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Abstract: The accurate and reliable prediction of the refrigerant thermal conductivity is beneficial
to the design and optimization of refrigeration and heat pump systems. In this paper, the
standardized parameterization scheme was introduced to obtain the input parameters of the
perturbed-chain statistical association fluid theory EOS (PC-SAFT). The residual entropy scale
theory (RES) was adopted to predict the thermal conductivity of 11 common refrigerants,
including hydrofluoroolefin ( HFOs), hydrofluorocarbon ( HFCs), alkanes (HCs), and CO,
(R744). The bootstrap method was used to calculate the uncertainty of input parameters for both
standardized parameterization schemes and conventional parameterization schemes. Meanwhile,
an uncertainty analysis was conducted. Through the comparison of differences among the
experimental data, the proposed model, as well as the reported thermal conductivity models, the

overall average relative deviation between the thermal conductivity prediction model proposed in
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this paper and the experimental data was 3.32%. The results showed that the overall
performance of the proposed model was better than that of the conventional parameterization and
CE reference term methods. Moreover, this standardized parameterization scheme had the
potential to provide reliable basic physical property data for the development and promotion of
mixed refrigerant systems. When the input parameters of the two parameterization schemes
fluctuated within the uncertainty range, the standardized parameterization scheme achieved better
performance in predicting liquid phase transport properties despite a similar degree of influence on
the prediction of vapor phase transport properties. Furthermore, special attention should be paid
to the accuracy of the acentric factor regarding the prediction of transport properties based on

standardized parameterization schemes.

Keywords: refrigerant; thermal conductivity; parameterization of equation of state; uncertainty

analysis
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Table 1 Thermal conductivity model parameters of the compounds in study
TJ% a a by b, ¢ d 1B Y /K Dy
R134a —0.062 1 0.009 4 0.509 2 0.137 4 0.554 3 —20.503 220~340 0.28
R1234yf —0.1857 —0.005 2 0.534 6 0.0114 0.4931 —21.174 240~340 0. 60
R152a —1.082 6 —0.100 3 1.384 3 0.140 2 0.114 9 —20. 965 220~350 1.70
R227ea —1.067 1 —0.224 4 1.747 4 0.3717 0.056 1 —15.667 220~340 1. 26
R1234ze(E) 0.566 7 0.1381 —0.1598 0.0037 —9.0609 —20. 390 220~340 1. 11
R32 —1.3430 —0.0614 0.930 2 —0.274 14 0.2407 —20.709 220~330 2.62
R600a —0.2115 —0.007 9 0.684 1 0.0829 0.3312 —19.919 220~370 0.53
R290 0.6829 —0.936 5 —1.3118 —0.1303 —0.4817 —18.727 220~340 0. 38
R744 1.917 5 0.964 6 —1.647 2 —0.688 3 —0.069 2 —19.633 220~290 0. 94
R125 —0.379 3 —0.026 3 0.548 0 —0.1216 0.526 6 —20. 935 220~310 0. 60
R143a 0.606 4 —0.034 3 —0.4377 —0.0284 —0.3803 —20. 904 220~330 0. 89
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Table 2 The comparison results between the calculations with different thermal conductivity models and the literature experimental data
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TR SRR S HOHE 1 S AR N A 22/ %
T/K »/MPa Bt gk D1 D2 D3 D4

R134a 250.05~373. 15 0.100~30. 00 464072 3.6922 3.7264 2.3570 2.7346
R1234yf 243.17~365. 05 0.100~30. 00 3378 3.3639 1.8396 1.1976  4.0962
R152a 243.15~398.15 0.080~17.70 60021 4.8978 4.6703 2.8499  5.4551
R227ca 243.16~371. 48 0.070~19. 23 185 4.436 0 4.4155 3.6722 4.6193
R1234ze(E) 243.17~373.17 0. 060~30. 00 42001 4.0913 2.4374 0.6030 3.38388
R32 223.17~423.15 0.100~15. 45 601824 3.0584 2.0603 0.6824 1.4257
R600a 200. 00~626. 99 0.101~32.08 512t 4.9665 2.5045 0.9844 3.3793
R290 200. 00~373. 11 0.020~54. 44 26382 2.5239 2.1825 0.8832 5.7501
R744 220.00~473. 16 0.100~100. 00 14884 4.4727 5.7985 1.7578 5.8288
R125 200. 00~420. 00 0.110~53. 07 4090721 3.6545 2.3187 1.0975 5.3420
R143a 254, 35~423. 15 0.100~10. 07 579t 7.2566 5.3339 2.6610 8.3559
S 2 4518 4.4066 3.3159 1.2076  4.4677
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Fig. 1 The variation in dimensionless thermal conductivity and entropy variables by different RES models from liquid to

vapor phase
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Table 3 Experimental critical temperature and their uncertainties

