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Thermal and Flow Analysis of the Flat Tube with Micro-Channels
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Abstract

In this study, the general thermal and flow characteristics of flat tube with micro-channels has been
studied and the correlation of Nusselt number and friction factor is proposed. The optimal flat tube
geometry is determined by optimal design process. It is assumed to be a three dimensional laminar
flow in the analysis of thermal and flow characteristics. The periodic boundary condition is applied
since the geometry of flat tube with micro-channels shows uniform cross-section in primary flow
direction. Local Nusselt number is examined for thermal characteristics of each membrane, and module
average Nusselt number and friction factor are calculated to determine the characteristics of the heat
transfer and pressure drop in overall flat tube with micro-channels, The correlations between Nusselt
number and friction factor are given by Reynolds number, aspect ratio of membranes, and the width of
flat tube. ALM (Augmented Lagrangian Multiplies) method is applied to the correlations to determine
an optimal shape of flat tube. It is shown that the optimal aspect ratio of flat tube is approximately
1.0, irrespective of the width of flat tube and Reynolds number.
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Fig. 1 Flat tube with micro-channels.

Table 1 Dimensions of the reference flat tube (7
membranes) (unit : mm).
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Table 4 Module average Nusselt numbers and friction
factors with aspect ratios at G=200kg/m’s.

Aspect ratio of membrane

(Number of membrane) Nuay /
2.000(6) 9.6430 0.3200
1.700(7) 9.8790 0.3343
1.390(8) 10.0768  0.3465
1.700(9) 10.3404 0.3631
1.000(10) 10.499%5 0.3733
0.999(11) 10.8159 0.3940
0.825(12) 10.9923 0.4210
0.740(13) 11.0111 0.4470
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Table 5 Coefficients of the equation (26).

ax k=1 2 3 4 5
i=1 00176 -0.3721 05524 0.1346

-0.9260 22120 -1.88%0 0.1685 -0.1039
-2.3448 01064 -0.4224 0.2942
0.3309 -2.0777 58281 -6.0077
0.1029 -0.4648 0.6424 0.0236

k=1 2 3

=

2
3
4
5
i=1 0.7914 54300 -3.3949
2 -0.1725 -1.5998 0.9087
3 00587 05911 -0.3391
4 -0.0083 -0.0932 0.0534
5 41399 49.7429 -0.0290

Table 6 Optimal aspect ratios with mass flux.

optimal aspect ratio of
micro-channels
L=10mm 15mm 20mm
100 1.2447 1.0464 1.0464
150 1.0451 1.0480 1.0480
200 1.0438 1.0350 1.0350
250 1.0347 10245 1.0245
300 1.0279 1.0173 1.0173
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