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Thermal Properties Model for the New Refrigerant HFO-1234yf
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Abstract Based on Peng-Robinson general state equation, combined with group contribution principle and a polynomial method,
the thermal state model of the new LGWP refrigerant HFO-1234yf was established and validated with required accuracy. By using
the computer programming, the state models were solved by a mathematic software and a complete thermal properties of refrigerant
were obtained. The thermal properties of HFO-1234yf were compared with R417A and R134a, and the results showed that the
saturated vapor pressure and the specific heat capacity under constant pressure of HFO-1234yf has a similar performance with
R134a. Both The saturated vapor pressure of both HFO-1234yf and R134a are lower than R417A, and the saturated state enthalpy
of HFO-1234yf is lower than R417A, which would lead that the HFO-1234yf system can not have a higher performance coefficient.
The models could act as a theoretical basis for the application of HFO-1234yf in automotive air conditioning and fixed refrigeration
equipment.
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Tab.6 The enthalpy and error of R134a with P-R equation
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-40 149.013 148.14 0.589
-30 152.410 160.79 0.521
-20 174.016 173.64 0.217
-10 186.922 186.7 0.119
10 213.284 213.58 0.138
20 226.939 227.47 0.234
30 241.266 241.72 0.188
40 256.659 256.41 0.097
50 271.129 271.62 0.181
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Tab.7 The saturated thermal properties of HFO-1234yf

TK Py Py Ve hy h, S Se r

/kPa (kg/m)  (mikg)  (kkeg) (ke)  IJIkeK)  (KkgK))  /(kI/ke)
233.15 62.196 1288.398 0.283 163.711 350.222 0.438 1.238 186.511
235.15 68.422 1283.360 0.260 165.377 350.831 0.471 1.260 185.454
237.15 75.138 1278.276 0.239 167.059 351.445 0.503 1.280 184.387
239.15 82.371 1273.146 0.221 168.757 352.066 0.534 1.300 183.310
241.15 90.149 1267.968 0.204 170.471 352.693 0.564 1.320 182.222
243.15 98.500 1262.741 0.189 172.201 353.324 0.593 1.338 181.123
245.15 107.454 1257.465 0.175 173.947 353.961 0.622 1.357 180.014
247.15 117.040 1252.138 0.163 175.708 354.602 0.651 1.375 178.893
249.15 127.290 1246.758 0.151 177.485 355.246 0.679 1.392 177.761
251.15 138.235 1241.325 0.141 179.278 355.894 0.707 1.410 176.617
253.15 149.906 1235.837 0.132 181.085 356.546 0.734 1.427 175.460
255.15 162.337 1230.293 0.123 182.908 357.200 0.761 1.444 174.292
257.15 175.559 1224.692 0.115 184.747 357.856 0.788 1.461 173.110
259.15 189.608 1219.032 0.108 186.600 358.515 0.815 1.479 171.914
261.15 204.517 1213.310 0.101 188.469 359.174 0.842 1.495 170.706
263.15 220.322 1207.527 0.095 190.353 359.835 0.868 1.512 169.483
265.15 237.057 1201.680 0.090 192.252 360.497 0.895 1.529 168.245
267.15 254.759 1195.767 0.084 194.166 361.158 0.921 1.546 166.992
269.15 273.464 1189.786 0.080 196.096 361.820 0.947 1.563 165.724
271.15 293.208 1183.735 0.075 198.040 362.480 0.974 1.580 164.440
273.15 314.030 1177.613 0.071 200.000 363.139 1.000 1.597 163.139
275.15 335.967 1171.416 0.067 201.975 363.796 1.026 1.614 161.821
