 997.0 0.01148 250.91 379.00 1.1721 1.5882 1.634 1.397 1.480 330. 128.7 110.4 13.13 63.3 18.14 3.44 1.60000

1.70000 36.96 37.32 983.4 0.01068 254.89 379.55 1.1847 1.5864 1.667 1.447 1.516 317. 127.2 106.2 13.34 62.2 18.73 3.16 1.70000

1.80000 39.32 39.67 970.0 0.00996 258.76 380.00 1.1968 1.5846 1.703 1.501 1.556 305. 125.7 102.3 13.54 61.2 19.35 2.90 1.80000

1.90000 41.59 41.92 956.5 0.00932 262.53 380.35 1.2085 1.5826 1.741 1.560 1.601 292. 124.2 98.6 13.75 60.3 20.00 2.65 1.90000

2.00000 43.76 44.09 943.1 0.00873 266.22 380.59 1.2198 1.5805 1.784 1.625 1.651 280. 122.6 95.0 13.97 59.3 20.69 2.42 2.00000

2.10000 45.86 46.17 929.6 0.00819 269.83 380.74 1.2308 1.5783 1.830 1.697 1.708 268. 121.0 91.6 14.20 58.4 21.43 2.20 2.10000

2.20000 47.87 48.18 916.0 0.00770 273.38 380.79 1.2416 1.5760 1.882 1.778 1.772 257. 119.5 88.3 14.43 57.6 22.21 1.98 2.20000

2.30000 49.82 50.11 902.2 0.00724 276.87 380.73 1.2521 1.5735 1.940 1.869 1.845 246. 117.8 85.1 14.68 56.7 23.06 1.78 2.30000

2.40000 51.71 51.99 888.2 0.00682 280.32 380.57 1.2624 1.5709 2.006 1.974 1.929 235. 116.2 82.0 14.93 55.9 23.97 1.60 2.40000

2.50000 53.53 53.80 874.0 0.00643 283.74 380.31 1.2725 1.5680 2.081 2.095 2.027 224. 114.6 79.0 15.21 55.1 24.97 1.42 2.50000

2.60000 55.30 55.56 859.4 0.00606 287.14 379.92 1.2826 1.5649 2.169 2.238 2.143 213. 112.9 76.1 15.50 54.4 26.05 1.25 2.60000

2.70000 57.02 57.26 844.4 0.00571 290.53 379.42 1.2925 1.5616 2.272 2.407 2.282 202. 111.2 73.2 15.81 53.7 27.24 1.09 2.70000

2.80000 58.68 58.91 828.8 0.00538 293.92 378.77 1.3024 1.5580 2.397 2.613 2.451 191. 109.5 70.3 16.15 53.0 28.56 0.94 2.80000

2.90000 60.30 60.52 812.5 0.00507 297.32 377.97 1.3122 1.5540 2.552 2.868 2.662 180. 107.8 67.5 16.52 52.3 30.05 0.79 2.90000

3.00000 61.87 62.08 795.4 0.00476 300.76 376.99 1.3222 1.5496 2.748 3.195 2.931 170. 106.0 64.6 16.93 51.8 31.74 0.66 3.00000

3.20000 64.88 65.07 757.6 0.00419 307.87 374.35 1.3425 1.5391 3.366 4.224 3.781 148. 102.3 58.7 17.92 50.9 36.05 0.42 3.20000

3.40000 67.74 67.89 711.4 0.00362 315.62 370.30 1.3645 1.5249 4.792 6.551 5.695 126. 98.4 52.4 19.31 51.0 42.77 0.22 3.40000

3.775c 72.5 72.5 574. 0.00174 334.8 334.8 1.419 1.419 — — — — — — — — — 0.00 3.775

 *Temperatures are on the ITS-90 scale b = bubble and dew points at one standard atmosphere  c = critical point
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Fig. 11 Pressure-Enthalpy Diagram for Refrigerant 407C
Fig. 11 Pressure-Enthalpy Diagram for Refrigerant 407C
Reprinted with permission from E.I. duPont de Nemours



Thermophysical Properties of Refrigerants 20.27
Refrigerant 407C [R-32/125/134a (23/25/52)] Properties of Liquid on the Bubble Line and Vapor on the Dew Line

 Pres-

sure, 

MPa

 Temperature, 

°C
Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

 Pres-

sure, 

MPaBubble     Dew Liquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

0.01000 –82.82 –74.96 1496.6 1.89611 91.52 365.89 0.5302 1.9437 1.246 0.667 1.181 1000. 149.0 722.4 8.22 148.0 6.43 24.80 0.01000

0.02000 –72.81 –65.15 1468.1 0.98986 104.03 371.89 0.5942 1.9071 1.255 0.692 1.180 948. 151.8 593.0 8.63 142.1 7.06 22.98 0.02000

0.04000 –61.51 –54.07 1435.2 0.51699 118.30 378.64 0.6635 1.8730 1.268 0.725 1.181 891. 154.6 486.9 9.09 135.7 7.79 20.95 0.04000

0.06000 –54.18 –46.89 1413.5 0.35346 127.63 382.97 0.7068 1.8543 1.278 0.748 1.184 854. 156.1 433.2 9.39 131.5 8.28 19.65 0.06000

0.08000 –48.61 –41.44 1396.8 0.26976 134.78 386.21 0.7389 1.8416 1.287 0.767 1.186 827. 157.1 398.2 9.62 128.5 8.65 18.68 0.08000

0.10000 –44.06 –36.98 1382.9 0.21867 140.65 388.83 0.7648 1.8321 1.295 0.783 1.189 805. 157.8 372.6 9.81 126.0 8.96 17.89 0.10000

0.10132b –43.79 –36.71 1382.1 0.21597 141.01 388.99 0.7663 1.8315 1.295 0.784 1.189 803. 157.8 371.1 9.82 125.9 8.98 17.84 0.10132

0.12000 –40.19 –33.19 1371.0 0.18413 145.69 391.04 0.7865 1.8245 1.302 0.798 1.192 786. 158.3 352.6 9.97 123.9 9.23 17.23 0.12000

0.14000 –36.80 –29.87 1360.4 0.15918 150.12 392.95 0.8053 1.8183 1.308 0.811 1.195 769. 158.7 336.3 10.11 122.1 9.47 16.65 0.14000

0.16000 –33.77 –26.90 1350.9 0.14027 154.10 394.64 0.8220 1.8130 1.314 0.823 1.198 755. 159.0 322.6 10.23 120.5 9.68 16.13 0.16000

0.18000 –31.02 –24.21 1342.2 0.12544 157.73 396.15 0.8370 1.8084 1.320 0.835 1.201 741. 159.2 310.9 10.34 119.0 9.88 15.67 0.18000

0.20000 –28.50 –21.74 1334.1 0.11348 161.07 397.52 0.8507 1.8043 1.326 0.845 1.203 729. 159.4 300.6 10.45 117.7 10.06 15.25 0.20000

0.22000 –26.17 –19.46 1326.6 0.10363 164.17 398.78 0.8632 1.8007 1.331 0.856 1.206 718. 159.6 291.5 10.55 116.5 10.23 14.86 0.22000

0.24000 –24.00 –17.34 1319.5 0.09537 167.07 399.94 0.8748 1.7974 1.336 0.865 1.209 708. 159.6 283.3 10.64 115.3 10.39 14.50 0.24000

0.26000 –21.96 –15.35 1312.8 0.08834 169.80 401.01 0.8857 1.7945 1.341 0.875 1.212 698. 159.7 275.9 10.72 114.3 10.54 14.17 0.26000

0.28000 –20.05 –13.47 1306.5 0.08228 172.38 402.01 0.8959 1.7918 1.346 0.884 1.215 689. 159.7 269.1 10.80 113.3 10.68 13.85 0.28000

0.30000 –18.23 –11.70 1300.4 0.07700 174.83 402.95 0.9055 1.7893 1.351 0.892 1.218 680. 159.8 262.9 10.88 112.3 10.82 13.56 0.30000

0.32000 –16.51 –10.01 1294.6 0.07236 177.17 403.83 0.9145 1.7869 1.355 0.901 1.221 672. 159.7 257.2 10.96 111.4 10.95 13.28 0.32000

0.34000 –14.86 –8.41 1289.0 0.06824 179.41 404.67 0.9232 1.7848 1.360 0.909 1.224 664. 159.7 251.9 11.03 110.6 11.08 13.01 0.34000

0.36000 –13.29 –6.87 1283.7 0.06457 181.55 405.45 0.9314 1.7827 1.364 0.917 1.226 656. 159.7 246.9 11.10 109.8 11.20 12.76 0.36000

0.38000 –11.79 –5.40 1278.5 0.06127 183.61 406.20 0.9392 1.7808 1.369 0.925 1.229 649. 159.6 242.3 11.16 109.0 11.32 12.51 0.38000

0.40000 –10.34 –3.99 1273.5 0.05829 185.60 406.91 0.9468 1.7790 1.373 0.932 1.232 642. 159.6 237.9 11.22 108.2 11.44 12.28 0.40000

0.42000 –8.95 –2.63 1268.7 0.05559 187.52 407.59 0.9540 1.7773 1.377 0.940 1.235 635. 159.5 233.8 11.29 107.5 11.55 12.06 0.42000

0.44000 –7.61 –1.32 1264.0 0.05312 189.37 408.24 0.9609 1.7757 1.382 0.947 1.238 629. 159.4 229.9 11.34 106.8 11.66 11.85 0.44000

0.46000 –6.31 –0.05 1259.4 0.05086 191.17 408.85 0.9676 1.7741 1.386 0.954 1.241 623. 159.3 226.2 11.40 106.2 11.76 11.64 0.46000

0.48000 –5.06 1.17 1255.0 0.04878 192.91 409.44 0.9741 1.7726 1.390 0.961 1.244 616. 159.2 222.7 11.46 105.5 11.87 11.44 0.48000

0.50000 –3.84 2.36 1250.6 0.04687 194.61 410.01 0.9803 1.7712 1.394 0.968 1.247 611. 159.1 219.3 11.51 104.9 11.97 11.25 0.50000

0.55000 –0.96 5.17 1240.2 0.04266 198.65 411.33 0.9951 1.7679 1.404 0.985 1.254 597. 158.8 211.6 11.65 103.4 12.22 10.80 0.55000

0.60000 1.73 7.79 1230.4 0.03913 202.45 412.54 1.0088 1.7649 1.414 1.002 1.262 584. 158.4 204.6 11.77 102.0 12.45 10.39 0.60000

0.65000 4.26 10.25 1221.0 0.03613 206.04 413.64 1.0217 1.7622 1.423 1.018 1.270 571. 158.1 198.3 11.89 100.7 12.68 10.00 0.65000

0.70000 6.65 12.58 1212.0 0.03355 209.45 414.64 1.0338 1.7596 1.433 1.034 1.277 560. 157.7 192.5 12.00 99.5 12.89 9.63 0.70000

0.75000 8.91 14.78 1203.3 0.03129 212.71 415.57 1.0452 1.7572 1.443 1.050 1.285 549. 157.3 187.2 12.11 98.4 13.11 9.29 0.75000

0.80000 11.06 16.87 1195.0 0.02931 215.82 416.43 1.0561 1.7549 1.452 1.066 1.293 538. 156.8 182.3 12.22 97.3 13.32 8.97 0.80000

0.85000 13.11 18.86 1186.9 0.02755 218.81 417.23 1.0664 1.7528 1.462 1.081 1.302 528. 156.4 177.6 12.33 96.2 13.52 8.66 0.85000

0.90000 15.07 20.77 1179.1 0.02598 221.69 417.97 1.0763 1.7507 1.471 1.097 1.310 519. 155.9 173.3 12.43 95.2 13.72 8.37 0.90000

0.95000 16.95 22.59 1171.5 0.02457 224.47 418.65 1.0857 1.7488 1.481 1.112 1.319 509. 155.5 169.3 12.53 94.2 13.92 8.09 0.95000

1.00000 18.76 24.35 1164.1 0.02330 227.15 419.29 1.0948 1.7469 1.490 1.127 1.327 501. 155.0 165.5 12.63 93.3 14.12 7.83 1.00000

1.10000 22.19 27.67 1149.8 0.02109 232.28 420.44 1.1120 1.7433 1.510 1.158 1.345 484. 154.0 158.4 12.82 91.5 14.51 7.33 1.10000

1.20000 25.39 30.77 1136.0 0.01923 237.13 421.44 1.1281 1.7400 1.530 1.190 1.365 468. 152.9 152.1 13.00 89.9 14.90 6.87 1.20000

1.30000 28.40 33.68 1122.8 0.01765 241.74 422.30 1.1431 1.7367 1.550 1.222 1.385 452. 151.9 146.3 13.18 88.3 15.29 6.45 1.30000

1.40000 31.24 36.42 1109.9 0.01629 246.15 423.04 1.1574 1.7337 1.571 1.255 1.406 438. 150.8 140.9 13.35 86.8 15.69 6.05 1.40000

1.50000 33.94 39.02 1097.4 0.01510 250.38 423.68 1.1709 1.7307 1.592 1.289 1.428 424. 149.7 136.0 13.53 85.4 16.09 5.68 1.50000

1.60000 36.50 41.49 1085.1 0.01405 254.44 424.21 1.1838 1.7277 1.615 1.324 1.452 411. 148.6 131.3 13.70 84.1 16.51 5.33 1.60000

1.70000 38.95 43.84 1073.1 0.01312 258.38 424.66 1.1961 1.7248 1.638 1.360 1.477 398. 147.5 127.0 13.87 82.8 16.93 5.00 1.70000

1.80000 41.29 46.09 1061.3 0.01229 262.18 425.02 1.2080 1.7220 1.662 1.398 1.504 386. 146.3 122.9 14.04 81.5 17.37 4.69 1.80000

1.90000 43.54 48.25 1049.6 0.01154 265.88 425.31 1.2194 1.7191 1.688 1.438 1.532 374. 145.2 119.1 14.21 80.3 17.83 4.40 1.90000

2.00000 45.70 50.31 1038.1 0.01087 269.48 425.51 1.2304 1.7163 1.715 1.481 1.563 363. 144.0 115.4 14.38 79.2 18.30 4.12 2.00000

2.10000 47.79 52.30 1026.7 0.01025 273.00 425.65 1.2411 1.7135 1.743 1.526 1.596 352. 142.8 111.9 14.56 78.0 18.80 3.86 2.10000

2.20000 49.80 54.22 1015.3 0.00969 276.43 425.71 1.2515 1.7106 1.774 1.573 1.632 341. 141.6 108.6 14.74 76.9 19.32 3.60 2.20000

2.30000 51.74 56.07 1004.0 0.00917 279.80 425.70 1.2616 1.7077 1.806 1.624 1.670 330. 140.4 105.4 14.92 75.9 19.87 3.36 2.30000

2.40000 53.63 57.86 992.7 0.00869 283.10 425.63 1.2714 1.7048 1.841 1.679 1.712 320. 139.2 102.4 15.10 74.8 20.45 3.13 2.40000

2.50000 55.45 59.58 981.4 0.00825 286.35 425.48 1.2810 1.7018 1.878 1.738 1.757 310. 138.0 99.4 15.29 73.8 21.06 2.91 2.50000

2.60000 57.22 61.26 970.0 0.00784 289.55 425.27 1.2904 1.6988 1.918 1.802 1.806 300. 136.7 96.6 15.48 72.8 21.71 2.70 2.60000

2.70000 58.94 62.88 958.6 0.00746 292.71 425.00 1.2996 1.6957 1.962 1.872 1.861 290. 135.5 93.8 15.68 71.8 22.39 2.50 2.70000

2.80000 60.62 64.45 947.1 0.00710 295.83 424.65 1.3087 1.6925 2.009 1.948 1.920 280. 134.2 91.1 15.89 70.9 23.13 2.31 2.80000

2.90000 62.25 65.98 935.5 0.00676 298.92 424.23 1.3176 1.6892 2.062 2.032 1.987 270. 133.0 88.5 16.11 70.0 23.91 2.13 2.90000

3.00000 63.84 67.47 923.8 0.00644 301.99 423.74 1.3264 1.6858 2.120 2.125 2.060 261. 131.7 85.9 16.33 69.1 24.75 1.95 3.00000

3.20000 66.90 70.32 899.7 0.00586 308.08 422.52 1.3438 1.6786 2.258 2.345 2.236 242. 129.1 81.0 16.81 67.3 26.62 1.62 3.20000

3.40000 69.83 73.02 874.5 0.00533 314.14 420.96 1.3609 1.6709 2.435 2.628 2.463 223. 126.5 76.1 17.35 65.6 28.81 1.31 3.40000

3.60000 72.63 75.57 847.8 0.00484 320.25 419.00 1.3779 1.6623 2.673 3.007 2.768 205. 123.8 71.4 17.96 64.1 31.44 1.04 3.60000

3.80000 75.31 78.00 819.0 0.00439 326.49 416.54 1.3952 1.6526 3.013 3.543 3.200 186. 121.1 66.7 18.67 62.7 34.68 0.78 3.80000

4.00000 77.90 80.30 787.0 0.00396 332.98 413.42 1.4130 1.6414 3.544 4.363 3.860 168. 118.2 61.8 19.54 61.6 38.88 0.55 4.00000

4.20000 80.40 82.46 749.8 0.00354 339.95 409.31 1.4321 1.6277 4.497 5.782 4.996 149. 115.2 56.7 20.67 61.2 44.76 0.35 4.20000

4.635c 86.1 86.1 506. 0.00198 375.0 375.0 1.528 1.528 — — — — — — — — — 0.00 4.63468

 *Temperatures are on the ITS-90 scale b = bubble and dew points at one standard atmosphere  c = critical point



20.28 2001 ASHRAE Fundamentals Handbook (SI)
Refrigerant 410A [R-32/125 (50/50)] Properties of Liquid on the Bubble Line and Vapor on the Dew Line

 Pres-

sure, 

MPa

 Temperature, 

°C
Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

 Pres-

sure, 

MPaBubble     Dew Liquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

0.01000 –88.54 –88.50 1462.0 2.09550 78.00 377.63 0.4650 2.0879 1.313 0.666 1.227 1031. 159.6 560.3 8.20 168.6 6.60 23.95 0.01000

0.02000 –79.05 –79.01 1434.3 1.09540 90.48 383.18 0.5309 2.0388 1.317 0.695 1.227 979. 162.7 473.2 8.63 162.6 7.06 22.17 0.02000

0.04000 –68.33 –68.29 1402.4 0.57278 104.64 389.31 0.6018 1.9916 1.325 0.733 1.230 923. 165.8 398.9 9.11 155.9 7.61 20.20 0.04000

0.06000 –61.39 –61.35 1381.4 0.39184 113.86 393.17 0.6461 1.9650 1.333 0.761 1.234 888. 167.5 360.2 9.43 151.7 7.97 18.94 0.06000

0.08000 –56.13 –56.08 1365.1 0.29918 120.91 396.04 0.6789 1.9465 1.340 0.785 1.238 861. 168.6 334.4 9.66 148.5 8.26 18.00 0.08000

0.10000 –51.83 –51.78 1351.7 0.24259 126.69 398.33 0.7052 1.9324 1.347 0.805 1.242 839. 169.4 315.4 9.86 146.0 8.50 17.23 0.10000

0.10132b –51.57 –51.52 1350.9 0.23961 127.04 398.47 0.7068 1.9316 1.348 0.806 1.242 838. 169.5 314.3 9.87 145.8 8.51 17.19 0.10132

0.12000 –48.17 –48.12 1340.1 0.20433 131.64 400.24 0.7273 1.9211 1.353 0.823 1.246 821. 170.0 300.3 10.02 143.8 8.71 16.59 0.12000

0.14000 –44.96 –44.91 1329.9 0.17668 136.00 401.89 0.7464 1.9116 1.359 0.839 1.250 805. 170.5 288.0 10.17 141.9 8.89 16.03 0.14000

0.16000 –42.10 –42.05 1320.7 0.15572 139.90 403.33 0.7634 1.9034 1.365 0.854 1.254 790. 170.9 277.5 10.30 140.2 9.06 15.53 0.16000

0.18000 –39.51 –39.45 1312.2 0.13928 143.46 404.62 0.7786 1.8963 1.371 0.868 1.257 777. 171.2 268.5 10.42 138.7 9.22 15.09 0.18000

0.20000 –37.13 –37.07 1304.4 0.12602 146.73 405.78 0.7925 1.8900 1.376 0.881 1.261 766. 171.4 260.5 10.52 137.3 9.36 14.68 0.20000

0.22000 –34.93 –34.87 1297.1 0.11510 149.76 406.84 0.8052 1.8843 1.381 0.894 1.265 755. 171.6 253.4 10.62 136.0 9.50 14.30 0.22000

0.24000 –32.89 –32.83 1290.3 0.10593 152.60 407.81 0.8170 1.8791 1.386 0.906 1.268 744. 171.7 247.0 10.72 134.8 9.63 13.95 0.24000

0.26000 –30.97 –30.90 1283.9 0.09813 155.27 408.71 0.8280 1.8744 1.391 0.917 1.272 735. 171.8 241.2 10.81 133.7 9.75 13.63 0.26000

0.28000 –29.16 –29.10 1277.7 0.09141 157.79 409.54 0.8383 1.8700 1.396 0.928 1.276 726. 171.9 235.9 10.89 132.7 9.87 13.33 0.28000

0.30000 –27.45 –27.38 1271.9 0.08556 160.19 410.31 0.8481 1.8659 1.401 0.938 1.279 717. 171.9 231.0 10.97 131.7 9.98 13.04 0.30000

0.32000 –25.83 –25.76 1266.3 0.08041 162.47 411.04 0.8573 1.8622 1.405 0.948 1.283 709. 172.0 226.4 11.04 130.7 10.09 12.77 0.32000

0.34000 –24.28 –24.21 1260.9 0.07584 164.66 411.72 0.8660 1.8586 1.410 0.958 1.287 701. 172.0 222.2 11.11 129.8 10.20 12.51 0.34000

0.36000 –22.80 –22.73 1255.8 0.07177 166.75 412.36 0.8743 1.8553 1.414 0.968 1.290 694. 172.0 218.2 11.18 128.9 10.30 12.27 0.36000

0.38000 –21.39 –21.31 1250.8 0.06811 168.76 412.96 0.8823 1.8521 1.419 0.977 1.294 687. 171.9 214.5 11.25 128.1 10.40 12.03 0.38000

0.40000 –20.03 –19.95 1246.0 0.06481 170.70 413.54 0.8899 1.8491 1.423 0.986 1.298 680. 171.9 211.0 11.31 127.3 10.49 11.81 0.40000

0.42000 –18.72 –18.64 1241.3 0.06180 172.57 414.08 0.8972 1.8463 1.427 0.995 1.301 673. 171.9 207.7 11.31 126.5 10.64 11.59 0.42000

0.44000 –17.45 –17.38 1236.8 0.05907 174.38 414.60 0.9042 1.8436 1.432 1.004 1.305 667. 171.8 204.6 11.32 125.8 10.78 11.39 0.44000

0.46000 –16.24 –16.16 1232.4 0.05656 176.13 415.09 0.9110 1.8410 1.436 1.012 1.308 661. 171.7 201.6 11.38 125.1 10.87 11.19 0.46000

0.48000 –15.06 –14.98 1228.1 0.05425 177.83 415.56 0.9175 1.8385 1.440 1.021 1.312 655. 171.7 198.7 11.43 124.4 10.96 11.00 0.48000

0.50000 –13.91 –13.83 1223.9 0.05212 179.48 416.00 0.9238 1.8361 1.444 1.029 1.316 649. 171.6 196.0 11.49 123.7 11.05 10.81 0.50000

0.55000 –11.20 –11.12 1214.0 0.04746 183.41 417.04 0.9388 1.8305 1.455 1.049 1.325 635. 171.3 189.7 11.63 122.1 11.28 10.38 0.55000

0.60000 –8.68 –8.59 1204.5 0.04354 187.11 417.96 0.9527 1.8254 1.465 1.068 1.334 623. 171.0 184.0 11.76 120.6 11.49 9.98 0.60000

0.65000 –6.30 –6.22 1195.5 0.04021 190.60 418.80 0.9657 1.8207 1.475 1.088 1.344 610. 170.7 178.8 11.88 119.2 11.70 9.60 0.65000

0.70000 –4.07 –3.98 1186.9 0.03734 193.92 419.56 0.9779 1.8163 1.485 1.106 1.353 599. 170.4 174.1 12.01 117.9 11.91 9.25 0.70000

0.75000 –1.95 –1.86 1178.6 0.03484 197.08 420.25 0.9894 1.8122 1.495 1.125 1.363 588. 170.0 169.7 12.12 116.6 12.11 8.92 0.75000

0.80000 0.07 0.16 1170.6 0.03264 200.10 420.88 1.0004 1.8083 1.505 1.143 1.373 577. 169.6 165.6 12.24 115.4 12.31 8.61 0.80000

0.85000 1.99 2.08 1162.9 0.03069 203.00 421.45 1.0108 1.8046 1.515 1.161 1.383 567. 169.2 161.8 12.34 114.3 12.51 8.31 0.85000

0.90000 3.83 3.92 1155.5 0.02894 205.79 421.97 1.0207 1.8011 1.525 1.179 1.393 558. 168.8 158.2 12.45 113.2 12.71 8.03 0.90000

0.95000 5.59 5.69 1148.2 0.02738 208.49 422.45 1.0303 1.7978 1.535 1.197 1.403 549. 168.4 154.8 12.56 112.1 12.91 7.77 0.95000

1.00000 7.28 7.38 1141.2 0.02597 211.09 422.89 1.0394 1.7946 1.545 1.215 1.414 540. 168.0 151.6 12.66 111.1 13.11 7.51 1.00000

1.10000 10.48 10.59 1127.6 0.02351 216.06 423.64 1.0568 1.7885 1.565 1.251 1.435 522. 167.1 145.7 12.87 109.1 13.51 7.04 1.10000

1.20000 13.48 13.58 1114.5 0.02145 220.76 424.27 1.0729 1.7828 1.586 1.287 1.458 506. 166.1 140.3 13.06 107.3 13.92 6.60 1.20000

1.30000 16.28 16.39 1102.0 0.01970 225.22 424.78 1.0881 1.7774 1.607 1.324 1.482 491. 165.1 135.4 13.25 105.5 14.35 6.19 1.30000

1.40000 18.93 19.04 1089.8 0.01818 229.48 425.18 1.1024 1.7723 1.629 1.362 1.507 476. 164.2 130.9 13.43 103.9 14.79 5.81 1.40000

1.50000 21.44 21.55 1078.0 0.01686 233.56 425.49 1.1160 1.7674 1.651 1.402 1.533 462. 163.1 126.7 13.60 102.3 15.25 5.45 1.50000

1.60000 23.83 23.94 1066.5 0.01570 237.49 425.72 1.1290 1.7627 1.675 1.442 1.561 449. 162.1 122.8 13.78 100.8 15.73 5.12 1.60000

1.70000 26.11 26.22 1055.3 0.01467 241.29 425.86 1.1414 1.7581 1.699 1.485 1.590 436. 161.1 119.1 13.95 99.3 16.23 4.80 1.70000

1.80000 28.29 28.40 1044.2 0.01375 244.96 425.93 1.1533 1.7536 1.725 1.529 1.622 423. 160.0 115.6 14.12 97.9 16.76 4.51 1.80000

1.90000 30.37 30.49 1033.3 0.01292 248.52 425.93 1.1648 1.7492 1.751 1.576 1.655 411. 159.0 112.3 14.28 96.5 17.32 4.22 1.90000

2.00000 32.38 32.49 1022.6 0.01217 251.99 425.87 1.1759 1.7448 1.779 1.625 1.690 399. 157.9 109.2 14.45 95.2 17.91 3.96 2.00000

2.10000 34.31 34.43 1012.0 0.01149 255.37 425.74 1.1866 1.7406 1.809 1.677 1.728 387. 156.8 106.2 14.62 93.9 18.53 3.70 2.10000

2.20000 36.18 36.29 1001.4 0.01087 258.68 425.54 1.1970 1.7363 1.840 1.732 1.768 376. 155.7 103.4 14.79 92.7 19.19 3.46 2.20000

2.30000 37.98 38.09 991.0 0.01030 261.91 425.29 1.2071 1.7321 1.874 1.790 1.812 365. 154.6 100.6 14.96 91.5 19.90 3.23 2.30000

2.40000 39.72 39.83 980.5 0.00977 265.08 424.98 1.2169 1.7279 1.909 1.853 1.858 354. 153.5 98.0 15.13 90.3 20.65 3.01 2.40000

2.50000 41.40 41.51 970.1 0.00928 268.20 424.61 1.2265 1.7237 1.947 1.920 1.909 343. 152.3 95.5 15.30 89.1 21.44 2.80 2.50000

2.60000 43.04 43.15 959.7 0.00883 271.27 424.18 1.2359 1.7194 1.988 1.993 1.964 333. 151.2 93.0 15.48 88.0 22.30 2.60 2.60000

2.70000 44.62 44.73 949.3 0.00840 274.29 423.69 1.2451 1.7152 2.032 2.072 2.024 322. 150.0 90.7 15.66 86.8 23.20 2.41 2.70000

2.80000 46.17 46.27 938.8 0.00801 277.27 423.14 1.2541 1.7109 2.080 2.158 2.089 312. 148.9 88.4 15.84 85.7 24.17 2.23 2.80000

2.90000 47.67 47.77 928.3 0.00764 280.23 422.53 1.2630 1.7065 2.133 2.252 2.161 302. 147.7 86.1 16.04 84.6 25.21 2.05 2.90000

3.00000 49.13 49.23 917.7 0.00729 283.15 421.85 1.2718 1.7021 2.190 2.356 2.240 292. 146.5 83.9 16.23 83.6 26.33 1.88 3.00000

3.20000 51.94 52.04 896.0 0.00665 288.94 420.30 1.2890 1.6930 2.323 2.598 2.426 273. 144.1 79.7 16.65 81.4 28.81 1.57 3.20000

3.40000 54.61 54.71 873.7 0.00607 294.67 418.47 1.3059 1.6835 2.490 2.904 2.662 253. 141.7 75.6 17.10 79.4 31.70 1.28 3.40000

3.60000 57.17 57.26 850.4 0.00555 300.41 416.29 1.3226 1.6734 2.707 3.305 2.971 234. 139.1 71.6 17.60 77.5 35.11 1.01 3.60000

3.80000 59.61 59.69 825.8 0.00506 306.20 413.72 1.3394 1.6624 3.002 3.855 3.393 215. 136.5 67.7 18.16 76.5 39.20 0.77 3.80000

4.00000 61.94 62.02 799.1 0.00461 312.13 410.64 1.3564 1.6503 3.431 4.661 4.010 196. 133.8 63.7 18.81 76.3 44.24 0.56 4.00000

4.20000 64.18 64.25 769.5 0.00417 318.33 406.86 1.3741 1.6365 4.129 5.970 5.004 177. 130.9 59.5 19.61 78.2 50.75 0.36 4.20000

4.790c 70.2 70.2 548. 0.00183 352.5 352.5 1.472 1.472 — — — — — — — — — 0.00 4.790

 *Temperatures are on the ITS-90 scale b = bubble and dew points at one standard atmosphere  c = critical point



Thermophysical Properties of Refrigerants 20.29
Refrigerant 507A [R-125/143a (50/50)] Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure**, 

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

–100.00 0.00310 1471.4 4.6772 77.43 303.23 0.4473 1.7515 1.134 0.617 1.164 984. 129.6 858.0 7.03 125.6 5.62 18.29 –100.00

–95.00 0.00479 1457.5 3.1090 83.11 306.19 0.4796 1.7319 1.137 0.630 1.162 957. 131.2 759.3 7.23 122.6 5.90 17.82 –95.00

–90.00 0.00720 1443.4 2.1231 88.81 309.17 0.5112 1.7144 1.142 0.643 1.161 930. 132.6 678.9 7.43 119.7 6.18 17.35 –90.00

–85.00 0.01055 1429.3 1.4856 94.54 312.18 0.5420 1.6988 1.148 0.657 1.159 904. 134.1 612.1 7.63 116.9 6.47 16.87 –85.00

–80.00 0.01509 1415.1 1.0628 100.29 315.20 0.5722 1.6849 1.155 0.671 1.158 878. 135.4 555.7 7.83 114.1 6.77 16.37 –80.00

–75.00 0.02113 1400.8 0.77578 106.09 318.24 0.6018 1.6725 1.162 0.686 1.158 853. 136.6 507.4 8.02 111.4 7.07 15.87 –75.00

–70.00 0.02903 1386.4 0.57673 111.93 321.29 0.6309 1.6614 1.171 0.702 1.158 828. 137.8 465.5 8.22 108.8 7.39 15.35 –70.00

–65.00 0.03916 1371.8 0.43596 117.81 324.33 0.6594 1.6516 1.180 0.718 1.159 804. 138.9 428.8 8.42 106.2 7.71 14.83 –65.00

–60.00 0.05198 1357.0 0.33458 123.74 327.38 0.6875 1.6429 1.190 0.734 1.160 780. 139.8 396.3 8.62 103.7 8.03 14.29 –60.00

–55.00 0.06795 1342.1 0.26036 129.72 330.42 0.7152 1.6352 1.200 0.752 1.162 755. 140.7 367.4 8.84 101.2 8.38 13.75 –55.00

–50.00 0.08759 1326.9 0.20517 135.75 333.44 0.7425 1.6284 1.211 0.770 1.164 731. 141.4 341.5 9.04 98.8 8.73 13.20 –50.00

–48.00 0.09661 1320.8 0.18713 138.18 334.64 0.7533 1.6259 1.216 0.778 1.165 722. 141.6 331.8 9.11 97.9 8.87 12.98 –48.00

–47.01b 0.10132 1317.7 0.17894 139.39 335.24 0.7586 1.6247 1.218 0.782 1.166 717. 141.8 327.2 9.15 97.4 8.94 12.87 –47.01

–46.00 0.10634 1314.6 0.17099 140.62 335.85 0.7641 1.6235 1.221 0.786 1.167 712. 141.9 322.5 9.19 97.0 9.01 12.75 –46.00

–44.00 0.11682 1308.4 0.15650 143.07 337.04 0.7748 1.6212 1.226 0.793 1.168 703. 142.1 313.6 9.26 96.0 9.16 12.53 –44.00

–42.00 0.12809 1302.1 0.14348 145.53 338.23 0.7854 1.6191 1.231 0.801 1.170 693. 142.3 305.0 9.34 95.1 9.30 12.30 –42.00

–40.00 0.14020 1295.8 0.13175 148.00 339.42 0.7960 1.6170 1.236 0.810 1.171 684. 142.4 296.7 9.41 94.2 9.45 12.08 –40.00

–38.00 0.15318 1289.5 0.12116 150.49 340.60 0.8066 1.6151 1.241 0.818 1.173 674. 142.6 288.8 9.49 93.2 9.60 11.85 –38.00

–36.00 0.16708 1283.1 0.11159 152.98 341.78 0.8171 1.6132 1.246 0.827 1.175 665. 142.7 281.0 9.57 92.3 9.75 11.62 –36.00

–34.00 0.18194 1276.6 0.10292 155.48 342.95 0.8275 1.6115 1.252 0.835 1.177 655. 142.8 273.6 9.64 91.4 9.90 11.39 –34.00

–32.00 0.19780 1270.1 0.09505 157.99 344.11 0.8380 1.6098 1.258 0.844 1.180 646. 142.9 266.4 9.72 90.5 10.06 11.15 –32.00

–30.00 0.21471 1263.6 0.08791 160.52 345.27 0.8483 1.6082 1.263 0.853 1.182 637. 142.9 259.4 9.80 89.6 10.21 10.92 –30.00

–28.00 0.23271 1257.0 0.08140 163.06 346.42 0.8587 1.6067 1.269 0.862 1.185 627. 142.9 252.7 9.88 88.7 10.37 10.69 –28.00

–26.00 0.25185 1250.3 0.07546 165.61 347.57 0.8690 1.6052 1.275 0.872 1.188 618. 142.9 246.1 9.96 87.8 10.53 10.45 –26.00

–24.00 0.27218 1243.6 0.07004 168.17 348.70 0.8792 1.6038 1.281 0.882 1.191 608. 142.9 239.8 10.05 87.0 10.69 10.22 –24.00

–22.00 0.29374 1236.8 0.06508 170.74 349.82 0.8894 1.6025 1.288 0.891 1.194 599. 142.8 233.6 10.01 86.1 10.99 9.98 –22.00

–20.00 0.31658 1229.9 0.06054 173.33 350.94 0.8996 1.6012 1.294 0.902 1.197 589. 142.8 227.6 10.11 85.2 11.16 9.74 –20.00

–18.00 0.34076 1223.0 0.05638 175.93 352.05 0.9098 1.6001 1.301 0.912 1.201 580. 142.6 221.8 10.20 84.3 11.33 9.51 –18.00

–16.00 0.36631 1216.0 0.05255 178.55 353.14 0.9199 1.5989 1.308 0.923 1.205 570. 142.5 216.2 10.29 83.5 11.50 9.27 –16.00

–14.00 0.39329 1208.9 0.04903 181.18 354.23 0.9300 1.5978 1.315 0.933 1.209 561. 142.3 210.7 10.39 82.6 11.68 9.03 –14.00

–12.00 0.42176 1201.8 0.04579 183.82 355.30 0.9401 1.5968 1.323 0.945 1.213 552. 142.1 205.3 10.48 81.8 11.86 8.79 –12.00

–10.00 0.45176 1194.5 0.04279 186.48 356.37 0.9501 1.5957 1.330 0.956 1.218 542. 141.9 200.1 10.58 80.9 12.04 8.55 –10.00

–8.00 0.48335 1187.2 0.04003 189.15 357.41 0.9601 1.5948 1.338 0.968 1.223 533. 141.6 195.0 10.67 80.0 12.23 8.31 –8.00

–6.00 0.51658 1179.8 0.03748 191.84 358.45 0.9701 1.5938 1.346 0.980 1.228 523. 141.3 190.1 10.77 79.2 12.42 8.07 –6.00

–4.00 0.55150 1172.3 0.03511 194.54 359.47 0.9801 1.5929 1.355 0.993 1.234 514. 141.0 185.2 10.87 78.3 12.61 7.83 –4.00

–2.00 0.58817 1164.6 0.03292 197.26 360.48 0.9901 1.5920 1.363 1.006 1.240 504. 140.6 180.5 10.97 77.5 12.81 7.59 –2.00

0.00 0.62665 1156.9 0.03089 200.00 361.47 1.0000 1.5912 1.372 1.019 1.247 494. 140.2 175.9 11.07 76.7 13.02 7.35 0.00

2.00 0.66698 1149.1 0.02900 202.76 362.44 1.0099 1.5903 1.382 1.033 1.254 485. 139.8 171.4 11.17 75.8 13.23 7.11 2.00

4.00 0.70924 1141.1 0.02724 205.53 363.40 1.0198 1.5895 1.392 1.048 1.261 475. 139.3 167.0 11.28 75.0 13.45 6.87 4.00

6.00 0.75347 1133.1 0.02560 208.32 364.33 1.0297 1.5886 1.402 1.063 1.269 465. 138.8 162.6 11.38 74.1 13.67 6.63 6.00

8.00 0.79973 1124.9 0.02408 211.13 365.25 1.0396 1.5878 1.413 1.079 1.278 456. 138.2 158.4 11.49 73.3 13.90 6.39 8.00

10.00 0.84809 1116.6 0.02265 213.97 366.15 1.0495 1.5870 1.424 1.096 1.287 446. 137.6 154.3 11.60 72.5 14.14 6.15 10.00

12.00 0.89860 1108.1 0.02132 216.82 367.02 1.0594 1.5862 1.436 1.113 1.297 436. 137.0 150.2 11.71 71.6 14.39 5.91 12.00

14.00 0.95133 1099.4 0.02008 219.69 367.87 1.0693 1.5853 1.448 1.131 1.307 426. 136.3 146.2 11.83 70.8 14.65 5.67 14.00

