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Study on Pressure Drop Optimization in Flow Channel with Two Diameters
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Abstract: An analytical study on the flow resistance of tree-shaped channel-flow architectures was carried out
based on the principle of the constructal law; the evolutionary increase in the access to currents that flow
through the channels with improvements in the flow configurations were studied in a square domain using
two diameters. Two types of tree-shaped configurations were optimized. The minimized global flow resistance
decreased steadily as the system size N increased. From the two channel configurations, the one that resulted
in better pressure drop was selected. Further, it was shown that the system performance can be enhanced by
adopting the second tree-shaped configurations when the system size is greater than 18°.
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Table 1 Optimized designs with the first construct channels when the channels have two diameter sizes

D’ AP (V) AP (7Y AP , AP -AP
NN [D J (a)@(ﬂ (b) {%[ﬂ } ! u AP,
44 0.739 593.4 764.7 2.318 1.199 22.4 %
6X6 0.653 3,001.5 4,914.5 2.316 1.233 38.9 %
8x8 0.595 9,199.6 18,620.4 2.246 1.221 50.6 %
10X10 0.554 21,700.0 52,860.0 2.170 1.216 58.9 %
14X<14 0.496 78,215.0 258,962.3 2.036 1.202 69.8 %
18%18 0.457 202,498.7 857,768.3 1.929 1.190 76.4 %
20X20 0.442 301,440.0 1,393,280.0 1.884 1.186 78.8 %
24X24 0.416 599,851.0 3,412,448.9 1.808 1.178 82.4 %

Table 2 Optimized designs with the second construct channels when the channels have two diameter sizes

Dy AP (V.Y {ﬂf} AP o AP,-AP,
NN [Dz*j (a)%[?) (b) Cdm(d] an’d “ AP,
4X4 0.720 741.1 869.6 2.895 1.269 14.8 %
66 0.627 3,643.1 5,387.5 2.811 1.321 32.4 %
8%8 0.569 10,731.5 19,787.8 2.620 1.332 45.8 %
10X10 0.528 24,380.0 54,850.0 2.438 1.326 55.6 %
14X14 0.472 82,479.2 260,414.4 2.147 1.312 68.3 %
18X18 0.434 203,023.6 846,736.4 1.934 1.297 76.0 %
20X20 0.419 295,680.0 1,393,280.0 1.848 1.290 78.8 %
24X24 0.394 566,208.9 3,314,774.0 1.707 1.277 82.9 %
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