277.15 359.058 1165.144 0.062 203.966 364.451 1.052 1.631 160.486
279.15 383.340 1158.792 0.059 205.972 365.103 1.078 1.648 159.132
281.15 408.853 1152.359 0.056 207.993 365.752 1.104 1.665 157.758
283.15 435.637 1145.841 0.053 210.027 366.393 1.130 1.682 156.365
285.15 463.731 1139.237 0.051 212.080 367.032 1.156 1.699 154.952
287.15 493.175 1132.542 0.048 214.148 367.665 1.182 1.716 153.517
289.15 524.011 1125.753 0.046 216.232 368.292 1.207 1.733 152.060
291.15 556.279 1118.867 0.044 218.333 368.913 1.233 1.750 150.580
293.15 590.020 1111.880 0.042 220.450 369.526 1.258 1.766 149.076
295.15 625.277 1104.788 0.040 222.584 370.130 1.283 1.782 147.546
297.15 662.091 1097.586 0.039 224.734 370.725 1.307 1.798 145.991
299.15 700.504 1090.270 0.037 226.902 371.309 1.331 1.814 144.407
301.15 740.561 1082.836 0.035 229.088 371.883 1.355 1.829 142.795
303.15 782.303 1075.276 0.034 231.291 372.444 1.378 1.844 141.153
305.15 825.776 1067.586 0.033 233.513 372.991 1.401 1.858 139.478
307.15 871.022 1059.760 0.031 235.753 373.524 1.423 1.871 137.771
309.15 918.088 1051.790 0.030 238.013 374.040 1.444 1.884 136.028
311.15 967.017 1043.668 0.029 240.292 374.540 1.464 1.896 134.248
313.15 1017.856 1035.388 0.028 242.591 375.020 1.484 1.907 132.428
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TIK Pas Py Ve hy h, 5 S g
/kPa (kg/m®)  (mkg)  (kkg) (kg)  AIkgK)  (KkgK)  A(KI/kg)
31515 1070.651  1026.939 0.027 244912 375479 1.502 1.917 130.567
31715 1125450 1018312 0.026 247254 375915 1520 1.925 128.661
31915 1182300 1009.496 0.025 249619 376327 1.536 1.933 126.709
320115 1241250  1000.479 0.024 252006  376.712 1551 1.939 124.706
32315 1302349 991247 0.023 254435 377.083 1.564 1.944 122.648
32515 1365.649  981.786 0.023 256874  377.407 1.576 1.946 120.534
32715 1431201 972.078 0.022 259339 377.695 1.585 1.947 118.356
329.15  1499.058  962.106 0.021 261833  377.944 1.593 1.946 116.112
33115 1569276 951.846 0.020 264357 378.151 1.599 1.942 113.794
33315 1641910  941.274 0.020 266913  378.309 1.602 1.936 111.396
33515 1717.020  930.362 0.019 269.504 378415 1.602 1.927 108.911
337.15 1794666  919.076 0.019 272.131 378.462 1.600 1.915 106330
339.15 1874913  907.377 0.018 274800  378.443 1.594 1.899 103.643
34115  1957.828  895.220 0.017 277512 378.349 1.584 1.880 100.837
343.15 2043482 882.548 0.017 280274  378.171 1571 1.856 97.897
34515 2131952 869.293 0.016 283.090  377.896 1553 1.828 94.806
347.15 2223321 855372 0.016 285968  377.508 1531 1.794 91.541
349.15  2317.678  840.679 0.016 288917  376.990 1.503 1755 88.073
35115 2415125 825.076 0.015 291948 376316 1.469 1.709 84.368
353.15 2515774  808.383 0.015 295078 375.454 1429 1.656 80.376
355.15 2619757  790.347 0.014 208329  374.360 1381 1.595 76.031
35715 2727229 770.610 0.014 301732 372.970 1325 1.524 71.238
359.15 2838382 748.617 0.014 305337 371.188 1.260 1.444 65.851
361.15 2953470  723.446 0.013 309227 368.855 1.186 1351 59.628
363.15  3072.844  693.344 0.013 313.560  365.673 1.104 1247 52.113
365.15  3197.074  654.097 0.012 318727 360.942 1.020 1.136 42215
367.15  3327.324 587277 0.012 326467 351742 1.001 1.069 25.274
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