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Abstract — A two-term correlation equation of the enthalpy of vaporization is proposed. The correlation equation is used to
fit the enthalpy data for 41 pure substances yielding an average AAD of 0.16%. The result compares with those of conven-
tional equations, such as Xiang(0.30%), Somayajulu(0.24%) and Guermouche-Vergnaund(0.23%). The equation proposed in
this work is valid over the entire temperature range where data points exist.
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Fig. 1. Plot of hy/RT vs. T for ammonia wheret=T./T-1.

Table 1. Molar mass (M), critical temperature (T.) and minimum temperature (T,;,)[12], number of data points (NDP) and data sources for 41 pure
substances studied

Substance (ASHRAE name[9-11]) M <(K) T rin (K) NDP Data source
Methane (R-50) 16.04 190.564 90.694 102 [12]
Ethane (R-170) 30.07 305.33 90.352 217 [12]
Propane (R-290) 44.10 369.85 85.48 286 [12]
Butane (R-600) 58.12 425.125 134.87 293 [12]
Isobutane (R-600a) 58.12 407.84 113.56 296 [12]
Pentane 72.15 469.7 143.47 328 [12]
Hexane 86.18 507.82 177.83 331 [12]
Heptane 100.20 540.13 182.55 358 [12]
Ethylene (R-1150) 28.05 282.35 103.986 181 [12]
Propene (R-1270) 42.08 365.57 100.0 267 [12]
Trichlorofluoromethane (R-11) 137.37 471.1 162.68 68 [20]
Dichlorodifluoromethane (R-12) 120.91 385.15 183.15 68 [20]
Chlorotrifluoremethane (R-13) 104.46 301.92 173.15 66 [10]
Bromotrifluoromethane (R-13b1) 148.91 340.08 173.15 70 [9]
Tetrafluoromethane (R-14) 88.00 2275 133.15 69 [9]
Chlorodifluoromethane (R-22) 86.47 369.21 173.15 69 [11]
Trifluoromethane (R-23) 70.01 299.1 118.02 69 [11]
Difluoromethane (R-32) 52.02 351.3 136.34 68 [11]
1,1,2-Trichlorotrifluoroethane (R-113) 187.37 487.3 243.15 68 [20]
1,2-Dichlorotetrafluoroethane (R-114) 170.92 418.85 193.15 71 [10]
1,1-Dichloro-2,2,2-trifluoroethane (R-123) 152.93 456.94 166.0 292 [12]
2-Chloro-1,1,1,2-tetrafluoroethane (R-124) 136.48 395.35 120.0 277 [12]
Pentafluoroethane (R-125) 120.02 339.22 172,52 69 [11]
1,1,1,2-Tetrafluoroethane (R-134a) 102.03 374.07 169.85 69 [11]
1,1-Dichloro-1-fluoroethane (R-141b) 116.95 477.5 253.15 72 [20]
1,1,1-Trifluoroethane (R-143a) 84.04 345.86 161.34 66 [11]
1,1-Difluoroethane (R-152a) 66.05 386.39 154.56 69 [11]
1,1,1,3,3-Pentafluoropropane (R-245fa) 134.05 427.2 223.15 67 [11]
Helium (R-704) 4.00 5.2 2177 153 [12]
Neon (R-720) 20.18 44.492 24.562 199 [12]
Argon (R-740) 39.95 150.86 83.806 136 [12]
Krypton 83.80 209.48 115.77 189 [12]
Xenon 131.29 289.74 161.36 130 [12]
Nitrogen (R-728) 28.01 126.19 63.151 128 [12]
Oxygen (R-732) 32.00 154.58 54.361 102 [12]
Fluorine 38.00 144.414 53.481 183 [12]
Carbon monoxide 28.01 132.8 68.127 131 [12]
Ammonia (R-717) 17.03 405.4 195.5 67 [11]
Water (R-718) 18.02 647.1 273.16 69 [11]
Carbon dioxide (R-744) 44.01 304.13 216.59 67 [11]
Nitrogen trifluoride 71.00 234.0 85.0 150 [12]
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Table 2. Comparison of AAD’s and parameters in Eqg. (8).
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Substance

