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Flow Condensation Inside Mini-Channels (IT)
— Experimental Study of the Circular and Rectangular Channels —

Jeong Seob Shin and Moo Hwan Kim

Key Words :  Mini-Channel(%}-& - 2), Two-Phase Flow(2°3% ), Flow Condensation(Z.& -5 %),
Heat Transfer(E A €), R134a

Abstract

By using unique experimental techniques and careful construction of the experimental apparatus, the
characteristics of the local heat transfer were investigated using the condensing R134a two-phase flow, in
horizontal single mini-channels. The circular channels (Dy=0.493, 0.691, and 1.067 mm) and rectangular
channels (Aspect Ratio=1.0, D4=0.494, 0.658, and 0.972 mm) were tested and compared. Tests were
performed for a mass flux of 100, 200, 400, and 600 kg/m®s, a heat flux of 5 to 20 kW/m’, and a saturation
temperature of 40°C. In this study, effect of heat flux, mass flux, vapor qualities, hydraulic diameter, and
channel geometry on flow condensation are investigated and the experimental local condensation heat transfer
coefficients are shown. The experimental data of condensation Nusselt number are compared with existing
correlations.
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Fig. 1 Schematic of the test apparatus
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Table 1 Experimental condition

Test Tube Length (mm) 211

Effective Length (mm) 171

Refrigerant R134a

Saturation Temperature (°C) | 40

Mass Flux (kg/m’s) 100, 200, 400, 600
Heat Flux (kW/m?) 520

Vapor Quality Range about 0.15-0.85

Table 2 Hydraulic diameter of test channels (mm)

Circular Channel Rectangular Channel

#1 #2 #3 #1 #3
0.493 | 0.691 | 1.067 | 0.494 0.972

Fig. 3 Cross sections of the test tubes
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Table 3 Experimental uncertainties

Temperature (°C) 10.1

Pressure (kPa) +1.5

Pressure Difference (kPa) *0.15

Mass Flux +3.5%

Heat Flux t32%

Heat Transfer Coefficient +35~112.9%
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Fig. 5 Heat flux effect on flow condensation Nusselt number at G=200 kg/mzs
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Fig. 6 Mass flux and vapor quality effect on flow condensation Nusselt number
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Table 4 Vapor quality averaged heat transfer coefficient
(kW/m’K)

(a) Circular channel

G=1(§0 G=2g0 G=4Q0 G=6020
keg/m°s | kg/m’s | kg/m°s | kg/m"s
D,=0.493 mm| 4.567 4.879 6.517 9.143
Dy=0.691 mm| 3.272 3.861 5.771 7.451
Dy=1.067 mm| 2.855 3.348 4.962 5.523
(b) Rectangular channel
G=100 | G=200 | G=400 | G=600
kg/m?’s | kg/m’s | kg/m’s | kg/m’s
D,=0.494 mm| 4.349 5.291 5.983 6.957
D=0.658 mm| 3.753 3.812 5.136 6.222
D;=0.972 mm| 3.705 3.470 4271 5.382
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Fig. 7 Channel geometry effects on average condensation
heat transfer coefficient
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