16.00 1.0063 1090.7 0.01892 222.59 368.70 1.0792 1.5845 1.461 1.151 1.319 416. 135.6 142.3 11.94 70.0 14.91 5.43 16.00

18.00 1.0637 1081.7 0.01783 225.52 369.49 1.0890 1.5836 1.475 1.171 1.332 407. 134.9 138.5 12.06 69.1 15.19 5.19 18.00

20.00 1.1235 1072.6 0.01680 228.46 370.26 1.0989 1.5827 1.490 1.193 1.346 397. 134.1 134.7 12.19 68.3 15.49 4.95 20.00

22.00 1.1857 1063.2 0.01584 231.44 371.00 1.1089 1.5817 1.506 1.216 1.360 386. 133.2 131.0 12.32 67.5 15.80 4.72 22.00

24.00 1.2505 1053.7 0.01494 234.44 371.71 1.1188 1.5808 1.522 1.241 1.377 376. 132.3 127.3 12.45 66.7 16.12 4.48 24.00

26.00 1.3179 1043.9 0.01409 237.47 372.38 1.1287 1.5797 1.540 1.267 1.395 366. 131.4 123.7 12.59 65.8 16.46 4.25 26.00

28.00 1.3880 1033.9 0.01329 240.53 373.01 1.1387 1.5787 1.560 1.296 1.415 356. 130.4 120.1 12.73 65.0 16.83 4.02 28.00

30.00 1.4608 1023.6 0.01253 243.62 373.60 1.1487 1.5775 1.581 1.327 1.437 346. 129.3 116.6 12.88 64.2 17.22 3.79 30.00

32.00 1.5365 1013.0 0.01182 246.75 374.15 1.1587 1.5763 1.603 1.361 1.461 335. 128.2 113.2 13.03 63.3 17.63 3.56 32.00

34.00 1.6151 1002.2 0.01115 249.91 374.65 1.1688 1.5750 1.628 1.398 1.488 325. 127.1 109.7 13.19 62.5 18.07 3.33 34.00

36.00 1.6967 991.0 0.01051 253.12 375.10 1.1790 1.5735 1.655 1.439 1.518 314. 125.9 106.3 13.36 61.6 18.55 3.11 36.00

38.00 1.7814 979.4 0.00991 256.37 375.49 1.1892 1.5720 1.685 1.485 1.553 303. 124.6 103.0 13.54 60.8 19.07 2.89 38.00

40.00 1.8692 967.5 0.00933 259.66 375.81 1.1994 1.5704 1.719 1.536 1.592 292. 123.2 99.6 13.73 60.0 19.63 2.67 40.00

42.00 1.9603 955.0 0.00879 263.01 376.07 1.2098 1.5686 1.757 1.594 1.637 281. 121.8 96.3 13.93 59.1 20.24 2.45 42.00

44.00 2.0547 942.1 0.00827 266.41 376.25 1.2202 1.5666 1.799 1.660 1.689 270. 120.4 93.0 14.15 58.2 20.92 2.24 44.00

46.00 2.1526 928.7 0.00778 269.87 376.35 1.2308 1.5644 1.848 1.737 1.749 259. 118.8 89.7 14.38 57.4 21.66 2.03 46.00

48.00 2.2541 914.5 0.00731 273.40 376.34 1.2415 1.5620 1.905 1.826 1.821 247. 117.2 86.4 14.63 56.5 22.49 1.82 48.00

50.00 2.3592 899.7 0.00685 277.01 376.22 1.2523 1.5593 1.971 1.932 1.907 235. 115.5 83.1 14.90 55.7 23.41 1.62 50.00

55.00 2.6389 858.6 0.00580 286.46 375.31 1.2803 1.5511 2.206 2.313 2.219 205. 110.9 74.7 15.71 53.5 26.33 1.14 55.00

60.00 2.9446 808.9 0.00482 296.77 373.11 1.3104 1.5396 2.651 3.051 2.832 172. 105.6 65.8 16.82 51.5 30.63 0.70 60.00

65.00 3.2795 742.4 0.00386 308.71 368.41 1.3447 1.5212 3.892 5.120 4.552 136. 99.4 55.7 18.61 50.4 38.26 0.31 65.00

70.74c 3.7091 492.5 0.00203 340.07 340.07 1.4345 1.4345 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 70.74

 *Temperatures are on the ITS-90 scale **Small deviations from azeotropic behavior occur at some conditions; tabulated 

pressures are the average of the bubble and dew point pressures

b = normal boiling point  c = critical point
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Thermophysical Properties of Refrigerants 20.31
Refrigerant 717 (Ammonia) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure, 

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

–77.65a 0.00609 732.9 15.602 –143.15 1341.23 –0.4716 7.1213 4.202 2.063 1.325 2124. 354.1 559.6 6.84 819.0 19.64 62.26 –77.65

–70.00 0.01094 724.7 9.0079 –110.81 1355.55 –0.3094 6.9088 4.245 2.086 1.327 2051. 360.5 475.0 7.03 792.1 19.73 59.10 –70.00

–60.00 0.02189 713.6 4.7057 –68.06 1373.73 –0.1040 6.6602 4.303 2.125 1.330 1967. 368.4 391.3 7.30 757.0 19.93 55.05 –60.00

–50.00 0.04084 702.1 2.6277 –24.73 1391.19 0.0945 6.4396 4.360 2.178 1.335 1890. 375.6 328.9 7.57 722.3 20.24 51.11 –50.00

–40.00 0.07169 690.2 1.5533 19.17 1407.76 0.2867 6.2425 4.414 2.244 1.342 1816. 382.2 281.2 7.86 688.1 20.64 47.26 –40.00

–38.00 0.07971 687.7 1.4068 28.01 1410.96 0.3245 6.2056 4.424 2.259 1.343 1802. 383.4 273.1 7.92 681.4 20.73 46.51 –38.00

–36.00 0.08845 685.3 1.2765 36.88 1414.11 0.3619 6.1694 4.434 2.275 1.345 1787. 384.6 265.3 7.98 674.6 20.83 45.75 –36.00

–34.00 0.09795 682.8 1.1604 45.77 1417.23 0.3992 6.1339 4.444 2.291 1.347 1773. 385.8 257.9 8.03 667.9 20.93 45.00 –34.00

–33.33b 0.10133 682.0 1.1242 48.76 1418.26 0.4117 6.1221 4.448 2.297 1.348 1768. 386.2 255.5 8.05 665.7 20.97 44.75 –33.33

–32.00 0.10826 680.3 1.0567 54.67 1420.29 0.4362 6.0992 4.455 2.308 1.349 1759. 387.0 250.8 8.09 661.3 21.04 44.26 –32.00

–30.00 0.11943 677.8 0.96396 63.60 1423.31 0.4730 6.0651 4.465 2.326 1.351 1744. 388.1 244.1 8.15 654.6 21.15 43.52 –30.00

–28.00 0.13151 675.3 0.88082 72.55 1426.28 0.5096 6.0317 4.474 2.344 1.353 1730. 389.2 237.6 8.21 648.0 21.26 42.78 –28.00

–26.00 0.14457 672.8 0.80614 81.52 1429.21 0.5460 5.9989 4.484 2.363 1.355 1716. 390.2 231.4 8.27 641.5 21.38 42.05 –26.00

–24.00 0.15864 670.3 0.73896 90.51 1432.08 0.5821 5.9667 4.494 2.383 1.358 1702. 391.2 225.5 8.33 634.9 21.51 41.32 –24.00

–22.00 0.17379 667.7 0.67840 99.52 1434.91 0.6180 5.9351 4.504 2.403 1.360 1687. 392.2 219.8 8.39 628.4 21.63 40.60 –22.00

–20.00 0.19008 665.1 0.62373 108.55 1437.68 0.6538 5.9041 4.514 2.425 1.363 1673. 393.2 214.4 8.45 622.0 21.77 39.88 –20.00

–18.00 0.20756 662.6 0.57428 117.60 1440.39 0.6893 5.8736 4.524 2.446 1.365 1659. 394.1 209.2 8.51 615.5 21.90 39.16 –18.00

–16.00 0.22630 660.0 0.52949 126.67 1443.06 0.7246 5.8437 4.534 2.469 1.368 1645. 395.0 204.2 8.57 609.1 22.05 38.45 –16.00

–14.00 0.24637 657.3 0.48885 135.76 1445.66 0.7597 5.8143 4.543 2.493 1.371 1631. 395.8 199.3 8.63 602.8 22.19 37.74 –14.00

–12.00 0.26782 654.7 0.45192 144.88 1448.21 0.7946 5.7853 4.553 2.517 1.375 1616. 396.7 194.7 8.69 596.4 22.35 37.04 –12.00

–10.00 0.29071 652.1 0.41830 154.01 1450.70 0.8293 5.7569 4.564 2.542 1.378 1602. 397.5 190.2 8.75 590.1 22.50 36.34 –10.00

–8.00 0.31513 649.4 0.38767 163.16 1453.14 0.8638 5.7289 4.574 2.568 1.382 1588. 398.2 185.9 8.81 583.9 22.67 35.65 –8.00

–6.00 0.34114 646.7 0.35970 172.34 1455.51 0.8981 5.7013 4.584 2.594 1.385 1574. 398.9 181.7 8.87 577.7 22.83 34.96 –6.00

–4.00 0.36880 644.0 0.33414 181.54 1457.81 0.9323 5.6741 4.595 2.622 1.389 1559. 399.6 177.7 8.93 571.5 23.00 34.27 –4.00

–2.00 0.39819 641.3 0.31074 190.76 1460.06 0.9662 5.6474 4.606 2.651 1.393 1545. 400.2 173.8 8.99 565.3 23.18 33.59 –2.00

0.00 0.42938 638.6 0.28930 200.00 1462.24 1.0000 5.6210 4.617 2.680 1.398 1531. 400.8 170.1 9.06 559.2 23.37 32.91 0.00

2.00 0.46246 635.8 0.26962 209.27 1464.35 1.0336 5.5951 4.628 2.710 1.402 1516. 401.4 166.5 9.12 553.1 23.55 32.24 2.00

4.00 0.49748 633.1 0.25153 218.55 1466.40 1.0670 5.5695 4.639 2.742 1.407 1502. 401.9 162.9 9.18 547.1 23.75 31.57 4.00

6.00 0.53453 630.3 0.23489 227.87 1468.37 1.1003 5.5442 4.651 2.774 1.412 1487. 402.4 159.5 9.24 541.1 23.95 30.91 6.00

8.00 0.57370 627.5 0.21956 237.20 1470.28 1.1334 5.5192 4.663 2.807 1.417 1473. 402.8 156.2 9.30 535.1 24.15 30.24 8.00

10.00 0.61505 624.6 0.20543 246.57 1472.11 1.1664 5.4946 4.676 2.841 1.422 1458. 403.2 153.0 9.36 529.1 24.37 29.59 10.00

12.00 0.65866 621.8 0.19237 255.95 1473.88 1.1992 5.4703 4.689 2.877 1.428 1443. 403.6 149.9 9.43 523.2 24.58 28.94 12.00

14.00 0.70463 618.9 0.18031 265.37 1475.56 1.2318 5.4463 4.702 2.913 1.434 1429. 403.9 146.9 9.49 517.3 24.81 28.29 14.00

16.00 0.75303 616.0 0.16914 274.81 1477.17 1.2643 5.4226 4.716 2.951 1.440 1414. 404.2 144.0 9.55 511.5 25.04 27.65 16.00

18.00 0.80395 613.1 0.15879 284.28 1478.70 1.2967 5.3991 4.730 2.990 1.446 1399. 404.4 141.1 9.61 505.6 25.27 27.01 18.00

20.00 0.85748 610.2 0.14920 293.78 1480.16 1.3289 5.3759 4.745 3.030 1.453 1384. 404.6 138.3 9.68 499.9 25.52 26.38 20.00

22.00 0.91369 607.2 0.14029 303.31 1481.53 1.3610 5.3529 4.760 3.071 1.460 1370. 404.8 135.6 9.74 494.1 25.77 25.75 22.00

24.00 0.97268 604.3 0.13201 312.87 1482.82 1.3929 5.3301 4.776 3.113 1.468 1355. 404.9 133.0 9.80 488.4 26.03 25.12 24.00

26.00 1.0345 601.3 0.12431 322.47 1484.02 1.4248 5.3076 4.793 3.158 1.475 1340. 404.9 130.4 9.87 482.7 26.29 24.50 26.00

28.00 1.0993 598.2 0.11714 332.09 1485.14 1.4565 5.2853 4.810 3.203 1.484 1324. 405.0 127.9 9.93 477.0 26.57 23.89 28.00

30.00 1.1672 595.2 0.11046 341.76 1486.17 1.4881 5.2631 4.828 3.250 1.492 1309. 404.9 125.5 10.00 471.4 26.85 23.28 30.00

32.00 1.2382 592.1 0.10422 351.45 1487.11 1.5196 5.2412 4.847 3.299 1.501 1294. 404.8 123.1 10.06 465.7 27.14 22.67 32.00

34.00 1.3124 589.0 0.09840 361.19 1487.95 1.5509 5.2194 4.867 3.349 1.510 1279. 404.7 120.7 10.13 460.1 27.43 22.07 34.00

36.00 1.3900 585.8 0.09296 370.96 1488.70 1.5822 5.1978 4.888 3.401 1.520 1263. 404.5 118.4 10.19 454.6 27.74 21.47 36.00

38.00 1.4709 582.6 0.08787 380.78 1489.36 1.6134 5.1763 4.909 3.455 1.530 1248. 404.3 116.2 10.26 449.1 28.05 20.88 38.00

40.00 1.5554 579.4 0.08310 390.64 1489.91 1.6446 5.1549 4.932 3.510 1.541 1232. 404.0 114.0 10.33 443.5 28.38 20.29 40.00

42.00 1.6435 576.2 0.07863 400.54 1490.36 1.6756 5.1337 4.956 3.568 1.553 1216. 403.7 111.9 10.39 438.0 28.71 19.71 42.00

44.00 1.7353 572.9 0.07445 410.48 1490.70 1.7065 5.1126 4.981 3.628 1.565 1201. 403.3 109.8 10.46 432.6 29.06 19.13 44.00

46.00 1.8310 569.6 0.07052 420.48 1490.94 1.7374 5.0915 5.007 3.691 1.577 1185. 402.9 107.8 10.53 427.1 29.41 18.56 46.00

48.00 1.9305 566.3 0.06682 430.52 1491.06 1.7683 5.0706 5.034 3.756 1.591 1169. 402.4 105.8 10.60 421.7 29.78 17.99 48.00

50.00 2.0340 562.9 0.06335 440.62 1491.07 1.7990 5.0497 5.064 3.823 1.605 1153. 401.9 103.8 10.67 416.3 30.16 17.43 50.00

55.00 2.3111 554.2 0.05554 466.10 1490.57 1.8758 4.9977 5.143 4.005 1.643 1112. 400.3 99.0 10.86 402.9 31.16 16.04 55.00

60.00 2.6156 545.2 0.04880 491.97 1489.27 1.9523 4.9458 5.235 4.208 1.687 1070. 398.3 94.5 11.05 389.6 32.26 14.69 60.00

65.00 2.9491 536.0 0.04296 518.26 1487.09 2.0288 4.8939 5.341 4.438 1.739 1028. 396.0 90.1 11.25 376.4 33.47 13.37 65.00

70.00 3.3135 526.3 0.03787 545.04 1483.94 2.1054 4.8415 5.465 4.699 1.799 984. 393.3 85.9 11.47 363.2 34.80 12.08 70.00

75.00 3.7105 516.2 0.03342 572.37 1479.72 2.1823 4.7885 5.610 5.001 1.870 940. 390.1 81.9 11.70 350.2 36.30 10.83 75.00

80.00 4.1420 505.7 0.02951 600.34 1474.31 2.2596 4.7344 5.784 5.355 1.955 895. 386.5 78.0 11.95 337.1 38.00 9.61 80.00

85.00 4.6100 494.5 0.02606 629.04 1467.53 2.3377 4.6789 5.993 5.777 2.058 848. 382.5 74.2 12.23 324.1 39.95 8.44 85.00

90.00 5.1167 482.8 0.02300 658.61 1459.19 2.4168 4.6213 6.250 6.291 2.187 800. 377.9 70.5 12.55 311.0 42.24 7.30 90.00

95.00 5.6643 470.2 0.02027 689.19 1449.01 2.4973 4.5612 6.573 6.933 2.349 751. 372.7 66.8 12.91 297.9 44.99 6.20 95.00

100.00 6.2553 456.6 0.01782 721.00 1436.63 2.5797 4.4975 6.991 7.762 2.562 701. 367.0 63.2 13.32 284.8 48.36 5.15 100.00

105.00 6.8923 441.9 0.01561 754.35 1421.57 2.6647 4.4291 7.555 8.877 2.851 649. 360.5 59.6 13.82 271.5 52.65 4.15 105.00

110.00 7.5783 425.6 0.01360 789.68 1403.08 2.7533 4.3542 8.36 10.46 3.26 594. 353.3 56.0 14.42 258.1 58.33 3.20 110.00

115.00 8.3170 407.2 0.01174 827.74 1379.99 2.8474 4.2702 9.63 12.91 3.91 538. 345.0 52.3 15.19 244.6 66.28 2.31 115.00

120.00 9.1125 385.5 0.00999 869.92 1350.23 2.9502 4.1719 11.94 17.21 5.04 477. 335.4 48.3 16.21 231.2 78.40 1.50 120.00

125.00 9.9702 357.8 0.00828 919.68 1309.12 3.0702 4.0483 17.66 27.00 7.62 411. 323.6 43.8 17.73 219.1 100.01 0.77 125.00

130.00 10.8977 312.3 0.00638 992.02 1239.32 3.2437 3.8571 54.21 76.49 20.66 334. 306.6 37.3 20.63 221.9 160.39 0.18 130.00

132.25c11.3330 225.0 0.00444 1119.22 1119.22 3.5542 3.5542 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 132.25

 *Temperatures are on the ITS-90 scale a = triple point b = normal boiling point  c = critical point
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Fig. 13 Pressure-Enthalpy Diagram for Refrigerant 718 (Water/Steam)
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Thermophysical Properties of Refrigerants 20.33
Refrigerant 718 (Water/Steam) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure, 

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

0.01a 0.00061 999.8 205.99 0.00 2500.92 0.0000 9.1555 4.220 1.884 1.329 1402. 409.0 1791.2 9.22 561.0 17.07 75.65 0.01

5.00 0.00087 999.9 147.01 21.02 2510.06 0.0763 9.0248 4.205 1.889 1.328 1426. 412.6 1518.3 9.34 570.5 17.34 74.94 5.00

10.00 0.00123 999.7 106.30 42.02 2519.21 0.1511 8.8998 4.196 1.895 1.328 1447. 416.2 1306.0 9.46 580.0 17.62 74.22 10.00

15.00 0.00171 999.1 77.875 62.98 2528.33 0.2245 8.7803 4.189 1.900 1.328 1466. 419.7 1137.6 9.59 589.3 17.92 73.49 15.00

20.00 0.00234 998.2 57.757 83.91 2537.43 0.2965 8.6660 4.184 1.906 1.327 1482. 423.2 1001.6 9.73 598.4 18.23 72.74 20.00

25.00 0.00317 997.0 43.337 104.83 2546.51 0.3672 8.5566 4.182 1.912 1.327 1497. 426.6 890.1 9.87 607.2 18.55 71.97 25.00

30.00 0.00425 995.6 32.878 125.73 2555.55 0.4368 8.4520 4.180 1.918 1.327 1509. 430.0 797.4 10.01 615.5 18.89 71.19 30.00

35.00 0.00563 994.0 25.205 146.63 2564.55 0.5051 8.3517 4.180 1.925 1.327 1520. 433.4 719.3 10.16 623.3 19.24 70.40 35.00

40.00 0.00738 992.2 19.515 167.53 2573.51 0.5724 8.2555 4.180 1.931 1.327 1529. 436.7 653.0 10.31 630.6 19.60 69.60 40.00

45.00 0.00959 990.2 15.252 188.43 2582.43 0.6386 8.1633 4.180 1.939 1.327 1536. 440.0 596.1 10.46 637.3 19.97 68.78 45.00

50.00 0.01235 988.0 12.027 209.34 2591.29 0.7038 8.0748 4.182 1.947 1.328 1542. 443.2 546.8 10.62 643.6 20.36 67.94 50.00

55.00 0.01576 985.7 9.5643 230.26 2600.09 0.7680 7.9898 4.183 1.955 1.328 1547. 446.4 504.0 10.77 649.2 20.77 67.10 55.00

60.00 0.01995 983.2 7.6672 251.18 2608.83 0.8313 7.9081 4.185 1.965 1.328 1551. 449.5 466.4 10.93 654.3 21.19 66.24 60.00

65.00 0.02504 980.5 6.1935 272.12 2617.50 0.8937 7.8296 4.187 1.975 1.329 1553. 452.6 433.2 11.10 659.0 21.62 65.37 65.00

70.00 0.03120 977.7 5.0395 293.07 2626.10 0.9551 7.7540 4.190 1.986 1.330 1555. 455.6 403.9 11.26 663.1 22.07 64.48 70.00

75.00 0.03860 974.8 4.1289 314.03 2634.60 1.0158 7.6812 4.193 1.999 1.331 1555. 458.5 377.7 11.43 666.8 22.53 63.58 75.00

80.00 0.04741 971.8 3.4052 335.01 2643.02 1.0756 7.6111 4.197 2.012 1.332 1554. 461.4 354.3 11.59 670.0 23.01 62.67 80.00

85.00 0.05787 968.6 2.8258 356.01 2651.33 1.1346 7.5434 4.201 2.027 1.333 1553. 464.2 333.3 11.76 672.8 23.51 61.75 85.00

90.00 0.07018 965.3 2.3591 377.04 2659.53 1.1929 7.4781 4.205 2.043 1.334 1550. 466.9 314.4 11.93 675.3 24.02 60.82 90.00

95.00 0.08461 961.9 1.9806 398.09 2667.61 1.2504 7.4151 4.210 2.061 1.335 1547. 469.6 297.3 12.10 677.3 24.55 59.87 95.00

99.97b 0.10133 958.4 1.6732 419.06 2675.53 1.3069 7.3544 4.216 2.080 1.337 1543. 472.2 281.8 12.27 679.1 25.09 58.92 99.97

100.00 0.10142 958.3 1.6718 419.17 2675.57 1.3072 7.3541 4.216 2.080 1.337 1543. 472.2 281.7 12.27 679.1 25.10 58.91 100.00

105.00 0.12090 954.7 1.4184 440.27 2683.39 1.3633 7.2952 4.222 2.101 1.339 1538. 474.7 267.6 12.44 680.5 25.66 57.94 105.00

110.00 0.14338 950.9 1.2093 461.42 2691.06 1.4188 7.2381 4.228 2.124 1.341 1533. 477.1 254.7 12.61 681.7 26.24 56.96 110.00

115.00 0.16918 947.1 1.0358 482.59 2698.58 1.4737 7.1828 4.236 2.150 1.343 1527. 479.5 242.9 12.78 682.6 26.85 55.97 115.00

120.00 0.19867 943.1 0.89121 503.81 2705.93 1.5279 7.1291 4.244 2.177 1.346 1520. 481.7 232.1 12.96 683.2 27.47 54.97 120.00

125.00 0.23224 939.0 0.77003 525.07 2713.10 1.5816 7.0770 4.252 2.207 1.349 1512. 483.9 222.1 13.13 683.6 28.11 53.96 125.00

130.00 0.27028 934.8 0.66800 546.38 2720.08 1.6346 7.0264 4.261 2.239 1.352 1504. 486.0 212.9 13.30 683.7 28.76 52.93 130.00

135.00 0.31323 930.5 0.58173 567.74 2726.87 1.6872 6.9772 4.272 2.274 1.355 1496. 487.9 204.4 13.47 683.6 29.44 51.90 135.00

140.00 0.36154 926.1 0.50845 589.16 2733.44 1.7392 6.9293 4.283 2.311 1.359 1486. 489.8 196.5 13.65 683.3 30.14 50.86 140.00

145.00 0.41568 921.6 0.44596 610.64 2739.80 1.7907 6.8826 4.294 2.351 1.363 1476. 491.6 189.2 13.82 682.8 30.86 49.80 145.00

150.00 0.47616 917.0 0.39245 632.18 2745.93 1.8418 6.8371 4.307 2.394 1.368 1466. 493.3 182.5 13.99 682.0 31.60 48.74 150.00

155.00 0.54350 912.3 0.34646 653.79 2751.81 1.8924 6.7926 4.321 2.440 1.373 1455. 494.8 176.1 14.16 681.1 32.35 47.67 155.00

160.00 0.61823 907.4 0.30678 675.47 2757.44 1.9426 6.7491 4.335 2.488 1.379 1443. 496.3 170.2 14.34 680.0 33.13 46.59 160.00

165.00 0.70093 902.5 0.27243 697.24 2762.81 1.9923 6.7066 4.351 2.540 1.385 1431. 497.6 164.7 14.51 678.6 33.93 45.50 165.00

170.00 0.79219 897.5 0.24259 719.08 2767.90 2.0417 6.6650 4.368 2.594 1.392 1419. 498.9 159.6 14.68 677.0 34.75 44.41 170.00

175.00 0.89260 892.3 0.21658 741.02 2772.71 2.0906 6.6241 4.386 2.652 1.399 1405. 500.0 154.7 14.85 675.3 35.59 43.30 175.00

180.00 1.0028 887.0 0.19384 763.05 2777.21 2.1392 6.5840 4.405 2.713 1.407 1392. 501.0 150.1 15.03 673.3 36.45 42.19 180.00

185.00 1.1235 881.6 0.17390 785.19 2781.41 2.1875 6.5447 4.425 2.777 1.416 1378. 501.9 145.8 15.20 671.1 37.33 41.07 185.00

190.00 1.2552 876.1 0.15636 807.43 2785.28 2.2355 6.5059 4.447 2.844 1.425 1363. 502.7 141.8 15.37 668.8 38.24 39.95 190.00

195.00 1.3988 870.4 0.14089 829.79 2788.82 2.2832 6.4678 4.471 2.915 1.436 1348. 503.4 137.9 15.54 666.1 39.16 38.81 195.00

200.00 1.5549 864.7 0.12721 852.27 2792.01 2.3305 6.4302 4.496 2.990 1.447 1332. 503.9 134.3 15.71 663.3 40.11 37.67 200.00

205.00 1.7243 858.8 0.11508 874.88 2794.83 2.3777 6.3930 4.523 3.068 1.459 1316. 504.3 130.9 15.89 660.3 41.09 36.53 205.00

210.00 1.9077 852.7 0.10429 897.63 2797.27 2.4245 6.3563 4.551 3.150 1.472 1299. 504.6 127.6 16.06 657.0 42.09 35.38 210.00

215.00 2.1058 846.5 0.09468 920.53 2799.32 2.4712 6.3200 4.582 3.237 1.486 1282. 504.8 124.5 16.24 653.4 43.11 34.23 215.00

220.00 2.3196 840.2 0.08609 943.58 2800.95 2.5177 6.2840 4.615 3.329 1.501 1264. 504.8 121.5 16.41 649.7 44.17 33.07 220.00

225.00 2.5497 833.7 0.07840 966.80 2802.15 2.5640 6.2483 4.650 3.426 1.518 1246. 504.6 118.7 16.59 645.6 45.26 31.90 225.00

230.00 2.7971 827.1 0.07150 990.19 2802.90 2.6101 6.2128 4.688 3.528 1.536 1228. 504.4 116.0 16.76 641.3 46.38 30.74 230.00

235.00 3.0625 820.3 0.06530 1013.77 2803.17 2.6561 6.1775 4.728 3.638 1.556 1209. 503.9 113.4 16.94 636.7 47.53 29.57 235.00

240.00 3.3469 813.4 0.05970 1037.55 2802.96 2.7020 6.1423 4.772 3.754 1.578 1189. 503.3 110.9 17.12 631.8 48.73 28.39 240.00

245.00 3.6512 806.2 0.05465 1061.55 2802.22 2.7478 6.1072 4.819 3.878 1.601 1169. 502.6 108.4 17.31 626.7 49.97 27.22 245.00

250.00 3.9762 798.9 0.05008 1085.77 2800.93 2.7935 6.0721 4.870 4.011 1.627 1148. 501.6 106.1 17.49 621.2 51.26 26.04 250.00

255.00 4.3229 791.4 0.04594 1110.23 2799.07 2.8392 6.0369 4.925 4.153 1.655 1127. 500.5 103.9 17.68 615.4 52.61 24.87 255.00

260.00 4.6923 783.6 0.04217 1134.96 2796.60 2.8849 6.0016 4.986 4.308 1.686 1105. 499.2 101.7 17.88 609.2 54.03 23.69 260.00

265.00 5.0853 775.7 0.03875 1159.96 2793.49 2.9307 5.9661 5.051 4.475 1.720 1083. 497.7 99.6 18.07 602.8 55.53 22.51 265.00

270.00 5.5030 767.5 0.03562 1185.27 2789.69 2.9765 5.9304 5.123 4.656 1.757 1060. 496.0 97.5 18.28 595.9 57.11 21.34 270.00

275.00 5.9464 759.0 0.03277 1210.90 2785.17 3.0224 5.8944 5.202 4.855 1.798 1037. 494.1 95.5 18.48 588.7 58.80 20.16 275.00

280.00 6.4166 750.3 0.03015 1236.88 2779.87 3.0685 5.8579 5.289 5.073 1.845 1013. 491.9 93.5 18.70 581.1 60.61 18.99 280.00

285.00 6.9147 741.3 0.02776 1263.25 2773.73 3.1147 5.8209 5.385 5.314 1.896 988. 489.5 91.6 18.92 573.2 62.57 17.83 285.00

290.00 7.4418 731.9 0.02555 1290.03 2766.70 3.1612 5.7834 5.493 5.582 1.954 962. 486.9 89.7 19.15 565.0 64.71 16.66 290.00

295.00 7.9991 722.2 0.02353 1317.27 2758.70 3.2080 5.7451 5.614 5.882 2.019 936. 483.9 87.8 19.40 556.3 67.05 15.51 295.00

300.00 8.5879 712.1 0.02166 1345.01 2749.64 3.2552 5.7059 5.750 6.220 2.094 909. 480.7 85.9 19.65 547.4 69.65 14.36 300.00

310.00 9.8651 690.7 0.01833 1402.22 2727.95 3.3510 5.6244 6.085 7.045 2.277 853. 473.3 82.2 20.21 528.7 75.84 12.09 310.00

320.00 11.2843 667.1 0.01547 1462.22 2700.59 3.4494 5.5372 6.537 8.159 2.528 793. 464.4 78.4 20.85 509.2 83.91 9.86 320.00

330.00 12.8581 640.8 0.01298 1525.87 2666.03 3.5518 5.4422 7.186 9.753 2.889 729. 453.7 74.5 21.61 489.1 94.94 7.70 330.00

340.00 14.6007 610.7 0.01078 1594.53 2621.85 3.6601 5.3356 8.21 12.24 3.45 658. 440.7 70.4 22.55 468.5 110.91 5.63 340.00

350.00 16.5294 574.7 0.00880 1670.89 2563.64 3.7784 5.2110 10.12 16.69 4.46 578. 424.4 65.9 23.82 447.4 135.95 3.67 350.00

360.00 18.6660 527.6 0.00695 1761.66 2481.49 3.9167 5.0536 15.00 27.36 6.83 480. 402.4 60.3 25.72 425.7 181.51 1.88 360.00

370.00 21.0436 451.4 0.00495 1890.69 2334.52 4.1112 4.8012 45.16 96.60 21.15 360. 362.8 52.1 29.68 425.0 323.84 0.39 370.00

373.95c22.0640 322.0 0.00311 2084.26 2084.26 4.4070 4.4070 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 373.95

 *Temperatures are on the ITS-90 scale a = triple point b = normal boiling point  c = critical point
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Thermophysical Properties of Refrigerants 20.35
Refrigerant 744 (Carbon Dioxide) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure, 

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

–56.56a 0.51796 1178.5 0.07267 80.04 430.42 0.5213 2.1390 1.953 0.909 1.444 976. 222.8 256.7 10.95 180.6 11.01 17.16 –56.56

–50.00 0.68234 1154.6 0.05579 92.94 432.68 0.5794 2.1018 1.971 0.952 1.468 928. 223.4 229.3 11.31 172.1 11.58 15.53 –50.00

–48.00 0.73949 1147.1 0.05162 96.90 433.29 0.5968 2.0909 1.978 0.967 1.477 914. 223.5 221.6 11.42 169.5 11.76 15.04 –48.00

–46.00 0.80015 1139.6 0.04782 100.88 433.86 0.6142 2.0801 1.985 0.982 1.486 900. 223.6 214.3 11.53 166.9 11.95 14.56 –46.00

–44.00 0.86445 1132.0 0.04435 104.87 434.39 0.6314 2.0694 1.993 0.998 1.496 885. 223.6 207.2 11.64 164.4 12.14 14.07 –44.00

–42.00 0.93252 1124.2 0.04118 108.88 434.88 0.6486 2.0589 2.002 1.015 1.507 871. 223.6 200.3 11.75 161.8 12.34 13.60 –42.00

–40.00 1.0045 1116.4 0.03828 112.90 435.32 0.6656 2.0485 2.012 1.033 1.518 856. 223.5 193.8 11.87 159.3 12.54 13.12 –40.00

–38.00 1.0805 1108.5 0.03562 116.95 435.72 0.6826 2.0382 2.022 1.052 1.530 842. 223.4 187.4 11.98 156.8 12.75 12.65 –38.00

–36.00 1.1607 1100.5 0.03318 121.01 436.07 0.6995 2.0281 2.033 1.072 1.544 827. 223.2 181.3 12.10 154.3 12.97 12.18 –36.00

–34.00 1.2452 1092.4 0.03093 125.10 436.37 0.7163 2.0180 2.045 1.094 1.558 813. 223.1 175.4 12.22 151.8 13.20 11.72 –34.00

–32.00 1.3342 1084.1 0.02886 129.20 436.62 0.7331 2.0079 2.059 1.116 1.573 798. 222.8 169.7 12.34 149.3 13.43 11.26 –32.00

–30.00 1.4278 1075.7 0.02696 133.34 436.82 0.7498 1.9980 2.073 1.141 1.590 783. 222.5 164.2 12.46 146.9 13.68 10.80 –30.00

–28.00 1.5261 1067.2 0.02519 137.50 436.96 0.7665 1.9880 2.089 1.166 1.608 768. 222.2 158.9 12.59 144.4 13.94 10.35 –28.00

–26.00 1.6293 1058.6 0.02356 141.69 437.04 0.7831 1.9781 2.105 1.194 1.627 753. 221.8 153.8 12.72 141.9 14.20 9.90 –26.00

–24.00 1.7375 1049.8 0.02205 145.91 437.06 0.7997 1.9683 2.124 1.223 1.648 738. 221.4 148.8 12.85 139.5 14.49 9.46 –24.00

–22.00 1.8509 1040.8 0.02065 150.16 437.01 0.8163 1.9584 2.144 1.255 1.671 723. 220.9 144.0 12.98 137.1 14.78 9.02 –22.00

–20.00 1.9696 1031.7 0.01934 154.45 436.89 0.8328 1.9485 2.165 1.289 1.696 708. 220.4 139.3 13.12 134.6 15.09 8.59 –20.00

–19.00 2.0310 1027.0 0.01873 156.61 436.81 0.8411 1.9436 2.177 1.307 1.709 700. 220.1 137.1 13.18 133.4 15.25 8.37 –19.00

–18.00 2.0938 1022.3 0.01813 158.77 436.70 0.8494 1.9386 2.189 1.326 1.723 692. 219.8 134.8 13.26 132.2 15.42 8.16 –18.00

–17.00 2.1581 1017.6 0.01756 160.95 436.58 0.8576 1.9337 2.201 1.346 1.738 684. 219.5 132.6 13.33 131.0 15.59 7.95 –17.00

–16.00 2.2237 1012.8 0.01700 163.14 436.44 0.8659 1.9287 2.215 1.366 1.753 676. 219.2 130.4 13.40 129.8 15.77 7.74 –16.00

–15.00 2.2908 1008.0 0.01647 165.34 436.27 0.8742 1.9237 2.228 1.388 1.768 668. 218.8 128.3 13.47 128.6 15.95 7.53 –15.00

–14.00 2.3593 1003.1 0.01595 167.55 436.09 0.8825 1.9187 2.243 1.410 1.785 660. 218.5 126.2 13.55 127.4 16.14 7.32 –14.00

–13.00 2.4294 998.1 0.01545 169.78 435.89 0.8908 1.9137 2.258 1.433 1.802 651. 218.1 124.1 13.63 126.2 16.34 7.11 –13.00

–12.00 2.5010 993.1 0.01497 172.01 435.66 0.8991 1.9086 2.273 1.457 1.821 643. 217.7 122.0 13.70 125.0 16.54 6.90 –12.00

–11.00 2.5740 988.1 0.01450 174.26 435.41 0.9074 1.9036 2.290 1.483 1.840 635. 217.4 120.0 13.78 123.8 16.74 6.70 –11.00

–10.00 2.6487 982.9 0.01405 176.52 435.14 0.9157 1.8985 2.307 1.509 1.860 626. 216.9 118.0 13.86 122.5 16.96 6.50 –10.00

–9.00 2.7249 977.7 0.01361 178.80 434.84 0.9240 1.8934 2.325 1.537 1.881 617. 216.5 116.1 13.95 121.3 17.18 6.29 –9.00

–8.00 2.8027 972.5 0.01319 181.09 434.51 0.9324 1.8882 2.345 1.566 1.904 609. 216.1 114.1 14.03 120.1 17.42 6.09 –8.00

–7.00 2.8821 967.1 0.01278 183.39 434.17 0.9408 1.8830 2.365 1.597 1.927 600. 215.6 112.2 14.12 118.9 17.66 5.89 –7.00

–6.00 2.9632 961.7 0.01238 185.71 433.79 0.9491 1.8778 2.386 1.629 1.952 591. 215.2 110.3 14.20 117.7 17.91 5.70 –6.00

–5.00 3.0459 956.2 0.01200 188.05 433.38 0.9576 1.8725 2.408 1.663 1.979 582. 214.7 108.4 14.30 116.5 18.17 5.50 –5.00

–4.00 3.1303 950.6 0.01162 190.40 432.95 0.9660 1.8672 2.432 1.699 2.007 573. 214.2 106.6 14.39 115.3 18.44 5.30 –4.00

–3.00 3.2164 945.0 0.01126 192.77 432.48 0.9744 1.8618 2.457 1.737 2.037 564. 213.7 104.8 14.48 114.1 18.73 5.11 –3.00

–2.00 3.3042 939.2 0.01091 195.16 431.99 0.9829 1.8563 2.484 1.777 2.068 555. 213.1 102.9 14.58 112.9 19.03 4.92 –2.00

–1.00 3.3938 933.4 0.01057 197.57 431.46 0.9914 1.8509 2.512 1.819 2.102 546. 212.6 101.2 14.68 111.6 19.34 4.73 –1.00

0.00 3.4851 927.4 0.01024 200.00 430.89 1.0000 1.8453 2.542 1.865 2.138 536. 212.0 99.4 14.79 110.4 19.67 4.54 0.00

1.00 3.5783 921.4 0.00992 202.45 430.29 1.0086 1.8397 2.574 1.913 2.176 527. 211.5 97.6 14.89 109.2 20.02 4.35 1.00

2.00 3.6733 915.2 0.00961 204.93 429.65 1.0172 1.8340 2.609 1.965 2.218 518. 210.9 95.9 15.00 108.0 20.38 4.17 2.00

3.00 3.7701 909.0 0.00931 207.43 428.97 1.0259 1.8282 2.645 2.020 2.262 508. 210.3 94.2 15.12 106.8 20.76 3.99 3.00

4.00 3.8688 902.6 0.00901 209.95 428.25 1.0346 1.8223 2.685 2.080 2.309 499. 209.6 92.5 15.24 105.5 21.17 3.80 4.00