of the compounds in study

PRI DRI A R SO 43 BT SR FH 109 6 I 3 A% 1 I TR T/ AWEE/ T T/ AWHEE/
SER B R T LI B IX 0. 95T, << T << 1.05 T.) K K K K
A (0. 8p( < p< 1. Zp() i&?ﬁi“g— . R134a 374.230 0.010 R600a 407.840 0.020
jgjt{iﬂqiﬁk[ZS]Eﬁj@‘ﬁﬁ*ﬁtp%ﬁﬁE/‘J%j( R1234yf 367.850 0.010 R290 369.890 0.030
18 5 5 /IME B A ME N B S 5O E E R H R152a  386.440 0.010 R744 304.128 0.015
b R B 0 BB 0 B A A, BT LA 40 S 2 B H AR B R227ea 374.900 0.100 R125 339.170 0.010
WS R /AME., BXW . B/MIE B RIS R1234ze(E) 382.510 0.010 R143a 345.857 0.015
ORI A E 9 51 G FBRE S R 0 R2 Roz 901260 0010
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Table 4 T..p. and w of the compounds in study with the corresponding uncertainties
TR T./K T. RfEE/K  p./MPa  p. AifiE &/ MPa ® w AN E FE I B2 /K
R134a 374.2100 0.002 7 4.059 28 0.126 9 0. 326 84 1.144 3 263~370
R1234yf 367.8500 0.002 7 3.382 20 0.103 2 0.276 00 0.977 1 245~366
R152a 386.4110 0.002 6 4.516 75 0.148 9 0.27521 2.2501 200~386
R227ea 374.900 0 0.026 7 2.925 00 0.257 5 0. 357 00 0.976 2 233~373
R1234ze(E) 382.5130 0.002 6 3.634 90 0.1370 0.313 00 0.687 6 223~380
R32 351.2550 0.002 8 5.784 00 0.1852 0.276 90 2.568 8 191~351
R600a 407.810 0 0.004 9 3.629 00 0.127 1 0.184 00 2.2752 200~407
R290 369. 890 0 0.008 1 4.251 20 0.1197 0.152 10 2.2759 210~365
R744 304.128 2 0.004 9 7.377 30 0.105 5 0.223 94 2.3710 216~304
R125 339.1730 0.002 9 3.617 70 0.164 0 0. 305 20 1.3699 180~335
R143a 345.857 0 0.004 3 3.761 00 0.176 1 0.261 50 2.966 1 165~345
i SR BE T B9 28 BE 2k A S0 4R 18 19 REFPROP 045 FE L 6 SR 1 pe AL O B F o WA E BER T A BE 3R 45 .
%5 BAFRIRE PC-SAFT A KR H B LT8R EE
Table 5 PC-SAFT model parameters of the compounds in study with the corresponding uncertainties
- . e 2 e ky' mE/K
o v RWERS oA o RMERR e b e R ATUR MR
R134a 3.2357 0.2880 3.019 3 0.0715 171.0 0.178 6 263~323 199~359
R1234yf 2.9411 0.686 3 3.3271 0.192 4 174.5 0.429 1 273~300 321~365
R152a 2.7007 0.756 2 3.099 8 0.1651 192.9 0.495 2 243~318 159~308
R227ea 3.6199 0. 3856 3.278 1 0.116 1 162. 1 0.228 4 253~313 273~373
R1234ze(E) 3.3534 1.118 6 3.147 8 0.472 3 171.0 0.616 2 223~278 378~380
R32 2.6797 0.787 3 2.7220 0.2232 177.2 0.490 2 263~323 242~318
R600a 2.236 6 0.2329 3.775 2 0.046 2 217.7 0.156 4 253~337 120~220
R290 2.007 8 1.048 9 3.6122 0.1323 207.9 0.726 3 253~345 200~293
R744 2.5332 0.588 8 2.5750 0.173 4 153.3 0.379 3 238~280 245~302
R125 3.162 4 0.3212 3.1030 0.0997 155.4 0.197 2 180~295 275~335
R143a 2.6194 0.326 8 3.2291 0.1016 174.6 0.198 3 213~263 230~270
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Table 6 The effect of the fluctuations on the objective function values

WA WO BORES AR I RORES WOME WOME BoORES OMRE U RRES

T SRMG FRM B/ME O FRME SRM RME EWZE EWE B/ME EME EME RME

ZEROKME ZR/ME WH ZRKE Z&RE/ME WE  &AE RME WE RKE B/ME HE

R134a  12.140  0.025  482.4 12.620 0.039  324.7 9.149 0.025 370.300 5.444 0.011 482.4

R1234yf  0.247  0.002  132.5  0.554  0.001  491.1 0.698 0.097 7.228 0.633 0.003 242.2
R152a  0.987  0.005 215.2  1.693  0.007 256.8 2.110 0.127 16.590 1.345 0.005 274.5

R227ea  15.170  0.064  238.5 19.900  0.048  412.6 13.58 0.119 114.000 8.753 0.017 521.0

R1234ze(E) 3.798  0.035  110.0  2.416  0.009  267.4 3.213 0.080 40.320 1.515 0.008 195.4
R32 1.250  0.020  62.36 1.834  0.014 128.7 2.205 0.155 14.200 1.335 0.008 157.4

