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Performance Comparison of Correlations of
the Saturated Liquid Densities for Pure Substances

Kyoung Youl Lee, Kyoung Kuhn Park™
Graduate School of Mechanical Engineering, Kookmin University, Seoul 136-702, Korea
*School of Mechanical and Automotive Engineering, Kookmin University, Seoul 136-702, Korea

ABSTRACT: A few correlation equations of the saturated liquid density are reviewed and
a new equation is proposed. Performance of each equation is examined using the data listed
in the ASHRAE table for 22 pure substance refrigerants. The new four-parameter equation
yields an average absolute deviation of 0.03% for 22 refrigerants. Performance of the new
four-parameter equation is found to be equivalent to those of the existing equations such as
Hou-Martin equation(0.03%) and Iglesias—Silva-Hall equation(0.08%).
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Fig. 1 Plot of In(p,/\/T,) vs. 1/T,—1.
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Table 1 Critical temperature, minimum tem-
perature and critical density

Subst, T (K) Tn(K) | p, (kg/m®)

R-22 369.30 173.15 523.80
R-23 299.28 118.02° 525.90
R-32 351.26 136.34 424,00
R-125 339.17 172.52° 568.00
R-134a 374.21 169.85° 511.90
R-152a 386.41 154.56" 368.00
R-143a 345.86 161.34° 434,00
R-245fa | 427.20 223.15 517.00
R-717 405.40 195.50° 225.00
R-718 647.10 273.16" 322.09
R-744 304.13 216.59" 466.50
R-50 190.56 90.69" 162.70
R-170 305.33 98.15 206.60
R-290 369.85 123.15 220.50
R-600 425.16 173.15 227.80
R-600a 407.85 173.15 224.40
R-1150 282.35 103.99° 214.20
R-1270 365.57 133.15 223.40
R-704 5.20 2.18° 69.64
R-728 126.19 63.15" 313.10
R-732 15458 54.36" 436.10
R-740 150.66 83.80" 530.90
“triple point temperature
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Table 2 Comparison of the

performance of equations for saturated liquid density

Subst. |NDP' M™=1 M =2 M”=3 M =4

MR [ISHI | CGB [New2| ISH3 | HM3 [HM3™ [ New3 | HM4 HM4™| Newd

R-22 | 69 | 0.09 | 0.37 | 0.08 | 0.05 | 0.033 | 0.054 | 0.012 | 0.032 | 0.008 0.008 0.026
R-23 | 69 | 021 | 0.20 | 0.11 | 0.11 | 0.088 | 0.087 | 0.047 | 0.060 | 0.022 0.022 0.064
R-32 | 68 | 024 [ 008 [ 0.13 | 023 | 0.043 | 0.076 | 0.013 | 0.022 | 0.025 0.011 0.011
R-125 | 69 | 0.18 | 0.73 | 0.07 | 0.31 | 0.037 | 0.060 | 0.020 | 0.013 | 0.030 0.005 0.004
R-134a | 69 | 020 | 042 | 0.11 | 0.19 | 0.056 | 0.085 | 0.012 | 0.012 | 0.035 0.006 0.012
R-152a | 69 | 0.26 | 008 | 0.12 | 0.16 | 0.055 | 0.081 | 0.012 | 0.008 | 0.033 0.004 0.005
R-143a | 66 | 0.25 | 0.35 | 0.10 | 0.13 | 0.054 | 0.082 | 0.013 | 0.009 | 0.052 0.005 0.010
R-245fa| 67 | 0.25 | 0.69 | 0.08 | 0.23 | 0.036 | 0.033 | 0.033 | 0.060 | 0.034 0.013 0.031
R-717 | 67 | 0.19 | 0.08 | 0.04 | 0.29 | 0.027 | 0.021 | 0.021 | 0.043 | 0.022 0.021 0.019
R-718 | 69 | 293 | 2.08 | 1.09 | 0.25 | 0484 | 0402 | 0.072 | 0.046 | 0.189 0.030 0.045
R-744 | 67 | 049 | 051 | 0.01 | 0.05 | 0.015 | 0.010 | 0.007 | 0.004 | 0.007 0.004 0.003
R-50 | 28 | 013 | 0.02 | 0.03 | 0.14 | 0.012 | 0.029 | 0.007 | 0.032 | 0.011 0.006 0.008
R-170 | 67 | 0.12 | 0.34 | 0.18 | 0.13 | 0.081 | 0.102 | 0.064 | 0.100 | 0.056 0.066 0.069
R-290 | 67 | 0.12 | 0.18 | 0.12 | 0.05 | 0.058 | 0.087 | 0.035 | 0.047 | 0.054 0.015 0.033
R-600 | 67 | 0.13 | 0.09 | 0.16 | 0.13 | 0.065 | 0.081 | 0.022 | 0.044 | 0.030 0.028 0.036
R-600a | 63 | 0.10 | 0.10 [ 0.14 | 0.15 | 0.046 | 0.066 | 0.011 | 0.033 | 0.019 0.008 0.013
R-1150 | 67 | 0.24 | 027 | 0.16 | 0.12 | 0.049 | 0.080 | 0.008 | 0.045 | 0.019 0.005 0.006
R-1270 | 69 | 052 | 0.23 | 0.15 | 0.04 | 0.089 | 0.108 | 0.036 | 0.040 | 0.044 0.044 0.054
R-704 | 32 | 335 | 1.16 | 0.80 | 0.26 | 0.222 | 0.163 | 0.077 | 0.056 | 0.104 0.031 0.052
R-728 | 26 | 036 | 0.07 | 0.11 | 0.12 | 0.057 | 0.077 | 0.022 | 0.022 | 0.016 0.014 0.022
R-732 | 22 | 026 | 0.14 | 0.15 | 0.25 | 0.062 | 0.089 | 0.014 | 0.032 | 0.017 0.006 0.005
R-740 | 26 | 0.21 | 0.26 | 0.04 | 0.12 | 0.036 | 0.039 | 0.030 | 0.028 | 0.021 0.021 0.032
AVE. 0.49 | 0.38 | 0.18 | 0.16 | 0.078 | 0.087 | 0.027 | 0.036 | 0.038 0.017 0.025

“data from ASHRAE"
“the number of adjustable parameters for each equation
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