5.00 3.9695 896.0 0.00872 212.50 427.48 1.0434 1.8163 2.727 2.144 2.360 489. 209.0 90.8 15.36 104.3 21.60 3.62 5.00

6.00 4.0720 889.4 0.00845 215.08 426.67 1.0523 1.8102 2.772 2.213 2.416 480. 208.3 89.1 15.49 103.1 22.06 3.45 6.00

7.00 4.1765 882.6 0.00817 217.69 425.81 1.0612 1.8041 2.822 2.289 2.476 470. 207.6 87.5 15.62 101.8 22.54 3.27 7.00

8.00 4.2831 875.6 0.00791 220.34 424.89 1.0702 1.7977 2.875 2.370 2.541 460. 206.9 85.8 15.76 100.6 23.06 3.10 8.00

9.00 4.3916 868.4 0.00765 223.01 423.92 1.0792 1.7913 2.934 2.460 2.612 451. 206.2 84.2 15.91 99.4 23.61 2.93 9.00

10.00 4.5022 861.1 0.00740 225.73 422.88 1.0884 1.7847 2.998 2.558 2.690 441. 205.4 82.6 16.06 98.1 24.21 2.76 10.00

11.00 4.6149 853.6 0.00715 228.49 421.79 1.0976 1.7779 3.068 2.666 2.776 431. 204.6 80.9 16.22 96.9 24.84 2.59 11.00

12.00 4.7297 845.9 0.00691 231.29 420.62 1.1070 1.7710 3.145 2.786 2.871 421. 203.8 79.3 16.39 95.6 25.53 2.42 12.00

13.00 4.8466 837.9 0.00668 234.13 419.37 1.1165 1.7638 3.232 2.919 2.977 411. 203.0 77.7 16.56 94.4 26.27 2.26 13.00

14.00 4.9658 829.7 0.00645 237.03 418.05 1.1261 1.7565 3.328 3.068 3.095 401. 202.1 76.1 16.75 93.1 27.08 2.10 14.00

15.00 5.0871 821.2 0.00622 239.99 416.64 1.1359 1.7489 3.436 3.237 3.228 391. 201.2 74.4 16.95 91.9 27.96 1.95 15.00

16.00 5.2108 812.4 0.00600 243.01 415.12 1.1458 1.7411 3.558 3.429 3.378 381. 200.3 72.8 17.16 90.6 28.93 1.79 16.00

17.00 5.3368 803.3 0.00578 246.10 413.50 1.1559 1.7329 3.698 3.649 3.550 370. 199.3 71.2 17.39 89.4 29.99 1.64 17.00

18.00 5.4651 793.8 0.00557 249.26 411.76 1.1663 1.7244 3.858 3.905 3.748 360. 198.3 69.5 17.64 88.1 31.16 1.49 18.00

19.00 5.5958 783.8 0.00536 252.52 409.89 1.1769 1.7155 4.044 4.204 3.979 349. 197.2 67.8 17.90 86.9 32.47 1.35 19.00

20.00 5.7291 773.4 0.00515 255.87 407.87 1.1877 1.7062 4.264 4.560 4.252 338. 196.1 66.1 18.19 85.7 33.94 1.20 20.00

21.00 5.8648 762.4 0.00494 259.33 405.67 1.1989 1.6964 4.526 4.990 4.578 326. 194.9 64.4 18.50 84.5 35.61 1.06 21.00

22.00 6.0031 750.8 0.00474 262.93 403.26 1.2105 1.6860 4.846 5.519 4.976 314. 193.6 62.7 18.85 83.4 37.52 0.93 22.00

23.00 6.1440 738.4 0.00453 266.68 400.63 1.2225 1.6749 5.248 6.185 5.472 302. 192.3 60.9 19.23 82.4 39.74 0.80 23.00

24.00 6.2877 725.0 0.00433 270.61 397.70 1.2352 1.6629 5.767 7.049 6.107 288. 190.8 59.0 19.66 81.5 42.35 0.67 24.00

25.00 6.4342 710.5 0.00412 274.78 394.43 1.2485 1.6498 6.467 8.212 6.949 274. 189.1 57.0 20.16 80.8 45.51 0.55 25.00

26.00 6.5837 694.5 0.00391 279.26 390.71 1.2627 1.6353 7.460 9.862 8.121 259. 187.2 55.0 20.73 80.5 49.44 0.44 26.00

27.00 6.7361 676.4 0.00369 284.14 386.39 1.2783 1.6189 8.97 12.38 9.87 243. 185.0 52.8 21.42 80.7 54.56 0.33 27.00

28.00 6.8918 655.3 0.00346 289.62 381.20 1.2958 1.5999 11.55 16.69 12.78 225. 182.1 50.3 22.27 81.9 61.73 0.23 28.00

29.00 7.0509 629.4 0.00320 296.07 374.61 1.3163 1.5763 16.95 25.74 18.63 205. 178.2 47.5 23.41 85.2 73.19 0.13 29.00

30.00 7.2137 593.3 0.00290 304.55 365.13 1.3435 1.5433 35.34 55.82 36.66 177. 171.3 43.8 25.17 95.4 98.02 0.05 30.00

30.98c 7.3773 467.6 0.00214 332.25 332.25 1.4336 1.4336 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 30.98

 *Temperatures are on the ITS-90 scale a = triple point  c = critical point
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Fig. 15 Pressure-Enthalpy Diagram for Refrigerant 50=(Methane
Note: The reference states for enthalpy and entropy differ from those in the tabl



Thermophysical Properties of Refrigerants 20.37
Refrigerant 50 (Methane) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure, 

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

–182.46a 0.01170 451.5 3.9881 –71.82 472.44 –0.7099 5.2911 3.368 2.110 1.341 1539. 249.1 293.0 3.50 273.9 10.20 18.76 –182.46

–180.00 0.01590 448.2 3.0071 –63.53 477.22 –0.6199 5.1853 3.377 2.118 1.343 1516. 252.2 189.5 3.73 208.3 9.15 18.09 –180.00

–175.00 0.02823 441.4 1.7755 –46.58 486.76 –0.4429 4.9910 3.399 2.137 1.348 1470. 258.0 163.9 3.93 202.1 9.78 16.74 –175.00

–170.00 0.04723 434.5 1.1081 –29.49 495.99 –0.2735 4.8208 3.426 2.162 1.355 1422. 263.4 143.4 4.12 195.5 10.42 15.43 –170.00

–165.00 0.07509 427.4 0.72466 –12.24 504.85 –0.1108 4.6704 3.457 2.192 1.365 1373. 268.3 126.8 4.32 188.7 11.09 14.17 –165.00

–161.48b 0.10133 422.4 0.55054 0.00 510.83 0.0000 4.5746 3.481 2.218 1.373 1338. 271.5 116.8 4.46 183.9 11.58 13.30 –161.48

–160.00 0.11429 420.2 0.49291 5.19 513.28 0.0459 4.5363 3.492 2.229 1.377 1323. 272.7 112.9 4.52 181.8 11.79 12.94 –160.00

–155.00 0.16757 412.7 0.34665 22.82 521.22 0.1973 4.4156 3.533 2.274 1.392 1273. 276.5 101.3 4.73 174.8 12.53 11.75 –155.00

–150.00 0.23784 405.0 0.25077 40.69 528.60 0.3440 4.3058 3.580 2.328 1.412 1221. 279.7 91.4 4.95 167.7 13.30 10.60 –150.00

–145.00 0.32817 397.1 0.18583 58.84 535.34 0.4866 4.2049 3.635 2.393 1.436 1168. 282.3 82.8 5.17 160.5 14.13 9.49 –145.00

–140.00 0.44177 388.8 0.14054 77.30 541.38 0.6257 4.1111 3.701 2.472 1.466 1114. 284.3 75.2 5.40 153.4 15.01 8.43 –140.00

–135.00 0.58192 380.2 0.10813 96.13 546.63 0.7618 4.0228 3.780 2.569 1.504 1059. 285.6 68.6 5.63 146.3 15.96 7.42 –135.00

–130.00 0.75201 371.1 0.08440 115.39 550.97 0.8956 3.9384 3.876 2.690 1.552 1002. 286.2 62.7 5.88 139.2 16.99 6.44 –130.00

–125.00 0.95550 361.6 0.06666 135.17 554.29 1.0276 3.8566 3.996 2.842 1.613 943. 286.2 57.3 6.15 132.1 18.13 5.52 –125.00

–120.00 1.1959 351.4 0.05315 155.58 556.43 1.1585 3.7759 4.148 3.038 1.694 882. 285.4 52.4 6.43 125.0 19.39 4.64 –120.00

–118.00 1.3033 347.2 0.04865 163.94 556.91 1.2108 3.7437 4.220 3.133 1.733 858. 284.8 50.5 6.55 122.1 19.95 4.31 –118.00

–116.00 1.4174 342.8 0.04457 172.44 557.16 1.2631 3.7112 4.302 3.240 1.777 832. 284.2 48.7 6.68 119.3 20.53 3.98 –116.00

–114.00 1.5384 338.3 0.04087 181.08 557.15 1.3155 3.6785 4.393 3.362 1.827 807. 283.4 47.0 6.81 116.4 21.15 3.66 –114.00

–112.00 1.6668 333.6 0.03750 189.88 556.87 1.3681 3.6454 4.497 3.501 1.885 780. 282.5 45.3 6.95 113.5 21.81 3.35 –112.00

–110.00 1.8026 328.8 0.03442 198.85 556.28 1.4209 3.6117 4.615 3.662 1.951 754. 281.4 43.6 7.09 110.7 22.52 3.04 –110.00

–108.00 1.9462 323.7 0.03160 208.03 555.37 1.4741 3.5773 4.751 3.848 2.028 726. 280.2 42.0 7.24 107.8 23.28 2.75 –108.00

–106.00 2.0978 318.4 0.02900 217.42 554.09 1.5278 3.5419 4.910 4.068 2.119 698. 278.9 40.4 7.40 104.9 24.12 2.46 –106.00

–104.00 2.2578 312.9 0.02662 227.06 552.39 1.5821 3.5054 5.097 4.331 2.227 670. 277.4 38.8 7.57 102.0 25.05 2.19 –104.00

–102.00 2.4264 307.1 0.02441 236.99 550.24 1.6372 3.4675 5.322 4.650 2.358 641. 275.7 37.2 7.76 99.0 26.09 1.92 –102.00

–100.00 2.6040 301.0 0.02236 247.25 547.56 1.6934 3.4278 5.596 5.044 2.520 610. 273.9 35.6 7.96 96.1 27.28 1.66 –100.00

–95.00 3.0895 283.6 0.01781 274.80 537.86 1.8408 3.3174 6.654 6.608 3.153 529. 268.4 31.7 8.55 88.6 31.27 1.07 –95.00

–90.00 3.6399 261.7 0.01384 306.71 521.52 2.0062 3.1791 9.10 10.37 4.64 437. 261.3 27.5 9.39 81.2 38.68 0.55 –90.00

–85.00 4.2648 227.5 0.00993 349.75 488.81 2.2241 2.9632 21.88 30.57 12.16 320. 250.2 22.3 10.95 77.5 62.99 0.13 –85.00

–82.59c 4.5992 162.7 0.00615 415.59 415.59 2.5624 2.5624 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 –82.59

 *Temperatures are on the ITS-90 scale a = triple point b = normal boiling point  c = critical point

Refrigerant 50 (Methane) Properties of Gas at 0.101 325 MPa (one standard atmosphere)

 Temp.,  

 °C  

Density, 

kg/m3

Enthalpy,

kJ/kg

Entropy, 

kJ/(kg·K)

  Cp, kJ/ 

(kg·K)  cp/cv    

Vel. 

Sound, 

m/s

Visc., 

µPa·s

 Therm 

Cond.,

mW/(m·K)

 Temp.,

 °C

Density, 

kg/m3

Enthalpy, 

kJ/kg

Entropy, 

kJ/(kg·K)

  Cp, kJ/ 

(kg·K)  cp/cv    

Vel. 

Sound, 

m/s

Visc., 

µPa·s

 Therm 

Cond.,

mW/(m·K)

–161.5a 1.8164 510.83 4.5746 2.218 1.373 271.5 4.46 11.58 50.0 0.6058 966.50 6.8565 2.293 1.295 465.1 11.98 37.86

–160.0 1.7899 514.11 4.6037 2.208 1.371 273.5 4.52 11.74 60.0 0.5875 989.57 6.9269 2.321 1.290 471.4 12.29 39.35

–155.0 1.7064 525.08 4.6986 2.183 1.366 280.3 4.71 12.30 70.0 0.5703 1012.92 6.9959 2.350 1.285 477.6 12.60 40.87

–150.0 1.6310 535.95 4.7887 2.165 1.362 286.9 4.90 12.87 80.0 0.5541 1036.57 7.0638 2.380 1.281 483.7 12.90 42.42

–145.0 1.5626 546.74 4.8746 2.151 1.359 293.2 5.10 13.45 90.0 0.5388 1060.52 7.1307 2.411 1.276 489.6 13.20 44.01

–140.0 1.5000 557.47 4.9567 2.141 1.356 299.4 5.29 14.03 100.0 0.5243 1084.79 7.1967 2.443 1.271 495.5 13.49 45.63

–135.0 1.4425 568.15 5.0355 2.132 1.354 305.4 5.48 14.62 110.0 0.5106 1109.39 7.2617 2.476 1.266 501.2 13.79 47.28

–130.0 1.3894 578.79 5.1112 2.125 1.351 311.2 5.67 15.21 120.0 0.4975 1134.32 7.3259 2.510 1.262 506.8 14.08 48.96

–120.0 1.2947 599.99 5.2543 2.116 1.348 322.5 6.06 16.40 130.0 0.4852 1159.60 7.3894 2.545 1.257 512.3 14.36 50.67

–110.0 1.2124 621.11 5.3879 2.109 1.345 333.3 6.44 17.58 140.0 0.4734 1185.22 7.4522 2.580 1.253 517.7 14.64 52.41

–100.0 1.1403 642.18 5.5133 2.106 1.343 343.8 6.81 18.77 150.0 0.4622 1211.21 7.5143 2.616 1.248 523.1 14.92 54.18

–90.0 1.0764 663.23 5.6315 2.104 1.341 353.8 7.19 19.96 160.0 0.4515 1237.55 7.5759 2.652 1.244 528.3 15.20 55.97

–80.0 1.0194 684.27 5.7433 2.105 1.339 363.5 7.56 21.15 170.0 0.4413 1264.25 7.6368 2.689 1.240 533.5 15.47 57.79

–70.0 0.9683 705.33 5.8496 2.107 1.337 372.9 7.92 22.31 180.0 0.4315 1291.32 7.6972 2.726 1.236 538.6 15.74 59.63

–60.0 0.9221 726.42 5.9509 2.111 1.335 382.0 8.29 23.49 190.0 0.4222 1318.76 7.7571 2.763 1.232 543.7 16.01 61.50

–50.0 0.8802 747.57 6.0479 2.118 1.332 390.7 8.64 24.68 200.0 0.4132 1346.57 7.8165 2.800 1.228 548.7 16.28 63.39

–40.0 0.8419 768.78 6.1409 2.126 1.330 399.2 9.00 25.89 210.0 0.4047 1374.76 7.8755 2.837 1.224 553.6 16.54 65.30

–30.0 0.8069 790.10 6.2304 2.137 1.327 407.5 9.35 27.12 220.0 0.3965 1403.32 7.9340 2.875 1.221 558.5 16.80 67.23

–20.0 0.7747 811.53 6.3168 2.149 1.324 415.4 9.69 28.36 230.0 0.3886 1432.26 7.9921 2.912 1.217 563.4 17.06 69.18

–10.0 0.7450 833.09 6.4003 2.164 1.320 423.2 10.03 29.63 240.0 0.3810 1461.57 8.0498 2.950 1.214 568.2 17.31 71.15

0.0 0.7175 854.82 6.4814 2.181 1.316 430.7 10.37 30.93 250.0 0.3737 1491.26 8.1071 2.988 1.211 572.9 17.56 73.14

10.0 0.6919 876.72 6.5601 2.200 1.312 437.9 10.70 32.25 260.0 0.3667 1521.32 8.1640 3.025 1.207 577.6 17.81 75.14

20.0 0.6682 898.82 6.6368 2.221 1.308 445.0 11.02 33.61 270.0 0.3599 1551.76 8.2205 3.062 1.204 582.3 18.06 77.16

30.0 0.6460 921.14 6.7117 2.243 1.304 451.9 11.35 34.99 280.0 0.3534 1582.57 8.2768 3.100 1.201 586.9 18.31 79.20

40.0 0.6252 943.69 6.7849 2.268 1.299 458.6 11.66 36.41 290.0 0.3471 1613.75 8.3326 3.137 1.198 591.5 18.55 81.25

300.0 0.3411 1645.31 8.3882 3.174 1.196 596.0 18.79 83.31

a = saturated vapor at the normal boiling point
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Fig. 16 Pressure-Enthalpy Diagram for Refrigerant 170 (Ethane)
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Fig. 16 Pressure-Enthalpy Diagram for Refrigerant 170=(Ethane
Note: The reference states for enthalpy and entropy differ from those in the tabl



Thermophysical Properties of Refrigerants 20.39
Refrigerant 170 (Ethane) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure, 

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

–175.00 0.00001 643.2 3650.1 –203.34 384.40 –1.4833 4.5049 2.319 1.182 1.305 1950. 188.2 938.4 3.26 249.7 3.35 30.35  –175.00

–170.00 0.00002 637.8 1349.5 –191.67 390.36 –1.3673 4.2752 2.346 1.188 1.302 1917. 192.7 788.2 3.41 245.5 3.64 29.51  –170.00

–165.00 0.00005 632.4 553.41 –179.91 396.38 –1.2560 4.0725 2.355 1.191 1.300 1882. 197.2 672.9 3.55 241.2 3.93 28.67  –165.00

–160.00 0.00013 626.9 248.15 –168.13 402.45 –1.1496 3.8931 2.354 1.192 1.298 1846. 201.5 582.8 3.70 236.7 4.23 27.83  –160.00

–155.00 0.00027 621.4 120.22 –156.38 408.60 –1.0479 3.7339 2.348 1.189 1.296 1809. 205.8 511.0 3.84 232.0 4.54 26.99  –155.00

–150.00 0.00055 615.8 62.310 –144.66 414.80 –0.9508 3.5921 2.341 1.184 1.294 1772. 210.0 453.0 3.99 227.3 4.85 26.15  –150.00

–145.00 0.00103 610.2 34.255 –132.97 421.05 –0.8577 3.4654 2.335 1.177 1.293 1736. 214.2 405.3 4.14 222.5 5.17 25.31  –145.00

–140.00 0.00186 604.6 19.833 –121.30 427.33 –0.7685 3.3520 2.330 1.169 1.293 1699. 218.2 365.6 4.29 217.6 5.50 24.48  –140.00

–135.00 0.00318 599.0 12.018 –109.66 433.63 –0.6826 3.2500 2.328 1.163 1.292 1661. 222.1 332.0 4.44 212.7 5.83 23.64  –135.00

–130.00 0.00521 593.3 7.5823 –98.01 439.93 –0.5998 3.1580 2.329 1.161 1.291 1624. 225.8 303.4 4.59 207.8 6.18 22.81  –130.00

–125.00 0.00823 587.6 4.9578 –86.35 446.20 –0.5198 3.0749 2.332 1.162 1.291 1587. 229.3 278.7 4.74 202.8 6.53 21.98  –125.00

–120.00 0.01259 581.8 3.3464 –74.67 452.42 –0.4423 2.9994 2.338 1.170 1.290 1550. 232.7 257.1 4.90 197.9 6.89 21.15  –120.00

–115.00 0.01867 576.0 2.3237 –62.96 458.58 –0.3671 2.9306 2.346 1.183 1.290 1512. 235.8 238.2 5.05 192.9 7.27 20.33  –115.00

–110.00 0.02696 570.1 1.6549 –51.19 464.66 –0.2940 2.8678 2.357 1.201 1.290 1475. 238.7 221.4 5.21 188.0 7.66 19.51  –110.00

–105.00 0.03799 564.1 1.2057 –39.37 470.64 –0.2227 2.8104 2.369 1.225 1.290 1437. 241.4 206.4 5.36 183.0 8.06 18.69  –105.00

–100.00 0.05236 558.1 0.89645 –27.47 476.52 –0.1531 2.7576 2.384 1.254 1.291 1400. 243.8 192.9 5.52 178.2 8.47 17.88  –100.00

–95.00 0.07075 552.0 0.67885 –15.48 482.28 –0.0851 2.7090 2.401 1.288 1.293 1362. 246.0 180.6 5.68 173.3 8.90 17.07   –95.00

–90.00 0.09388 545.7 0.52261 –3.41 487.91 –0.0185 2.6641 2.421 1.326 1.295 1324. 248.0 169.5 5.84 168.5 9.35 16.26   –90.00

–88.60b 0.10133 544.0 0.48698 0.00 489.47 0.0000 2.6522 2.426 1.337 1.296 1313. 248.6 166.6 5.88 167.1 9.48 16.04   –88.60

–85.00 0.12253 539.4 0.40836 8.78 493.40 0.0469 2.6226 2.442 1.368 1.298 1286. 249.8 159.3 6.00 163.7 9.81 15.46   –85.00

–80.00 0.15753 533.0 0.32340 21.08 498.75 0.1111 2.5841 2.466 1.412 1.303 1247. 251.3 149.9 6.16 159.0 10.30 14.67   –80.00

–78.00 0.17350 530.4 0.29561 26.04 500.85 0.1365 2.5695 2.476 1.431 1.305 1232. 251.8 146.4 6.23 157.1 10.50 14.35   –78.00

–76.00 0.19068 527.7 0.27071 31.02 502.92 0.1617 2.5553 2.486 1.451 1.308 1217. 252.3 143.0 6.30 155.2 10.70 14.04   –76.00

–74.00 0.20914 525.1 0.24835 36.02 504.96 0.1868 2.5415 2.497 1.471 1.310 1201. 252.8 139.6 6.36 153.3 10.91 13.72   –74.00

–72.00 0.22892 522.4 0.22823 41.04 506.97 0.2117 2.5280 2.508 1.491 1.313 1186. 253.2 136.4 6.43 151.5 11.12 13.41   –72.00

–70.00 0.25010 519.7 0.21009 46.09 508.96 0.2364 2.5149 2.520 1.512 1.316 1171. 253.6 133.2 6.50 149.7 11.33 13.10   –70.00

–68.00 0.27272 517.0 0.19369 51.16 510.92 0.2611 2.5021 2.532 1.533 1.319 1155. 253.9 130.2 6.56 147.8 11.55 12.78   –68.00

–66.00 0.29687 514.3 0.17885 56.26 512.85 0.2856 2.4897 2.545 1.555 1.323 1140. 254.2 127.2 6.63 146.0 11.77 12.47   –66.00

–64.00 0.32258 511.5 0.16538 61.39 514.74 0.3099 2.4776 2.558 1.577 1.327 1124. 254.4 124.3 6.70 144.2 12.00 12.16   –64.00

–62.00 0.34994 508.7 0.15314 66.54 516.61 0.3342 2.4657 2.571 1.600 1.331 1108. 254.6 121.5 6.77 142.4 12.23 11.86   –62.00

–60.00 0.37900 505.9 0.14200 71.72 518.44 0.3583 2.4542 2.585 1.624 1.335 1093. 254.8 118.8 6.84 140.6 12.46 11.55   –60.00

–58.00 0.40983 503.1 0.13183 76.93 520.24 0.3824 2.4429 2.600 1.648 1.340 1077. 254.9 116.1 6.91 138.8 12.70 11.24   –58.00

–56.00 0.44250 500.2 0.12255 82.17 522.00 0.4063 2.4318 2.615 1.673 1.345 1061. 254.9 113.5 6.99 137.0 12.95 10.94   –56.00

–54.00 0.47707 497.3 0.11405 87.44 523.73 0.4302 2.4210 2.631 1.698 1.350 1046. 254.9 111.0 7.06 135.2 13.20 10.64   –54.00

–52.00 0.51360 494.4 0.10626 92.74 525.42 0.4539 2.4104 2.647 1.724 1.356 1030. 254.9 108.5 7.13 133.5 13.45 10.33   –52.00

–50.00 0.55216 491.5 0.09912 98.07 527.07 0.4776 2.4000 2.664 1.751 1.362 1014. 254.8 106.1 7.21 131.7 13.71 10.03   –50.00

–48.00 0.59283 488.5 0.09254 103.44 528.68 0.5012 2.3899 2.682 1.778 1.369 998. 254.7 103.7 7.28 130.0 13.98 9.73   –48.00

–46.00 0.63567 485.4 0.08649 108.85 530.25 0.5247 2.3799 2.700 1.807 1.376 982. 254.5 101.4 7.36 128.2 14.25 9.44   –46.00

–44.00 0.68074 482.4 0.08091 114.29 531.78 0.5481 2.3700 2.719 1.836 1.383 966. 254.3 99.1 7.44 126.5 14.53 9.14   –44.00

–42.00 0.72813 479.3 0.07576 119.78 533.26 0.5715 2.3603 2.739 1.867 1.391 950. 254.0 96.9 7.51 124.8 14.82 8.85   –42.00

–40.00 0.77789 476.1 0.07100 125.30 534.70 0.5949 2.3508 2.760 1.898 1.400 934. 253.6 94.7 7.60 123.1 15.11 8.55   –40.00

–38.00 0.83010 473.0 0.06658 130.86 536.08 0.6182 2.3414 2.782 1.931 1.409 918. 253.2 92.6 7.68 121.4 15.41 8.26   –38.00

–36.00 0.88483 469.7 0.06250 136.47 537.42 0.6414 2.3321 2.805 1.964 1.419 902. 252.8 90.5 7.76 119.7 15.72 7.97   –36.00

–34.00 0.94215 466.5 0.05870 142.12 538.70 0.6646 2.3229 2.829 2.000 1.430 885. 252.3 88.5 7.85 118.1 16.04 7.68   –34.00

–32.00 1.0021 463.2 0.05517 147.82 539.93 0.6878 2.3138 2.855 2.036 1.441 869. 251.7 86.5 7.93 116.4 16.37 7.40   –32.00

–30.00 1.0649 459.8 0.05189 153.56 541.10 0.7110 2.3048 2.881 2.075 1.453 852. 251.1 84.5 8.02 114.8 16.71 7.11   –30.00

–28.00 1.1304 456.4 0.04883 159.36 542.20 0.7341 2.2958 2.909 2.115 1.467 836. 250.4 82.6 8.11 113.1 17.05 6.83   –28.00

–26.00 1.1988 452.9 0.04598 165.21 543.25 0.7573 2.2869 2.939 2.158 1.481 819. 249.6 80.7 8.21 111.5 17.41 6.55   –26.00

–24.00 1.2702 449.4 0.04331 171.11 544.22 0.7804 2.2780 2.970 2.202 1.496 802. 248.8 78.9 8.30 109.9 17.78 6.27   –24.00

–22.00 1.3446 445.8 0.04082 177.07 545.13 0.8036 2.2691 3.004 2.250 1.513 785. 247.9 77.0 8.40 108.2 18.17 6.00   –22.00

–20.00 1.4222 442.1 0.03849 183.09 545.96 0.8268 2.2602 3.039 2.300 1.531 768. 247.0 75.2 8.50 106.6 18.57 5.72   –20.00

–18.00 1.5029 438.4 0.03630 189.18 546.71 0.8500 2.2513 3.077 2.353 1.550 751. 246.0 73.5 8.61 105.0 18.98 5.45   –18.00

–16.00 1.5870 434.6 0.03425 195.33 547.38 0.8733 2.2423 3.117 2.410 1.572 734. 244.9 71.7 8.72 103.4 19.41 5.18   –16.00

–14.00 1.6744 430.7 0.03233 201.56 547.95 0.8966 2.2333 3.161 2.471 1.595 716. 243.8 70.0 8.83 101.9 19.86 4.92   –14.00

–12.00 1.7652 426.7 0.03052 207.86 548.43 0.9200 2.2241 3.208 2.537 1.621 699. 242.6 68.3 8.95 100.3 20.33 4.65   –12.00

–10.00 1.8596 422.6 0.02881 214.24 548.81 0.9435 2.2149 3.259 2.608 1.649 681. 241.3 66.6 9.07 98.7 20.83 4.39   –10.00

–8.00 1.9575 418.5 0.02720 220.71 549.07 0.9671 2.2055 3.314 2.686 1.680 663. 239.9 65.0 9.20 97.1 21.35 4.13    –8.00

–6.00 2.0592 414.2 0.02568 227.27 549.22 0.9908 2.1960 3.375 2.771 1.715 645. 238.5 63.3 9.33 95.6 21.89 3.88    –6.00

–4.00 2.1647 409.8 0.02425 233.92 549.24 1.0147 2.1862 3.441 2.864 1.754 626. 236.9 61.7 9.47 94.0 22.48 3.63    –4.00

–2.00 2.2741 405.3 0.02289 240.69 549.12 1.0388 2.1762 3.515 2.967 1.798 608. 235.3 60.1 9.62 92.4 23.09 3.38    –2.00

0.00 2.3875 400.6 0.02161 247.57 548.84 1.0630 2.1660 3.597 3.082 1.847 589. 233.6 58.4 9.77 90.9 23.75 3.13     0.00

5.00 2.6891 388.1 0.01867 265.35 547.38 1.1247 2.1387 3.852 3.440 2.003 540. 229.0 54.4 10.20 87.0 25.62 2.54     5.00

10.00 3.0181 374.2 0.01607 284.17 544.56 1.1887 2.1083 4.217 3.953 2.232 488. 223.8 50.4 10.72 83.1 27.94 1.97    10.00

15.00 3.3763 358.3 0.01373 304.41 539.84 1.2561 2.0732 4.787 4.759 2.598 432. 217.9 46.3 11.35 79.1 30.98 1.43    15.00

20.00 3.7660 339.3 0.01158 326.76 532.31 1.3292 2.0304 5.801 6.226 3.267 371. 211.3 41.9 12.18 75.2 35.30 0.93    20.00

25.00 4.1901 314.8 0.00951 352.66 519.87 1.4124 1.9732 8.108 9.751 4.869 304. 203.6 37.0 13.39 71.9 42.53 0.48    25.00

30.00 4.6535 276.7 0.00725 387.16 494.49 1.5219 1.8760 20.52 29.62 13.66 226. 194.0 30.6 15.72 74.3 61.97 0.11    30.00

32.18c 4.8718 206.6 0.00484 438.26 438.26 1.6868 1.6868 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00    32.18

 *Temperatures are on the ITS-90 scale b = normal boiling point  c = critical point
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Thermophysical Properties of Refrigerants 20.41
Refrigerant 290 (Propane) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure, 

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

–150.00 0.00001 694.9 4340.8 –123.36 402.32 –0.6872 3.5819 1.959 1.020 1.227 1869. 168.8 1352. 3.55 193.1 3.68 31.84 –150.00

–140.00 0.00003 684.8 869.55 –103.72 412.68 –0.5338 3.3449 1.971 1.052 1.219 1799. 174.9 992.0 3.80 188.0 4.28 30.29 –140.00

–130.00 0.00012 674.8 224.81 –83.94 423.33 –0.3906 3.1534 1.985 1.083 1.211 1731. 180.8 766.4 4.05 182.4 4.90 28.76 –130.00

–120.00 0.00041 664.6 71.174 –64.01 434.26 –0.2560 2.9978 2.001 1.115 1.204 1664. 186.4 614.9 4.31 176.7 5.55 27.24 –120.00

–110.00 0.00116 654.4 26.518 –43.90 445.45 –0.1288 2.8708 2.021 1.148 1.198 1598. 191.7 507.3 4.56 170.7 6.23 25.73 –110.00

–100.00 0.00289 644.1 11.281 –23.58 456.87 –0.0080 2.7670 2.043 1.183 1.193 1532. 196.8 427.5 4.82 164.6 6.94 24.23 –100.00

–90.00 0.00642 633.6 5.3500 –3.02 468.49 0.1075 2.6820 2.069 1.221 1.189 1467. 201.5 365.9 5.08 158.5 7.67 22.74 –90.00

–80.00 0.01300 623.1 2.7761 17.82 480.25 0.2182 2.6125 2.098 1.263 1.186 1402. 205.9 317.0 5.34 152.3 8.43 21.27 –80.00

–70.00 0.02433 612.4 1.5522 38.98 492.14 0.3249 2.5557 2.132 1.308 1.183 1338. 209.9 277.3 5.60 146.1 9.22 19.81 –70.00

–60.00 0.04258 601.4 0.92393 60.50 504.09 0.4282 2.5094 2.169 1.358 1.182 1273. 213.4 244.4 5.85 140.0 10.04 18.36 –60.00

–50.00 0.07043 590.3 0.57957 82.43 516.07 0.5285 2.4718 2.211 1.412 1.183 1209. 216.3 216.8 6.11 134.1 10.88 16.94 –50.00

–40.00 0.11095 578.8 0.37998 104.81 528.03 0.6263 2.4416 2.258 1.472 1.185 1145. 218.7 193.2 6.36 128.2 11.76 15.53 –40.00

–42.08b 0.10129 581.2 0.41358 100.11 525.54 0.6061 2.4473 2.248 1.459 1.185 1158. 218.3 197.8 6.31 129.4 11.57 15.82 –42.08

–38.00 0.12088 576.5 0.35085 109.35 530.41 0.6456 2.4363 2.268 1.484 1.186 1132. 219.1 188.9 6.41 127.0 11.94 15.25 –38.00

–36.00 0.13148 574.1 0.32442 113.90 532.79 0.6648 2.4312 2.278 1.497 1.187 1119. 219.5 184.7 6.47 125.9 12.12 14.98 –36.00

–34.00 0.14279 571.8 0.30039 118.48 535.17 0.6839 2.4264 2.288 1.510 1.188 1106. 219.8 180.7 6.52 124.7 12.30 14.70 –34.00

–32.00 0.15483 569.4 0.27852 123.08 537.54 0.7030 2.4218 2.299 1.523 1.189 1093. 220.1 176.7 6.57 123.6 12.48 14.42 –32.00

–30.00 0.16764 567.0 0.25858 127.70 539.91 0.7220 2.4173 2.310 1.536 1.190 1080. 220.4 172.9 6.62 122.4 12.67 14.15 –30.00

–28.00 0.18125 564.6 0.24036 132.34 542.28 0.7409 2.4131 2.321 1.550 1.191 1067. 220.7 169.2 6.67 121.3 12.86 13.87 –28.00

–26.00 0.19569 562.2 0.22370 137.01 544.63 0.7598 2.4091 2.332 1.564 1.192 1055. 220.9 165.5 6.73 120.2 13.05 13.60 –26.00

–24.00 0.21100 559.8 0.20844 141.70 546.99 0.7785 2.4053 2.344 1.578 1.193 1042. 221.1 162.0 6.78 119.1 13.24 13.32 –24.00

–22.00 0.22720 557.3 0.19444 146.41 549.33 0.7973 2.4016 2.356 1.593 1.195 1029. 221.3 158.6 6.83 117.9 13.44 13.05 –22.00

–20.00 0.24433 554.9 0.18158 151.15 551.67 0.8159 2.3981 2.368 1.607 1.196 1016. 221.4 155.2 6.89 116.8 13.63 12.78 –20.00

–18.00 0.26242 552.4 0.16975 155.91 554.00 0.8346 2.3948 2.380 1.622 1.198 1003. 221.6 152.0 6.94 115.7 13.83 12.51 –18.00

–16.00 0.28151 549.9 0.15885 160.70 556.32 0.8531 2.3916 2.393 1.637 1.199 990. 221.6 148.8 6.99 114.6 14.03 12.24 –16.00

–14.00 0.30163 547.3 0.14880 165.51 558.63 0.8716 2.3886 2.406 1.653 1.201 977. 221.7 145.7 7.05 113.6 14.23 11.97 –14.00

–12.00 0.32281 544.8 0.13952 170.36 560.94 0.8901 2.3857 2.420 1.669 1.203 964. 221.7 142.7 7.10 112.5 14.44 11.71 –12.00

–10.00 0.34510 542.2 0.13093 175.23 563.23 0.9085 2.3830 2.433 1.685 1.206 951. 221.7 139.7 7.16 111.4 14.65 11.44 –10.00

–8.00 0.36852 539.6 0.12299 180.12 565.51 0.9269 2.3804 2.447 1.702 1.208 938. 221.6 136.8 7.22 110.3 14.86 11.18 –8.00

–6.00 0.39312 537.0 0.11562 185.05 567.78 0.9452 2.3779 2.461 1.718 1.210 925. 221.5 134.0 7.27 109.3 15.08 10.91 –6.00

–4.00 0.41892 534.3 0.10879 190.00 570.04 0.9635 2.3755 2.476 1.736 1.213 912. 221.4 131.3 7.33 108.2 15.30 10.65 –4.00

–2.00 0.44597 531.7 0.10244 194.98 572.29 0.9818 2.3733 2.491 1.753 1.216 899. 221.2 128.6 7.39 107.2 15.52 10.39 –2.00

0.00 0.47430 529.0 0.09653 200.00 574.52 1.0000 2.3711 2.507 1.771 1.219 886. 221.0 125.9 7.45 106.1 15.74 10.13 0.00

2.00 0.50394 526.2 0.09103 205.05 576.74 1.0182 2.3691 2.523 1.790 1.222 873. 220.8 123.4 7.51 105.1 15.97 9.87 2.00

4.00 0.53495 523.5 0.08591 210.12 578.94 1.0364 2.3671 2.539 1.809 1.225 859. 220.5 120.8 7.57 104.1 16.21 9.61 4.00

6.00 0.56734 520.7 0.08113 215.23 581.13 1.0545 2.3653 2.556 1.828 1.229 846. 220.2 118.4 7.63 103.1 16.44 9.35 6.00

8.00 0.60117 517.9 0.07666 220.38 583.29 1.0727 2.3635 2.573 1.848 1.232 833. 219.8 116.0 7.69 102.1 16.69 9.10 8.00

10.00 0.63646 515.0 0.07249 225.56 585.44 1.0908 2.3618 2.591 1.869 1.236 820. 219.4 113.6 7.75 101.0 16.93 8.84 10.00

12.00 0.67327 512.1 0.06858 230.77 587.57 1.1089 2.3601 2.609 1.890 1.241 807. 219.0 111.3 7.82 100.1 17.18 8.59 12.00

14.00 0.71162 509.2 0.06492 236.02 589.68 1.1269 2.3586 2.628 1.912 1.245 794. 218.5 109.0 7.88 99.1 17.44 8.34 14.00

16.00 0.75156 506.3 0.06149 241.31 591.77 1.1450 2.3570 2.647 1.934 1.250 780. 218.0 106.8 7.95 98.1 17.70 8.09 16.00

18.00 0.79312 503.3 0.05827 246.63 593.83 1.1631 2.3556 2.667 1.957 1.255 767. 217.4 104.6 8.02 97.1 17.97 7.84 18.00

20.00 0.83635 500.2 0.05524 251.99 595.87 1.1811 2.3542 2.688 1.981 1.261 754. 216.8 102.4 8.09 96.1 18.25 7.59 20.00

22.00 0.88128 497.2 0.05240 257.40 597.88 1.1992 2.3528 2.709 2.006 1.267 741. 216.1 100.3 8.16 95.2 18.53 7.35 22.00

24.00 0.92796 494.0 0.04972 262.84 599.87 1.2173 2.3515 2.731 2.031 1.273 727. 215.4 98.2 8.23 94.2 18.82 7.10 24.00

26.00 0.97643 490.9 0.04720 268.33 601.82 1.2353 2.3501 2.754 2.058 1.280 714. 214.6 96.2 8.31 93.3 19.11 6.86 26.00

28.00 1.0267 487.7 0.04483 273.86 603.75 1.2534 2.3488 2.778 2.085 1.287 700. 213.8 94.2 8.38 92.3 19.42 6.62 28.00

30.00 1.0789 484.4 0.04259 279.43 605.64 1.2715 2.3475 2.803 2.114 1.295 687. 213.0 92.2 8.46 91.4 19.73 6.38 30.00