R600a  8.936  0.048  185.4 12.610 0.034  369.2 3.668 0.086 42.830 6.754 0.034 201.3

R290  15.330  0.082  187.7 12,980  0.029  443.4 7.092 0.119 59.600 8.341 0.019 447.5

R744 5.685  0.007  804.9  8.197  0.014  577.0 3.378 0.019 178.800 4.405 0.023 191.2

R125 4.596  0.041  112.8  3.825  0.023  165.5 5.107 0.074 68.890 3.058 0.026 115.9

R143a  3.315  0.029 116.2  4.704  0.011  411.3 1.341 0.096 13.920 2.977 0.020 146.1

T 6.496  0.033  199.6  7.394  0.021  355.2 4.686 0.091 51.700 4.051 0.016 256.3

T < e KA 5w /M AR A il A2 00 3l 5 b e B3R R AR5 d /MR AL 267R 2 M08 3l X 0 78 4 o B9 2 i R JE
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Table 7 The effect of the fluctuations on the objective function values

WARR  WAERR ROKMES AR SUEIC mORMES WRAEE WARES mORES SOMEE AHEE RKES

TJ5 SR M SRR RAML O SERE O SRR RME ERE ERZE B/ME O ERZE ERE EBME
ERKHE ZR/ME WE ZEKE ZHR/AME WA BKRE RAME WE BEKRME RME O WE

R134a 9.098  0.034  266.0  9.996  0.016  622.7 8.398 0.036 236.30 4.472 0.014 322.5
R1234yf  99.990  0.168  595.8 99.960  0.420  238.0 98.910 0.142 694.90 99.190 0.412 241.0
R152a  11.940  0.031  388.8 21.570  0.044  486.8 17.930 0.166 108.20 8.094 0.031 258.1
R227ea  22.920  0.079  290.1 26.110  0.102  256.2 27.630 0.128 215.70 15.490 0.059 261.4
R1234ze(E) 55.230  0.121  457.9 53.310  0.153  347.5 35.500 0.270 131.30 27.410 0.188 146.2
R32 50.210  0.113  443.5 47.140  0.089  528.1 22.530 0.139 161.90 21.860 0.084  260.6
R600a  11.370  0.013  863.9 14.640 0.019  772.4 10.940 0.114 95.66 9.639 0.030 320.4
R290 59.380  0.286  207.3 57.610  0.200  287.8 26.080 0.123 212.10 49.950 0.211 237.0
R744 99.970  0.215  465.9 99.890  0.175  571.8 99.540 0.449 221.90 98.730 0.127 779.5
R125 22,430 0.156  144.0 25.720  0.084  305.6 14.950 0.091 163.60 12.290 0.064 191.2
R143a 9.723  0.029  330.9  6.755  0.045  149.0 4.271 0.097 44.21 4.099 0.022 187.9
SEHME S 41,110 0.113  363.3 42,060  0.123  343.5 33.330 0.160 208.90 31.930 0.113 283.0
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Table 8 The average objective function values of thermal conductivities and viscosities affected by single parameter fluctuations

I 5 1 2 fid 22 e 5 s ) i 2 i L R i 22
TR WA M WM M A UM W UM e UM |
weR RGR S HE FE KSR KSR FE O FE WSRO KSR BE HE
R134a  0.002  0.001  0.004 0.001 0.030 0.026 0.027 0.034 2.939  2.494 2.373  1.468
R1234yf  0.001  0.001  0.098 0.001 0.024 0.025 0.101 0.026 0.051 0.147 0.261 0.129
R152a  0.001  0.001  0.129 0.001  0.037 0.039 0.135 0.039 0.128 0.379  0.583  0.318
R227ea  0.021  0.014 0.129  0.014 0.064 0.058 0.133  0.068 4.289  3.941  3.422  2.272
R1234ze(E) 0.001  0.008 0.080 0.001 0.033 0.034 0.086 0.035 0.942 0.695 0.846  0.422
R32 0.018  0.001  0.155 0.003 0.044 0.044 0.163 0.046 0.161 0.310 0.526  0.270
R600a  0.015  0.005 0.084 0.002 0.032 0.031 0.090 0.030 2.825 2.889 1.177  1.953
R290  0.021  0.005 0.115 0.011 0.035 0.034 0.118 0.027 4.506  3.443 1.972  2.196
R744  0.005 0.002 0.007 0.002 0.025 0.020 0.015 0.023 1.659 1.945 0.972  1.340
RI125  0.003 0.001 0.072 0.003 0.035 0.034 0.082 0.035 1.364 0.931 1.259  0.755
R143a  0.003  0.004 0.097 0.003 0.036 0.028 0.109 0.041 0.806 1.039 0.276  0.825
SF¥ME 0.008  0.004  0.088  0.004 0.036 0.034 0.096 0.037 1.788 1.656 1.243  1.086
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