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ABSTRACT: Flow condensation heat transfer coefficients (HTCs) of R22, R410, Propane
(R290) were measured inside a horizontal 9 hole aluminum multi-channel flat tube. The main
test section in the refrigerant loop was made of a 053 m long multi-channel flat tube of hy-
draulic diameter of 1.4 mm. Refrigerant was cooled by passing cold water through an annulus
surrounding the test section. Data were obtained in qualities of 0.1~0.9 at mass flux of 200~
400 kg/mZS and heat flux of 7.3~7.7kW/m’ at the saturation temperature of 40C. All popular
heat transfer correlations in single-phase subcooled liquid flow and flow condensation origi-
nally developed for large single tubes predicted the present data of the multi channel flat tube
within 25% deviation when effective heat transfer area was used in determining experimental
data. This suggests that there is little change in flow characteristics and patterns when the
tube diameter is reduced down to 1.4 mm diameter range. Hence, a modified correlation based
on the present data was proposed which could be applied to small diameter tubes with effec-
tive heat transfer area. The correlation showed a mean deviation of less than 20% for all data.
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Fig. 1 Comparison of general round tube and
multi-channel flat tube.
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Fig. 5 Experimental data and predictions of
R22 for single-phase liquid flow.
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Fig. 6 Experimental data and predictions of
R410A for single-phase liquid flow.
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Fig. 8 HTCs of R22, R410A and Propane at
200 kg/m’s in a multi-channel flat tube.
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Fig. 10 HTCs of R22, R410A and Propane at
400 kg/m’s in a multi-channel flat tube.
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Table 1 Deviations of various correlations against the present data
Mrs | Seman | Tras | P | s | et | Kim
' ) ' Zecchin Chato )
Fluid | Avg. |[Mean| Avg. |Mean | Avg. | Mean| Avg. |Mean | Avg. {Mean| Avg. |Mean | Avg. | Mean
Nominal area is used
R22 |2053(2053| 253| 30.0| 84| 8.4 97.1| 971| 76.0| 76.0| 838| 88| 59.1| 59.1
R410A [249.1 1249.1| 41.0f 488|1152{1152]122.8]122.8|100.3|100.3}{109.2 |109.2| 89.7| 89.7
Propane| 58.0| 58.0| 107.7{107.7 | 1842 | 184.2|197.0|197.0 | 168.1 | 168.1 | 183.2 | 183.2 | 99.8| 99.8
All 1708|1708 | 58.0f 62.1129.6|1296|139.0139.0|114.8 |1148|127.1|127.1| 829 | 829
Effective area is used
R22 89.0| 89.0|—224| 225| 17.3| 233 220| 272| 90| 195| 169| 246 —15| 9.0
R410A [ 116.1 1161 |—12.7| 192 | 332 | 400 380} 451 240| 332| 295| 379| 175} 202
Propane{ —2.2| 118 286 296| 759 759 89| 839| 66.0| 660 | 839 | 839 | 237| 237
All 676 723 —22| 237 421 464 | 480 521 330| 395| 406| 459 132 176
Average deviation = 1 $[ (ot hrexp) X 100 , Mean deviation = 1 $ABS [ (teas— resp) X 100 ]
n Bexp n Rexp
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