32.00 1.1330 481.1 0.04047 285.05 607.49 1.2896 2.3463 2.829 2.144 1.303 674. 212.1 90.3 8.54 90.5 20.05 6.14 32.00

34.00 1.1890 477.7 0.03847 290.72 609.31 1.3078 2.3450 2.856 2.176 1.312 660. 211.1 88.3 8.63 89.6 20.38 5.91 34.00

36.00 1.2471 474.3 0.03658 296.44 611.09 1.3259 2.3437 2.884 2.209 1.322 647. 210.1 86.4 8.71 88.7 20.72 5.67 36.00

38.00 1.3072 470.8 0.03479 302.21 612.82 1.3441 2.3424 2.913 2.243 1.333 633. 209.0 84.6 8.80 87.8 21.08 5.44 38.00

40.00 1.3694 467.3 0.03310 308.03 614.51 1.3623 2.3410 2.944 2.280 1.344 619. 207.9 82.7 8.89 86.9 21.44 5.21 40.00

42.00 1.4337 463.6 0.03149 313.91 616.15 1.3806 2.3396 2.976 2.319 1.356 606. 206.7 80.9 8.99 86.0 21.82 4.98 42.00

44.00 1.5002 459.9 0.02996 319.84 617.74 1.3989 2.3382 3.010 2.359 1.369 592. 205.4 79.1 9.09 85.1 22.21 4.75 44.00

46.00 1.5689 456.2 0.02851 325.84 619.27 1.4173 2.3367 3.046 2.403 1.384 578. 204.1 77.3 9.19 84.2 22.61 4.53 46.00

48.00 1.6400 452.3 0.02714 331.89 620.75 1.4357 2.3351 3.083 2.449 1.400 565. 202.8 75.6 9.29 83.3 23.04 4.30 48.00

50.00 1.7133 448.4 0.02583 338.01 622.15 1.4542 2.3335 3.124 2.499 1.417 551. 201.3 73.9 9.40 82.5 23.47 4.08 50.00

55.00 1.9073 438.2 0.02282 353.60 625.36 1.5007 2.3289 3.236 2.640 1.468 516. 197.5 69.6 9.70 80.3 24.66 3.54 55.00

60.00 2.1170 427.2 0.02014 369.68 628.05 1.5479 2.3234 3.372 2.814 1.534 480. 193.2 65.4 10.04 78.2 26.00 3.02 60.00

65.00 2.3433 415.5 0.01775 386.31 630.08 1.5958 2.3167 3.541 3.036 1.623 444. 188.4 61.2 10.42 76.1 27.55 2.51 65.00

70.00 2.5872 402.7 0.01559 403.60 631.30 1.6448 2.3084 3.761 3.333 1.745 407. 183.2 57.1 10.87 74.1 29.37 2.02 70.00

75.00 2.8499 388.6 0.01363 421.73 631.44 1.6954 2.2977 4.067 3.755 1.925 368. 177.4 52.9 11.41 72.0 31.60 1.56 75.00

80.00 3.1327 372.6 0.01182 440.98 630.08 1.7481 2.2836 4.537 4.413 2.212 328. 171.0 48.6 12.09 70.0 34.47 1.12 80.00

85.00 3.4371 353.6 0.01010 461.89 626.46 1.8046 2.2640 5.383 5.601 2.743 284. 163.9 44.0 12.97 68.1 38.49 0.71 85.00

90.00 3.7651 329.1 0.00841 485.83 618.71 1.8683 2.2341 7.475 8.506 4.062 236. 155.7 38.9 14.28 66.8 45.13 0.35 90.00

95.00 4.1206 286.4 0.00638 519.30 598.40 1.9566 2.1714 23.21 29.14 13.52 177. 146.1 31.4 17.03 73.4 64.87 0.06 95.00

96.70c 4.2477 220.5 0.00454 559.09 559.09 2.0630 2.0630 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 96.70

 *Temperatures have been converted from the IPTS-68 scale of the original formulation to the ITS-90 scale b = normal boiling point  c = critical point



2
0
.4
2

2
0
0
1
 A
S
H
R
A
E
 F
u
n
d
a
m
e
n
ta
ls H

a
n
d
b
o
o
k
 (S

I)
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Fig. 18 Pressure-Enthalpy Diagram for Refrigerant 600=(n-Butan
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Thermophysical Properties of Refrigerants 20.43
Refrigerant 600 (n-Butane) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure, 

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

–100.00 0.00017 699.2 149.43 –12.42 450.99 0.0377 2.7143 2.010 1.229 1.132 1513. 167.4 785.7 4.51 170.6 6.33 28.03 –100.00

–95.00 0.00028 694.5 91.091 –2.37 457.16 0.0949 2.6746 2.012 1.245 1.130 1493. 169.6 710.6 4.63 166.8 6.61 27.33 –95.00

–90.00 0.00046 689.8 57.322 7.70 463.40 0.1506 2.6389 2.015 1.260 1.129 1473. 171.8 646.6 4.74 163.2 6.91 26.64 –90.00

–85.00 0.00072 685.1 37.133 17.78 469.70 0.2050 2.6070 2.020 1.276 1.127 1452. 174.0 591.3 4.85 159.8 7.21 25.95 –85.00

–80.00 0.00112 680.4 24.700 27.90 476.07 0.2580 2.5785 2.027 1.293 1.125 1431. 176.1 543.3 4.96 156.5 7.52 25.26 –80.00

–75.00 0.00168 675.6 16.834 38.05 482.51 0.3099 2.5531 2.036 1.310 1.124 1409. 178.1 501.3 5.08 153.3 7.83 24.58 –75.00

–70.00 0.00247 670.8 11.731 48.26 489.01 0.3608 2.5305 2.046 1.327 1.123 1386. 180.1 464.3 5.19 150.3 8.16 23.90 –70.00

–65.00 0.00356 666.0 8.3446 58.52 495.57 0.4107 2.5105 2.058 1.346 1.121 1363. 182.1 431.5 5.31 147.4 8.49 23.22 –65.00

–60.00 0.00502 661.2 6.0489 68.85 502.19 0.4597 2.4929 2.072 1.364 1.120 1339. 184.0 402.3 5.42 144.6 8.83 22.55 –60.00

–55.00 0.00695 656.4 4.4616 79.25 508.87 0.5080 2.4774 2.087 1.384 1.119 1315. 185.8 376.0 5.54 142.0 9.18 21.88 –55.00

–50.00 0.00947 651.5 3.3443 89.73 515.61 0.5554 2.4640 2.104 1.404 1.118 1291. 187.5 352.4 5.66 139.4 9.55 21.22 –50.00

–45.00 0.01271 646.6 2.5441 100.30 522.40 0.6022 2.4524 2.121 1.425 1.118 1266. 189.2 331.0 5.78 136.8 9.92 20.56 –45.00

–40.00 0.01680 641.7 1.9622 110.95 529.24 0.6484 2.4425 2.140 1.446 1.117 1241. 190.8 311.5 5.90 134.4 10.30 19.90 –40.00

–35.00 0.02192 636.7 1.5327 121.70 536.12 0.6940 2.4342 2.159 1.468 1.117 1215. 192.3 293.8 6.02 132.0 10.69 19.25 –35.00

–30.00 0.02823 631.7 1.2114 132.56 543.05 0.7391 2.4274 2.179 1.491 1.116 1189. 193.7 277.5 6.14 129.7 11.09 18.60 –30.00

–25.00 0.03594 626.6 0.96795 143.52 550.02 0.7836 2.4218 2.200 1.515 1.116 1163. 195.1 262.5 6.27 127.5 11.51 17.96 –25.00

–20.00 0.04526 621.5 0.78128 154.58 557.02 0.8277 2.4175 2.222 1.539 1.116 1137. 196.3 248.6 6.39 125.3 11.94 17.33 –20.00

–15.00 0.05641 616.3 0.63659 165.76 564.06 0.8714 2.4143 2.244 1.565 1.117 1111. 197.4 235.8 6.52 123.1 12.38 16.69 –15.00

–10.00 0.06965 611.1 0.52323 177.05 571.12 0.9146 2.4121 2.267 1.591 1.117 1085. 198.4 223.9 6.65 121.0 12.83 16.07 –10.00

–5.00 0.08522 605.9 0.43356 188.46 578.21 0.9575 2.4109 2.291 1.618 1.118 1058. 199.3 212.8 6.78 118.9 13.29 15.44 –5.00

0.00 0.10340 600.5 0.36197 200.00 585.31 1.0000 2.4106 2.316 1.646 1.119 1031. 200.1 202.4 6.91 116.8 13.77 14.83 0.00

–0.53b 0.10132 601.1 0.36890 198.76 584.55 0.9955 2.4106 2.313 1.643 1.119 1034. 200.1 203.5 6.90 117.0 13.72 14.89 –0.53

2.00 0.11147 598.3 0.33744 204.65 588.16 1.0169 2.4107 2.326 1.657 1.120 1021. 200.4 198.5 6.97 116.0 13.97 14.58 2.00

4.00 0.12002 596.2 0.31490 209.32 591.01 1.0338 2.4110 2.336 1.669 1.120 1010. 200.7 194.6 7.02 115.2 14.17 14.34 4.00

6.00 0.12906 594.0 0.29419 214.01 593.86 1.0506 2.4113 2.346 1.681 1.121 999. 200.9 190.9 7.07 114.4 14.37 14.09 6.00

8.00 0.13863 591.8 0.27512 218.72 596.71 1.0673 2.4118 2.357 1.693 1.122 988. 201.1 187.2 7.13 113.6 14.57 13.85 8.00

10.00 0.14874 589.6 0.25754 223.45 599.56 1.0840 2.4124 2.367 1.705 1.123 977. 201.3 183.6 7.18 112.8 14.77 13.61 10.00

12.00 0.15941 587.4 0.24132 228.21 602.42 1.1007 2.4130 2.378 1.717 1.123 967. 201.5 180.1 7.24 112.0 14.98 13.37 12.00

14.00 0.17066 585.2 0.22633 232.98 605.28 1.1173 2.4138 2.388 1.729 1.124 956. 201.7 176.7 7.30 111.2 15.19 13.13 14.00

16.00 0.18251 582.9 0.21246 237.78 608.13 1.1339 2.4147 2.399 1.742 1.125 945. 201.8 173.3 7.35 110.4 15.41 12.89 16.00

18.00 0.19499 580.6 0.19962 242.60 610.99 1.1505 2.4157 2.410 1.755 1.126 934. 201.9 170.1 7.41 109.6 15.62 12.65 18.00

20.00 0.20810 578.4 0.18772 247.44 613.84 1.1670 2.4168 2.421 1.768 1.127 923. 202.0 166.9 7.47 108.9 15.84 12.41 20.00

22.00 0.22188 576.1 0.17668 252.31 616.70 1.1834 2.4180 2.432 1.781 1.128 912. 202.0 163.8 7.53 108.1 16.06 12.17 22.00

24.00 0.23634 573.8 0.16642 257.19 619.55 1.1998 2.4192 2.444 1.794 1.129 901. 202.1 160.7 7.58 107.3 16.28 11.94 24.00

26.00 0.25151 571.4 0.15688 262.11 622.40 1.2162 2.4206 2.455 1.808 1.130 891. 202.1 157.7 7.64 106.5 16.51 11.70 26.00

28.00 0.26741 569.1 0.14800 267.04 625.25 1.2325 2.4220 2.467 1.821 1.132 880. 202.1 154.8 7.70 105.8 16.74 11.47 28.00

30.00 0.28406 566.8 0.13972 272.00 628.10 1.2489 2.4235 2.479 1.835 1.133 869. 202.0 151.9 7.76 105.0 16.97 11.24 30.00

32.00 0.30149 564.4 0.13201 276.98 630.95 1.2651 2.4251 2.491 1.849 1.134 858. 202.0 149.1 7.82 104.2 17.21 11.01 32.00

34.00 0.31971 562.0 0.12480 281.98 633.79 1.2814 2.4267 2.503 1.864 1.136 847. 201.9 146.4 7.88 103.5 17.44 10.78 34.00

36.00 0.33875 559.6 0.11807 287.02 636.63 1.2976 2.4285 2.515 1.878 1.138 836. 201.8 143.7 7.94 102.7 17.69 10.55 36.00

38.00 0.35863 557.1 0.11177 292.07 639.46 1.3138 2.4302 2.528 1.893 1.139 825. 201.6 141.0 8.01 101.9 17.93 10.32 38.00

40.00 0.37937 554.7 0.10588 297.15 642.29 1.3299 2.4321 2.541 1.908 1.141 814. 201.4 138.4 8.07 101.2 18.18 10.09 40.00

42.00 0.40101 552.2 0.10036 302.26 645.12 1.3461 2.4340 2.553 1.924 1.143 803. 201.2 135.9 8.13 100.4 18.43 9.86 42.00

44.00 0.42355 549.7 0.09518 307.39 647.94 1.3622 2.4359 2.567 1.939 1.145 792. 201.0 133.4 8.20 99.7 18.68 9.64 44.00

46.00 0.44703 547.2 0.09032 312.55 650.76 1.3783 2.4379 2.580 1.955 1.147 781. 200.7 130.9 8.26 98.9 18.94 9.41 46.00

48.00 0.47147 544.7 0.08575 317.74 653.57 1.3943 2.4400 2.593 1.971 1.149 770. 200.5 128.5 8.33 98.2 19.20 9.19 48.00

50.00 0.49690 542.1 0.08146 322.95 656.37 1.4104 2.4421 2.607 1.988 1.151 759. 200.1 126.2 8.39 97.4 19.46 8.97 50.00

55.00 0.56492 535.6 0.07181 336.10 663.34 1.4504 2.4475 2.643 2.031 1.158 731. 199.2 120.4 8.56 95.6 20.14 8.42 55.00

60.00 0.63963 528.9 0.06349 349.43 670.25 1.4902 2.4532 2.681 2.076 1.165 703. 198.0 114.9 8.74 93.7 20.84 7.87 60.00

65.00 0.72142 522.0 0.05628 362.95 677.09 1.5301 2.4590 2.720 2.124 1.173 675. 196.7 109.5 8.92 91.9 21.56 7.34 65.00

70.00 0.81068 515.0 0.05000 376.66 683.84 1.5698 2.4649 2.762 2.175 1.183 647. 195.1 104.4 9.11 90.1 22.31 6.81 70.00

75.00 0.90785 507.7 0.04452 390.59 690.50 1.6095 2.4709 2.807 2.230 1.194 619. 193.3 99.5 9.30 88.3 23.09 6.29 75.00

80.00 1.0133 500.1 0.03970 404.72 697.04 1.6492 2.4769 2.856 2.289 1.207 591. 191.2 94.7 9.50 86.5 23.90 5.78 80.00

85.00 1.1276 492.3 0.03546 419.09 703.45 1.6890 2.4829 2.909 2.354 1.222 563. 188.8 90.0 9.72 84.7 24.74 5.28 85.00

90.00 1.2511 484.1 0.03170 433.71 709.69 1.7288 2.4887 2.967 2.426 1.240 534. 186.1 85.5 9.94 83.0 25.61 4.79 90.00

95.00 1.3842 475.6 0.02837 448.59 715.74 1.7688 2.4944 3.031 2.506 1.262 505. 183.1 81.1 10.17 81.3 26.53 4.31 95.00

100.00 1.5276 466.7 0.02539 463.76 721.55 1.8089 2.4997 3.104 2.598 1.288 477. 179.8 76.8 10.42 79.5 27.49 3.84 100.00

105.00 1.6816 457.4 0.02272 479.25 727.09 1.8492 2.5046 3.188 2.705 1.320 448. 176.1 72.5 10.69 77.8 28.50 3.38 105.00

110.00 1.8470 447.4 0.02032 495.11 732.28 1.8899 2.5089 3.286 2.831 1.360 418. 172.1 68.4 10.98 76.2 29.58 2.93 110.00

115.00 2.0242 436.8 0.01814 511.37 737.06 1.9310 2.5124 3.406 2.986 1.412 388. 167.5 64.2 11.30 74.5 30.73 2.50 115.00

120.00 2.2140 425.4 0.01616 528.11 741.31 1.9727 2.5150 3.555 3.183 1.481 358. 162.5 60.1 11.65 72.8 31.99 2.08 120.00

125.00 2.4172 413.0 0.01434 545.43 744.89 2.0153 2.5162 3.751 3.443 1.576 327. 157.0 56.0 12.04 71.0 33.41 1.68 125.00

130.00 2.6346 399.1 0.01266 563.48 747.56 2.0590 2.5156 4.027 3.812 1.716 294. 150.8 51.8 12.50 69.3 35.11 1.30 130.00

135.00 2.8673 383.3 0.01108 582.52 748.96 2.1045 2.5122 4.452 4.386 1.939 261. 143.9 47.5 13.06 67.7 37.36 0.94 135.00

140.00 3.1166 364.5 0.00956 603.05 748.39 2.1528 2.5046 5.221 5.419 2.352 225. 136.2 42.9 13.77 66.5 40.78 0.60 140.00

145.00 3.3844 339.8 0.00802 626.27 744.23 2.2068 2.4889 7.110 7.919 3.368 186. 127.4 37.7 14.81 67.0 47.18 0.31 145.00

150.00 3.6740 297.5 0.00618 657.56 729.69 2.2790 2.4495 19.83 23.68 9.84 141. 117.5 30.4 16.95 74.7 65.81 0.06 150.00

152.01c 3.7960 227.8 0.00439 695.70 695.70 2.3679 2.3679 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 152.01

*Temperatures have been converted from the IPTS-68 scale of the original formulation to the ITS-90 scale b = normal boiling point c = critical point
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Thermophysical Properties of Refrigerants 20.45
Refrigerant 600a (Isobutane) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure, 

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

–100.00 0.00036 683.8 68.449 –7.88 430.08 0.0607 2.5902 1.881 1.131 1.145 1446. 168.3 932.0 4.49 138.3 6.03 25.53 –100.00

–95.00 0.00059 679.0 42.929 1.57 435.75 0.1145 2.5518 1.898 1.152 1.143 1422. 170.5 833.4 4.60 138.3 6.31 24.88 –95.00

–90.00 0.00094 674.1 27.744 11.11 441.50 0.1672 2.5174 1.916 1.172 1.140 1399. 172.6 749.8 4.71 138.0 6.61 24.24 –90.00

–85.00 0.00146 669.2 18.429 20.73 447.34 0.2191 2.4866 1.934 1.192 1.138 1375. 174.7 678.4 4.83 137.5 6.91 23.60 –85.00

–80.00 0.00220 664.3 12.552 30.44 453.25 0.2700 2.4592 1.952 1.213 1.136 1351. 176.7 616.8 4.94 136.7 7.22 22.96 –80.00

–75.00 0.00323 659.4 8.7478 40.25 459.24 0.3202 2.4348 1.970 1.235 1.134 1328. 178.6 563.3 5.06 135.7 7.54 22.32 –75.00

–70.00 0.00465 654.4 6.2265 50.15 465.30 0.3695 2.4132 1.989 1.256 1.132 1304. 180.6 516.5 5.18 134.6 7.87 21.69 –70.00

–65.00 0.00655 649.5 4.5186 60.15 471.43 0.4181 2.3941 2.009 1.279 1.131 1279. 182.4 475.3 5.29 133.2 8.21 21.05 –65.00

–60.00 0.00906 644.5 3.3382 70.25 477.62 0.4660 2.3773 2.028 1.302 1.130 1255. 184.2 438.8 5.41 131.7 8.56 20.42 –60.00

–55.00 0.01233 639.4 2.5070 80.44 483.88 0.5133 2.3627 2.049 1.325 1.128 1230. 185.9 406.3 5.53 130.1 8.93 19.79 –55.00

–50.00 0.01650 634.3 1.9115 90.74 490.19 0.5599 2.3501 2.069 1.349 1.128 1206. 187.5 377.3 5.65 128.3 9.30 19.16 –50.00

–45.00 0.02176 629.2 1.4780 101.15 496.56 0.6060 2.3392 2.090 1.374 1.127 1181. 189.0 351.2 5.78 126.4 9.68 18.53 –45.00

–40.00 0.02831 624.0 1.1577 111.66 502.98 0.6515 2.3300 2.112 1.400 1.126 1155. 190.4 327.6 5.90 124.4 10.08 17.91 –40.00

–35.00 0.03636 618.8 0.91762 122.28 509.45 0.6966 2.3223 2.134 1.426 1.126 1130. 191.8 306.2 6.03 122.4 10.49 17.29 –35.00

–30.00 0.04614 613.6 0.73542 133.02 515.96 0.7411 2.3161 2.156 1.453 1.126 1104. 193.0 286.7 6.15 120.3 10.91 16.67 –30.00

–25.00 0.05791 608.2 0.59546 143.87 522.51 0.7852 2.3111 2.180 1.482 1.126 1079. 194.2 269.0 6.28 118.1 11.34 16.06 –25.00

–20.00 0.07194 602.8 0.48671 154.84 529.09 0.8289 2.3073 2.204 1.511 1.127 1053. 195.2 252.7 6.42 115.9 11.79 15.45 –20.00

–15.00 0.08850 597.4 0.40134 165.94 535.71 0.8722 2.3046 2.228 1.540 1.128 1026. 196.1 237.7 6.55 113.6 12.25 14.84 –15.00

–11.61b 0.10132 593.7 0.35378 173.53 540.22 0.9013 2.3034 2.245 1.561 1.128 1008. 196.6 228.3 6.64 112.1 12.57 14.43 –11.61

–10.00 0.10789 591.9 0.33363 177.16 542.36 0.9151 2.3029 2.253 1.571 1.129 1000. 196.9 223.9 6.69 111.3 12.73 14.23 –10.00

–5.00 0.13042 586.3 0.27944 188.51 549.03 0.9577 2.3022 2.279 1.603 1.130 973. 197.5 211.2 6.83 109.1 13.22 13.63 –5.00

0.00 0.15642 580.6 0.23569 200.00 555.73 1.0000 2.3023 2.306 1.636 1.132 947. 198.0 199.3 6.97 106.8 13.72 13.03 0.00

2.00 0.16786 578.3 0.22057 204.63 558.41 1.0168 2.3026 2.317 1.649 1.133 936. 198.2 194.8 7.03 105.9 13.93 12.79 2.00

4.00 0.17993 576.0 0.20663 209.29 561.09 1.0336 2.3030 2.328 1.663 1.133 925. 198.3 190.5 7.09 105.0 14.14 12.56 4.00

6.00 0.19265 573.6 0.19376 213.97 563.78 1.0504 2.3035 2.340 1.677 1.134 914. 198.4 186.2 7.15 104.0 14.35 12.32 6.00

8.00 0.20605 571.3 0.18186 218.67 566.47 1.0670 2.3041 2.351 1.691 1.135 903. 198.5 182.1 7.20 103.1 14.56 12.08 8.00

10.00 0.22014 568.9 0.17085 223.39 569.16 1.0837 2.3048 2.363 1.705 1.136 893. 198.5 178.1 7.27 102.2 14.78 11.85 10.00

12.00 0.23495 566.6 0.16065 228.14 571.85 1.1003 2.3057 2.374 1.719 1.137 882. 198.6 174.2 7.33 101.3 15.00 11.61 12.00

14.00 0.25050 564.2 0.15118 232.91 574.54 1.1169 2.3066 2.386 1.734 1.139 871. 198.6 170.3 7.39 100.4 15.22 11.38 14.00

16.00 0.26682 561.8 0.14239 237.71 577.23 1.1335 2.3076 2.398 1.748 1.140 860. 198.6 166.6 7.45 99.5 15.45 11.15 16.00

18.00 0.28392 559.3 0.13422 242.53 579.92 1.1500 2.3088 2.411 1.763 1.141 849. 198.5 163.0 7.51 98.7 15.67 10.91 18.00

20.00 0.30184 556.9 0.12661 247.38 582.61 1.1664 2.3100 2.423 1.779 1.143 838. 198.4 159.5 7.58 97.8 15.90 10.68 20.00

22.00 0.32058 554.4 0.11952 252.25 585.30 1.1829 2.3113 2.436 1.794 1.144 827. 198.3 156.1 7.64 96.9 16.13 10.45 22.00

24.00 0.34019 551.9 0.11292 257.15 587.99 1.1993 2.3127 2.449 1.810 1.146 816. 198.2 152.7 7.71 96.0 16.37 10.22 24.00

26.00 0.36068 549.4 0.10675 262.07 590.67 1.2157 2.3141 2.462 1.826 1.148 805. 198.0 149.4 7.77 95.1 16.61 9.99 26.00

28.00 0.38208 546.9 0.10099 267.02 593.35 1.2321 2.3156 2.475 1.842 1.149 794. 197.8 146.3 7.84 94.3 16.85 9.76 28.00

30.00 0.40441 544.3 0.09560 272.00 596.03 1.2484 2.3173 2.489 1.859 1.151 783. 197.6 143.1 7.91 93.4 17.09 9.54 30.00

32.00 0.42770 541.7 0.09055 277.00 598.71 1.2647 2.3189 2.502 1.875 1.153 772. 197.4 140.1 7.98 92.6 17.34 9.31 32.00

34.00 0.45197 539.1 0.08583 282.03 601.38 1.2810 2.3207 2.517 1.892 1.156 761. 197.1 137.1 8.04 91.7 17.58 9.08 34.00

36.00 0.47725 536.5 0.08139 287.09 604.04 1.2972 2.3225 2.531 1.910 1.158 749. 196.7 134.2 8.12 90.9 17.84 8.86 36.00

38.00 0.50356 533.9 0.07723 292.18 606.70 1.3135 2.3243 2.546 1.928 1.160 738. 196.4 131.4 8.19 90.0 18.09 8.64 38.00

40.00 0.53093 531.2 0.07332 297.30 609.36 1.3297 2.3262 2.560 1.946 1.163 727. 196.0 128.6 8.26 89.2 18.35 8.41 40.00

42.00 0.55938 528.5 0.06965 302.44 612.00 1.3459 2.3282 2.576 1.964 1.166 716. 195.5 125.9 8.33 88.4 18.61 8.19 42.00

44.00 0.58894 525.7 0.06619 307.62 614.64 1.3621 2.3302 2.591 1.983 1.168 705. 195.1 123.2 8.41 87.6 18.87 7.97 44.00

46.00 0.61964 523.0 0.06293 312.83 617.27 1.3783 2.3322 2.607 2.003 1.172 694. 194.6 120.6 8.48 86.7 19.14 7.75 46.00

48.00 0.65150 520.2 0.05986 318.07 619.89 1.3945 2.3343 2.624 2.023 1.175 682. 194.0 118.0 8.56 85.9 19.41 7.53 48.00

50.00 0.68455 517.3 0.05696 323.34 622.50 1.4107 2.3364 2.640 2.043 1.178 671. 193.4 115.5 8.64 85.1 19.69 7.32 50.00

55.00 0.77255 510.1 0.05041 336.66 628.97 1.4510 2.3418 2.684 2.096 1.188 643. 191.8 109.5 8.84 83.2 20.39 6.78 55.00

60.00 0.86860 502.6 0.04470 350.20 635.34 1.4914 2.3473 2.731 2.154 1.200 614. 189.9 103.7 9.06 81.2 21.11 6.25 60.00

65.00 0.97312 494.9 0.03972 363.96 641.61 1.5318 2.3528 2.782 2.216 1.213 586. 187.7 98.2 9.28 79.4 21.86 5.72 65.00

70.00 1.0866 486.9 0.03534 377.96 647.73 1.5722 2.3583 2.837 2.285 1.229 557. 185.2 92.9 9.52 77.5 22.64 5.21 70.00

75.00 1.2095 478.5 0.03148 392.23 653.69 1.6127 2.3637 2.898 2.362 1.249 528. 182.4 87.9 9.77 75.7 23.44 4.71 75.00

80.00 1.3424 469.8 0.02805 406.77 659.44 1.6534 2.3688 2.966 2.448 1.272 499. 179.2 83.0 10.04 73.9 24.28 4.21 80.00

85.00 1.4858 460.6 0.02500 421.62 664.94 1.6943 2.3736 3.043 2.548 1.302 469. 175.7 78.3 10.34 72.1 25.16 3.73 85.00

90.00 1.6402 450.9 0.02228 436.81 670.13 1.7355 2.3779 3.132 2.666 1.338 440. 171.8 73.7 10.65 70.4 26.09 3.26 90.00

95.00 1.8063 440.6 0.01983 452.39 674.95 1.7770 2.3815 3.237 2.810 1.386 409. 167.5 69.2 11.00 68.6 27.09 2.80 95.00

100.00 1.9848 429.6 0.01761 468.40 679.28 1.8191 2.3842 3.367 2.989 1.448 378. 162.8 64.8 11.39 66.9 28.17 2.36 100.00

105.00 2.1764 417.6 0.01560 484.92 683.02 1.8619 2.3857 3.531 3.222 1.533 347. 157.5 60.5 11.83 65.2 29.39 1.93 105.00

110.00 2.3820 404.4 0.01375 502.08 685.96 1.9057 2.3856 3.752 3.544 1.655 314. 151.8 56.2 12.35 63.4 30.83 1.53 110.00

115.00 2.6025 389.6 0.01204 520.05 687.84 1.9508 2.3831 4.073 4.020 1.842 280. 145.5 51.8 12.96 61.7 32.68 1.14 115.00

120.00 2.8390 372.4 0.01043 539.15 688.20 1.9981 2.3772 4.600 4.808 2.158 244. 138.6 47.3 13.72 60.3 35.31 0.78 120.00

125.00 3.0928 351.2 0.00887 560.06 686.09 2.0492 2.3657 5.665 6.384 2.805 205. 130.9 42.4 14.75 59.6 39.54 0.46 125.00

130.00 3.3656 321.2 0.00724 584.77 679.00 2.1088 2.3425 9.16 11.29 4.85 162. 122.0 36.5 16.38 60.9 47.81 0.18 130.00

134.70c 3.6400 224.4 0.00446 638.92 638.92 2.2397 2.2397 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 134.70

*Temperatures have been converted from the IPTS-68 scale of the original formulation to the ITS-90 scale b = normal boiling point c = critical point
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Fig. 20 Pressure-Enthalpy Diagram for Refrigerant 1150 (Ethylene)
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Fig. 20 Pressure-Enthalpy Diagram for Refrigerant 1150 (Ethyle

Note: The reference states for enthalpy and entropy differ from those in the tab



Thermophysical Properties of Refrigerants 20.47
Refrigerant 1150 (Ethylene) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure, 

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond.,

mW/(m·K)
Surface 

Tension,

mN/m

Temp., 

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

–169.16a 0.00012 654.6 252.64 –158.09 409.42 –1.1789 4.2787 2.429 1.187 1.333 1767. 202.7 1246. 3.51 270.0 5.96 28.14 –169.16

–165.00 0.00025 649.3 129.69 –147.97 414.35 –1.0835 4.1160 2.432 1.188 1.333 1740. 206.7 598.1 1.64 264.9 6.62 27.31 –165.00

–160.00 0.00053 643.0 62.719 –135.81 420.24 –0.9736 3.9408 2.432 1.189 1.333 1707. 211.3 514.5 2.47 258.1 6.59 26.33 –160.00

–155.00 0.00107 636.6 32.557 –123.66 426.12 –0.8685 3.7848 2.429 1.191 1.334 1673. 215.9 448.6 3.13 251.3 6.71 25.35 –155.00

–150.00 0.00203 630.1 17.974 –111.52 431.97 –0.7679 3.6454 2.424 1.194 1.334 1639. 220.3 395.8 3.66 244.5 6.92 24.38 –150.00

–145.00 0.00362 623.6 10.472 –99.41 437.78 –0.6715 3.5204 2.419 1.198 1.335 1604. 224.5 352.7 4.09 237.9 7.18 23.42 –145.00

–140.00 0.00614 617.1 6.3951 –87.33 443.54 –0.5790 3.4080 2.414 1.203 1.336 1569. 228.6 317.2 4.44 231.2 7.47 22.47 –140.00

–135.00 0.01000 610.5 4.0710 –75.27 449.24 –0.4902 3.3065 2.409 1.210 1.337 1534. 232.5 287.5 4.74 224.7 7.78 21.53 –135.00

–130.00 0.01565 603.8 2.6880 –63.22 454.85 –0.4046 3.2145 2.406 1.218 1.339 1498. 236.3 262.3 5.00 218.3 8.09 20.59 –130.00

–125.00 0.02368 597.1 1.8331 –51.19 460.37 –0.3220 3.1310 2.404 1.228 1.341 1463. 239.8 240.7 5.23 212.0 8.39 19.66 –125.00

–120.00 0.03474 590.3 1.2865 –39.16 465.79 –0.2423 3.0548 2.404 1.240 1.344 1427. 243.2 222.0 5.44 205.8 8.70 18.74 –120.00

–115.00 0.04961 583.4 0.92612 –27.12 471.08 –0.1651 2.9850 2.406 1.254 1.348 1390. 246.3 205.7 5.63 199.7 9.00 17.83 –115.00

–110.00 0.06911 576.5 0.68196 –15.06 476.22 –0.0903 2.9210 2.409 1.271 1.353 1354. 249.2 191.3 5.81 193.7 9.30 16.93 –110.00

–105.00 0.09420 569.4 0.51239 –2.97 481.21 –0.0176 2.8619 2.416 1.290 1.358 1316. 251.8 178.5 5.99 187.9 9.61 16.04 –105.00

–103.77b 0.10133 567.7 0.47899 0.00 482.41 0.0000 2.8481 2.418 1.295 1.360 1307. 252.4 175.6 6.03 186.5 9.68 15.83 –103.77

–100.00 0.12585 562.2 0.39198 9.16 486.03 0.0532 2.8073 2.424 1.312 1.365 1279. 254.2 167.0 6.16 182.2 9.92 15.16 –100.00

–98.00 0.14059 559.3 0.35377 14.02 487.90 0.0810 2.7866 2.429 1.321 1.368 1264. 255.1 162.7 6.23 179.9 10.04 14.82 –98.00

–96.00 0.15662 556.4 0.32007 18.90 489.74 0.1085 2.7664 2.434 1.331 1.371 1249. 255.9 158.6 6.30 177.7 10.17 14.47 –96.00

–94.00 0.17402 553.5 0.29026 23.79 491.55 0.1358 2.7468 2.439 1.342 1.375 1233. 256.7 154.7 6.37 175.5 10.30 14.12 –94.00

–92.00 0.19285 550.5 0.26382 28.69 493.32 0.1628 2.7277 2.445 1.353 1.379 1218. 257.4 150.9 6.44 173.3 10.44 13.78 –92.00

–90.00 0.21320 547.5 0.24030 33.60 495.06 0.1896 2.7092 2.451 1.365 1.383 1203. 258.1 147.2 6.51 171.2 10.57 13.44 –90.00

–88.00 0.23514 544.5 0.21933 38.53 496.76 0.2161 2.6911 2.458 1.377 1.387 1187. 258.7 143.6 6.58 169.0 10.71 13.10 –88.00

–86.00 0.25874 541.4 0.20058 43.48 498.43 0.2425 2.6734 2.465 1.391 1.392 1172. 259.3 140.2 6.65 166.9 10.85 12.76 –86.00

–84.00 0.28409 538.4 0.18378 48.44 500.05 0.2686 2.6562 2.473 1.404 1.397 1156. 259.9 136.9 6.72 164.8 11.00 12.42 –84.00

–82.00 0.31127 535.3 0.16869 53.41 501.64 0.2945 2.6394 2.482 1.419 1.402 1140. 260.4 133.7 6.80 162.7 11.15 12.09 –82.00

–80.00 0.34034 532.2 0.15510 58.41 503.18 0.3202 2.6229 2.491 1.434 1.408 1125. 260.8 130.6 6.87 160.7 11.30 11.75 –80.00

–78.00 0.37141 529.0 0.14284 63.43 504.68 0.3457 2.6069 2.501 1.450 1.414 1109. 261.2 127.5 6.95 158.6 11.46 11.42 –78.00

–76.00 0.40454 525.8 0.13176 68.47 506.14 0.3711 2.5911 2.512 1.467 1.420 1093. 261.5 124.6 7.02 156.6 11.62 11.09 –76.00

–74.00 0.43982 522.6 0.12172 73.53 507.55 0.3963 2.5757 2.524 1.484 1.427 1077. 261.8 121.7 7.10 154.6 11.79 10.77 –74.00

–72.00 0.47733 519.3 0.11260 78.61 508.91 0.4214 2.5606 2.536 1.503 1.435 1061. 262.1 118.9 7.18 152.6 11.96 10.44 –72.00

–70.00 0.51716 516.1 0.10431 83.72 510.23 0.4463 2.5457 2.549 1.522 1.443 1044. 262.3 116.2 7.26 150.6 12.14 10.12 –70.00

–68.00 0.55939 512.7 0.09675 88.86 511.49 0.4710 2.5311 2.563 1.543 1.451 1028. 262.4 113.6 7.34 148.6 12.33 9.80 –68.00

–66.00 0.60411 509.4 0.08985 94.03 512.70 0.4957 2.5168 2.578 1.565 1.460 1012. 262.5 111.0 7.42 146.7 12.52 9.48 –66.00

–64.00 0.65141 506.0 0.08354 99.23 513.85 0.5202 2.5026 2.594 1.588 1.470 995. 262.5 108.5 7.51 144.7 12.72 9.16 –64.00

–62.00 0.70136 502.5 0.07776 104.46 514.95 0.5446 2.4887 2.611 1.612 1.480 978. 262.4 106.0 7.60 142.8 12.92 8.85 –62.00

–60.00 0.75406 499.0 0.07246 109.72 515.99 0.5689 2.4749 2.629 1.638 1.491 962. 262.3 103.6 7.68 140.9 13.14 8.53 –60.00

–58.00 0.80960 495.5 0.06758 115.02 516.97 0.5932 2.4614 2.648 1.665 1.503 945. 262.2 101.2 7.78 139.0 13.36 8.23 –58.00

–56.00 0.86807 491.9 0.06310 120.36 517.88 0.6173 2.4479 2.668 1.694 1.516 928. 262.0 98.9 7.87 137.1 13.59 7.92 –56.00

–54.00 0.92955 488.2 0.05896 125.74 518.73 0.6414 2.4346 2.690 1.725 1.529 911. 261.7 96.6 7.96 135.2 13.84 7.61 –54.00

–52.00 0.99414 484.5 0.05514 131.16 519.51 0.6654 2.4214 2.714 1.757 1.544 894. 261.3 94.4 8.06 133.4 14.09 7.31 –52.00

–50.00 1.0619 480.8 0.05161 136.62 520.21 0.6894 2.4083 2.739 1.792 1.560 876. 260.9 92.2 8.16 131.5 14.35 7.01 –50.00

–48.00 1.1330 476.9 0.04834 142.14 520.84 0.7133 2.3953 2.766 1.829 1.577 859. 260.5 90.1 8.27 129.7 14.63 6.71 –48.00

–46.00 1.2075 473.0 0.04530 147.70 521.39 0.7372 2.3824 2.795 1.869 1.596 841. 259.9 87.9 8.38 127.8 14.91 6.42 –46.00

–44.00 1.2854 469.1 0.04249 153.32 521.86 0.7611 2.3694 2.826 1.912 1.616 823. 259.3 85.8 8.49 126.0 15.22 6.13 –44.00

–42.00 1.3669 465.0 0.03987 158.99 522.24 0.7850 2.3565 2.859 1.958 1.638 806. 258.7 83.8 8.60 124.2 15.53 5.84 –42.00

–40.00 1.4521 460.9 0.03743 164.73 522.53 0.8089 2.3436 2.895 2.007 1.662 787. 257.9 81.8 8.72 122.3 15.86 5.55 –40.00

–38.00 1.5410 456.7 0.03515 170.52 522.72 0.8328 2.3306 2.934 2.061 1.688 769. 257.1 79.7 8.84 120.5 16.21 5.27 –38.00

–36.00 1.6339 452.4 0.03303 176.39 522.81 0.8568 2.3176 2.976 2.119 1.717 751. 256.3 77.8 8.97 118.7 16.58 4.99 –36.00

–34.00 1.7307 448.0 0.03105 182.33 522.79 0.8809 2.3045 3.022 2.182 1.749 732. 255.3 75.8 9.10 116.8 16.97 4.71 –34.00

