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6 9.533 | 19.584 | 0.085 | 21.401 | 1.316 | 2.386 | 0.031 | 29.996 | 0.507 | 5.899
7 8.785 | 18.875 | 0.082 | 21.660 | 1.225 | 1.763 | 0.034 | 29.274 | 0.550 | 5.177
8 8.347 | 18.430 | 0.081 | 21.778 | 1.169 | 1.357 | 0.033 | 28.885 | 0.536 | 4.788
9 |11.061| 20.876 | 0.070 | 23.043 | 1.346 | 2.581 | 0.031 | 30.900 | 0.503 | 6.769
10 | 10.634 | 20.534 | 0.070 | 23.061 | 1.295 | 2.245 | 0.029 | 30.729 | 0.467 | 6.598
11 [10.741| 20.621 | 0.066 | 23.594 | 1.335 | 2.510 | 0.028 | 30.829 | 0.462 | 6.698
12 |10.429 | 20.365 | 0.065 | 23.640 | 1.298 | 2.269 | 0.029 | 30.726 | 0.468 | 6.594
13 [13.391 | 22.536 | 0.061 | 24.233 | 1.480 | 3.408 | 0.025 | 32.038 | 0.404 | 7.872
14 [12.883 | 22.200 | 0.059 | 24.543 | 1.441 | 3.175 | 0.023 | 32.421 | 0.386 | 8.255
15 |12.235| 21.752 | 0.061 | 24.261 | 1.354 | 2.633 | 0.025 | 31.766 | 0.416 | 7.601
16 | 12.213| 21.737 | 0.058 | 24.594 | 1.369 | 2.729 | 0.026 | 31.373 | 0.436 | 7.207
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TPF from Taguchi: 1.54103
TPF from CFD: 1.539984

1-54103—-1-539984
Error = x100= 0.068%
1-539984

EGN from Taguchi:0.2951110
EGN from CFD: 0.309375

0-309375-0-2951110
Error = x 100 = 4.6%
0-0-309375
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Abstract

In the present study, the hydrothermal and thermodynamic performance of water flow in a cylindrical heat sink
with novel hybrid minichannels is investigated numerically. The geometry consists of an initial straight section
followed by four helical parts with different helical angles. The Taguchi method with an L16 array was employed
to reduce the number of simulations and optimize the performance of the heat sink. The five design factors consist
of the Reynolds number and four different helical angles along the minichannel at four distinct levels. Their effects
on the Nusselt number, Fanning friction factor, total thermal performance factor (TPF), and entropy generation
number (EGN) are evaluated. The results revealed that the Reynolds number is the dominant factor influencing
both TPF and EGN, with contribution ratios of 80.33% and 78.88%, respectively. Following that, the first helical
angle 8, exhibited the most significant impact among the geometric parameters, while the contributions of the
remaining angles were negligible. The optimal configurations for TPF and EGN are obtained as A, B; C; D, E;

and A, B; C; Dy E; , respectively. Additionally, two optimal combinations were obtained for TPF and EGN,
with improvement rates of approximately 54% and 69%, respectively, compared to the original model.

Key words: Cylindrical heat sink, hybrid mini-channel, entropy generation, Reynolds number, Taguchi
method.
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