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Condensation heat transfer of R407C and R410A

in a horizontal smooth tube
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ABSTRACT

Experiments were carried out to investigate the condensation heat transfer characteristics
for R22 and its alternatives, R407C (R32/125/134a, 23/25/52 wt%) and R410A (R32/125, 50/50
wt%). A concentric tube heat exchanger was made to conduct condensation heat transfer
tests. Mass flux and saturation temperature of refrigerants at the test section inlet were
varied to get the corresponding heat transfer coefficients. Serial and parallel input of
secondary fluid (water) were applied to the test subsections. Compared with existing
correlations of condensation heat transfer, experimental heat transfer coefficients obtained in
this study were generally higher than the predicted values, and mean absolute deviations from
several correlations were shown. Wall subcooling was introduced to get a new correlation for
condensation heat transfer coefficients by modifying Shah’s equation. The RMS deviation of
the measured heat transfer coefficients from the new correlation in this study for R22 is 9.9%
and that for R407C and R410A are 10.2% and 14.6%, respectively.
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Fig. 1 Schematic diagram of experimental apparatus for condensation heat transfer test.
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Table 1 Test conditions in this study

R22 | R407C | R410A
Test section average| 1354~ | 1349~ | 2143~
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T : n
est 'sectlon inlet 5 ~ 45
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Mass flux(kg/m’s) 260 ~ 670
Superheat (TC) 5~ 10
Mass flow rate
374 ~ 686
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secondary fluid (C) | 37.0 30.8 35.0
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Fig. 4 Variations of heat transfer coefficient
with respect to mass flux at the
saturation temperature of 40°C.
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(b) G=535 kg/m’s, parallel input

Fig. 5 Effect of saturation temperature and
input conditions of secondary fluid on
heat transfer coefficient for R22.
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(c) G=670 kg/m’s

Fig. 6 Variations of heat transfer coefficients
for R22, R407C, and R410A for the
saturation temperature of 40°C at the
test section inlet.
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Table 2 Mean absolute deviation

experimental condensation heat

transfer coefficients and predicted

values by several correlation
(S : serial, P : parallel)
R22 R407C | R410A

S|{P|S|[P{S|P

Akers(1960) 36.4] 38.8| 29.7| 30.0| 31.2| 32.3
Soliman(1968) | 27.7| 34.3| 12.5( 20.8| 15.4 15.8
Traviss(1973) | 12.4] 18.3| 12.6| 11.1| 18.7} 13.2
Cavallini(1974) | 11.0] 13.5] 14.2] 10.1} 18.7] 15.2
Shah(1979) 154|247 6.7|126| 99| 84
Chen(1987) 30.8] 39.9| 15.1} 27.7| 14.2) 21.0
Dobson(1994) | 28.8| 41.4| 18.3} 31.7{ 15.4| 26.8
Tandon(1995) | 40.5| 45.7| 33.4| 38.5 35.4| 40.7
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Table 3 RMS deviation between experimental
condensation heat transfer coeficients
and predicted values by correlation

Refrigernat. # of data RMS Mean
points  dev.(%) dev.(%)
R22 161 99 -3.3
R407C 159 10.2 -2.7
R410A 148 146 106
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Fig.8 Mean deviation between experimental

condensation heat transfer coefficient
and predicted values by the proposed
correlation in this study.
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