–32.00 1.8315 443.5 0.02919 188.35 522.65 0.9050 2.2913 3.072 2.252 1.784 714. 254.3 73.8 9.24 115.0 17.38 4.44 –32.00

–30.00 1.9366 438.9 0.02745 194.45 522.38 0.9292 2.2779 3.127 2.328 1.823 695. 253.2 71.9 9.39 113.2 17.82 4.17 –30.00

–28.00 2.0459 434.1 0.02581 200.65 521.98 0.9535 2.2643 3.188 2.413 1.866 676. 252.0 70.0 9.54 111.3 18.29 3.90 –28.00

–26.00 2.1596 429.2 0.02427 206.94 521.44 0.9780 2.2505 3.254 2.507 1.914 656. 250.7 68.1 9.69 109.5 18.78 3.64 –26.00

–24.00 2.2779 424.2 0.02283 213.34 520.74 1.0027 2.2365 3.329 2.612 1.969 637. 249.4 66.2 9.86 107.6 19.32 3.38 –24.00

–22.00 2.4008 419.0 0.02146 219.85 519.86 1.0276 2.2221 3.412 2.731 2.031 617. 248.0 64.3 10.04 105.8 19.90 3.13 –22.00

–20.00 2.5284 413.6 0.02017 226.49 518.80 1.0527 2.2074 3.506 2.866 2.101 596. 246.4 62.4 10.22 103.9 20.53 2.88 –20.00

–18.00 2.6610 408.0 0.01895 233.27 517.53 1.0781 2.1922 3.612 3.021 2.182 576. 244.8 60.5 10.42 102.0 21.22 2.63 –18.00

–16.00 2.7985 402.2 0.01780 240.21 516.04 1.1039 2.1765 3.735 3.200 2.277 555. 243.1 58.7 10.63 100.0 21.98 2.39 –16.00

–14.00 2.9412 396.1 0.01670 247.32 514.28 1.1300 2.1602 3.878 3.411 2.387 533. 241.3 56.8 10.86 98.1 22.83 2.15 –14.00

–12.00 3.0893 389.8 0.01565 254.63 512.24 1.1567 2.1431 4.046 3.661 2.520 511. 239.3 54.9 11.10 96.1 23.78 1.92 –12.00

–10.00 3.2428 383.0 0.01466 262.17 509.87 1.1839 2.1252 4.247 3.965 2.680 489. 237.3 52.9 11.36 94.1 24.88 1.70 –10.00

–8.00 3.4019 375.9 0.01370 269.96 507.10 1.2118 2.1062 4.493 4.339 2.877 465. 235.1 51.0 11.65 92.0 26.15 1.48 –8.00

–6.00 3.5669 368.3 0.01278 278.07 503.89 1.2406 2.0859 4.802 4.815 3.127 441. 232.8 49.0 11.98 89.9 27.66 1.26 –6.00

–4.00 3.7379 360.1 0.01189 286.56 500.12 1.2705 2.0640 5.201 5.438 3.452 416. 230.3 46.9 12.34 87.8 29.52 1.06 –4.00

–2.00 3.9152 351.1 0.01103 295.51 495.66 1.3018 2.0400 5.739 6.291 3.894 390. 227.6 44.8 12.75 85.6 31.88 0.86 –2.00

0.00 4.0990 341.2 0.01018 305.06 490.32 1.3350 2.0132 6.507 7.526 4.526 362. 224.6 42.6 13.23 83.5 35.04 0.67 0.00

5.00 4.5896 308.8 0.00802 333.52 470.25 1.4327 1.9243 11.68 16.10 8.72 283. 214.9 36.2 15.01 79.8 52.44 0.25 5.00

9.20c 5.0418 214.2 0.00467 399.43 399.43 1.6614 1.6614 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 9.20

 *Temperatures are on the ITS-90 scale a = triple point b = normal boiling point  c = critical point
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Note: The reference states for enthalpy and entropy differ from those in the tab



Thermophysical Properties of Refrigerants 20.49
Refrigerant 1270 (Propylene) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

°C

Pres-

sure,

MPa

Density,

kg/m3

Liquid

Volume,

m3/kg

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K) cp/cv Velocity of Sound, m/s
Surface 

Tension,

mN/m

Temp.,

°CLiquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor

–140.00 0.00005 716.4 584.26 –98.40 429.52 –0.5068 3.4585 1.893 1.015 1.242 1754. 180.7 31.76 –140.00

–130.00 0.00018 704.9 156.30 –79.22 439.77 –0.3679 3.2579 1.939 1.039 1.235 1683. 186.9 30.05 –130.00

–120.00 0.00059 693.6 50.921 –59.65 450.23 –0.2357 3.0938 1.974 1.064 1.229 1617. 192.7 28.36 –120.00

–110.00 0.00166 682.2 19.445 –39.76 460.89 –0.1100 2.9589 2.002 1.090 1.223 1554. 198.3 26.69 –110.00

–100.00 0.00403 670.8 8.4527 –19.61 471.72 0.0099 2.8477 2.026 1.118 1.218 1493. 203.5 25.04 –100.00

–90.00 0.00881 659.4 4.0858 0.78 482.67 0.1243 2.7556 2.050 1.149 1.214 1432. 208.4 23.41 –90.00

–80.00 0.01753 647.8 2.1562 21.41 493.71 0.2339 2.6793 2.075 1.183 1.211 1371. 212.9 21.80 –80.00

–70.00 0.03230 636.1 1.2238 42.32 504.78 0.3393 2.6159 2.103 1.220 1.209 1309. 216.9 20.22 –70.00

–60.00 0.05575 624.1 0.73807 63.53 515.82 0.4411 2.5632 2.135 1.262 1.209 1247. 220.4 18.67 –60.00

–50.00 0.09107 611.9 0.46834 85.09 526.78 0.5397 2.5191 2.171 1.309 1.211 1184. 223.4 17.14 –50.00

–48.00 0.09987 609.5 0.42991 89.45 528.95 0.5591 2.5112 2.179 1.319 1.211 1171. 223.9 16.83 –48.00

–47.69b 0.10129 609.1 0.42431 90.12 529.29 0.5621 2.5100 2.180 1.321 1.211 1169. 224.0 16.79 –47.69

–46.00 0.10931 607.0 0.39528 93.82 531.12 0.5783 2.5036 2.187 1.330 1.212 1158. 224.4 16.53 –46.00

–44.00 0.11944 604.5 0.36402 98.21 533.28 0.5975 2.4962 2.195 1.340 1.213 1145. 224.8 16.23 –44.00

–42.00 0.13029 601.9 0.33575 102.62 535.44 0.6166 2.4891 2.203 1.351 1.214 1133. 225.3 15.93 –42.00

–40.00 0.14187 599.4 0.31014 107.05 537.58 0.6356 2.4822 2.212 1.362 1.215 1120. 225.7 15.63 –40.00

–38.00 0.15424 596.9 0.28688 111.49 539.72 0.6545 2.4756 2.221 1.373 1.216 1107. 226.1 15.34 –38.00

–36.00 0.16743 594.3 0.26574 115.95 541.85 0.6733 2.4692 2.230 1.385 1.217 1094. 226.4 15.04 –36.00

–34.00 0.18147 591.7 0.24648 120.43 543.96 0.6920 2.4630 2.239 1.396 1.218 1081. 226.7 14.75 –34.00

–32.00 0.19639 589.1 0.22892 124.94 546.07 0.7106 2.4570 2.249 1.408 1.220 1068. 227.0 14.45 –32.00

–30.00 0.21223 586.5 0.21286 129.46 548.17 0.7292 2.4512 2.259 1.421 1.221 1056. 227.3 14.16 –30.00

–28.00 0.22903 583.9 0.19818 134.00 550.25 0.7477 2.4457 2.269 1.433 1.223 1043. 227.5 13.87 –28.00

–26.00 0.24682 581.2 0.18472 138.56 552.32 0.7661 2.4402 2.279 1.446 1.225 1030. 227.7 13.58 –26.00

–24.00 0.26564 578.5 0.17237 143.14 554.38 0.7844 2.4350 2.289 1.459 1.227 1017. 227.9 13.29 –24.00

–22.00 0.28553 575.8 0.16102 147.75 556.42 0.8027 2.4299 2.300 1.473 1.229 1004. 228.1 13.01 –22.00

–20.00 0.30653 573.1 0.15058 152.37 558.46 0.8209 2.4250 2.311 1.487 1.231 991. 228.2 12.72 –20.00

–18.00 0.32866 570.4 0.14095 157.02 560.47 0.8390 2.4203 2.323 1.501 1.234 978. 228.3 12.44 –18.00

–16.00 0.35198 567.6 0.13207 161.70 562.47 0.8571 2.4157 2.335 1.515 1.236 965. 228.3 12.15 –16.00

–14.00 0.37653 564.8 0.12386 166.39 564.46 0.8751 2.4112 2.347 1.530 1.239 952. 228.3 11.87 –14.00

–12.00 0.40233 562.0 0.11627 171.12 566.42 0.8931 2.4068 2.359 1.546 1.242 939. 228.3 11.59 –12.00

–10.00 0.42944 559.2 0.10924 175.86 568.37 0.9110 2.4026 2.372 1.562 1.245 926. 228.2 11.31 –10.00

–8.00 0.45788 556.3 0.10272 180.64 570.30 0.9289 2.3985 2.385 1.578 1.248 912. 228.1 11.03 –8.00

–6.00 0.48770 553.5 0.09667 185.44 572.21 0.9468 2.3946 2.398 1.594 1.252 899. 228.0 10.76 –6.00

–4.00 0.51895 550.6 0.09105 190.26 574.10 0.9645 2.3907 2.412 1.612 1.256 886. 227.8 10.48 –4.00

–2.00 0.55166 547.6 0.08582 195.12 575.97 0.9823 2.3869 2.426 1.629 1.260 873. 227.6 10.21 –2.00

0.00 0.58588 544.6 0.08094 200.00 577.82 1.0000 2.3832 2.441 1.648 1.264 860. 227.4 9.94 0.00

2.00 0.62163 541.6 0.07640 204.91 579.65 1.0177 2.3796 2.456 1.666 1.268 847. 227.1 9.67 2.00

4.00 0.65898 538.6 0.07216 209.85 581.45 1.0353 2.3761 2.471 1.686 1.273 834. 226.7 9.40 4.00

6.00 0.69795 535.5 0.06819 214.83 583.22 1.0529 2.3726 2.487 1.706 1.278 820. 226.4 9.13 6.00

8.00 0.73860 532.4 0.06449 219.83 584.97 1.0705 2.3693 2.504 1.726 1.284 807. 226.0 8.87 8.00

10.00 0.78096 529.3 0.06102 224.87 586.69 1.0881 2.3660 2.521 1.748 1.289 794. 225.5 8.60 10.00

12.00 0.82508 526.1 0.05777 229.94 588.39 1.1056 2.3627 2.538 1.770 1.296 781. 225.0 8.34 12.00

14.00 0.87100 522.9 0.05472 235.04 590.05 1.1232 2.3595 2.557 1.793 1.302 767. 224.5 8.08 14.00

16.00 0.91877 519.7 0.05185 240.18 591.68 1.1407 2.3563 2.575 1.817 1.309 754. 223.9 7.82 16.00

18.00 0.96843 516.4 0.04916 245.35 593.28 1.1582 2.3532 2.595 1.842 1.316 741. 223.3 7.56 18.00

20.00 1.0200 513.0 0.04663 250.57 594.85 1.1757 2.3501 2.615 1.868 1.324 727. 222.6 7.31 20.00

22.00 1.0736 509.6 0.04425 255.82 596.37 1.1932 2.3470 2.637 1.895 1.333 714. 221.9 7.05 22.00

24.00 1.1292 506.2 0.04201 261.11 597.86 1.2107 2.3439 2.659 1.923 1.342 701. 221.1 6.80 24.00

26.00 1.1869 502.7 0.03990 266.44 599.31 1.2282 2.3409 2.682 1.952 1.351 687. 220.3 6.55 26.00

28.00 1.2467 499.2 0.03790 271.81 600.72 1.2457 2.3378 2.706 1.983 1.362 674. 219.4 6.31 28.00

30.00 1.3086 495.6 0.03601 277.23 602.09 1.2632 2.3348 2.731 2.015 1.373 661. 218.5 6.06 30.00

32.00 1.3728 491.9 0.03423 282.69 603.40 1.2807 2.3317 2.757 2.049 1.385 647. 217.5 5.82 32.00

34.00 1.4392 488.2 0.03254 288.20 604.67 1.2983 2.3286 2.785 2.085 1.398 634. 216.5 5.57 34.00

36.00 1.5080 484.4 0.03095 293.76 605.89 1.3159 2.3255 2.815 2.123 1.412 620. 215.4 5.33 36.00

38.00 1.5791 480.6 0.02943 299.37 607.05 1.3335 2.3223 2.845 2.163 1.427 606. 214.3 5.10 38.00

40.00 1.6526 476.6 0.02800 305.04 608.15 1.3511 2.3191 2.878 2.206 1.443 593. 213.1 4.86 40.00

42.00 1.7287 472.6 0.02664 310.76 609.20 1.3688 2.3158 2.913 2.252 1.460 579. 211.8 4.63 42.00

44.00 1.8072 468.6 0.02534 316.53 610.17 1.3866 2.3124 2.950 2.300 1.480 565. 210.5 4.40 44.00

46.00 1.8883 464.4 0.02411 322.37 611.08 1.4044 2.3089 2.990 2.352 1.501 551. 209.1 4.17 46.00

48.00 1.9721 460.1 0.02294 328.28 611.91 1.4223 2.3054 3.032 2.409 1.524 538. 207.7 3.95 48.00

50.00 2.0585 455.8 0.02182 334.25 612.65 1.4402 2.3017 3.078 2.469 1.549 524. 206.2 3.72 50.00

55.00 2.2868 444.4 0.01925 349.51 614.13 1.4855 2.2919 3.211 2.645 1.624 488. 202.2 3.18 55.00

60.00 2.5333 432.1 0.01696 365.31 614.95 1.5316 2.2809 3.380 2.868 1.723 452. 197.7 2.65 60.00

65.00 2.7990 418.8 0.01489 381.77 614.94 1.5788 2.2683 3.604 3.164 1.859 415. 192.8 2.15 65.00

70.00 3.0853 404.1 0.01302 399.08 613.86 1.6275 2.2534 3.922 3.579 2.056 377. 187.3 1.67 70.00

75.00 3.3935 387.3 0.01129 417.54 611.31 1.6787 2.2352 4.419 4.216 2.365 336. 181.3 1.21 75.00

80.00 3.7253 367.4 0.00967 437.75 606.58 1.7338 2.2118 5.320 5.339 2.921 294. 174.6 0.79 80.00

85.00 4.0827 341.6 0.00808 461.14 598.00 1.7967 2.1788 7.524 7.941 4.231 247. 167.2 0.41 85.00

90.00 4.4687 298.5 0.00629 493.66 579.40 1.8835 2.1196 — — — 195. 159.2 0.10 90.00

92.42c 4.6646 223.4 0.00448 540.41 540.41 2.0097 2.0097 ∞ ∞ ∞ 0. 0.0 0.00 92.42

*Temperatures have been converted from the IPTS-68 scale of the original formulation to the ITS-90 scale b = normal boiling point c = critical point
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Thermophysical Properties of Refrigerants 20.51
Refrigerant 702 (Normal Hydrogen) Properties of Saturated Liquid and Saturated Vapor

Temp.,*
K

Absolute 
Pressure, 

MPa

Density, 
kg/m3 
Liquid

Volume, 
m3/kg 
Vapor

Enthalpy,
kJ/kg

Entropy,
kJ/(kg·K)

Specific Heat Å
é
, 

kJ/(kg·K)
cp/cv 

Vapor

Velocity of 
Sound, m/s

Viscosity,
µPa·s

Thermal Cond., 
mW/(m·K)

Surface 
Tension, 
mN/m

Temp.,* 
KLiquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor

13.95a 0.00776 76.90 7.2871 218.1 667.4 14.082 46.224 07.78 10.90 1.669 1362. 304.5 25.5 0.66 76.2 10.37 3.181 13.95

14.00 0.00797 76.86 7.1136 218.6 667.8 14.108 46.147 07.71 10.89 1.672 1360. 305.1 25.3 0.67 76.7 10.43 3.171 14.00

15.00 0.01334 76.02 4.5226 226.3 676.9 14.610 44.697 7.15 10.86 1.701 1318. 316.2 22.2 0.74 84.1 11.62 2.970 15.00

16.00 0.02113 75.12 3.0172 233.4 685.6 15.075 43.411 07.30 11.00 1.719 1272. 325.2 19.8 0.81 90.1 12.68 2.771 16.00

17.00 0.03200 74.18 2.0940 240.9 693.7 15.530 42.260 07.72 11.19 1.739 1226. 333.2 17.8 0.87 94.8 13.68 2.575 17.00

18.00 0.04663 73.20 1.5017 249.0 701.3 15.984 41.220 8.26 11.43 1.764 1185. 340.6 16.2 0.94 98.4 14.67 2.381 18.00

19.00 0.06577 72.18 1.1068 257.8 708.3 16.441 40.270 08.85 11.71 1.795 1147. 347.3 14.8 1.00 101.1 15.68 2.191 19.00

20.00 0.09020 71.11 0.83478 267.3 714.6 16.904 39.393 09.49 12.04 1.833 1111. 353.3 13.6 1.06 103.0 16.72 2.003 20.00

20.39b 0.10132 70.67 0.75195 271.2 716.8 17.086 39.068 9.74 12.20 1.851 1097. 355.4 13.2 1.08 103.6 17.13 1.931 20.39

21.00 0.12072 69.96 0.64193 277.4 720.1 17.374 38.576 10.15 12.46 1.881 1075. 358.6 12.6 1.12 104.2 17.81 1.819 21.00

22.00 0.15816 68.73 0.50178 288.3 724.8 17.852 37.806 10.88 12.96 1.940 1039. 363.2 11.6 1.18 104.9 18.96 1.638 22.00

23.00 0.20336 67.41 0.39766 299.9 728.4 18.340 37.074 11.68 13.58 2.013 1001. 367.2 10.8 1.25 105.0 20.18 1.460 23.00

24.00 0.25717 65.98 0.31878 312.3 731.0 18.840 36.369 12.58 14.35 2.106 960. 370.6 10.1 1.32 104.6 21.50 1.287 24.00

25.00 0.32045 64.43 0.25795 325.8 732.3 19.351 35.683 13.65 15.34 2.224 918. 373.3 09.4 1.39 103.8 22.92 1.117 25.00

26.00 0.39404 62.75 0.21028 340.3 732.2 19.877 35.007 14.94 16.63 2.378 872. 375.4 8.7 1.46 102.5 24.48 0.953 26.00

27.00 0.47879 60.91 0.17233 356.1 730.4 20.421 34.331 16.56 18.36 2.586 824. 376.9 08.1 1.54 100.8 26.23 0.793 27.00

28.00 0.57555 58.87 0.14165 373.5 726.5 20.989 33.642 18.72 20.79 2.877 772. 377.8 07.5 1.63 98.7 28.22 0.639 28.00

29.00 0.68516 56.55 0.11647 392.7 720.2 21.596 32.925 21.85 24.41 3.310 715. 378.2 6.9 1.74 96.0 30.56 0.492 29.00

30.00 0.80844 53.76 0.09540 414.7 710.5 22.267 32.157 27.13 30.32 4.013 650. 378.1 06.4 1.86 92.6 33.46 0.352 30.00

31.00 0.94620 50.17 0.07735 441.4 696.2 23.059 31.298 38.73 41.37 5.321 573. 377.7 05.8 2.04 88.3 37.32 0.222 31.00

32.00 1.0993 44.89 0.06132 477.9 674.4 24.112 30.271 84.77 67.41 8.383 482. 377.6 5.1 2.35 82.3 43.40 0.105 32.00

33.00 1.2684 34.38 0.04665 547.5 640.5 26.097 28.951 — — — — — — — — — 0.011 33.00

33.19c 1.3152 30.11 0.03321 577.2 577.2 26.962 26.962 ∞ ∞ ∞ 00 0. 000.0 — — ∞ ∞ 0.000 33.19

*Temperatures are on the IPTS-68 scale a = triple point b = normal boiling point c = critical point

Refrigerant 702 (Normal Hydrogen) Properties of Gas at 0.101 325 MPa (one standard atmosphere)

Temp., 

°C
Density, 

kg/m3

Enthalpy, 

kJ/kg

Entropy,

kJ/(kg·K)

cp, kJ/

(kg·K) cp /cv

Vel. 

Sound, 

m/s

Viscosity, 

µPa·s

Thermal 

Cond., 

mW/(m·K)

Temp., 

°C
Density, 

kg/m3

Enthalpy, 

kJ/kg

Entropy,

kJ/(kg·K)

cp, kJ/

(kg·K) cp /cv

Vel. 

Sound, 

m/s

Viscosity, 

µPa·s

Thermal 

Cond., 

mW/(m·K)

−252.8a 1.3299 0716.8 39.068 12.20 1.851 0355.4 1.08 017.10 000.0 0.0899 3843.3 69.168 14.20 1.410 1261.1 08.40 172.58

−250.0 1.1366 0749.3 40.564 11.45 1.793 0385.4 1.22 019.29 005.0 0.0883 3914.4 69.425 14.22 1.409 1272.1 08.50 175.07

−245.0 0.9089 805.0 42.744 10.91 1.744 431.8 1.47 23.26 10.0 0.0867 3985.5 69.679 14.24 1.408 1283.0 8.61 177.56

−240.0 0.7609 0859.0 44.508 10.69 1.720 0472.2 1.72 027.06 015.0 0.0852 4056.8 69.928 14.27 1.407 1293.9 08.71 180.05

−235.0 0.6557 0912.1 46.001 10.58 1.706 0508.7 1.95 030.62 020.0 0.0838 4128.2 70.174 14.29 1.406 1304.7 08.81 182.48

−230.0 0.5767 964.8 47.300 10.52 1.696 542.3 2.18 34.00 25.0 0.0824 4199.7 70.416 14.31 1.405 1315.4 8.92 184.88

−225.0 0.5150 1017.4 48.452 10.49 1.688 0573.6 2.40 037.23 030.0 0.0810 4271.3 70.654 14.32 1.405 1326.0 09.02 187.28

−220.0 0.4655 1069.7 49.487 10.47 1.682 0603.0 2.60 040.37 035.0 0.0797 4342.9 70.888 14.34 1.404 1336.6 09.12 189.67

−215.0 0.4247 1122.1 50.429 10.48 1.676 630.6 2.80 43.47 40.0 0.0784 4414.7 71.119 14.36 1.403 1347.1 9.22 192.01

−210.0 0.3906 1174.6 51.294 10.51 1.668 0656.6 2.98 046.55 045.0 0.0772 4486.5 71.347 14.37 1.403 1357.5 09.32 194.32

−200.0 0.3366 1280.1 52.845 10.62 1.650 0704.1 3.34 052.56 050.0 0.0760 4558.3 71.571 14.38 1.402 1367.9 09.42 196.78

−190.0 0.2958 1387.2 54.217 10.81 1.629 746.5 3.67 58.30 55.0 0.0748 4630.3 71.792 14.39 1.402 1378.2 9.52 199.33

−180.0 0.2639 1496.4 55.457 11.05 1.604 0784.7 3.98 064.12 060.0 0.0737 4702.3 72.010 14.40 1.401 1388.4 09.62 201.86

−170.0 0.2382 1608.2 56.597 11.32 1.580 0819.7 4.28 070.43 065.0 0.0726 4774.3 72.224 14.41 1.401 1398.6 09.72 204.37

−160.0 0.2171 1722.8 57.657 11.61 1.556 852.3 4.57 77.02 70.0 0.0716 4846.4 72.436 14.42 1.401 1408.7 9.81 206.88

−150.0 0.1994 1840.3 58.652 11.89 1.534 0883.2 4.85 083.56 075.0 0.0705 4918.5 72.644 14.43 1.400 1418.8 09.91 209.39

−140.0 0.1844 1960.7 59.592 12.17 1.515 0912.7 5.12 090.15 080.0 0.0695 4990.7 72.850 14.44 1.400 1428.8 10.01 211.88

−130.0 0.1715 2083.7 60.483 12.44 1.499 941.2 5.38 96.62 85.0 0.0686 5062.9 73.053 14.44 1.400 1438.7 10.10 214.34

−120.0 0.1603 2209.3 61.331 12.68 1.484 0968.8 5.64 103.03 090.0 0.0676 5135.1 73.254 14.45 1.400 1448.6 10.20 216.72

−110.0 0.1505 2337.3 62.140 12.90 1.471 0995.7 5.89 109.55 095.0 0.0667 5207.4 73.451 14.45 1.399 1458.4 10.29 219.04

−100.0 0.1418 2467.3 62.913 13.10 1.461 1022.1 6.14 115.95 100.0 0.0658 5279.7 73.646 14.46 1.399 1468.2 10.39 221.42

−90.0 0.1340 2599.2 63.654 13.28 1.452 1047.9 6.38 122.20 110.0 0.0641 5424.3 74.029 14.47 1.399 1487.5 10.58 226.21

−80.0 0.1271 2732.8 64.364 13.44 1.444 1073.2 6.62 128.33 120.0 0.0625 5569.0 74.401 14.47 1.399 1506.7 10.77 230.86

−70.0 0.1208 2867.9 65.046 13.58 1.437 1098.0 6.85 134.30 130.0 0.0609 5713.8 74.765 14.48 1.398 1525.6 — —

−60.0 0.1152 3004.4 65.702 13.71 1.431 1122.5 7.08 140.15 140.0 0.0594 5858.6 75.120 14.48 1.398 1544.3 — —

−50.0 0.1100 3142.0 66.333 13.82 1.426 1146.5 7.31 145.84 150.0 0.0580 6003.4 75.466 14.49 1.398 1562.8 — —

−40.0 0.1053 3280.7 66.941 13.91 1.422 1170.1 7.53 151.44 160.0 0.0567 6148.3 75.805 14.49 1.398 1581.0 — —

−30.0 0.1010 3420.2 67.527 14.00 1.418 1193.4 7.75 156.92 170.0 0.0554 6293.2 76.135 14.49 1.398 1599.1 — —

−20.0 0.0970 3560.6 68.093 14.07 1.415 1216.3 7.97 162.24 180.0 0.0542 6438.1 76.459 14.50 1.398 1616.9 — —

−10.0 0.0933 3701.7 68.639 14.14 1.412 1238.8 8.19 167.47 190.0 0.0530 6583.1 76.775 14.50 1.398 1634.6 — —

200.0 0.0519 6728.1 77.085 14.50 1.397 1652.0 — —

a = saturated vapor at normal boiling point
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Thermophysical Properties of Refrigerants 20.53
Refrigerant 702p (Parahydrogen) Properties of Saturated Liquid and Saturated Vapor

Temp.,*
K

Absolute 
Pressure, 

MPa

Density, 
kg/m3 
Liquid

Volume, 
m3/kg 
Vapor

Enthalpy,
kJ/kg

Entropy,
kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K)
cp/cv
Vapor

Velocity of 
Sound, m/s

Viscosity,
µPa·s

Thermal Cond., 
mW/(m·K)

Surface 
Tension, 
mN/m

Temp.,* 
KLiquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor

13.80a 0.00705 77.04 7.8437 −307.2 140.1 04.980 37.428 07.72 10.68 1.690 1373. 305.0 26.0 0.65 075.3 10.46 3.124 13.80

14.00 0.00790 76.87 7.1198 −305.7 141.9 05.088 37.115 07.53 10.70 1.692 1364. 307.0 25.3 0.67 076.9 10.65 3.086 14.00

15.00 0.01343 76.01 4.4920 −298.3 150.9 5.588 35.628 7.13 10.84 1.704 1316. 316.4 22.2 0.74 084.1 11.62 2.894 15.00

16.00 0.02152 75.12 2.9640 −291.1 159.5 06.051 34.295 07.30 11.01 1.720 1269. 325.1 19.8 0.81 090.0 12.60 2.705 16.00

17.00 0.03284 74.19 2.0392 −283.5 167.5 06.504 33.107 07.72 11.22 1.741 1224. 333.0 17.8 0.87 094.7 13.59 2.516 17.00

18.00 0.04807 73.22 1.4541 −275.4 175.0 6.958 32.042 8.26 11.46 1.767 1183. 340.3 16.2 0.94 098.3 14.60 2.330 18.00

19.00 0.06796 72.19 1.0683 −266.6 181.8 07.416 31.077 08.85 11.76 1.800 1145. 346.8 14.8 1.00 101.1 15.64 2.146 19.00

20.00 0.09326 71.11 0.80448 −257.2 188.0 07.880 30.193 09.48 12.12 1.840 1109. 352.6 13.6 1.06 103.0 16.71 1.963 20.00

20.28b 0.10132 70.80 0.74656 −254.4 189.5 8.009 29.960 9.66 12.23 1.853 1099. 354.1 13.3 1.07 103.4 17.01 1.913 20.28

20.50 0.10818 70.54 0.70371 −252.2 190.8 08.114 29.776 09.81 12.33 1.864 1091. 355.3 13.1 1.09 103.7 17.25 1.873 20.50

21.00 0.12474 69.96 0.61847 −247.1 193.3 08.350 29.373 10.15 12.56 1.890 1073. 357.8 12.6 1.12 104.2 17.82 1.783 21.00

21.50 0.14305 69.35 0.54589 −241.7 195.7 8.589 28.983 10.51 12.81 1.920 1055. 360.2 12.1 1.15 104.7 18.39 1.693 21.50

22.00 0.16320 68.73 0.48372 −236.2 197.8 08.829 28.604 10.87 13.09 1.952 1036. 362.3 11.6 1.18 104.9 18.98 1.605 22.00

22.50 0.18529 68.08 0.43016 −230.5 199.7 09.071 28.235 11.26 13.39 1.989 1018. 364.3 11.2 1.21 105.0 19.59 1.517 22.50

23.00 0.20942 67.42 0.38378 −224.6 201.3 9.315 27.875 11.67 13.74 2.030 999. 366.2 10.8 1.25 105.0 20.21 1.429 23.00

23.50 0.23570 66.72 0.34340 −218.5 202.6 09.562 27.521 12.10 14.12 2.075 0979. 367.9 10.4 1.28 104.9 20.86 1.342 23.50

24.00 0.26423 66.00 0.30808 −212.1 203.6 09.811 27.174 12.56 14.56 2.127 0959. 369.4 10.1 1.32 104.7 21.53 1.256 24.00

24.50 0.29511 65.25 0.27705 −205.5 204.4 10.064 26.832 13.06 15.04 2.185 939. 370.8 9.7 1.35 104.3 22.23 1.171 24.50

25.00 0.32845 64.47 0.24966 −198.7 204.7 10.320 26.492 13.61 15.60 2.251 0918. 372.1 09.4 1.39 103.8 22.95 1.086 25.00

26.00 0.40291 62.80 0.20378 −184.2 204.4 10.843 25.820 14.87 16.96 2.414 0873. 374.1 08.7 1.46 102.6 24.51 0.920 26.00

27.00 0.48849 60.97 0.16716 −168.4 202.3 11.385 25.145 16.47 18.81 2.635 825. 375.5 8.1 1.54 100.9 26.25 0.757 27.00

28.00 0.58610 58.93 0.13744 −151.2 198.1 11.954 24.454 18.61 21.44 2.948 0773. 376.3 07.5 1.63 098.7 28.23 0.599 28.00

29.00 0.69673 56.60 0.11286 −132.0 191.3 12.560 23.727 21.70 25.45 3.426 0716. 376.4 06.9 1.74 096.0 30.57 0.445 29.00

30.00 0.82143 53.86 0.09208 −110.2 180.6 13.223 22.933 26.73 32.31 4.238 653. 375.9 6.4 1.86 92.6 33.45 0.299 30.00

31.00 0.96149 50.48 0.07387 0−84.4 164.1 13.981 22.011 36.68 46.58 5.916 0582. 374.8 05.8 2.04 088.3 37.31 0.161 31.00

32.00 1.1185 45.81 0.05667 0−51.0 135.8 14.938 20.788 66.67 93.30 11.3570 0501. 373.2 05.1 2.35 082.3 43.38 0.038 32.00

32.94c 1.2838 31.36 0.03189 40.3 40.3 17.615 17.615 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.000 32.94

*Temperatures are on the IPTS-68 scale a = triple point b = normal boiling point c = critical point

Refrigerant 702p (Parahydrogen) Properties of Gas at 0.101 325 MPa (one standard atmosphere)

Temp., 

°C
Density, 

kg/m3

Enthalpy, 

kJ/kg

Entropy,

kJ/(kg·K)

cp, kJ/

(kg·K) cp /cv

Vel. 

Sound, 

m/s

Viscosity, 

µPa·s

Thermal 

Cond., 

mW/(m·K)

Temp., 

°C
Density, 

kg/m3

Enthalpy, 

kJ/kg

Entropy,

kJ/(kg·K)

cp, kJ/

(kg·K) cp /cv

Vel. 

Sound, 

m/s

Viscosity, 

µPa·s

Thermal 

Cond., 

mW/(m·K)

−252.9a 1.3395 0189.5 29.960 12.23 1.853 0354.1 1.07 17.01 −50.0 0.1100 3030.3 60.270 15.71 1.356 1118.1 07.31 164.51

−250.0 1.1364 0223.4 31.524 11.45 1.793 0385.5 1.22 19.33 −40.0 0.1053 3186.7 60.955 15.56 1.361 1144.9 07.53 168.14

−245.0 0.9088 279.1 33.703 10.91 1.744 431.8 1.47 23.27 −30.0 0.1010 3341.5 61.605 15.41 1.366 1171.1 7.75 171.75

−240.0 0.7608 0333.0 35.467 10.69 1.720 0472.2 1.72 27.03 −20.0 0.0970 3495.0 62.224 15.28 1.370 1196.8 07.97 175.31

−235.0 0.6557 0386.2 36.960 10.58 1.706 0508.7 1.95 30.58 −10.0 0.0933 3647.2 62.814 15.16 1.374 1221.9 08.19 178.87

−230.0 0.5767 438.9 38.260 10.54 1.694 542.0 2.18 33.99 0.0 0.0899 3798.3 63.377 15.06 1.377 1246.5 8.40 182.44

−225.0 0.5150 0491.6 39.415 10.53 1.683 0572.8 2.40 37.34 5.0 0.0883 3873.5 63.650 15.01 1.379 1258.6 08.50 184.23

−220.0 0.4655 0544.3 40.456 10.57 1.672 0601.2 2.60 40.72 10.0 0.0867 3948.5 63.917 14.97 1.381 1270.5 08.61 186.05

−215.0 0.4247 597.3 41.410 10.66 1.656 627.0 2.80 44.21 15.0 0.0852 4023.2 64.179 14.93 1.382 1282.3 8.71 187.89

−210.0 0.3906 0651.0 42.295 10.81 1.637 0650.4 2.98 47.87 20.0 0.0838 4097.8 64.436 14.89 1.383 1294.0 08.81 189.73

−200.0 0.3366 0761.4 43.918 11.31 1.587 0690.5 3.34 55.69 25.0 0.0824 4172.1 64.687 14.86 1.384 1305.6 08.92 191.58

−190.0 0.2958 877.9 45.409 12.01 1.532 723.9 3.67 64.19 30.0 0.0810 4246.4 64.934 14.83 1.386 1317.0 9.02 193.46

−180.0 0.2639 1002.1 46.819 12.84 1.479 0753.5 3.98 73.55 35.0 0.0797 4320.4 65.176 14.80 1.387 1328.3 09.12 195.36

−170.0 0.2382 1134.8 48.171 13.69 1.435 0781.3 4.28 83.79 40.0 0.0784 4394.3 65.414 14.77 1.388 1339.5 09.22 197.29

−160.0 0.2171 1275.8 49.475 14.50 1.401 808.7 4.57 94.32 45.0 0.0772 4468.1 65.648 14.75 1.388 1350.5 9.32 199.25

−150.0 0.1994 1424.3 50.732 15.17 1.376 0836.2 4.85 104.41 50.0 0.0760 4541.8 65.878 14.72 1.389 1361.5 09.42 201.20

−140.0 0.1844 1578.7 51.938 15.69 1.358 0864.2 5.12 113.74 55.0 0.0748 4615.4 66.104 14.70 1.390 1372.3 09.52 203.16

−130.0 0.1715 1737.6 53.088 16.05 1.347 892.4 5.38 122.26 60.0 0.0737 4688.9 66.326 14.69 1.391 1383.1 9.62 205.18

−120.0 0.1603 1899.3 54.180 16.27 1.341 0920.9 5.64 129.99 65.0 0.0726 4762.2 66.545 14.67 1.391 1393.7 09.72 207.24

−110.0 0.1505 2062.6 55.213 16.37 1.338 0949.5 5.89 136.76 70.0 0.0716 4835.6 66.760 14.65 1.392 1404.3 09.81 209.33

−100.0 0.1418 2226.3 56.187 16.36 1.338 978.1 6.14 142.70 75.0 0.0705 4908.8 66.972 14.64 1.392 1414.7 9.91 211.44

−90.0 0.1340 2389.6 57.104 16.29 1.340 1006.7 6.38 147.96 80.0 0.0695 4981.9 67.180 14.63 1.393 1425.1 10.01 213.53

−80.0 0.1271 2551.9 57.967 16.17 1.343 1035.1 6.62 152.62 85.0 0.0686 5055.1 67.386 14.62 1.393 1435.3 10.10 215.59

−70.0 0.1208 2712.9 58.779 16.03 1.347 1063.2 6.85 156.90 90.0 0.0676 5128.1 67.588 14.60 1.394 1445.5 10.20 217.63

−60.0 0.1152 2872.4 59.546 15.87 1.352 1090.8 7.08 160.82 95.0 0.0667 5201.1 67.788 14.60 1.394 1455.6 10.29 219.65

100.0 0.0658 5274.1 67.985 14.59 1.394 1465.6 10.39 221.73

a = saturated vapor at normal boiling point
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Fig. 24 Pressure-Enthalpy Diagram for Refrigerant 704 (Helium
Note: The reference states for enthalpy and entropy differ from those in the tabl



Thermophysical Properties of Refrigerants 20.55
Refrigerant 704 (Helium) Properties of Saturated Liquid and Saturated Vapor

Temp.,*
K

Absolute 
Pressure, 

MPa

Density, 
kg/m3 
Liquid

Volume, 
m3/kg 
Vapor

Enthalpy,
kJ/kg

Entropy,
kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K)
cp/cv
Vapor

Velocity of 
Sound, m/s

Viscosity,
µPa·s

Thermal Cond., 
mW/(m·K)

Surface 
Tension, 
mN/m

Temp.,* 
KLiquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor

2.18a 0.00486 146.24 0.87297 2.34 25.56 1.4040 12.0746 6.318 6.061 1.747 217. 83.2 — — — — 0.388 2.18

2.20 0.00515 146.19 0.83068 2.48 25.66 1.4682 12.0035 5.800 6.076 1.750 217. 83.6 — — — — 0.385 2.20

2.30 0.00653 145.87 0.67831 2.98 26.05 1.6865 11.7174 4.164 6.139 1.763 216. 85.0 — — — — 0.371 2.30

2.40 0.00814 145.46 0.56257 3.35 26.44 1.8414 11.4586 3.217 6.199 1.778 216. 86.3 — — — — 0.356 2.40

2.50 0.01000 144.96 0.47252 3.66 26.81 1.9607 11.2211 2.700 6.258 1.795 216. 87.6 — — — — 0.342 2.50

2.60 0.01213 144.38 0.40113 3.93 27.17 2.0604 11.0011 2.453 6.318 1.813 217. 88.8 — — — — 0.328 2.60

2.70 0.01454 143.72 0.34364 4.18 27.52 2.1502 10.7956 2.372 6.380 1.834 217. 90.0 — — — — 0.314 2.70

2.80 0.01727 143.00 0.29674 4.44 27.86 2.2356 10.6024 2.394 6.446 1.857 217. 91.1 — — — — 0.300 2.80

2.90 0.02032 142.21 0.25805 4.70 28.19 2.3196 10.4198 2.477 6.516 1.882 216. 92.1 — — — — 0.286 2.90

3.00 0.02373 141.34 0.22582 4.97 28.50 2.4039 10.2464 2.598 6.592 1.910 214. 93.0 — — — — 0.272 3.00

3.10 0.02750 140.42 0.19871 5.26 28.79 2.4894 10.0808 2.740 6.676 1.941 213. 93.9 — — — — 0.258 3.10

3.20 0.03166 139.43 0.17574 5.56 29.07 2.5765 9.9222 2.897 6.768 1.976 210. 94.8 — — — — 0.244 3.20

3.30 0.03622 138.38 0.15612 5.88 29.33 2.6653 9.7694 3.062 6.872 2.015 208. 95.5 — — — — 0.231 3.30

3.40 0.04121 137.25 0.13925 6.22 29.57 2.7559 9.6216 3.234 6.989 2.059 205. 96.3 — — — — 0.217 3.40

3.50 0.04664 136.06 0.12466 6.58 29.79 2.8482 9.4781 3.414 7.122 2.108 202. 96.9 — — — — 0.203 3.50

3.60 0.05252 134.80 0.11195 6.96 29.98 2.9422 9.3381 3.603 7.274 2.165 199. 97.5 3.5 1.00 17.9 7.31 0.190 3.60

3.70 0.05888 133.45 0.10081 7.35 30.16 3.0380 9.2007 3.803 7.449 2.229 196. 98.1 3.4 1.04 18.1 7.56 0.177 3.70

3.80 0.06573 132.03 0.09101 7.77 30.31 3.1355 9.0653 4.020 7.654 2.303 193. 98.6 3.4 1.07 18.2 7.82 0.164 3.80

3.90 0.07310 130.51 0.08232 8.21 30.43 3.2351 8.9312 4.257 7.894 2.389 189. 99.1 3.3 1.11 18.4 8.09 0.150 3.90

4.00 0.08100 128.90 0.07459 8.67 30.52 3.3367 8.7975 4.523 8.179 2.491 186. 99.5 3.3 1.15 18.5 8.36 0.138 4.00

4.10 0.08945 127.17 0.06767 9.16 30.57 3.4407 8.6633 4.826 8.521 2.611 182. 99.8 3.2 1.19 18.6 8.66 0.125 4.10

4.20 0.09847 125.32 0.06144 9.68 30.59 3.5475 8.5277 5.179 8.938 2.756 178. 100.1 3.2 1.24 18.6 8.97 0.112 4.20

4.23b 0.10132 124.73 0.05967 9.84 30.59 3.5806 8.4861 5.299 9.083 2.806 176. 100.2 3.2 1.25 18.7 9.06 0.108 4.23

4.30 0.10809 123.33 0.05581 10.22 30.57 3.6577 8.3896 5.600 9.455 2.934 173. 100.4 3.1 1.28 18.7 9.30 0.099 4.30

4.40 0.11832 121.17 0.05067 10.80 30.50 3.7719 8.2476 6.118 10.1100 3.158 169. 100.6 3.1 1.33 18.8 9.66 0.087 4.40

4.50 0.12920 118.81 0.04596 11.42 30.36 3.8912 8.0999 6.776 10.9640 3.448 164. 100.8 3.0 1.38 18.8 10.07 0.075 4.50

4.60 0.14075 116.20 0.04161 12.09 30.16 4.0171 7.9440 7.646 12.117 3.838 159. 100.9 3.0 1.43 18.8 10.54 0.063 4.60

4.70 0.15301 113.27 0.03753 12.83 29.87 4.1517 7.7767 8.863 13.7540 4.388 153. 101.0 2.9 1.48 18.9 11.08 0.051 4.70

4.80 0.16602 109.90 0.03367 13.64 29.45 4.2986 7.5924 10.7000 16.2440 5.224 147. 101.1 2.8 1.55 19.0 11.76 0.040 4.80

4.90 0.17983 105.89 0.02993 14.57 28.87 4.4641 7.3821 13.813 20.464 6.637 140. 101.3 2.7 1.62 19.1 12.63 0.029 4.90

5.00 0.19453 100.83 0.02617 15.69 28.02 4.6615 7.1273 20.2400 29.0940 9.531 133. 101.6 2.6 1.70 19.3 13.86 0.018 5.00

5.10 0.21023 93.53 0.02206 17.20 26.63 4.9283 6.7774 40.7700 55.8660 18.545 124. 102.5 2.5 1.80 19.9 15.77 0.008 5.10

5.20c 0.22746 69.64 0.01436 21.71 21.71 5.7639 5.7639 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.000 5.20

*Temperatures are on the EPT-76 scale a = lower lambda point b = normal boiling point c = critical point

Refrigerant 704 (Helium) Properties of Gas at 0.101 325 MPa (one standard atmosphere)

Temp., 

°C
Density, 

kg/m3

Enthalpy, 

kJ/kg

Entropy,

kJ/(kg·K)

cp, kJ/

(kg·K) cp /cv

Vel. 

