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Correlation of Convective Boiling Heat Transfer in a Horizontal Tube
for Pure Refrigerants and Refrigerant Mixtures
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Abstract

Boiling heat transfer coefficients of pure refrigerants(R22, R32, R125, R134a, R290, and
R600a) and refrigerant mixtures(R32/R134a and R290/R600a) are measured
experimentally and compared with several correlations. Convective boiling term of Chen’s
correlation predicts experimental data for pure refrigerants fairly well(root-mean-square
error of 12.1% for the quality range over 0.2). An analysis of convective boiling heat trans-
fer of refrigerant mixtures is performed for an annular flow to study degradation of heat
transfer. Annular flow is the subject of this analysis because a great portion of the evapora-
tor in refrigeration or air conditioning system is known to be in the annular flow regime.
Mass transfer effect due to composition difference between liquid and vapor phases, which is
considered as a driving force for mass transfer at interface, is included in this analysis. Cor-
rection factor Cr is introduced to the correlation for the pure substances through annular
flow analysis to apply the correlation to the mixtures. The flow boiling heat transfer coeffi-
cients are calculated using the correlation considering nucleate boilling effect in the low qual-
ity region and mass transfer effect for nonzazeotropic refrigerant mixtures.
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Table 1 Physical properties of pure refrigerants in this study.
R22 R32 R125 R134a R290 R600a
Chemical Formula CHCIF, CHF, CF,CHF, CF,.CH,F C;Hs CH(CH,);
Molecular Weight(kg/kmol) 86.48¢ 52.024" 120.020" 102.03! 44.10° 58.13
Critical Temperature(K) 369.15° 351.56" 339.4" 374.21" 369.80¢ 408.15¢
Citical Pressure(MPa) 4.974} 5.830" 36311 4.0561 4.242} 3645
Critical Density(kg/m®) 525 430" 5721 515' 219} 221}
Normal Boilling Temperature(K) 232.4° 221.4' 2246 247.0° 231.07* 261.42°
Density @ 101.3kPa(kg/m®)
Saturated liquid 1409.1* 1202.1¢ 1514.1} 1374.3! 580.65 593.81°
Saturated vapor 4,705} 2.976} 6.777° 5.259° 2.419¢ 2.813¢
Dynamic viscosity{uPa-s)
Saturated liquid 210.1* 156.61 190.8% 27854 140? 214.0
(@273.2K) | (@273.2K) | (@279.15K)| (@271.26K)| (@270K) (@270.0K)
Saturated vapor 11.96¢ 11.412* 12.399° 10.94* 7.78¢ £6.99"
(@273.6K) | (@2735K) | (@273.48K)| (@273.15K){ (@270K) (@270.0K)

+ :McLinden(1990); 1 : ASHRAE(1993); ¥ :Ripple & Matar(1993); § :Oliveira & Wakaham(1993a);

*:Oliveira & Wakeham(1993b); ~ : Touloukian et. al.(1970)
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Schematic diagram of the experimental apparatus.
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Table 2 Root mean square error(% ) between predicted and experimental heat transfer coefficients

(numbers in parenthesis represent RMS error for the experimental data of qulaity over 0.2)

Refrigerants Chen® Shah* Gugor & Winterton® Kandlikart®
R22 32.0(10.7) 17.2(13.9) 29.9(15.6) 22.8(18.9)
R32 43.2(8.6) 13.4(10.8) 39.4(13.2) 29.5(25.2)
R134a 77.8(13.6) 19.4(15.7) 72.8(17.2) 23.8(20.9)
R125 35.0(12.5) 12.4(10.9) 31.2(14.2) 18.0(18.2)
R290 34.8(16.4) 19.3(13.8) 32.3(14.1) 30.8(30.8)
R600a 34.8(15.6) 35.2(24.4) 38.1(28.0) 38.5(38.5)
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Fig.2 Relative error between predicted and experimental heat transfer coefficients of the pure

refrigerants with respect to quality
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Fig.3 Relative error between predicted and experimental heat transfer coefficients of the refrigerant

mixtures with respect to quality
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Table 3 The coefficients A and # in Eq.(7)

Refrigerant mixture A »n
R32/R134a 0.569 0.860
R290/R600a 0.533 0.828
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Fig.s Heat transfer coefficients with respect to quality and mass fraction for G=424kg/m's
and Pr=0.15.(Calculated by Chen’s correlation with mass transfer correction from

the annular flow analysis in this study)
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coefficients for the pure refrigerants

. RMS
Refrigerants
I I
R22 32.0 22.5
R32 43.2 12.3
R134a 77.8 18.5
R125 35.0 26.0
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R600a 34.8 12.1
I : Convective boiling term of Chen’s correla-
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I : Correction of nucleate boiling effect with
the Chen’s convective boiling term
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Fig.6 Relative error between predicted and experimental heat transfer coefficients of the pure refrig-

erants with respect to quality
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for refrigerant mixtures
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