SV X S4 GV D Eq.(8) 8 B % a
Methane 0.39 0.29 0.10 0.04 0.26 0.0t 6.51242 0.36047 1.53442 6.38553
Ethane 0.47 0.38 0.10 0.30 0.36 0.1¢ 6.82462 0.34707 1.70696 8.34795
Propane 0.53 0.25 0.10 0.28 0.52 0.1 7.33935 0.35217 1.89763 9.56054
Butane 0.54 0.06 0.11 0.49 0.44 0.1¢ 7.5591 0.34447 1.89319 10.20422
Isobutane 0.40 0.15 0.20 0.20 0.38 0.0¢ 7.62668 0.35703 1.96957 10.26339
Pentane 0.59 0.19 0.16 042 0.58 0.1 8.16752 0.35696 2.06043 11.32398
Hexane 0.51 0.52 0.54 0.13 0.22 0.2t 9.22195 0.38549 2.31062 12.33042
Heptane 0.79 0.72 0.67 0.30 0.58 0.1f 9.51262 0.39024 2.35696 13.37575
Ethylene 0.34 0.13 0.12 0.23 0.24 0.0¢ 6.79842 0.35255 1.81911 8.6006
Propene 0.35 0.38 0.56 0.14 0.27 0.2 7.72467 0.38349 2.01952 9.52291
R-11 0.46 0.16 0.18 0.30 0.45 0.17 7.7481 0.36241 2.02675 10.43484
R-12 0.12 0.19 0.25 0.07 0.12 0.09 7.92168 0.36995 21341 10.40221
R-13 0.57 0.39 0.44 0.03 0.30 0.10 6.91604 0.32366 0.94077 6.7315
R-13b1 0.63 0.49 0.45 0.30 0.53 0.3C 7.13537 0.32067 1.18077 7.572
R-14 0.32 0.65 0.32 0.31 0.30 0.56 7.54181 0.36027 2.76101 12.3491
R-22 0.39 0.13 0.18 0.24 0.24 0.12 7.4497 0.33799 1.68419 10.08283
R-23 0.12 0.09 0.04 0.09 0.09 0.03 7.62019 0.34274 1.77964 10.78834
R-32 0.25 0.10 0.11 0.19 0.18 0.08 7.86379 0.35057 1.77499 10.64173
R-113 0.11 0.18 0.05 0.07 0.09 0.17 7.59293 0.32297 1.86995 11.2117
R-114 0.75 0.90 0.24 0.36 0.40 0.27 8.33885 0.36115 2.99815 13.44729
R-123 0.37 0.26 0.07 0.31 0.34 0.13 8.22788 0.34973 2.20573 12.41932
R-124 0.54 0.12 0.11 0.56 0.57 0.15 8.05401 0.34376 2.02096 12.10973
R-125 0.20 0.05 0.06 0.14 0.11 0.02 8.28934 0.34811 1.94049 11.94004
R-134a 0.47 0.15 0.28 0.37 0.27 0.1€ 8.00042 0.33132 1.75618 11.87798
R-141b 0.16 0.12 0.09 0.08 0.07 0.08 9.89261 0.44856 2.76766 12.03241
R-143a 0.21 0.02 0.06 0.16 0.14 0.0t 7.87565 0.34823 1.85846 10.85558
R-152a 0.20 0.09 0.03 0.17 0.15 0.0€ 7.84634 0.34194 1.84214 11.07731
R-245fa 0.19 0.09 0.17 0.18 0.11 0.0€ 8.13407 0.31664 1.82477 13.13934
Helium 0.44 1.62 0.44 0.95 0.32 0.33 4.00995 0.39302 1.79399 2.00751
Neon 0.22 0.38 0.96 0.35 0.18 0.30 7.45529 0.43785 2.31043 6.95402
Argon 0.36 0.76 0.86 0.49 0.36 0.56 7.25785 0.41014 2.67817 8.73085
Krypton 0.23 0.21 0.27 0.10 0.13 0.11 6.51812 0.37338 1.8397 7.1739
Xenon 0.31 0.18 0.06 0.04 0.19 0.05 6.3569 0.35804 1.64308 6.79569
Nitrogen 0.45 0.17 0.10 0.12 0.28 0.09 6.54082 0.35467 1.56129 7.06326
Oxygen 0.33 0.40 0.11 0.06 0.25 0.11 6.51424 0.35962 1.67061 7.11034
Fluorine 0.16 0.35 0.49 0.28 0.08 0.28 7.17341 0.38427 2.01654 8.16143
Cco 0.56 0.36 0.34 0.19 0.42 0.18 6.34001 0.33261 1.33153 6.81916
NH, 0.32 0.12 0.16 0.06 0.19 0.02 7.9359 0.3631 1.51809 9.28573
H,O 0.25 0.13 0.14 0.11 0.20 0.10 9.11738 0.36373 1.78413 10.6645
Co, 0.29 0.10 0.05 0.07 0.09 0.01 7.52317 0.34776 1.97468 1143111
NF; 0.32 0.31 0.15 0.23 0.25 0.15 6.88027 0.33857 1.73769 8.88896
Average 0.37 0.30 0.24 0.23 0.27 0.16
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Fig. 2. Deviation plot of h, for ammonia with various correlation equations.
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2 : coefficients
n, m : constants
Ng : enthalpy of vaporization [kJ/kg]
he : calculated fy [kd/kg]

) ga] g 413
i : tabulated J [kJ/kg]
N - number of terms used
M : molar mass
R : gas constant [kJ/kg K]
T : saturation temperature [K]
T, : critical temperature [K]
Trin : minimum temperature [K]

AAD : average absolute deviation [%)]
DEV : deviation [%]

NDP : number of data points
RMS  :root mean squared deviation [%]
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