Sound, 

m/s

Viscosity, 

µPa·s

Thermal 

Cond., 

mW/(m·K)

Temp., 

°C
Density, 

kg/m3

Enthalpy, 

kJ/kg

Entropy,

kJ/(kg·K)

cp, kJ/

(kg·K) cp /cv

Vel. 

Sound, 

m/s

Viscosity, 

µPa·s

Thermal 

Cond., 

mW/(m·K)

−268.9a 16.758 30.59 8.4861 9.083 2.806 100.2 1.25 9.05 100.0 0.1307 1953.16 32.7129 5.193 1.667 1137.0 23.15 181.41

−260.0 3.7508 82.19 15.2748 5.327 1.708 213.6 2.72 20.17 120.0 0.1240 2057.02 32.9840 5.193 1.667 1167.0 24.00 188.10

−250.0 2.1049 134.88 18.2572 5.236 1.678 284.4 3.93 28.69 140.0 0.1180 2160.88 33.2417 5.193 1.667 1196.3 24.84 194.69

−240.0 1.4677 187.10 20.1325 5.213 1.671 340.1 4.93 35.90 160.0 0.1126 2264.74 33.4872 5.193 1.667 1224.9 25.67 201.19

−220.0 0.9155 291.20 22.5899 5.200 1.668 430.1 6.60 48.56 180.0 0.1076 2368.60 33.7216 5.193 1.667 1252.9 26.49 207.60

−200.0 0.6655 395.16 24.2500 5.196 1.667 504.3 8.04 59.86 200.0 0.1031 2472.46 33.9459 5.193 1.667 1280.2 27.29 213.93

−180.0 0.5228 499.06 25.5057 5.195 1.667 568.8 9.35 70.30 220.0 0.0989 2576.32 34.1609 5.193 1.667 1307.0 28.09 220.18

−160.0 0.4305 602.95 26.5160 5.194 1.667 626.7 10.39 80.09 240.0 0.0950 2680.18 34.3673 5.193 1.667 1333.2 28.88 226.35

−140.0 0.3659 706.82 27.3614 5.194 1.667 679.7 11.56 89.41 260.0 0.0915 2784.04 34.5659 5.193 1.667 1358.9 29.66 232.46

−120.0 0.3182 810.69 28.0882 5.193 1.666 728.8 12.68 98.32 280.0 0.0882 2887.90 34.7571 5.193 1.667 1384.1 30.43 238.50

−100.0 0.2815 914.56 28.7256 5.193 1.666 774.9 13.75 106.90 300.0 0.0851 2991.76 34.9416 5.193 1.667 1408.9 31.20 244.47

−80.0 0.2524 1018.42 29.2932 5.193 1.667 818.3 14.79 115.20 320.0 0.0822 3095.62 35.1197 5.193 1.667 1433.3 31.96 250.39

−60.0 0.2287 1122.28 29.8049 5.193 1.667 859.6 15.80 123.25 340.0 0.0795 3199.48 35.2919 5.193 1.667 1457.2 32.71 256.24

−40.0 0.2091 1226.14 30.2707 5.193 1.667 898.9 16.79 131.09 360.0 0.0770 3303.34 35.4586 5.193 1.667 1480.8 33.45 262.04

−20.0 0.1926 1330.00 30.6980 5.193 1.667 936.7 17.75 138.73 380.0 0.0747 3407.20 35.6201 5.193 1.667 1504.0 34.19 267.79

0.0 0.1785 1433.87 31.0929 5.193 1.667 972.9 18.70 146.20 400.0 0.0725 3511.06 35.7767 5.193 1.667 1526.8 34.92 273.48

20.0 0.1663 1537.73 31.4599 5.193 1.667 1007.9 19.62 153.50 420.0 0.0704 3614.92 35.9288 5.193 1.667 1549.3 35.65 279.13

40.0 0.1557 1641.58 31.8026 5.193 1.667 1041.6 20.52 160.67 440.0 0.0684 3718.78 36.0765 5.193 1.667 1571.5 36.37 284.73

60.0 0.1464 1745.44 32.1241 5.193 1.667 1074.4 21.41 167.70 460.0 0.0665 3822.64 36.2201 5.193 1.667 1593.4 37.08 290.28

80.0 0.1381 1849.30 32.4269 5.193 1.667 1106.1 22.29 174.61 480.0 0.0648 3926.50 36.3599 5.193 1.667 1615.0 37.79 295.78

500.0 0.0631 4030.36 36.4960 5.193 1.667 1636.3 38.49 301.25

a = saturated vapor at normal boiling point
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Thermophysical Properties of Refrigerants 20.57
Refrigerant 728 (Nitrogen) Properties of Saturated Liquid and Saturated Vapor

Temp.,*

K

Absolute 

Pressure, 

MPa

Density, 

kg/m3

Liquid

Volume, 

m3/kg 

Vapor

Enthalpy,

kJ/kg

Entropy,

kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K)
cp/cv
Vapor

Velocity of 

Sound, m/s

Viscosity,

µPa·s

Thermal Cond., 

mW/(m·K)
Surface

Tension, 

mN/m

Temp.,*

KLiquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor

63.15a 0.01252 869.7 1.48190 −150.87 64.52 2.4194 5.8303 2.019 1.187 1.390 1022.0 159.5 285.9 4.17 174.6 5.38 12.24 63.15

64.00 0.01461 866.0 1.28530 −149.15 65.32 2.4464 5.7975 2.017 1.196 1.390 1010.0 160.4 272.8 4.23 172.6 5.47 12.03 64.00

66.00 0.02063 857.4 0.93539 −145.12 67.17 2.5084 5.7248 2.013 1.218 1.393 983. 162.4 245.7 4.37 168.1 5.68 11.55 66.00

68.00 0.02850 848.6 0.69509 −141.09 68.98 2.5684 5.6576 2.013 1.240 1.396 958. 164.4 222.9 4.51 163.6 5.90 11.07 68.00

70.00 0.03857 839.8 0.52632 −137.05 70.74 2.6267 5.5952 2.016 1.262 1.401 933. 166.2 203.4 4.65 159.3 6.12 10.59 70.00

72.00 0.05124 830.9 0.40532 −133.01 72.45 2.6835 5.5370 2.020 1.284 1.407 910. 168.0 186.6 4.79 155.0 6.35 10.12 72.00

74.00 0.06696 822.0 0.31694 −128.95 74.10 2.7388 5.4827 2.027 1.306 1.414 887. 169.6 172.0 4.94 150.7 6.58 9.65 74.00

76.00 0.08616 812.8 0.25127 −124.87 75.69 2.7929 5.4319 2.036 1.327 1.423 864. 171.2 159.1 5.08 146.5 6.82 9.19 76.00

77.35b 0.10132 806.6 0.21639 −122.11 76.73 2.8286 5.3993 2.042 1.341 1.430 850. 172.2 151.2 5.19 143.7 6.99 8.88 77.35

78.00 0.10934 803.6 0.20170 −120.78 77.21 2.8457 5.3841 2.046 1.348 1.433 842. 172.7 147.7 5.23 142.4 7.07 8.73 78.00

80.00 0.13698 794.2 0.16375 −116.65 78.67 2.8975 5.3389 2.058 1.368 1.446 821. 174.0 137.5 5.39 138.3 7.33 8.27 80.00

82.00 0.16961 784.7 0.13431 −112.50 80.04 2.9482 5.2962 2.072 1.389 1.460 799. 175.3 128.3 5.54 134.3 7.59 7.83 82.00

84.00 0.20776 775.0 0.11118 −108.32 81.32 2.9980 5.2557 2.088 1.411 1.476 778. 176.4 120.0 5.70 130.3 7.86 7.38 84.00

86.00 0.25198 765.1 0.09281 −104.10 82.52 3.0469 5.2169 2.105 1.434 1.494 756. 177.4 112.4 5.86 126.3 8.14 6.94 86.00

88.00 0.30281 755.0 0.07806 −99.84 83.61 3.0951 5.1798 2.126 1.458 1.515 735. 178.2 105.5 6.02 122.4 8.44 6.51 88.00

90.00 0.36083 744.6 0.06611 −95.54 84.59 3.1426 5.1441 2.148 1.485 1.540 713. 179.0 99.1 6.19 118.5 8.75 6.09 90.00

92.00 0.42661 734.0 0.05633 −91.19 85.45 3.1894 5.1095 2.174 1.516 1.568 692. 179.6 93.2 6.37 114.7 9.07 5.67 92.00

94.00 0.50074 723.2 0.04827 −86.78 86.19 3.2357 5.0759 2.204 1.551 1.600 670. 180.1 87.7 6.54 110.8 9.40 5.25 94.00

96.00 0.58381 712.0 0.04156 −82.32 86.79 3.2816 5.0431 2.238 1.591 1.637 647. 180.4 82.6 6.73 107.0 9.76 4.84 96.00

98.00 0.67641 700.6 0.03594 −77.78 87.24 3.3270 5.0108 2.277 1.639 1.680 624. 180.6 77.7 6.92 103.2 10.14 4.44 98.00

100.00 0.77917 688.7 0.03120 −73.16 87.52 3.3721 4.9789 2.323 1.695 1.731 601. 180.6 73.2 7.12 99.5 10.54 4.05 100.00

105.00 1.0846 657.0 0.02218 −61.20 87.38 3.4844 4.8995 2.481 1.892 1.903 540. 180.0 62.8 7.66 90.0 11.67 3.10 105.00

110.00 1.4676 621.1 0.01595 −48.41 85.74 3.5978 4.8173 2.745 2.230 2.186 473. 178.4 53.5 8.29 80.5 13.09 2.21 110.00

115.00 1.9393 578.5 0.01144 −34.27 81.92 3.7164 4.7268 3.260 2.898 2.728 397. 175.5 44.6 9.09 70.5 15.07 1.39 115.00

120.00 2.5130 522.3 0.00799 −17.57 74.33 3.8496 4.6155 4.601 4.691 4.134 309. 171.0 35.7 10.230 60.2 18.80 0.66 120.00

125.00 3.2080 424.7 0.00490 6.76 55.64 4.0359 4.4270 — — — — — — — — — 0.08 125.00

126.19c 3.3978 313.1 0.00319 29.83 29.83 4.2154 4.2154 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 126.19

*temperatures are on the IPTS-68 scale a = triple point b = normal boiling point c = critical point

Refrigerant 728 (Nitrogen) Properties of Gas at 0.101 325 MPa (one standard atmosphere)

Temp., 

°C

Density, 

kg/m3
Enthalpy,

kJ/kg

Entropy, 

kJ/(kg·K)

cp, kJ/

(kg·K) cp /cv

Vel. 

Sound, 

m/s

Viscosity, 

µPa·s

Thermal 

Cond., 

mW/(m·K)

Temp., 

°C

Density, 

kg/m3
Enthalpy,

kJ/kg

Entropy, 

kJ/(kg·K)

cp, kJ/

(kg·K) cp /cv

Vel. 

Sound, 

m/s

Viscosity, 

µPa·s

Thermal 

Cond., 

mW/(m·K)

−195.8a 4.6213 76.73 5.3993 1.341 1.430 172.2 5.19 6.99 150.0 0.8065 439.66 7.1966 1.047 1.397 419.0 22.80 33.72

−180.0 3.7557 94.62 5.6104 1.075 1.432 194.1 6.26 8.57 160.0 0.7879 450.13 7.2210 1.048 1.396 423.8 23.19 34.33

−160.0 3.0593 115.92 5.8177 1.059 1.419 215.3 7.59 10.58 170.0 0.7701 460.62 7.2450 1.049 1.396 428.6 23.56 34.93

−140.0 2.5860 137.03 5.9894 1.052 1.412 234.2 8.88 12.53 180.0 0.7531 471.11 7.2684 1.050 1.395 433.3 23.94 35.54

−120.0 2.2415 158.02 6.1363 1.048 1.409 251.6 10.12 14.35 190.0 0.7368 481.62 7.2913 1.051 1.394 438.0 24.31 36.14

−100.0 1.9789 178.95 6.2648 1.046 1.406 267.8 11.29 16.11 200.0 0.7213 492.13 7.3138 1.053 1.394 442.6 24.68 36.74

−90.0 1.8697 189.40 6.3235 1.045 1.405 275.6 11.86 16.97 210.0 0.7063 502.67 7.3358 1.054 1.393 447.1 25.04 37.34

−80.0 1.7719 199.85 6.3790 1.044 1.405 283.1 12.41 17.80 220.0 0.6920 513.21 7.3574 1.055 1.392 451.6 25.40 37.93

−70.0 1.6840 210.28 6.4316 1.043 1.404 290.4 12.95 18.62 230.0 0.6782 523.77 7.3786 1.057 1.391 456.0 25.75 38.53

−60.0 1.6044 220.72 6.4818 1.043 1.404 297.5 13.48 19.42 240.0 0.6650 534.35 7.3994 1.059 1.390 460.4 26.11 39.12

−50.0 1.5320 231.14 6.5296 1.042 1.403 304.4 14.00 20.21 250.0 0.6523 544.94 7.4199 1.060 1.389 464.7 26.45 39.71

−40.0 1.4660 241.56 6.5753 1.042 1.403 311.2 14.51 20.98 260.0 0.6401 555.55 7.4400 1.062 1.389 468.9 26.80 40.30

−30.0 1.4054 251.99 6.6190 1.042 1.403 317.9 15.01 21.73 270.0 0.6283 566.18 7.4597 1.064 1.388 473.2 27.14 40.89

−20.0 1.3496 262.40 6.6610 1.042 1.402 324.4 15.50 22.47 280.0 0.6169 576.83 7.4791 1.066 1.387 477.3 27.48 41.48

−10.0 1.2981 272.82 6.7014 1.042 1.402 330.7 15.98 23.20 290.0 0.6060 587.50 7.4983 1.068 1.386 481.4 27.82 42.07

0.0 1.2504 283.23 6.7402 1.041 1.402 337.0 16.46 23.92 300.0 0.5954 598.18 7.5171 1.070 1.385 485.5 28.15 42.66

10.0 1.2061 293.65 6.7777 1.041 1.402 343.1 16.92 24.63 310.0 0.5852 608.89 7.5356 1.072 1.384 489.6 28.48 43.25

20.0 1.1649 304.06 6.8138 1.041 1.401 349.1 17.38 25.32 320.0 0.5753 619.62 7.5538 1.074 1.383 493.6 28.81 43.83

30.0 1.1263 314.47 6.8487 1.041 1.401 355.0 17.83 26.01 330.0 0.5658 630.36 7.5718 1.076 1.381 497.5 29.14 44.42

40.0 1.0903 324.89 6.8825 1.041 1.401 360.8 18.28 26.69 340.0 0.5565 641.13 7.5895 1.078 1.380 501.4 29.46 45.00

50.0 1.0565 335.30 6.9153 1.042 1.401 366.5 18.72 27.36 350.0 0.5476 651.92 7.6070 1.080 1.379 505.3 29.79 45.59

60.0 1.0247 345.72 6.9470 1.042 1.400 372.1 19.15 28.02 360.0 0.5390 662.74 7.6242 1.082 1.378 509.1 30.11 46.17

70.0 0.9948 356.14 6.9778 1.042 1.400 377.7 19.58 28.68 370.0 0.5306 673.57 7.6412 1.085 1.377 512.9 30.42 46.76

80.0 0.9666 366.56 7.0077 1.042 1.400 383.1 20.00 29.33 380.0 0.5225 684.43 7.6579 1.087 1.376 516.7 30.74 47.34

90.0 0.9399 376.99 7.0369 1.043 1.400 388.5 20.42 29.97 390.0 0.5146 695.31 7.6745 1.089 1.375 520.4 31.05 47.93

100.0 0.9147 387.42 7.0652 1.043 1.399 393.7 20.83 30.61 400.0 0.5069 706.22 7.6908 1.092 1.374 524.1 31.36 48.51

110.0 0.8908 397.85 7.0928 1.044 1.399 398.9 21.23 31.24 420.0 0.4923 728.10 7.7228 1.096 1.371 531.4 31.98 49.68

120.0 0.8681 408.29 7.1197 1.044 1.398 404.0 21.63 31.86 440.0 0.4785 750.08 7.7541 1.101 1.369 538.6 32.58 50.84

130.0 0.8466 418.74 7.1459 1.045 1.398 409.1 22.03 32.48 460.0 0.4655 772.15 7.7846 1.106 1.367 545.6 33.19 52.00

140.0 0.8261 429.19 7.1716 1.046 1.397 414.1 22.42 33.10 480.0 0.4531 794.32 7.8144 1.111 1.365 552.6 33.78 53.16

500.0 0.4414 816.59 7.8436 1.116 1.363 559.4 34.37 54.31

a = saturated vapor at normal boiling point
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Thermophysical Properties of Refrigerants 20.59
Refrigerant 729 (Air) Properties of Liquid on the Bubble Line and Vapor on the Dew Line

Absolute 
Pressure, 

MPa

Temperature*, K
Density, 
kg/m3 
Liquid

Volume, 
m3/kg 
Vapor

Enthalpy,
kJ/kg

Entropy,
kJ/(kg·K)

Specific Heat cp, 

kJ/(kg·K) cp/cv

Velocity of 

Sound, m/s

Viscosity,
µPa·s

Thermal Cond., 

mW/(m·K)
Surface 

Tension, 

mN/mBubble Dew Liquid Vapor Liquid Vapor Liquid Vapor Vapor Liquid Vapor Liquid Vapor Liquid Vapor

0.00625a 59.75 64.00 957.7 2.91977 –162.91 63.49 2.4486 6.1162 1.922 1.025 1.406 1013. 160. 440.3 4.40 174.7 5.62 14.12

0.00800 61.08 65.18 952.2 2.32465 –160.35 64.61 2.4909 6.0635 1.919 1.028 1.407 1004. 161. 399.8 4.49 172.1 5.75 13.80

0.01000 62.33 66.32 946.9 1.88989 –157.95 65.67 2.5298 6.0160 1.917 1.031 1.408 996. 162. 367.2 4.57 169.8 5.87 13.49

0.01500 64.72 68.51 936.8 1.29824 –153.38 67.69 2.6017 5.9306 1.914 1.038 1.410 979. 165. 316.2 4.73 165.3 6.10 12.91

0.02000 66.51 70.18 929.1 0.99507 –149.94 69.20 2.6540 5.8707 1.914 1.044 1.413 966. 167. 285.3 4.85 162.0 6.28 12.48

0.03000 69.20 72.70 917.6 0.68434 –144.79 71.44 2.7298 5.7872 1.915 1.054 1.418 945. 169. 248.0 5.04 157.2 6.55 11.84

0.04000 71.23 74.63 908.7 0.52481 –140.88 73.09 2.7853 5.7286 1.918 1.062 1.422 928. 171. 225.0 5.18 153.5 6.77 11.37

0.05000 72.89 76.20 901.4 0.42717 –137.69 74.41 2.8294 5.6834 1.921 1.070 1.427 914. 172. 208.9 5.30 150.6 6.95 10.98

0.06000 74.30 77.55 895.2 0.36102 –134.97 75.51 2.8662 5.6467 1.924 1.077 1.431 902. 174. 196.7 5.40 148.1 7.10 10.65

0.08000 76.65 79.78 884.7 0.27679 –130.44 77.28 2.9259 5.5891 1.930 1.089 1.439 882. 175. 179.0 5.57 144.1 7.36 10.11

0.10000 78.57 81.61 876.0 0.22518 –126.71 78.67 2.9737 5.5446 1.937 1.100 1.447 865. 177. 166.4 5.71 140.8 7.58 9.67

0.10132b 78.69 81.72 875.5 0.22245 –126.49 78.75 2.9766 5.5420 1.937 1.101 1.448 864. 177. 165.7 5.72 140.6 7.59 9.64

0.15000 82.32 85.20 858.6 0.15460 –119.38 81.22 3.0642 5.4641 1.954 1.126 1.466 830. 179. 145.7 6.00 134.4 8.02 8.82

0.20000 85.22 87.96 844.9 0.11825 –113.66 83.02 3.1317 5.4070 1.970 1.148 1.484 803. 181. 132.5 6.22 129.5 8.37 8.18

0.30000 89.68 92.23 823.0 0.08082 –104.76 85.46 3.2322 5.3262 2.003 1.190 1.520 760. 183. 115.4 6.57 122.2 8.95 7.21

0.40000 93.14 95.55 805.3 0.06152 –97.72 87.06 3.3078 5.2683 2.036 1.230 1.556 725. 184. 104.3 6.86 116.5 9.44 6.48

0.50000 96.01 98.32 790.0 0.04966 –91.78 88.15 3.3693 5.2227 2.070 1.270 1.593 695. 185. 96.1 7.11 111.8 9.87 5.88

0.60000 98.49 100.71 776.4 0.04161 –86.56 88.91 3.4216 5.1847 2.106 1.311 1.631 669. 185. 89.6 7.33 107.7 10.26 5.38

0.80000 102.67 104.74 752.2 0.03132 –77.57 89.74 3.5085 5.1228 2.180 1.398 1.712 623. 186. 79.8 7.72 100.9 10.98 4.55

1.00000 106.14 108.10 730.8 0.02498 –69.83 89.94 3.5800 5.0722 2.263 1.493 1.802 583. 186. 72.4 8.07 95.1 11.65 3.88

1.50000 113.06 114.76 683.2 0.01623 –53.52 88.62 3.7224 4.9703 2.518 1.796 2.088 499. 184. 59.2 8.87 83.5 13.31 2.62

2.00000 118.48 119.94 638.9 0.01163 –39.45 85.36 3.8373 4.8841 2.895 2.258 2.524 427. 182. 49.7 9.64 74.0 15.19 1.70

2.50000 123.02 124.25 593.8 0.00871 –26.22 80.29 3.9402 4.8013 3.533 3.068 3.278 362. 179. 42.0 10.50 65.7 17.82 1.01

3.00000 126.97 127.94 543.3 0.00661 –12.71 72.86 4.0412 4.7123 4.885 4.876 4.917 298. 177. 35.0 11.57 58.9 22.79 0.48

3.78502c 132.62 132.62 302.6 0.00331 38.10 38.10 4.4166 4.4166 — — — — — — — — — 0.00

*Temperatures are on the IPTS-68 scale a = triple point b = bubble and dew points at 0.101 325 MPa c = critical point

Refrigerant 729 (Air) Properties of Gas at 0.101 325 MPa (one standard atmosphere)

Temp., 

°C

Density, 

kg/m3

Enthalpy, 

kJ/kg

Entropy,

kJ/(kg·K)

cp, kJ/

(kg·K) cp /cv

Vel. 

Sound, 

m/s

Viscosity, 

µPa·s

Thermal 

Cond., 

mW/(m·K)

Temp., 

°C

Density, 

kg/m3

Enthalpy, 

kJ/kg

Entropy,

kJ/(kg·K)

cp, kJ/

(kg·K) cp /cv

Vel. 

Sound, 

m/s

Viscosity, 

µPa·s

Thermal 

Cond., 

mW/(m·K)

–191.4a 4.4953 78.75 5.5420 1.101 1.448 176.9 5.72 7.59 150.0 0.8338 424.80 7.2170 1.017 1.394 411.7 23.75 34.30

–180.0 3.8899 91.02 5.6825 1.053 1.434 190.6 6.53 8.76 160.0 0.8145 434.98 7.2408 1.019 1.394 416.4 24.15 34.94

–160.0 3.1651 111.75 5.8842 1.026 1.421 211.7 7.92 10.80 170.0 0.7961 445.18 7.2640 1.020 1.393 421.1 24.55 35.57

–140.0 2.6745 132.15 6.0502 1.016 1.414 230.4 9.26 13.22 180.0 0.7786 455.39 7.2868 1.022 1.392 425.7 24.94 36.20

–120.0 2.3179 152.42 6.1921 1.012 1.410 247.6 10.54 14.62 190.0 0.7617 465.62 7.3091 1.024 1.391 430.2 25.32 36.82

–100.0 2.0463 172.63 6.3161 1.009 1.408 263.5 11.76 16.38 200.0 0.7456 475.86 7.3310 1.025 1.390 434.7 25.70 37.45

–90.0 1.9332 182.71 6.3727 1.008 1.407 271.1 12.35 17.23 210.0 0.7302 486.12 7.3525 1.027 1.389 439.1 26.08 38.07

–80.0 1.8321 192.79 6.4263 1.008 1.406 278.5 12.93 18.07 220.0 0.7154 496.40 7.3735 1.029 1.388 443.4 26.46 38.69

–70.0 1.7411 202.86 6.4771 1.007 1.406 285.7 13.49 18.90 230.0 0.7012 506.70 7.3942 1.031 1.387 447.8 26.83 39.31

–60.0 1.6588 212.93 6.5255 1.007 1.405 292.7 14.04 19.70 240.0 0.6875 517.01 7.4145 1.033 1.386 452.0 27.19 39.93

–50.0 1.5840 222.99 6.5717 1.006 1.405 299.5 14.58 20.49 250.0 0.6743 527.35 7.4345 1.035 1.385 456.2 27.56 40.55

–40.0 1.5156 233.06 6.6158 1.006 1.404 306.2 15.11 21.27 260.0 0.6617 537.71 7.4541 1.037 1.384 460.4 27.92 41.16

–30.0 1.4530 243.11 6.6580 1.006 1.404 312.7 15.63 22.03 270.0 0.6495 548.09 7.4734 1.039 1.383 464.5 28.28 41.78

–20.0 1.3953 253.17 6.6986 1.006 1.404 319.1 16.14 22.78 280.0 0.6378 558.49 7.4923 1.041 1.381 468.6 28.63 42.39

–10.0 1.3421 263.23 6.7375 1.006 1.403 325.4 16.65 23.52 290.0 0.6264 568.91 7.5110 1.043 1.380 472.6 28.98 43.00

0.0 1.2928 273.29 6.7750 1.006 1.403 331.5 17.14 24.23 300.0 0.6155 579.35 7.5294 1.045 1.379 476.6 29.33 43.61

10.0 1.2470 283.35 6.8112 1.006 1.402 337.5 17.63 24.95 310.0 0.6049 589.81 7.5475 1.048 1.378 480.5 29.67 44.22

20.0 1.2043 293.41 6.8461 1.006 1.402 343.4 18.10 25.66 320.0 0.5947 600.30 7.5653 1.050 1.377 484.4 30.02 44.83

30.0 1.1644 303.48 6.8799 1.007 1.402 349.2 18.58 26.36 330.0 0.5849 610.81 7.5829 1.052 1.376 488.3 30.36 45.44

40.0 1.1272 313.55 6.9126 1.007 1.401 354.9 19.04 27.06 340.0 0.5753 621.35 7.6002 1.055 1.375 492.1 30.69 46.05

50.0 1.0922 323.62 6.9443 1.008 1.401 360.5 19.50 27.74 350.0 0.5661 631.90 7.6173 1.057 1.373 495.9 31.03 46.66

60.0 1.0594 333.70 6.9750 1.008 1.400 365.9 19.95 28.42 360.0 0.5572 642.48 7.6341 1.059 1.372 499.6 31.36 47.26

70.0 1.0284 343.79 7.0048 1.009 1.400 371.3 20.39 29.10 370.0 0.5485 653.09 7.6508 1.062 1.371 503.4 31.69 47.87

80.0 0.9993 353.88 7.0338 1.010 1.399 376.7 20.83 29.76 380.0 0.5401 663.72 7.6672 1.064 1.370 507.1 32.02 48.47

90.0 0.9717 363.98 7.0620 1.011 1.399 381.9 21.27 30.42 390.0 0.5320 674.37 7.6833 1.066 1.369 510.7 32.35 49.07

100.0 0.9456 374.09 7.0895 1.011 1.398 387.0 21.69 31.08 400.0 0.5241 685.04 7.6993 1.069 1.368 514.3 32.67 49.67

110.0 0.9209 384.21 7.1162 1.012 1.397 392.1 22.12 31.73 420.0 0.5089 706.47 7.7307 1.074 1.365 521.5 33.31 50.87

120.0 0.8975 394.34 7.1423 1.014 1.397 397.1 22.53 32.38 440.0 0.4947 727.99 7.7613 1.078 1.363 528.5 33.95 52.07

130.0 0.8752 404.48 7.1678 1.015 1.396 402.0 22.95 33.02 460.0 0.4812 749.61 7.7912 1.083 1.361 535.4 34.57 53.26

140.0 0.8540 414.64 7.1927 1.016 1.395 406.9 23.35 33.66 480.0 0.4684 771.32 7.8204 1.088 1.359 542.3 35.19 54.45

500.0 0.4563 793.12 7.8490 1.093 1.357 549.0 35.80 55.64

a = dew point temperature
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Thermophysical Properties of Refrigerants 20.61
Refrigerant 732 (Oxygen) Properties of Saturated Liquid and Saturated Vapor

Temp.,*
K

Absolute 
Pressure, 

MPa

Density, 
kg/m3 
Liquid

Volume, 
m3/kg 
Vapor

Enthalpy,
kJ/kg

Entropy,
kJ/(kg·K)

Specific Heat cp , 

kJ/(kg·K)
cp/cv
Vapor

Velocity of 
Sound, m/s

Viscosity,
µPa·s

Thermal Cond., 
mW/(m·K)

Surface 
Tension, 
mN/m

Temp.,* 
KLiquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor

 54.36a 0.00015 1306.1 96.543 −193.61 49.11 2.0887 6.5537 1.673 0.926 1.395 1123. 140.3 982.0 4.01 202.9 05.04 22.68 054.36

 55.00 0.00018 1303.5 79.987 −192.55 49.68 2.1083 6.5124 1.672 0.928 1.394 1127. 141.1 928.5 4.06 202.1 05.09 22.50 055.00

 60.00 0.00073 1282.0 21.462 −184.19 54.19 2.2537 6.2266 1.673 0.948 1.390 1127. 147.0 630.3 4.42 195.2 5.54 21.12 60.00

 65.00 0.00233 1259.7 7.2190 −175.81 58.66 2.3878 5.9950 1.677 0.967 1.387 1102. 152.6 462.0 4.78 188.1 6.00 19.76 065.00

 70.00 0.00626 1237.0 2.8925 −167.42 63.09 2.5121 5.8051 1.678 0.978 1.387 1066. 158.1 358.8 5.15 180.9 6.46 18.41 070.00

075.00 0.01455 1213.9 1.3293 −159.02 67.45 2.6279 5.6476 1.679 0.979 1.392 1027. 163.3 290.6 5.53 173.8 6.94 17.09 75.00

080.00 0.03012 1190.5 0.6809 −150.61 71.69 2.7363 5.5151 1.682 0.974 1.402 987. 168.4 242.6 5.91 166.7 7.43 15.78 080.00

085.00 0.05683 1166.6 0.38047 −142.18 75.75 2.8383 5.4021 1.688 0.969 1.417 947. 173.1 207.1 6.30 159.6 7.93 14.49 085.00

090.00 0.09935 1142.1 0.22794 −133.69 79.55 2.9349 5.3042 1.699 0.970 1.436 906. 177.3 179.6 6.69 152.6 8.45 13.22 90.00

090.19b 0.10132 1141.2 0.22386 −133.37 79.69 2.9384 5.3008 1.699 0.971 1.437 904. 177.5 178.7 6.71 152.3 8.47 13.17 090.19

095.00 0.16308 1116.9 0.14450 −125.12 83.04 3.0269 5.2181 1.715 0.982 1.460 864. 181.0 157.7 7.09 145.5 9.00 11.98 095.00

100.00 0.25400 1090.9 0.09592 −116.45 86.16 3.1150 5.1411 1.738 1.006 1.491 822. 184.1 139.5 7.50 138.5 9.58 10.75 100.00

105.00 0.37853 1063.8 0.06612 −107.64 88.85 3.1999 5.0712 1.767 1.046 1.528 779. 186.4 124.2 7.92 131.4 10.19 09.56 105.00

110.00 0.54340 1035.5 0.04699 0−98.64 91.05 3.2821 5.0066 1.807 1.101 1.576 735. 188.1 111.0 8.35 124.3 10.86 08.39 110.00

115.00 0.75559 1005.6 0.03424 −89.42 92.72 3.3623 4.9460 1.858 1.177 1.638 689. 189.1 99.4 8.79 117.1 11.60 7.25 115.00

120.00 1.0223 0973.9 0.02544 0−79.90 93.75 3.4409 4.8881 1.927 1.276 1.721 642. 189.4 89.0 9.26 109.9 12.44 06.14 120.00

125.00 1.3509 0939.7 0.01919 0−70.02 94.06 3.5188 4.8314 2.021 1.411 1.835 592. 189.0 79.5 9.76 102.5 13.42 05.07 125.00

130.00 1.7491 902.5 0.01463 −59.66 93.47 3.5967 4.7746 2.153 1.600 2.000 540. 187.8 70.8 10.31 95.1 14.63 4.04 130.00

135.00 2.2250 0861.0 0.01120 0−48.65 91.74 3.6757 4.7157 2.354 1.886 2.252 484. 185.7 62.5 10.94 87.5 16.21 03.05 135.00

140.00 2.7878 0813.2 0.00856 0−36.70 88.47 3.7577 4.6518 2.691 2.370 2.682 423. 182.8 54.6 11.68 79.8 18.49 02.13 140.00

145.00 3.4478 755.1 0.00646 −23.22 82.83 3.8464 4.5777 3.368 3.369 3.561 355. 178.8 46.5 12.64 72.3 22.28 1.27 145.00

150.00 4.2186 0675.5 0.00465 00−6.67 72.56 3.9512 4.4794 5.464 6.625 6.314 274. 172.8 37.8 14.15 66.2 30.28 00.51 150.00

154.58c 5.0430 0436.1 0.00229 0032.42 32.42 4.1974 4.1974 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 154.58

*Temperatures are on the IPTS-68 scale a = triple point b = normal boiling point c = critical point

Refrigerant 732 (Oxygen) Properties of Gas at 0.101 325 MPa (one standard atmosphere)

Temp., 

°C

Density, 

kg/m3

Enthalpy, 

kJ/kg

Entropy,

kJ/(kg·K)

cp, kJ/

(kg·K) cp /cv

Vel. 

Sound, 

m/s

Viscosity, 

µPa·s

Thermal 

Cond., 

mW/(m·K)

Temp., 

°C

Density, 

kg/m3

Enthalpy, 

kJ/kg

Entropy,

kJ/(kg·K)

cp, kJ/

(kg·K) cp /cv

Vel. 

