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Abstract

Condensing heat transfer characteristics of hydrocarbon refrigerants are experimentally inves-
tigated. Single component hydrocarbon refrigerants (propane, isobutane, butane and propylene)
and binary mixtures of propane/isobutane and propane/butane are considered as test fluids.
Local condensing heat transfer coefficients of selected refrigerants are obtained from overall
conductance measurement. Average heat transfer coefficients at different mass fluxes and heat
transfer rates are shown and compared with those of R22. Pure hydrocarbon refrigerants have
higher values of heat transfer coefficient than R22. It is also found that there is a heat transfer
degradation for hydrocarbon mixtures due to composition variation during condensation. Mea-
sured condensing heat transfer coefficients are compared with predicted values by available
correlations. An empirical correlation for pure and mixed hydrocarbon is developed, and it shows
good agreement with experimental data.
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Table 1 Experimental conditions in this study

A7) EFE
A48 ast 74l

Refrigerant Temperature (C) Quality Mass flux (kg/m?) | Heat flux (kW/m? | No. of points
R22 48.4~492 0.10~0.92 230~ 340 6.6~15.2 225
R1270 47.7~50.2 0.10~0.92 137~210 7.2~159 135
R290 48.4~49.7 0.07~0.91 110~187 56~14.5 495
R600a 47.7~49.1 0.07~0.94 70~137 29~11.2 147
R600 46.6~49.6 0.10~0.95 45~ 92 1.9~ 86 144
R290/R600a (25/75) 45.4~52.3 0.18~-0.89 67~158 4.3~14.2 117
R290/R600a (50/50) 45.4~53.0 0.16~0.89 74~175 5.1~16.1 104
R290/R600a (75/25) 46.0~52.4 0.15~0.93 97~194 6.3~16.0 124
R290/R600a (25/75) 46.1~53.7 0.15~0.84 66~120 5.5~15.3 96
R290/R600(50/50) 44.0~54.9 0.15~0.85 58~162 4.0~19.9 101
R290/R600(75/25) 46.6~53.8 0.16~0.89 91~173 7.1~18.0 117

Table 2 Average absolute deviations between experimental and predicted condensation heat transfer

coefficient of pure and mixed refrigerants by the correlations (numbers in parenthesis represent

average deviation)

correlation R22 R1270 R290 R600a R600  [R290/R600a| R290/R600 | Average
Soliman et al.*® 6.7(-41) | 85(3.9) | 10.207.7) | 127( 43) | 140(-6.2) | 11.2( 54) | 88( 200 | 10.1( 3.D)
Traviss et al.® 35.0(35.0) | 48.4(48.4) | 41.5(415) | 43.7(43.7) | 37.2(35.8) | 40.8(40.6) | 34.6(34.2) | 39.7(39.5)
Cavallini and Zecchin® 40.6(40.6) | 54.6(54.6) | 45.3(45.3) | 50.7(50.7) | 44.8(43.9) | 48.2(48.2) | 41.7(41.6} | 45.7(45.6)
Shah® 24.9(24.9) | 42.4(424) | 34.3(34.3) | 345(33.9) | 29.8(25.5) | 36.3(35.7) | 29.1(28.1° | 32.9(32.2)
Chen et al® 95(-1.9) | 1500 5.7) | 17.00 9.0) | 19.9(10.0) | 165( 0.4) | 15.9(11.0) | 13.8( 7.0° | 15.3( 6.8)
Dobson et al."? 1730 5.4) | 25.9(155) | 195( 64) | 27.4(17.3) | 27.3(14.7) | 183(1L.1) | 15.0( 45, | 19.9( 9.1)
Tandon et al."? 105(-7.1) | 77041 | 83(33) | 39.8(39.8) | 71.4(70.4) | 22.6(20.5) | 25.0(23.8) | 21.8(17.3)
this work 66(-62) | 74(63) | 54( 12 | 10.0{32) | 138(-24) | 74(27) | 53(-1.2) | T.1{ 0.4)
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