Sound, 

m/s

Viscosity, 

µPa·s

Thermal 

Cond., 

mW/(m·K)

0−183.0a 4.4671 079.69 5.3008 0.971 1.437 177.5 06.71 08.47 150.0 0.9215 387.55 6.7299 0.948 1.379 389.3 27.00 34.83

−180.0 4.3120 082.52 5.3317 0.948 1.439 181.1 06.93 08.75 160.0 0.9002 397.05 6.7521 0.951 1.377 393.7 27.47 35.53

−160.0 3.5050 101.23 5.5137 0.931 1.422 201.0 8.46 10.64 170.0 0.8799 406.58 6.7738 0.954 1.375 398.0 27.94 36.23

−140.0 2.9596 119.78 5.6646 0.924 1.414 218.8 09.96 12.52 180.0 0.8605 416.13 6.7951 0.957 1.373 402.2 28.40 36.92

−120.0 2.5640 138.20 5.7936 0.919 1.409 235.2 11.43 14.38 190.0 0.8419 425.73 6.8161 0.961 1.372 406.4 28.86 37.61

−100.0 2.2630 156.56 5.9062 0.916 1.407 250.4 12.85 16.12 200.0 0.8241 435.35 6.8366 0.964 1.370 410.5 29.31 38.30

0−90.0 2.1378 165.72 5.9577 0.916 1.406 257.6 13.54 16.98 210.0 0.8070 445.00 6.8568 0.967 1.368 414.5 29.76 38.99

0−80.0 2.0258 174.87 6.0063 0.915 1.405 264.6 14.21 17.82 220.0 0.7906 454.68 6.8766 0.970 1.367 418.5 30.21 39.67

−70.0 1.9251 184.02 6.0525 0.915 1.404 271.5 14.88 18.65 230.0 0.7749 464.40 6.8962 0.973 1.365 422.5 30.65 40.35

0−60.0 1.8340 193.16 6.0964 0.914 1.404 278.1 15.53 19.46 240.0 0.7598 474.14 6.9153 0.976 1.363 426.4 31.08 41.03

0−50.0 1.7512 202.30 6.1383 0.914 1.403 284.6 16.16 20.26 250.0 0.7453 483.92 6.9342 0.980 1.362 430.3 31.52 41.71

−40.0 1.6756 211.45 6.1784 0.914 1.402 290.9 16.79 21.05 260.0 0.7313 493.74 6.9528 0.983 1.360 434.2 31.95 42.39

0−30.0 1.6063 220.59 6.2168 0.915 1.401 297.1 17.40 21.83 270.0 0.7178 503.58 6.9711 0.986 1.359 438.0 32.37 43.06

0−20.0 1.5425 229.74 6.2537 0.915 1.401 303.1 18.00 22.60 280.0 0.7048 513.45 6.9891 0.989 1.357 441.7 32.79 43.73

−10.0 1.4836 238.90 6.2892 0.916 1.400 309.0 18.60 23.35 290.0 0.6923 523.36 7.0068 0.992 1.355 445.4 33.21 44.40

0000.0 1.4290 248.06 6.3233 0.917 1.399 314.8 19.18 24.10 300.0 0.6802 533.29 7.0243 0.995 1.354 449.1 33.62 45.06

0010.0 1.3784 257.23 6.3563 0.918 1.398 320.5 19.75 24.84 310.0 0.6686 543.26 7.0416 0.998 1.352 452.8 34.03 45.72

20.0 1.3312 266.41 6.3882 0.919 1.397 326.0 20.32 25.58 320.0 0.6573 553.26 7.0586 1.001 1.351 456.4 34.44 46.38

0030.0 1.2871 275.61 6.4190 0.920 1.396 331.4 20.87 26.30 330.0 0.6464 563.28 7.0753 1.004 1.350 460.0 34.84 47.03

0040.0 1.2459 284.82 6.4489 0.922 1.395 336.7 21.42 27.03 340.0 0.6358 573.34 7.0919 1.007 1.348 463.6 35.24 47.68

50.0 1.2072 294.05 6.4779 0.924 1.394 341.9 21.96 27.75 350.0 0.6256 583.43 7.1082 1.010 1.347 467.1 35.64 48.33

0060.0 1.1709 303.29 6.5061 0.926 1.392 347.1 22.49 28.47 360.0 0.6157 593.54 7.1243 1.013 1.345 470.6 36.03 48.98

0070.0 1.1367 312.56 6.5335 0.928 1.391 352.1 23.02 29.19 370.0 0.6062 603.68 7.1402 1.016 1.344 474.1 36.42 49.62

80.0 1.1045 321.85 6.5602 0.930 1.390 357.0 23.54 29.90 380.0 0.5969 613.86 7.1559 1.019 1.343 477.5 36.81 50.26

0090.0 1.0740 331.16 6.5862 0.932 1.388 361.9 24.05 30.61 390.0 0.5879 624.05 7.1714 1.021 1.342 480.9 37.20 50.89

0100.0 1.0452 340.49 6.6116 0.935 1.387 366.6 24.56 31.32 400.0 0.5792 634.28 7.1867 1.024 1.340 484.3 37.58 51.53

110.0 1.0179 349.85 6.6363 0.937 1.385 371.3 25.06 32.02 420.0 0.5624 654.81 7.2167 1.029 1.338 491.0 38.34 52.78

0120.0 0.9919 359.23 6.6605 0.940 1.384 375.9 25.55 32.73 440.0 0.5467 675.45 7.2461 1.034 1.336 497.6 39.09 54.02

0130.0 0.9673 368.64 6.6841 0.943 1.382 380.5 26.04 33.43 460.0 0.5318 696.19 7.2748 1.039 1.334 504.2 39.82 55.25

140.0 0.9439 378.08 6.7072 0.945 1.380 384.9 26.52 34.13 480.0 0.5176 717.02 7.3028 1.044 1.332 510.6 40.55 56.47

500.0 0.5042 737.95 7.3302 1.049 1.330 517.0 41.27 57.67

a = saturated vapor at normal boiling point
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Thermophysical Properties of Refrigerants 20.63
Refrigerant 740 (Argon) Properties of Saturated Liquid and Saturated Vapor

Temp.,*
K

Absolute 
Pressure, 

MPa

Density, 
kg/m3 
Liquid

Volume, 
m3/kg 
Vapor

Enthalpy,
kJ/kg

Entropy,
kJ/(kg·K)

Specific Heat cp, 

kJ/(kg·K)
cp/cv 

Vapor

Velocity of 

Sound, m/s

Viscosity,
µPa·s

Thermal Cond., 

mW/(m·K)
Surface 

Tension, 

mN/m

Temp.,* 

KLiquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor Liquid Vapor

83.80a 0.06896 1417.2 0.24653 −121.05 42.59 1.3314 3.2841 1.067 — — 853. 208.8 282.7 6.68 135.6 5.25 13.42 083.80

84.00 0.07053 1416.0 0.24148 −120.84 42.65 1.3339 3.2803 1.067 — — 852. 207.4 281.0 6.69 135.3 5.27 13.37 084.00

86.00 0.08820 1404.1 0.19666 −118.70 43.29 1.3591 3.2426 1.074 — — 839. 196.7 264.7 6.86 132.3 5.41 12.86 86.00

87.29b 0.10132 1396.3 0.17312 −117.30 43.69 1.3751 3.2193 1.078 — — 830. 192.3 254.9 6.97 130.3 5.51 12.53 087.29

88.00 0.10910 1392.0 0.16174 −116.53 43.91 1.3838 3.2069 1.081 — 825. 190.4 249.7 7.04 129.3 5.56 12.35 088.00

90.00 0.13362 1379.7 0.13423 −114.35 44.50 1.4081 3.1730 1.089 — — 812. 186.4 235.9 7.21 126.3 5.71 11.85 90.00

92.00 0.16212 1367.2 0.11233 −112.15 45.06 1.4320 3.1408 1.097 — — 798. 183.8 223.2 7.39 123.4 5.86 11.35 092.00

94.00 0.19500 1354.5 0.09473 −109.94 45.59 1.4555 3.1100 1.106 — — 784. 182.2 211.4 7.57 120.5 6.02 10.86 094.00

96.00 0.23266 1341.6 0.08045 −107.70 46.08 1.4788 3.0807 1.116 — — 771. 181.2 200.4 7.75 117.6 6.19 10.37 96.00

98.00 0.27553 1328.4 0.06877 −105.44 46.55 1.5018 3.0526 1.127 — — 757. 180.6 190.2 7.93 114.7 6.36 9.89 098.00

100.00 0.32400 1315.0 0.05914 −103.16 46.97 1.5245 3.0257 1.138 0.617 1.854 742. 180.3 180.7 8.12 111.8 6.53 9.41 100.00

102.00 0.37853 1301.3 0.05114 −100.85 47.35 1.5469 2.9998 1.151 0.644 1.856 728. 180.2 171.8 8.31 109.0 6.71 8.94 102.00

104.00 0.43952 1287.4 0.04445 0−98.51 47.68 1.5691 2.9748 1.165 0.670 1.864 714. 180.3 163.4 8.51 106.2 6.90 8.47 104.00

106.00 0.50743 1273.1 0.03881 0−96.15 47.96 1.5912 2.9507 1.179 0.695 1.879 699. 180.5 155.5 8.71 103.4 7.10 8.01 106.00

108.00 0.58268 1258.6 0.03403 −93.75 48.19 1.6130 2.9272 1.195 0.720 1.900 684. 180.8 148.0 8.92 100.6 7.31 7.56 108.00

110.00 0.66574 1243.7 0.02996 −91.32 48.35 1.6347 2.9044 1.213 0.746 1.926 669. 181.0 141.0 9.13 097.9 7.53 7.11 110.00

112.00 0.75704 1228.5 0.02646 −88.85 48.44 1.6562 2.8821 1.232 0.773 1.959 653. 181.3 134.3 9.35 095.2 7.76 6.66 112.00

114.00 0.85705 1212.9 0.02345 −86.35 48.46 1.6777 2.8602 1.253 0.801 1.997 637. 181.6 127.9 9.57 92.5 8.00 6.23 114.00

116.00 0.96622 1196.9 0.02085 −83.80 48.40 1.6990 2.8387 1.277 0.832 2.043 621. 181.9 121.9 9.80 089.8 8.25 5.80 116.00

118.00 1.0850 1180.4 0.01858 −81.21 48.25 1.7204 2.8174 1.303 0.867 2.096 604. 182.1 116.1 10.05 087.1 8.52 5.37 118.00

120.00 1.2139 1163.4 0.01659 −78.56 48.01 1.7417 2.7964 1.333 0.905 2.158 587. 182.3 110.6 10.30 84.4 8.81 4.95 120.00

125.00 1.5835 1118.4 0.01260 −71.69 46.92 1.7951 2.7440 1.429 1.026 2.363 541. 182.5 097.6 10.98 077.8 9.62 3.95 125.00

130.00 2.0270 1068.5 0.00964 −64.33 45.01 1.8496 2.6907 1.572 1.209 2.676 491. 182.3 085.7 11.77 071.1 10.64 2.99 130.00

135.00 2.5530 1011.5 0.00737 −56.29 41.97 1.9065 2.6344 1.809 1.515 3.195 434. 181.4 74.5 12.74 64.3 12.02 2.10 135.00

140.00 3.1710 0942.4 0.00558 −47.15 37.26 1.9684 2.5713 2.277 2.120 4.201 369. 179.8 063.3 14.00 057.4 14.17 1.28 140.00

145.00 3.8929 0849.1 0.00408 −35.87 29.57 2.0418 2.4931 3.577 3.807 6.895 290. 177.0 051.4 15.92 051.2 18.85 0.57 145.00

150.66c 4.8600 530.9 0.00188 −3.56 −3.56 2.2500 2.2500 ∞ ∞ ∞ 0. 0.0 — — ∞ ∞ 0.00 150.66

*Temperatures are on the IPTS-68 scale a = triple point b = normal boiling point c = critical point

Refrigerant 740 (Argon) Properties of Gas at 0.101 325 MPa (one standard atmosphere)

Temp., 

°C

Density, 

kg/m3

Enthalpy, 

kJ/kg

Entropy,

kJ/(kg·K)

cp, kJ/

(kg·K) cp /cv

Vel. 

Sound, 

m/s

Viscos-

ity, 

µPa·s

Thermal 

Cond., 

mW/(m·K)

Temp., 

°C

Density, 

kg/m3

Enthalpy, 

kJ/kg

Entropy,

kJ/(kg·K)

cp, kJ/

(kg·K) cp /cv

Vel. 

Sound, 

m/s

Viscos-

ity, 

µPa·s

Thermal 

Cond., 

mW/(m·K)

−185.86a 5.7764 043.69 3.2193 — — 192.3 06.97 5.51 150.0 1.1505 220.08 4.0527 0.521 1.668 383.3 30.06 23.47

−180.0 5.3850 046.63 3.2518 0.554 1.729 177.6 07.45 5.87 160.0 1.1239 225.29 4.0648 0.521 1.668 387.8 30.61 23.90

−160.0 4.3729 057.75 3.3600 0.543 1.689 196.2 09.07 7.14 170.0 1.0985 230.49 4.0767 0.521 1.668 392.2 31.14 24.31

−140.0 3.6931 068.48 3.4474 0.532 1.685 213.9 10.71 8.45 180.0 1.0742 235.70 4.0884 0.521 1.668 396.6 31.67 24.73

−120.0 3.2000 079.06 3.5214 0.527 1.681 229.9 12.33 9.97 190.0 1.0510 240.91 4.0997 0.521 1.668 401.0 32.20 25.14

−100.0 2.8246 089.58 3.5860 0.525 1.677 244.7 13.92 10.93 200.0 1.0288 246.12 4.1109 0.521 1.668 405.3 32.72 25.54

−90.0 2.6684 094.83 3.6155 0.525 1.676 251.8 14.69 11.51 210.0 1.0075 251.32 4.1217 0.521 1.668 409.5 33.23 25.94

−80.0 2.5288 100.08 3.6433 0.524 1.675 258.6 15.46 12.09 220.0 0.9871 256.53 4.1324 0.521 1.667 413.8 33.74 26.34

−70.0 2.4031 105.31 3.6698 0.524 1.674 265.3 16.21 12.67 230.0 0.9674 261.74 4.1429 0.521 1.667 417.9 34.25 26.74

−60.0 2.2894 110.55 3.6949 0.523 1.673 271.8 16.95 13.25 240.0 0.9486 266.94 4.1531 0.521 1.667 422.1 34.75 27.13

−50.0 2.1861 115.78 3.7189 0.523 1.672 278.1 17.67 13.81 250.0 0.9304 272.15 4.1631 0.521 1.667 426.2 35.24 27.51

−40.0 2.0917 121.01 3.7418 0.523 1.672 284.3 18.38 14.37 260.0 0.9130 277.36 4.1730 0.521 1.667 430.2 35.74 27.90

−30.0 2.0052 126.23 3.7638 0.522 1.671 290.4 19.08 14.91 270.0 0.8962 282.56 4.1827 0.521 1.667 434.2 36.22 28.28

−20.0 1.9256 131.45 3.7848 0.522 1.671 296.3 19.77 15.45 280.0 0.8799 287.77 4.1922 0.521 1.667 438.2 36.71 28.66

−10.0 1.8521 136.67 3.8051 0.522 1.670 302.1 20.45 15.98 290.0 0.8643 292.98 4.2015 0.521 1.667 442.1 37.18 29.03

0.0 1.7840 141.89 3.8245 0.522 1.670 307.8 21.12 16.50 300.0 0.8492 298.18 4.2107 0.521 1.667 446.1 37.66 29.40

10.0 1.7207 147.11 3.8433 0.522 1.670 313.4 21.77 17.01 310.0 0.8347 303.39 4.2197 0.521 1.667 449.9 38.13 29.77

20.0 1.6619 152.33 3.8614 0.522 1.670 318.9 22.42 17.51 320.0 0.8206 308.59 4.2285 0.521 1.667 453.8 38.60 30.13

30.0 1.6069 157.54 3.8789 0.522 1.669 324.4 23.05 18.01 330.0 0.8070 313.80 4.2372 0.521 1.667 457.6 39.06 30.49

40.0 1.5554 162.76 3.8958 0.521 1.669 329.7 23.68 18.49 340.0 0.7938 319.00 4.2458 0.521 1.667 461.4 39.52 30.85

50.0 1.5072 167.97 3.9122 0.521 1.669 334.9 24.30 18.98 350.0 0.7811 324.21 4.2542 0.521 1.667 465.1 39.98 31.21

60.0 1.4618 173.19 3.9281 0.521 1.669 340.0 24.91 19.45 360.0 0.7687 329.41 4.2625 0.521 1.667 468.8 40.43 31.56

70.0 1.4191 178.40 3.9435 0.521 1.669 345.1 25.51 19.92 370.0 0.7568 334.62 4.2707 0.521 1.667 472.5 40.88 31.91

80.0 1.3789 183.61 3.9585 0.521 1.669 350.1 26.10 20.38 380.0 0.7452 339.82 4.2787 0.521 1.667 476.2 41.33 32.26

90.0 1.3408 188.82 3.9730 0.521 1.668 355.0 26.69 20.84 390.0 0.7340 345.03 4.2866 0.521 1.667 479.8 41.77 32.61

100.0 1.3048 194.03 3.9872 0.521 1.668 359.9 27.27 21.29 400.0 0.7231 350.24 4.2944 0.520 1.667 483.4 42.21 32.95

110.0 1.2707 199.24 4.0010 0.521 1.668 364.7 27.84 21.74 420.0 0.7022 360.64 4.3096 0.520 1.667 490.5 43.08 33.63

120.0 1.2384 204.45 4.0144 0.521 1.668 369.4 28.40 22.18 440.0 0.6825 371.05 4.3244 0.520 1.667 497.5 43.94 34.30

130.0 1.2076 209.66 4.0275 0.521 1.668 374.1 28.96 22.62 460.0 0.6639 381.46 4.3388 0.520 1.667 504.5 44.78 34.96

140.0 1.1784 214.87 4.0402 0.521 1.668 378.7 29.52 23.05 480.0 0.6462 391.87 4.3528 0.520 1.667 511.3 45.62 35.61

500.0 0.6295 402.28 4.3665 0.520 1.667 518.0 46.45 36.25

a = saturated vapor at normal boiling point
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Thermophysical Properties of Refrigerants 20.65
Specific Volume of Saturated Ammonia Solutions, m3/kg

Temp.,
°C

Concentration, Ammonia (Mass basis)
Temp.,
°C0 10 20 30 40 50 60 70 80 90 100

−10 0.00100 0.00103 0.00106 0.00109 0.00114 0.00118 0.00122 0.00128 0.00135 0.00142 0.00151 −10

0 0.00100 0.00103 0.00107 0.00110 0.00114 0.00119 0.00124 0.00130 0.00137 0.00146 0.00156 0

10 0.00100 0.00104 0.00107 0.00111 0.00115 0.00120 0.00125 0.00132 0.00139 0.00149 0.00160 10

20 0.00100 0.00104 0.00108 0.00112 0.00116 0.00121 0.00127 0.00133 0.00142 0.00152 0.00164 20

30 0.00100 0.00105 0.00108 0.00113 0.00117 0.00123 0.00128 0.00135 0.00145 0.00156 0.00168 30

40 0.00101 0.00105 0.00109 0.00114 0.00119 0.00124 0.00130 0.00138 0.00148 0.00159 0.00173 40

50 0.00101 0.00106 0.00110 0.00115 0.00120 0.00125 0.00132 0.00140 0.00151 0.00163 0.00177 50

60 0.00102 0.00106 0.00111 0.00116 0.00121 0.00127 0.00134 0.00143 0.00154 0.00167 0.00183 60

70 0.00102 0.00107 0.00112 0.00117 0.00122 0.00129 0.00136 0.00146 0.00158 0.00172 0.00190 70

80 0.00103 0.00108 0.00113 0.00118 0.00124 0.00130 0.00139 0.00149 0.00162 0.00178 0.00198 80

90 0.00104 0.00109 0.00114 0.00119 0.00125 0.00132 0.00141 0.00153 0.00167 0.00184 0.00208 90

100 0.00104 0.00110 0.00115 0.00121 0.00127 0.00135 0.00145 0.00157 0.00172 0.00191 0.00219 100

Prepared under Research Project No. 271-RP, sponsored by TC 8.3.

Data reference: B.H. Jennings, Ammonia water properties (paper presented at ASHRAE meeting, January 1965).

Refrigerant Temperature (t′ = °C) and Enthalpy (h = kJ/kg) of Lithium Bromide Solutions

Temp.,
(t = °C)

Percent LiBr

0 10 20 30 40 45 50 55 60 65 70

20
t ′ 20 19.1 17.7 15.0 9.8 5.8 −0.4 −7.7 −15.8 −23.4# −29.3#

h 84.0 67.4 52.6 40.4 33.5 33.5 38.9 53.2 78.0 111.0# 145.0#

30
t ′ 30.0 29.0 27.5 24.6 19.2 15.0 8.6 1.0 −7.3 −15.2# −21.6#

h 125.8 103.3 84.0 68.6 58.3 56.8 60.5 73.5 96.8 128.4# 161.7#

40
t ′ 40.0 38.9 37.3 34.3 28.5 24.1 17.5 9.8 1.3 −7.0# −14.0#

h 167.6 139.5 115.8 96.0 82.5 79.7 82.2 93.5 115.4 146.0# 178.3#

50
t ′ 50.0 48.8 47.2 44.0 37.9 33.3 26.5 18.5 9.9 1.3 −6.3#

h 209.3 175.2 147.0 123.4 106.7 102.6 103.8 114.0 134.5 163.5 195.0#

60
t ′ 60.0 58.8 57.0 53.6 47.3 42.5 35.5 27.3 18.4 9.5 1.4#

h 251.1 211.7 179.1 151.4 131.7 125.8 125.8 134.7 153.7 181.4 211.9#

70
t ′ 70.0 68.7 66.8 63.3 56.6 51.6 44.4 36.1 27.0 17.7 9.0#

h 293.0 247.7 210.5 178.8 155.7 148.9 148.0 155.6 173.2 199.4 228.8#

80
t ′ 80.0 78.6 76.7 73.0 66.0 60.8 53.4 44.8 35.6 26.0 16.7#

h 334.9 287.8 243.6 207.3 181.0 172.8 170.0 176.2 192.6 217.2 245.7#

90
t ′ 90.0 88.6 86.5 82.6 75.4 70.0 62.3 53.6 44.1 34.2 24.3#

h 376.9 321.1 275.6 235.4 206.1 195.8 192.3 197.1 212.2 235.6 262.9#

100
t ′ 100.0 98.5 96.3 92.3 84.7 79.1 71.3 62.4 52.7 42.4 32.0

h 419.0 357.6 307.9 263.8 231.0 219.9 214.6 218.2 231.5 253.5 279.7

110
t ′ 110.0 108.4 106.2 101.9 94.1 88.3 80.2 71.1 61.3 50.6 39.7

h 461.3 394.3 340.1 292.4 255.9 243.3 236.8 239.1 251.0 271.4 296.3

120
t ′ 120.0* 118.3* 116.0* 111.6 103.4 97.5 89.2 79.9 69.8 58.9 47.3

h 503.7* 431.0* 372.5* 320.9 281.0 267.0 259.0 260.0 270.2 289.5 313.4

130
t ′ 130.0* 128.3* 125.8* 121.3* 112.8 106.7 92.8 88.7 78.4 67.1 55.0

h 546.5* 468.4* 404.5* 349.6* 306.2 290.7 281.0 280.4 289.1 306.9 330.2

140
t ′ 140.0* 138.2* 135.7* 130.9* 122.2* 115.8 107.1 97.4 87.0 75.3 62.7

h 589.1* 505.6* 437.8* 377.9* 331.3* 314.2 303.2 301.1 308.1 324.7 346.9

150
t ′ 150.0* 148.1* 145.5* 140.6* 131.5* 125.0* 116.1* 106.2 95.5 83.5 70.3

h 632.2* 542.7* 470.5* 406.8* 356.6* 337.8* 325.5* 321.6 327.3 342.7 363.6

160
t ′ 160.0* 158.1* 155.3* 150.3* 140.9* 134.2* 125.0* 115.0 104.1 91.8 78.9

h 675.6* 580.8* 503.1* 435.4* 381.9* 361.2* 347.7* 342.2 346.1 360.3 380.1

170
t ′ 170.0* 168.0* 165.2* 159.9* 150.3* 143.3* 134.0* 123.7 112.7 100.0 85.7

h 719.2* 618.9* 536.1* 464.3* 406.8* 384.9* 369.9* 362.9 365.4 378.3 396.0

180
t ′ 180.0* 177.9* 175.0* 169.6* 159.6* 152.5* 142.9* 132.5* 121.2* 108.2 93.3

h 763.2* 657.1* 569.4* 493.4* 432.1* 408.8* 392.1* 383.4* 384.3* 395.8 411.3

*Extensions of data above 115°C are well above the original data and should be used with care.

#Supersaturated solution.



2
0
.6
6

2
0
0
1
 A
S
H
R
A
E
 F
u
n
d
a
m
en
ta
ls H

a
n
d
b
o
o
k
 (S

I)
Fig. 30 Enthalpy-Concentration Diagram for Water-Lithium Bromide Solutions
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REFERENCES

Except where noted below, tables for the halocarbon refrigerants
and their blends have been calculated using:

McLinden, M.O., S.A. Klein, E.W. Lemmon, and A.P. Peskin. 2000a. NIST
Standard Reference Database 23: Thermodynamic and transport proper-
ties of refrigerants and refrigerant mixtures—REFPROP, Version 6.10.
Standard Reference Data Program, k~íáçå~ä= fåëíáíìíÉ=çÑ=pí~åÇ~êÇë=~åÇ
qÉÅÜåçäçÖóI=d~áíÜÉêëÄìêÖI=ja.

Tables for the hydrocarbons and inorganic fluids have been cal-
culated using:

Lemmon, E.W., A.P. Peskin, M.O. McLinden, and D.G. Friend. 2000. NIST
Standard Reference Database 12: Thermodynamic and transport proper-
ties of pure fluids, Version 5.0. Standard Reference Data Program.

The underlying sources for these computer packages are listed
below by fluid and property. The reference listed under “Equation of
state” was used for vapor pressure, liquid density, vapor volume,
enthalpy, entropy, specific heat, and velocity of sound. 

R-12
bèì~íáçå=çÑ=ëí~íÉ

j~êñI=sKI=^K=mêì≈I=~åÇ=tK=t~ÖåÉêK=NVVOK=kÉìÉ=wìëí~åÇëÖäÉáÅÜìåÖÉå=ÑΩê
oJNOI= oJOOI= oJNN= ìåÇ= oJNNPK= _ÉëÅÜêÉáÄìåÖ= ÇÉë= íÜÉêãçÇóå~ãáëÜÅÜÉå

wìëí~åÇëîÉêÜ~äíÉåë=ÄÉá=qÉãéÉê~íìêÉå=Äáë=ROR=h=ìåÇ=aêΩÅâÉå=Äáë=OMM=jm~K

safJcçêíëÅÜêáííJ_Éê=NVERTFK=saf=sÉêä~ÖI=aΩëëÉäÇçêÑK
sáëÅçëáíó

häÉáåI= pK^KI= jKlK= jÅiáåÇÉåI= ~åÇ= ^K= i~ÉëÉÅâÉK= NVVTK= ^å= áãéêçîÉÇ
ÉñíÉåÇÉÇ=ÅçêêÉëéçåÇáåÖ=ëí~íÉë=ãÉíÜçÇ=Ñçê=Éëíáã~íáçå=çÑ=îáëÅçëáíó=çÑ=éìêÉ
êÉÑêáÖÉê~åíë=~åÇ=ãáñíìêÉëK=fåíK=gçìêå~ä=çÑ=oÉÑêáÖÉê~íáçå=OMWOMUJNTK

qÜÉêã~ä=ÅçåÇìÅíáîáíó

jÅiáåÇÉåI=jKlKI=pK^K=häÉáåI=~åÇ=oK^K=mÉêâáåëK=OMMMÄK=^å=ÉñíÉåÇÉÇ=ÅçêJ
êÉëéçåÇáåÖ=ëí~íÉë=ãçÇÉä=Ñçê=íÜÉ=íÜÉêã~ä=ÅçåÇìÅíáîáíó=çÑ=êÉÑêáÖÉê~åíë=~åÇ
êÉÑêáÖÉê~åí=ãáñíìêÉëK=fåíÉêå~íáçå~ä=gçìêå~ä=çÑ=oÉÑêáÖÉê~íáçå=OPWQPJSPK

pìêÑ~ÅÉ=íÉåëáçå

lâ~Ç~I=jK=~åÇ=hK=t~í~å~ÄÉK=NVUUK=pìêÑ~ÅÉ=íÉåëáçå=ÅçêêÉä~íáçåë=Ñçê=ëÉîÉê~ä
ÑäìçêçÅ~êÄçå=êÉÑêáÖÉê~åíëI=eÉ~í=qê~åëÑÉêÔg~é~åÉëÉ=oÉëÉ~êÅÜ=NTWPRJROK

R-22
bèì~íáçå=çÑ=ëí~íÉ

h~ãÉáI=^KI=pKtK=_ÉóÉêäÉáåI=~åÇ=oKqK=g~ÅçÄëÉåK=NVVRK=^ééäáÅ~íáçå=çÑ=åçåJ
äáåÉ~ê= êÉÖêÉëëáçå= áå= íÜÉ= ÇÉîÉäçéãÉåí= çÑ= ~= ïáÇÉ= ê~åÖÉ= Ñçêãìä~íáçå= Ñçê
e`c`JOOK=fåíÉêå~íáçå~ä=gçìêå~ä=çÑ=qÜÉêãçéÜóëáÅë=NSERFWNNRRJSQK

sáëÅçëáíó

häÉáå=Éí=~äK=NVVTK=çéK=ÅáíK
qÜÉêã~ä=ÅçåÇìÅíáîáíó

jÅiáåÇÉå=Éí=~äK=OMMMÄK=çéK=ÅáíK
pìêÑ~ÅÉ=íÉåëáçå

lâ~Ç~I=jK=~åÇ=hK=t~í~å~ÄÉK=NVUUK=pìêÑ~ÅÉ=íÉåëáçå=ÅçêêÉä~íáçåë=Ñçê=ëÉîÉê~ä
ÑäìçêçÅ~êÄçå=êÉÑêáÖÉê~åíëK=eÉ~í=qê~åëÑÉêÔg~é~åÉëÉ=oÉëÉ~êÅÜ=NTWPRJROK

R-23
a~í~=Å~äÅìä~íÉÇ=ìëáåÖ=ÅçãéìíÉê=éêçÖ~ãë=Ä~ëÉÇ=çå

iÉããçåI= bKtKI= oKqK= g~ÅçÄëÉåKI= pKdK= mÉåçåÅÉääçI= ~åÇ= pKtK= _ÉóÉêäÉáåK
NVVQK=̀ çãéìíÉê=éêçÖê~ãë=Ñçê=íÜÉ=Å~äÅìä~íáçå=çÑ=íÜÉêãçÇóå~ãáÅ=éêçéÉêíáÉë
çÑ= ÅêóçÖÉåë= ~åÇ= çíÜÉê= ÑäìáÇëK= ^Çî~åÅÉë= áå= `êóçÖÉåáÅ= båÖáåÉÉêáåÖ
PVWNUVNJVTK

bèì~íáçå=çÑ=ëí~íÉ

mÉåçåÅÉääçI=pKdKI=wK=pÜ~åI=~åÇ=oKqK=g~ÅçÄëÉåK=OMMMK=^=ÑìåÇ~ãÉåí~ä=Éèì~J
íáçå= Ñçê= íÜÉ= Å~äÅìä~íáçå= çÑ= íÜÉ= íÜÉêãçÇóå~ãáÅ= éêçéÉêíáÉë= çÑ= íêáÑäìçêçJ
ãÉíÜ~åÉ=EoJOPFK=^peo^b=qê~åë~Åíáçåë=NMSENFK=

sáëÅçëáíó=~åÇ=íÜÉêã~ä=ÅçåÇìÅíáîáíó

pÜ~åI=wKI=pKdK=mÉåçåÅÉääçI=~åÇ=oKqK=g~ÅçÄëÉåK=OMMMK=^=ÖÉåÉê~äáòÉÇ=ãçÇÉä
Ñçê= îáëÅçëáíó= ~åÇ= íÜÉêã~ä= ÅçåÇìÅíáîáíó= çÑ= íêáÑäìçêçãÉíÜ~åÉ= EoJOPFK
^peo^b=qê~åë~Åíáçåë=NMSENFK=

pìêÑ~ÅÉ=íÉåëáçå

mÉåçåÅÉääçI= pKdK= NVVVK= qÜÉêãçéÜóëáÅ~ä= éêçéÉêíáÉë= çÑ= íêáÑäìçêçãÉíÜ~åÉ
EoJOPFK=cáå~ä=êÉéçêí=^peo^b=oÉëÉ~êÅÜ=mêçàÉÅí=VVTK

R-32
bèì~íáçå=çÑ=ëí~íÉ

qáääåÉêJoçíÜI=oK=~åÇ=^K=vçâçòÉâáK=NVVTK=^å=áåíÉêå~íáçå~ä=ëí~åÇ~êÇ=Éèì~J
íáçå=çÑ=ëí~íÉ=Ñçê=ÇáÑäìçêçãÉíÜ~åÉ=EoJPOF=Ñçê=íÉãéÉê~íìêÉë=Ñêçã=íÜÉ=íêáéäÉ
éçáåí=~í=NPSKPQ=h=íç=QPR=h=~åÇ=éêÉëëìêÉë=ìé=íç=TM=jm~K=gçìêå~ä=çÑ=mÜóëáÅ~ä
~åÇ=`ÜÉãáÅ~ä=oÉÑÉêÉåÅÉ=a~í~=OSWNOTPJNPOUK
sáëÅçëáíó

häÉáå=Éí=~äK=NVVTK=çéK=ÅáíK

qÜÉêã~ä=ÅçåÇìÅíáîáíó

jÅiáåÇÉå=Éí=~äK=OMMMÄK=çéK=ÅáíK

pìêÑ~ÅÉ=íÉåëáçå

lâ~Ç~I= jK= ~åÇ= vK= eáÖ~ëÜáK= NVVRK= bñéÉêáãÉåí~ä= ëìêÑ~ÅÉ= íÉåëáçåë= Ñçê
ec`JPOI= e`c`JNOQI= ec`JNORI= e`c`JNQNÄI= e`c`JNQOÄI= ~åÇ
ec`JNRO~K=fåíÉêå~íáçå~ä=gçìêå~ä=çÑ=qÜÉêãçéÜóëáÅë=NSEPFWTVNJUMMK

R-123
bèì~íáçå=çÑ=ëí~íÉ

vçìåÖäçîÉI=_K^K= ~åÇ=jKlK=jÅiáåÇÉåK= NVVQK=^å= áåíÉêå~íáçå~ä= ëí~åÇ~êÇ
Éèì~íáçåJçÑJëí~íÉ=Ñçêãìä~íáçå=çÑ=íÜÉ=íÜÉêãçÇóå~ãáÅ=éêçéÉêíáÉë=çÑ=êÉÑêáÖÉêJ
~åí= NOP= EOIOJÇáÅÜäçêçJNININJíêáÑäìçêçÉíÜ~åÉFK= gçìêå~ä= çÑ= mÜóëáÅ~ä= ~åÇ
`ÜÉãáÅ~ä=oÉÑÉêÉåÅÉ=a~í~=OPERFWTPNJTVK

sáëÅçëáíó

q~å~â~I=vK=~åÇ=qK=pçí~åáK=NVVRK=`Ü~éíÉê=OW=qê~åëéçêí=éêçéÉêíáÉë=EíÜÉêã~ä
ÅçåÇìÅíáîáíó=~åÇ=îáëÅçëáíóFI=oJNOPK=qÜÉêãçÇóå~ãáÅ=~åÇ=mÜóëáÅ~ä=mêçéÉêJ
íáÉëK=fåíÉêå~íáçå~ä=fåëíáíìíÉ=çÑ=oÉÑêáÖÉê~íáçåI=m~êáëK

qÜÉêã~ä=ÅçåÇìÅíáîáíó

i~ÉëÉÅâÉI=^KI=oK^K=mÉêâáåëI=~åÇ=gK_K=eçïäÉóK=NVVSK=^å=áãéêçîÉÇ=ÅçêêÉä~J
íáçå=Ñçê=íÜÉ=íÜÉêã~ä=ÅçåÇìÅíáîáíó=çÑ=e`c`JNOP=EOIOJÇáÅÜäçêçJNININJíêáÑäìJ
çêçÉíÜ~åÉFK=fåíÉêå~íáçå~ä=gçìêå~ä=çÑ=oÉÑêáÖÉê~íáçå=NVWOPNJPUK

pìêÑ~ÅÉ=íÉåëáçå

lâ~Ç~=~åÇ=eáÖ~ëÜáK=NVVRK=çéK=ÅáíK

R-124
bèì~íáçå=çÑ=ëí~íÉ

ÇÉ= sêáÉëI= _KI= oK= qáääåÉêJoçíÜI= ~åÇ= eKaK= _~ÉÜêK= NVVRK= qÜÉêãçÇóå~ãáÅ
éêçéÉêíáÉë= çÑ=e`c`JNOQK= NVíÜ= fåíÉêå~íáçå~ä= `çåÖêÉëë= çÑ= oÉÑêáÖÉê~íáçåI
fåíÉêå~íáçå~ä=fåëíáíìíÉ=çÑ=oÉÑêáÖÉê~íáçåI=fs~WRUOJUVK

sáëÅçëáíó

häÉáå=Éí=~äK=NVVTK=çéK=ÅáíK

qÜÉêã~ä=ÅçåÇìÅíáîáíó

jÅiáåÇÉå=Éí=~äK=OMMMÄK=çéK=ÅáíK

pìêÑ~ÅÉ=íÉåëáçå

lâ~Ç~=~åÇ=eáÖ~ëÜáK=NVVRK=çéK=ÅáíK

R-125
bèì~íáçå=çÑ=ëí~íÉ

pìå~Ö~I=eKI=oK=qáääåÉêJoçíÜI=eK=p~íçI=~åÇ=hK=t~í~å~ÄÉK=NVVUK=^=íÜÉêãçJ
Çóå~ãáÅ= Éèì~íáçå= çÑ= ëí~íÉ= Ñçê= éÉåí~ÑäìçêçÉíÜ~åÉ= EoJNORFK= fåíÉêå~íáçå~ä
gçìêå~ä=çÑ=qÜÉêãçéÜóëáÅë=NVWNSOPJPRK

sáëÅçëáíó

häÉáå=Éí=~äK=NVVTK=çéK=ÅáíK

qÜÉêã~ä=ÅçåÇìÅíáîáíó

jÅiáåÇÉå=Éí=~äK=OMMMÄK=çéK=ÅáíK

pìêÑ~ÅÉ=íÉåëáçå

lâ~Ç~=~åÇ=eáÖ~ëÜáK=NVVRK=çéK=ÅáíK

R-134a
bèì~íáçå=çÑ=ëí~íÉ

qáääåÉêJoçíÜI=oK=~åÇ=eKaK=_~ÉÜêK=NVVQK=̂ å=áåíÉêå~íáçå~ä=ëí~åÇ~êÇ=Ñçêãìä~J
íáçå= çÑ= íÜÉ= íÜÉêãçÇóå~ãáÅ= éêçéÉêíáÉë= çÑ= NININIOJíÉíê~ÑäìçêçÉíÜ~åÉ
Eec`JNPQ~F=ÅçîÉêáåÖ=íÉãéÉê~íìêÉë=Ñêçã=NTM=h=íç=QRR=h=~í=éêÉëëìêÉë=ìé=íç
TM=jm~K=gçìêå~ä=çÑ=mÜóëáÅ~ä=~åÇ=`ÜÉãáÅ~ä=oÉÑÉêÉåÅÉ=a~í~=OPWSRTJTOVK

sáëÅçëáíó

i~ÉëÉÅâÉI=^K=OMMMK=a~í~=êÉ~ëëÉëëãÉåí=~åÇ=Ñìää=ëìêÑ~ÅÉ=ÅçêêÉä~íáçå=çÑ=íÜÉ
îáëÅçëáíó= çÑ= ec`JNPQ~= ENININIOJíÉíê~ÑäìçêçÉíÜ~åÉFK= gçìêå~ä= çÑ= mÜóëáÅ~ä
~åÇ=`ÜÉãáÅ~ä=oÉÑÉêÉåÅÉ=a~í~=EëìÄãáííÉÇFK

qÜÉêã~ä=ÅçåÇìÅíáîáíó

jÅiáåÇÉå=Éí=~äK=OMMMÄK=çéK=ÅáíK

pìêÑ~ÅÉ=íÉåëáçå

lâ~Ç~I=jK=~åÇ=vK=eáÖ~ëÜáK=NVVQK=pìêÑ~ÅÉ=íÉåëáçå=ÅçêêÉä~íáçå=çÑ=ec`JNPQ~
~åÇ=e`c`JNOPK=̀ c`ëI=qÜÉ=a~ó=̂ ÑíÉêK=mêçÅÉÉÇáåÖë=çÑ=gçáåí=jÉÉíáåÖ=çÑ=ffo
`çããáëëáçåë=_NI=_OI=bNI=~åÇ=bOI=RQNJQUK

R-143a
bèì~íáçå=çÑ=ëí~íÉ

iÉããçåI=bKtK=~åÇ=oKqK=g~ÅçÄëÉåK=OMMNK=̂ å=áåíÉêå~íáçå~ä=ëí~åÇ~êÇ=ÑçêãìJ
ä~íáçå= Ñçê= íÜÉ= íÜÉêãçÇóå~ãáÅ= éêçéÉêíáÉë= çÑ= NININJíêáÑäìçêçÉíÜ~åÉ= Eec`J
NQP~F= Ñçê= íÉãéÉê~íìêÉë= Ñêçã= NSN= íç= RMM= h= ~åÇ= éêÉëëìêÉë= íç= SM=jm~K
gçìêå~ä=çÑ=mÜóëáÅ~ä=~åÇ=`ÜÉãáÅ~ä=oÉÑÉêÉåÅÉ=a~í~=Eáå=éêÉëëFK

sáëÅçëáíó

häÉáå=Éí=~äK=NVVTK=çéK=ÅáíK

qÜÉêã~ä=ÅçåÇìÅíáîáíó

jÅiáåÇÉå=Éí=~äK=OMMMÄK=çéK=ÅáíK
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pìêÑ~ÅÉ=íÉåëáçå

pÅÜãáÇíI=gKtKI=bK=̀ ~êêáääçJk~î~I=~åÇ=jKoK=jçäÇçîÉêK=NVVSK=m~êíá~ääó=Ü~äçJ
ÖÉå~íÉÇ=ÜóÇêçÅ~êÄçåë=̀ ec`äJ`cPI=̀ cPJ`ePI=̀ cPJ`ecJ`ecOI=̀ cPJ`eOJ
`cPI=`ecOJ`cOJ`eOcI=`cPJ`eOJ`ecOI=`cPJlJ`ecOW=`êáíáÅ~ä=íÉãéÉê~J
íìêÉI=êÉÑê~ÅíáîÉ=áåÇáÅÉëI=ëìêÑ~ÅÉ=íÉåëáçå=~åÇ=Éëíáã~íÉë=çÑ=äáèìáÇI=î~éçê=~åÇ
ÅêáíáÅ~ä=ÇÉåëáíáÉëK=cäìáÇ=mÜ~ëÉ=bèìáäáÄêá~=NOOWNUTJOMSK

R-152a
bèì~íáçå=çÑ=ëí~íÉ

lìíÅ~äíI= pKiK= ~åÇ=jKlK=jÅiáåÇÉåK= NVVSK= ^=ãçÇáÑáÉÇ= _ÉåÉÇáÅíJtÉÄÄJ
oìÄáå= Éèì~íáçå= çÑ= ëí~íÉ= Ñçê= íÜÉ= íÜÉêãçÇóå~ãáÅ= éêçéÉêíáÉë= çÑ= oNRO~
ENINJÇáÑäìçêçÉíÜ~åÉFK=gçìêå~ä=çÑ=mÜóëáÅ~ä=~åÇ=`ÜÉãáÅ~ä=oÉÑÉêÉåÅÉ=a~í~
OREOFWSMRJPSK

sáëÅçëáíó=~åÇ=íÜÉêã~ä=ÅçåÇìÅíáîáíó

hê~ìëëI=oKI=sK`K=tÉáëëI=qK^K=bÇáëçåI=gKsK=pÉåÖÉêëI=~åÇ=hK=píÉéÜ~åK=NVVSK
qê~åëéçêí=éêçéÉêíáÉë=çÑ=NINJaáÑäìçêçÉíÜ~åÉ=EoJNRO~FK=fåíÉêå~íáçå~ä=gçìêJ
å~ä=çÑ=qÜÉêãçéÜóëáÅë=NTWTPNJRTK

pìêÑ~ÅÉ=íÉåëáçå

lâ~Ç~=~åÇ=eáÖ~ëÜáK=NVVRK=çéK=ÅáíK

R-245fa
bèì~íáçå=çÑ=ëí~íÉ

bñíÉåÇÉÇ=ÅçêêÉëéçåÇáåÖ=ëí~íÉë=ãçÇÉä=çÑW=
eìÄÉêI=jKiK=~åÇ=gKcK=bäóK=NVVQK=̂ =éêÉÇáÅíáîÉ=ÉñíÉåÇÉÇ=ÅçêêÉëéçåÇáåÖ=ëí~íÉë
ãçÇÉä=Ñçê=éìêÉ=~åÇ=ãáñÉÇ=êÉÑêáÖÉê~åíë=áåÅäìÇáåÖ=~å=Éèì~íáçå=çÑ=ëí~íÉ=Ñçê
oJNPQ~K=fåíÉêå~íáçå~ä=gçìêå~ä=çÑ=oÉÑêáÖÉê~íáçå=NTWNUJPNK

cáííÉÇ=íç=íÜÉ=Ç~í~=çÑW
aÉÑáÄ~ìÖÜI=aKoK=~åÇ=jKoK=jçäÇçîÉêK=NVVTK=̀ çãéêÉëëÉÇ=~åÇ=ë~íìê~íÉÇ=äáèJ
ìáÇ=ÇÉåëáíáÉë=Ñçê=NU=Ü~äçÖÉå~íÉÇ=çêÖ~åáÅ=ÅçãéçìåÇëK=gçìêå~ä=çÑ=`ÜÉãáÅ~ä
~åÇ=båÖáåÉÉêáåÖ=a~í~=QOWNSMJSUK

sáëÅçëáíó

häÉáå=Éí=~äK=NVVTK=çéK=ÅáíK
qÜÉêã~ä=ÅçåÇìÅíáîáíó

jÅiáåÇÉå=Éí=~äK=OMMMÄK=çéK=ÅáíK
pìêÑ~ÅÉ=íÉåëáçå

pÅÜãáÇí=Éí=~äK=NVVSK=çéK=ÅáíK

R-404A
bèì~íáçå=çÑ=ëí~íÉ

iÉããçåI=bKtK=~åÇ=oKqK=g~ÅçÄëÉåK=NVVVK=qÜÉêãçÇóå~ãáÅ=éêçéÉêíáÉë=çÑ
ãáñíìêÉë=çÑ=oJPOI=oJNORI=oJNPQ~I=~åÇ=oJNRO~K=fåíÉêå~íáçå~ä=gçìêå~ä=çÑ
qÜÉêãçéÜóëáÅë=OMWNSOVJPUK

sáëÅçëáíó

häÉáå=Éí=~äK=NVVTK=çéK=ÅáíK
qÜÉêã~ä=ÅçåÇìÅíáîáíó

jÅiáåÇÉå=Éí=~äK=OMMMÄK=çéK=ÅáíK
pìêÑ~ÅÉ=íÉåëáçå

jçäÇçîÉêI=jKoK=~åÇ=gK`K=o~áåï~íÉêK=NVUUK=fåíÉêÑ~Åá~ä=íÉåëáçå=~åÇ=î~éçêJ
äáèìáÇ= ÉèìáäáÄêá~= áå= íÜÉ= ÅêáíáÅ~ä= êÉÖáçå= çÑ=ãáñíìêÉëK= gK= `ÜÉãK= mÜóëK= UUW
TTTOJUMK

R-407C
bèì~íáçå=çÑ=ëí~íÉ

iÉããçå=~åÇ=g~ÅçÄëÉåK=NVVVK=çéK=ÅáíK
sáëÅçëáíó

häÉáå=Éí=~äK=NVVTK=çéK=ÅáíK
qÜÉêã~ä=ÅçåÇìÅíáîáíó

jÅiáåÇÉå=Éí=~äK=OMMMÄK=çéK=ÅáíK
pìêÑ~ÅÉ=íÉåëáçå

jçäÇçîÉê=~åÇ=o~áåï~íÉêK=NVUUK=çéK=ÅáíK

R-410A
bèì~íáçå=çÑ=ëí~íÉ

iÉããçå=~åÇ=g~ÅçÄëÉåK=NVVVK=çéK=ÅáíK
sáëÅçëáíó

häÉáå=Éí=~äK=NVVTK=çéK=ÅáíK
qÜÉêã~ä=ÅçåÇìÅíáîáíó

jÅiáåÇÉå=Éí=~äK=OMMMÄK=çéK=ÅáíK
pìêÑ~ÅÉ=íÉåëáçå

jçäÇçîÉê=~åÇ=o~áåï~íÉêK=NVUUK=çéK=ÅáíK

R-507A
bèì~íáçå=çÑ=ëí~íÉ

iÉããçå=~åÇ=g~ÅçÄëÉåK=NVVVK=çéK=ÅáíK
sáëÅçëáíó

häÉáå=Éí=~äK=NVVTK=çéK=ÅáíK
qÜÉêã~ä=ÅçåÇìÅíáîáíó

jÅiáåÇÉå=Éí=~äK=OMMMÄK=çéK=ÅáíK
pìêÑ~ÅÉ=íÉåëáçå

jçäÇçîÉê=~åÇ=o~áåï~íÉêK=NVUUK=çéK=ÅáíK
R-717 (Ammonia)
bèì~íáçå=çÑ=ëí~íÉ

qáääåÉêJoçíÜI= oKI= cK= e~êãëJt~íòÉåÄÉêÖI= ~åÇ= eKaK= _~ÉÜêK= NVVPK= báåÉ
åÉìÉ cìåÇ~ãÉåí~äÖäÉáÅÜìåÖ=ÑΩê=̂ ããçåá~âK=ahsJq~ÖìåÖëÄÉêáÅÜí=OMEffFW
NSTJUNK

sáëÅçëáíó

cÉåÖÜçìêI=̂ KI=tK^K=t~âÉÜ~ãI=sK=sÉëçîáÅI=gKqKoK=t~íëçåI=gK=jáää~íI=~åÇ=bK
sçÖÉäK=NVVRK=qÜÉ=îáëÅçëáíó=çÑ=~ããçåá~K=gçìêå~ä=çÑ=mÜóëáÅ~ä=~åÇ=̀ ÜÉãáÅ~ä

oÉÑÉêÉåÅÉ=a~í~=OQWNSQVJSTK

qÜÉêã~ä=ÅçåÇìÅíáîáíó

qìÑÉìI=oKI=aKvK=fî~åçîI=vK=d~êê~ÄçëI=~åÇ=_K=iÉ=kÉáåÇêÉK=NVUQK=qÜÉêã~ä
ÅçåÇìÅíáîáíó=çÑ=~ããçåá~=áå=~=ä~êÖÉ=íÉãéÉê~íìêÉ=~åÇ=éêÉëëìêÉ=ê~åÖÉ=áåÅäìÇJ
áåÖ=íÜÉ=ÅêáíáÅ~ä=êÉÖáçåK=_ÉêK=_ìåëÉåJdÉëK=mÜóëK=`ÜÉãK=UUWQOOJOTK

pìêÑ~ÅÉ=íÉåëáçå

pí~áêëI=oK^K=~åÇ=jKgK=páÉåâçK=NVRSK=pìêÑ~ÅÉ=íÉåëáçå=çÑ=~ããçåá~=~åÇ=çÑ
ëçäìíáçåë=çÑ=~äâ~ä~á=Ü~äáÇÉë=áå=~ããçåá~K=gK=^ãK=`ÜÉãK=pçÅK=TUW=VOMJVOPK

R-718 (Water/Steam)
a~í~=ÅçãéìíÉÇ=ìëáåÖ

e~êîÉóI=̂ KeKI=pK^K=häÉáåI=~åÇ=̂ KmK=mÉëâáåK=NVVVK=kfpq=pí~åÇ~êÇ=oÉÑÉêÉåÅÉ
a~í~Ä~ëÉ=NMK=kfpqL^pjb=píÉ~ã=éêçéÉêíáÉë=Ç~í~Ä~ëÉI=sÉêëáçå=OKOK=pí~åJ
Ç~êÇ=oÉÑÉêÉåÅÉ=a~í~=mêçÖê~ãK

bèì~íáçå=çÑ=ëí~íÉ

t~ÖåÉêI=tK=~åÇ=̂ K=mêì≈K=NVVVK=kÉï=áåíÉêå~íáçå~ä=Ñçêãìä~íáçå=Ñçê=íÜÉ=íÜÉêJ
ãçÇóå~ãáÅ=éêçéÉêíáÉë=çÑ=çêÇáå~êó=ï~íÉê=ëìÄëí~åÅÉ=Ñçê=ÖÉåÉê~ä=~åÇ=ëÅáÉåJ
íáÑáÅ= ìëÉK= gçìêå~ä= çÑ= mÜóëáÅ~ä= ~åÇ= `ÜÉãáÅ~ä= oÉÑÉêÉåÅÉ= a~í~= Eíç= ÄÉ
ëìÄãáííÉÇFK

sáëÅçëáíó=~åÇ=íÜÉêã~ä=ÅçåÇìÅíáîáíó

hÉëíáåI= gKI= gKsK= pÉåÖÉêëI= _K= h~ãÖ~êJm~êëáI= ~åÇ= gKjKeK= iÉîÉäí= pÉåÖÉêëK
NVUQK=qÜÉêãçéÜóëáÅ~ä=éêçéÉêíáÉë=çÑ=ÑäìáÇ=eOlK=gçìêå~ä=çÑ=mÜóëáÅ~ä=~åÇ
`ÜÉãáÅ~ä=oÉÑÉêÉåÅÉ=a~í~=NPWNTRK

pìêÑ~ÅÉ=íÉåëáçå

f^mtpK=NVVRK=mÜóëáÅ~ä=ÅÜÉãáëíêó=çÑ=~èìÉçìë=ëóëíÉãëW=jÉÉíáåÖ=íÜÉ=åÉÉÇë
çÑ=áåÇìëíêóK=mêçÅÉÉÇáåÖë=NOíÜ=fåíÉêå~íáçå~ä=̀ çåÑÉêÉåÅÉ=çå=íÜÉ=mêçéÉêíáÉë=çÑ
t~íÉê=~åÇ=píÉ~ãI=lêä~åÇçK=_ÉÖÉää=eçìëÉI=fåÅKI=^NPVJ^NQOK=fåíÉêå~íáçå~ä
^ëëçÅá~íáçå=Ñçê=íÜÉ=mêçéÉêíáÉë=çÑ=píÉ~ãK

R-744 (Carbon Dioxide)
bèì~íáçå=çÑ=ëí~íÉ

pé~åI=oK=~åÇ=tK=t~ÖåÉêK=NVVSK=̂ =åÉï=Éèì~íáçå=çÑ=ëí~íÉ=Ñçê=Å~êÄçå=ÇáçñáÇÉ
ÅçîÉêáåÖ=íÜÉ=ÑäìáÇ=êÉÖáçå=Ñêçã=íÜÉ=íêáéäÉJéçáåí=íÉãéÉê~íìêÉ=íç=NNMM=h=~í
éêÉëëìêÉë=ìé=íç=UMM=jm~K=gçìêå~ä=çÑ=mÜóëáÅ~ä=~åÇ=`ÜÉãáÅ~ä=oÉÑÉêÉåÅÉ
a~í~=OSWNRMVJVSK

sáëÅçëáíó

cÉåÖÜçìê=Éí=~äK=NVVRK=çéK=ÅáíK

qÜÉêã~ä=ÅçåÇìÅíáîáíó

sÉëçîáÅI=sKI=tK^K=t~âÉÜ~ãI=dK^K=läÅÜçïóI=gKsK=pÉåÖÉêëI=gKqKoK=t~íëçåI
~åÇ=gK=jáää~íK=NVVMK=qÜÉ=íê~åëéçêí=éêçéÉêíáÉë=çÑ=Å~êÄçå=ÇáçñáÇÉK=gçìêå~ä=çÑ
mÜóëáÅ~ä=~åÇ=`ÜÉãáÅ~ä=oÉÑÉêÉåÅÉ=a~í~=NVWTSPJUMUK

pìêÑ~ÅÉ=íÉåëáçå

o~íÜàÉåI=tK=~åÇ=gK=píê~ìÄK=NVTTK=`Ü~éíÉê=NUI=qÉãéÉê~íìêÉ=ÇÉéÉåÇÉåÅÉ=çÑ
ëìêÑ~ÅÉ= íÉåëáçåI= ÅçÉñáëíÉåÅÉ= ÅìêîÉI= ~åÇ= î~éçê= éêÉëëìêÉ= çÑ=`lOI=``äcPI
`_êcPI=~åÇ=pcSK=eÉ~í=íê~åëÑÉê=áå=ÄçáäáåÖK=^Å~ÇÉãáÅ=mêÉëëI=kÉï=vçêâK

R-50 (Methane)
bèì~íáçå=çÑ=ëí~íÉ

pÉíòã~ååI=rK=~åÇ=tK=t~ÖåÉêK=NVVNK=^=åÉï=Éèì~íáçå=çÑ=ëí~íÉ=~åÇ=í~ÄäÉë=çÑ
íÜÉêãçÇóå~ãáÅ=éêçéÉêíáÉë=Ñçê=ãÉíÜ~åÉ=ÅçîÉêáåÖ=íÜÉ=ê~åÖÉ=Ñêçã=íÜÉ=ãÉäíJ
áåÖ=äáåÉ=íç=SOR=h=~í=éêÉëëìêÉë=íç=NMMM=jm~K=gçìêå~ä=çÑ=mÜóëáÅ~ä=~åÇ=̀ ÜÉãJ

áÅ~ä=oÉÑÉêÉåÅÉ=a~í~=OMWNMSNJNNRNK

sáëÅçëáíó

vçìåÖäçîÉI=_K^K=~åÇ=gKcK=bäóK=NVUTK=qÜÉêãçéÜóëáÅ~ä=éêçéÉêíáÉë=çÑ=ÑäìáÇëK
ffK=jÉíÜ~åÉI= ÉíÜ~åÉI= éêçé~åÉI= áëçÄìí~åÉ= ~åÇ= åçêã~ä= Äìí~åÉK= gçìêå~ä= çÑ
mÜóëáÅ~ä=~åÇ=`ÜÉãáÅ~ä=oÉÑÉêÉåÅÉ=a~í~=NSWRTTJTVUK

qÜÉêã~ä=ÅçåÇìÅíáîáíó

cêáÉåÇI=aKdKI=gKcK=bäóI=~åÇ=eK=fåÖÜ~ãK=NVUVK=qÜÉêãçéÜóëáÅ~ä=éêçéÉêíáÉë=çÑ
ãÉíÜ~åÉK= gçìêå~ä= çÑ= mÜóëáÅ~ä= ~åÇ= `ÜÉãáÅ~ä= oÉÑÉêÉåÅÉ= a~í~

NUEOFWRUPJSPUK

pìêÑ~ÅÉ=íÉåëáçå

pçã~ó~àìäìI=dKoK=NVUUK=^=ÖÉåÉê~äáòÉÇ=Éèì~íáçå=Ñçê=ëìêÑ~ÅÉ=íÉåëáçå=Ñêçã
íÜÉ=íêáéäÉ=éçáåí=íç=íÜÉ=ÅêáíáÅ~ä=éçáåíK=fåíK=gK=çÑ=qÜÉêãçéÜóëáÅë=VWRRVJSSK

R-170 (Ethane)
bèì~íáçå=çÑ=ëí~íÉI=îáëÅçëáíóI=~åÇ=íÜÉêã~ä=ÅçåÇìÅíáîáíó

cêáÉåÇI=aKdKI=eK=fåÖÜ~ãI=~åÇ=gKcK=bäóK=NVVNK=qÜÉêãçéÜóëáÅ~ä=éêçéÉêíáÉë=çÑ
ÉíÜ~åÉK=gçìêå~ä=çÑ=mÜóëáÅ~ä=~åÇ=̀ ÜÉãáÅ~ä=oÉÑÉêÉåÅÉ=a~í~=OMEOFWOTRJPQTK
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pìêÑ~ÅÉ=íÉåëáçå

pç~êÉëI=sK^KjKI=_KÇKgKsKpK=̂ äãÉáÇ~I=fK^K=jÅiìêÉI=~åÇ=oK^K=eáÖÖáåëK=NVUSK
pìêÑ~ÅÉ=íÉåëáçå=çÑ=éìêÉ=~åÇ=ãáñÉÇ=ëáãéäÉ=ëìÄëí~åÅÉë=~í=äçï=íÉãéÉê~íìêÉK
cäìáÇ=mÜ~ëÉ=bèìáäáÄêá~=POWVJNSK

R-290 (Propane)
bèì~íáçå=çÑ=ëí~íÉ=~åÇ=íÜÉêã~ä=ÅçåÇìÅíáîáíó

vçìåÖäçîÉ=~åÇ=bäóK=NVUTK=çéK=ÅáíK

sáëÅçëáíó

sçÖÉäI=bKI=`K=hìÅÜÉåãÉáëíÉêI=bK=_áÅÜI=~åÇ=^K=i~ÉëÉÅâÉK=NVVUK=oÉÑÉêÉåÅÉ
ÅçêêÉä~íáçå=çÑ=íÜÉ=îáëÅçëáíó=çÑ=éêçé~åÉK=gçìêå~ä=çÑ=mÜóëáÅ~ä=~åÇ=`ÜÉãáÅ~ä
oÉÑÉêÉåÅÉ=a~í~=OTWVQTJTMK

qÜÉêã~ä=ÅçåÇìÅíáîáíó

j~êëÜI=hKI=oK=mÉêâáåëI=~åÇ=jKiKsK=o~ãáêÉëK=OMMNK=jÉ~ëìêÉãÉåí=~åÇ=ÅçêJ
êÉä~íáçå=çÑ=íÜÉ=íÜÉêã~ä=ÅçåÇìÅíáîáíó=çÑ=éêçé~åÉ=Ñêçã=US=íç=SMM=h=~í=éêÉëJ
ëìêÉë=íç=TM=jm~K=gçìêå~ä=çÑ=`ÜÉãáÅ~ä=~åÇ=båÖáåÉÉêáåÖ=a~í~=Eáå=éêÉëëFK=

pìêÑ~ÅÉ=íÉåëáçåW

_~áÇ~âçîI=sKdK=~åÇ=fKfK=pìää~K=NVURK=pìêÑ~ÅÉ=íÉåëáçå=çÑ=éêçé~åÉ=~åÇ=áëçÄJ
ìí~åÉ=~í=åÉ~êJÅêáíáÅ~ä=íÉãéÉê~íìêÉëK=oìëëá~å=gçìêå~ä=çÑ=mÜóëáÅ~ä=̀ ÜÉãáëíêó

RVWRRNJRQK

R-600 (å-Butane)
bèì~íáçå=çÑ=ëí~íÉI=îáëÅçëáíóI=~åÇ=íÜÉêã~ä=ÅçåÇìÅíáîáíó

vçìåÖäçîÉ=~åÇ=bäóK=NVUTK=çéK=ÅáíK

pìêÑ~ÅÉ=íÉåëáçå

`~ä~ÇçI=gK`KdKI=fK^K=jÅiìêÉI=~åÇ=sK^KjK=pç~êÉëK=NVTUK=pìêÑ~ÅÉ=íÉåëáçå=Ñçê
çÅí~ÑäìçêçÅóÅäçÄìí~åÉI=åJÄìí~åÉ=~åÇ=íÜÉáê=ãáñíìêÉë=Ñêçã=OPP=h=íç=ORQ hI
~åÇ=î~éçìê=éêÉëëìêÉI=ÉñÅÉëë=ÖáÄÄë=ÑìåÅíáçå=~åÇ=ÉñÅÉëë=îçäìãÉ=Ñçê=íÜÉ=ãáñJ
íìêÉ=~í=OPP=hK=cäìáÇ=mÜ~ëÉ=bèìáäáÄêá~=OWNVVJONPK

`çÑÑáåI=`K`K=~åÇ=lK=j~~ëëK=NVOUK=qÜÉ=éêÉé~ê~íáçå=~åÇ=éÜóëáÅ~ä=éêçéÉêíáÉë
çÑ=~JI=ÄJ=~åÇ=ÖJÄìíóäÉåÉ=~åÇ=åçêã~ä=~åÇ=áëçÄìí~åÉK=gçìêå~ä=çÑ=íÜÉ=̂ ãÉêáÅ~å

`ÜÉãáÅ~ä=pçÅáÉíó=RMWNQOTJPTK

R-600a (Isobutane)
bèì~íáçå=çÑ=ëí~íÉI=îáëÅçëáíóI=~åÇ=íÜÉêã~ä=ÅçåÇìÅíáîáíó

vçìåÖäçîÉ=~åÇ=bäóK=NVUTK=çéK=ÅáíK

pìêÑ~ÅÉ=íÉåëáçå

_~áÇ~âçî=~åÇ=pìää~K=NVURK=çéK=ÅáíK

R-1150 (Ethylene)
bèì~íáçå=çÑ=ëí~íÉ

pãìâ~ä~I=gKI=oK=pé~åI=~åÇ=tK=t~ÖåÉêK=NVVVK=^=åÉï=ÑìåÇ~ãÉåí~ä=Éèì~íáçå
Ñçê=íÜÉ=ÑäìáÇ=ëí~íÉ=çÑ=ÉíÜóäÉåÉ=Ñçê=íÉãéÉê~íìêÉë=Ñêçã=íÜÉ=ãÉäíáåÖ=äáåÉ=íç=QRM
h=~åÇ=éêÉëëìêÉ=íç=PMM=jm~K=cçêíëÅÜêáííJ_ÉêáÅÜíÉ=safI=aìÉëëÉäÇçêÑI=pÉêáÉë
PI=kìãÄÉê=SNSK

sáëÅçëáíó=~åÇ=íÜÉêã~ä=ÅçåÇìÅíáîáíó

eçää~åÇI=mKjKI=b~íçåI=_KbK=~åÇ=e~åäÉóI=eKgKjK=NVUPK=^=ÅçêêÉä~íáçå=çÑ=íÜÉ
îáëÅçëáíó=~åÇ=íÜÉêã~ä=ÅçåÇìÅíáîáíó=Ç~í~=çÑ=Ö~ëÉçìë=~åÇ=äáèìáÇ=ÉíÜóäÉåÉK
gçìêå~ä=çÑ=mÜóëáÅ~ä=~åÇ=`ÜÉãáÅ~ä=oÉÑÉêÉåÅÉ=a~í~=NOWVNTJPOK

pìêÑ~ÅÉ=íÉåëáçå

pç~êÉëI=sK^KjKI=_KÇKgKsKpK=̂ äãÉáÇ~I=fK^K=jÅiìêÉI=~åÇ=oK^K=eáÖÖáåëK=NVUSK
pìêÑ~ÅÉ=íÉåëáçå=çÑ=éìêÉ=~åÇ=ãáñÉÇ=ëáãéäÉ=ëìÄëí~åÅÉë=~í=äçï=íÉãéÉê~íìêÉK
cäìáÇ=mÜ~ëÉ=bèìáäáÄêá~=POWVJNSK

R-1270 (Propylene) 
bèì~íáçå=çÑ=ëí~íÉ

^åÖìëI=pKI=_K=̂ êãëíêçåÖI=~åÇ=hKjK=ÇÉ=oÉìÅâK=NVUMK=fåíÉêå~íáçå~ä=íÜÉêãçJ
Çóå~ãáÅ= í~ÄäÉë= çÑ= íÜÉ= ÑäìáÇ= ëí~íÉÔTW= mêçéóäÉåÉK= mÉêÖ~ããçå= mêÉëëI
lñÑçêÇI=båÖä~åÇK

pìêÑ~ÅÉ=íÉåëáçå

j~~ëëI=lK=~åÇ=`KeK=têáÖÜíK=NVONK=pçãÉ=éÜóëáÅ~ä=éêçéÉêíáÉë=çÑ=ÜóÇêçÅ~êJ
Äçåë= Åçåí~áåáåÖ= íïç= ~åÇ= íÜêÉÉ= Å~êÄçå= ~íçãëK= gçìêå~ä= çÑ= íÜÉ=^ãÉêáÅ~å
`ÜÉãáÅ~ä=pçÅáÉíó=QPWNMVUJNNNNK

†R-702 (Hydrogen)
qÜÉêãçÇóå~ãáÅ=Ç~í~=ÅçãéìíÉÇ=ìëáåÖ=íÜÉ=̂ iimolmp=Ç~í~Ä~ëÉI=sÉêëáçå=QKMW

iÉããçåI= bKtKI= oKqK= g~ÅçÄëÉåI= pKdK= mÉåçåÅÉääçI= ~åÇ= pKtK= _ÉóÉêäÉáåK
NVVQK=`çãéìíÉê=éêçÖê~ãë=Ñçê=íÜÉ=Å~äÅìä~íáçå=çÑ=íÜÉêãçÇóå~ãáÅ=éêçéÉêJ
íáÉë= çÑ= ÅêóçÖÉåë= ~åÇ= çíÜÉê= ÑäìáÇëK=^Çî~åÅÉë= áå=`êóçÖÉåáÅ=båÖáåÉÉêáåÖ
PVWNUVNJVTK

qê~åëéçêí=Ç~í~=ÅçãéìíÉÇ=ìëáåÖ=íÜÉ=kfpq=NO=Ç~í~Ä~ëÉI=sÉêëáçå=PKMW
cêáÉåÇI=aKdKI=oKaK=jÅ`~êíóI= ~åÇ=sK=^êéK=NVVOK=kfpq=qÜÉêãçéÜóëáÅ~ä
éêçéÉêíáÉë=çÑ=éìêÉ=ÑäìáÇë=Ç~í~Ä~ëÉI=sÉêëáçå=PKMK=pí~åÇ~êÇ=oÉÑÉêÉåÅÉ=a~í~
mêçÖê~ãK

æfåÇáÅ~íÉë=Ç~í~=êÉéêáåíÉÇ=Ñêçã=íÜÉ=NVVT=^peo^b=e~åÇÄççâK

bèì~íáçå=çÑ=ëí~íÉI=îáëÅçëáíóI=~åÇ=íÜÉêã~ä=ÅçåÇìÅíáîáíó

jÅ`~êíóI= oKaK= NVTRK= eóÇêçÖÉåW= qÉÅÜåçäçÖó= ëìêîÉóÔqÜÉêãçéÜóëáÅ~ä
éêçéÉêíáÉëK=k^p^=pmJPMUVK
pìêÑ~ÅÉ=íÉåëáçå

iáäÉóI=mKbK=~åÇ=mKaK=aÉë~áK=NVVPK=^peo^b=qÜÉêãçéÜóëáÅ~ä=éêçéÉêíáÉë=çÑ
êÉÑêáÖÉê~åíëK

†R-702p (Parahydrogen)
qÜÉêãçÇóå~ãáÅ=Ç~í~=ÅçãéìíÉÇ=ìëáåÖ=íÜÉ=̂ iimolmp=Ç~í~Ä~ëÉI=sÉêëáçå=QKMW

iÉããçå=Éí=~äK=NVVQK=çéK=ÅáíK

qê~åëéçêí=Ç~í~=ÅçãéìíÉÇ=ìëáåÖ=íÜÉ=kfpqNO=Ç~í~Ä~ëÉI=sÉêëáçå=PKMW=
cêáÉåÇ Éí ~äK=NVVOK=çéK=ÅáíK

bèì~íáçå=çÑ=ëí~íÉI=îáëÅçëáíóI=~åÇ=íÜÉêã~ä=ÅçåÇìÅíáîáíó

vçìåÖäçîÉI=_K^K=NVUOK=qÜÉêãçéÜóëáÅ~ä=éêçéÉêíáÉë=çÑ=ÑäìáÇëK=fK=̂ êÖçåI=ÉíÜJ
óäÉåÉI=é~ê~ÜóÇêçÖÉåI=åáíêçÖÉåI=åáíêçÖÉå=íêáÑäìçêáÇÉI=~åÇ=çñóÖÉåK=gçìêå~ä=çÑ
mÜóëáÅ~ä=~åÇ=`ÜÉãáÅ~ä=oÉÑÉêÉåÅÉ=a~í~=NNEpìééäÉãÉåí=kçK=NFK=

pìêÑ~ÅÉ=íÉåëáçå

iáäÉó=~åÇ=aÉë~áK=NVVPK=çéK=ÅáíK

†R-704 (Helium)
qÜÉêãçÇóå~ãáÅ=Ç~í~=ÅçãéìíÉÇ=ìëáåÖ=íÜÉ=̂ iimolmp=Ç~í~Ä~ëÉI=sÉêëáçå=QKMW

iÉããçå=Éí=~äK=NVVQK=çéK=ÅáíK

qê~åëéçêí=Ç~í~=ÅçãéìíÉÇ=ìëáåÖ=íÜÉ=kfpqNO=Ç~í~Ä~ëÉI=sÉêëáçå=PKMW
cêáÉåÇ=Éí=~äK=NVVOK=çéK=ÅáíK

bèì~íáçå=çÑ=ëí~íÉI=îáëÅçëáíóI=~åÇ=íÜÉêã~ä=ÅçåÇìÅíáîáíó

^êéI=sKaKI=oKaK=jÅ`~êíóI=~åÇ=aKdK=cêáÉåÇK=NVVRK=qÜÉêãçéÜóëáÅ~ä=éêçéÉêJ
íáÉë=çÑ=ÜÉäáìãJQ=Ñêçã=MKU=íç=NRMM=h=ïáíÜ=éêÉëëìêÉë=íç=OMMM=jm~K=kfpq
qÉÅÜåáÅ~ä=kçíÉ=NPPQ=EêÉîáëÉÇFK

pìêÑ~ÅÉ=íÉåëáçå

iáäÉó=~åÇ=aÉë~áK=NVVPK=çéK=ÅáíK

†R-728 (Nitrogen)
qÜÉêãçÇóå~ãáÅ=Ç~í~=ÅçãéìíÉÇ=ìëáåÖ=íÜÉ=̂ iimolmp=Ç~í~Ä~ëÉI=sÉêëáçå=QKMW

iÉããçå=Éí=~äK=NVVQK=çéK=ÅáíK

bèì~íáçå=çÑ=ëí~íÉ

g~ÅçÄëÉåI=oKqKI=oK_K= píÉï~êíI= ~åÇ=jK= g~Ü~åÖáêáK= NVUSK=qÜÉêãçÇóå~ãáÅ
éêçéÉêíáÉë=çÑ=åáíêçÖÉå=Ñêçã=íÜÉ=ÑêÉÉòáåÖ=äáåÉ=íç=OMMM=h=~í=éêÉëëìêÉë=íç=NMMM
jm~K=gçìêå~ä=çÑ=mÜóëáÅ~ä=~åÇ=`ÜÉãáÅ~ä=oÉÑÉêÉåÅÉ=a~í~=NREOFWTPRJVMVK

sáëÅçëáíó=~åÇ=íÜÉêã~ä=ÅçåÇìÅíáîáíó

bäóI=gKcK=NVVTK=`çêêÉä~íáçå=Åçåí~áåÉÇ=áå=íÜÉ=^fomolmp=Ç~í~Ä~ëÉI=sÉêëáçå
NKMK=

pìêÑ~ÅÉ=íÉåëáçå

iÉããçåI=bKtK=~åÇ=pKdK=mÉåçåÅÉääçK=NVVQK=qÜÉ=ëìêÑ~ÅÉ=íÉåëáçå=çÑ=~áê=~åÇ
~áê=ÅçãéçåÉåí=ãáñíìêÉëK=^Çî~åÅÉë=áå=`êóçÖÉåáÅ=båÖáåÉÉêáåÖ=PVWNVOTJPQK

†R-729 (Air)
a~í~=ÅçãéìíÉÇ=ìëáåÖ=íÜÉ=^fomolmp=Ç~í~Ä~ëÉI=sÉêëáçå=NKMK

iÉããçåI=bKtK=NVVTK=kfpq=íÜÉêãçéÜóëáÅ~ä=éêçéÉêíáÉë=çÑ=~áê=~åÇ=~áê=ÅçãJ
éçåÉåí=ãáñíìêÉëI=sÉêëáçå=NKMK=pí~åÇ~êÇ=oÉÑÉêÉåÅÉ=a~í~=mêçÖê~ãK

bèì~íáçå=çÑ=ëí~íÉI=îáëÅçëáíóI=~åÇ=íÜÉêã~ä=ÅçåÇìÅíáîáíó

g~ÅçÄëÉåI=oKqKI=pKdK=mÉåçåÅÉääçI=pKtK=_ÉóÉêäÉáåI=aKdK=cêáÉåÇI=gKcK=bäóI
gK`K=o~áåï~íÉêI=~åÇ=tKjK=e~óåÉëK=NVVRK=qÜÉêãçéÜóëáÅ~ä=éêçéÉêíáÉë=çÑ
~áêK=k~íáçå~ä=fåëíáíìíÉ=çÑ=pí~åÇ~êÇë=~åÇ=qÉÅÜåçäçÖóI=pìééäÉãÉåí=íç=k^pm
qÉÅÜåáÅ~ä=jÉãçê~åÇìã=NMMRI=k^p^=i~åÖäÉó=oÉëÉ~êÅÜ=`ÉåíÉêK

pìêÑ~ÅÉ=íÉåëáçå

iÉããçå=~åÇ=mÉåçåÅÉääçK=NVVQK=çéKÅáíK

†R-732 (Oxygen)
qÜÉêãçÇóå~ãáÅ=Ç~í~=ÅçãéìíÉÇ=ìëáåÖ=íÜÉ=̂ iimolmp=Ç~í~Ä~ëÉI=sÉêëáçå=QKMW

iÉããçå=Éí=~äK=NVVQK=çéK=ÅáíK

bèì~íáçå=çÑ=ëí~íÉ

pÅÜãáÇíI=oK=~åÇ=tK=t~ÖåÉêK=NVURK=^=åÉï=Ñçêã=çÑ=íÜÉ=Éèì~íáçå=çÑ=ëí~íÉ=Ñçê
éìêÉ= ëìÄëí~åÅÉë= ~åÇ= áíë= ~ééäáÅ~íáçå= íç= çñóÖÉåK=cäìáÇ= mÜ~ëÉ= bèìáäáÄêá~
NVWNTRJOMMK

sáëÅçëáíó=~åÇ=íÜÉêã~ä=ÅçåÇìÅíáîáíó

bäóK=NVVTK=çéK=ÅáíK

pìêÑ~ÅÉ=íÉåëáçå

iÉããçå=~åÇ=mÉåçåÅÉääçK=NVVQK=çéKÅáíK

†R-740 (Argon)
qÜÉêãçÇóå~ãáÅ=Ç~í~=ÅçãéìíÉÇ=ìëáåÖ=íÜÉ=̂ iimolmp=Ç~í~Ä~ëÉI=sÉêëáçå=QKMW

iÉããçå=Éí=~äK=NVVQK=çéK=ÅáíK

bèì~íáçå=çÑ=ëí~íÉ

píÉï~êíI= oK_K= ~åÇ= oKqK= g~ÅçÄëÉåK= NVUVK= qÜÉêãçÇóå~ãáÅ= éêçéÉêíáÉë= çÑ
~êÖçå=Ñêçã=íÜÉ=íêáéäÉ=éçáåí=íç=NOMM=h=ïáíÜ=éêÉëëìêÉë=íç=NMMM=jm~K=gçìêå~ä
çÑ=mÜóëáÅ~ä=~åÇ=`ÜÉãáÅ~ä=oÉÑÉêÉåÅÉ=a~í~=NUEOFWSPVJTVUK

sáëÅçëáíó=~åÇ=íÜÉêã~ä=ÅçåÇìÅíáîáíó

bäóK=NVVTK=çéK=ÅáíK

pìêÑ~ÅÉ=íÉåëáçå

iÉããçå=~åÇ=mÉåçåÅÉääçK=NVVQK=çéKÅáíK
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