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Engineering and optimization of a 3D helical lattice microchannel using
machine learning

WENG Jungqi, LIU Haoxin, WANG Ju, CHU Bozhao
(SINOPEC Shanghai Research Institute of Petrochemical Technology, Shanghai 201208, China)

Abstract: Micromixers are core devices for achieving highly efficient fluid mixing in micro—chemical processes,
and their internal structures directly determine mixing performance and flow pressure drop. This paper proposes a
novel three—dimensional helical lattice perforated microchannel and systematically optimizes its structural
parameters using a combination of computational fluid dynamics (CFD) and deep neural networks (DNN) to achieve
high mixing performance while minimizing pressure drop. First, the mixing performance and pressure drop
characteristics of three configurations (straight microchannel, lattice microchannel, and helical lattice
microchannel) were compared via CFD simulations. Subsequently, the effects of five structural parameters (H,, W,,
W,, L, and L,) on the pressure drop and mixing index were investigated. Finally, a DNN surrogate model was trained
using CFD simulation data to perform multi—objective optimization of the mixing index and pressure drop. The
results demonstrate that the mixing index of the HLMC reaches 0.985, representing increases of 121% and 15.2%
compared to the SMC and LMC, respectively. Optimal values exist for H,, W,, and W, whereas larger values of L,
and L, correlate with higher HLMC performance. The Pareto front for pressure drop and mixing index was obtained,
identifying a knee point with a pressure drop of 396 Pa/m and a mixing index of 0.985. These findings provide

theoretical guidance and a robust data—driven methodology for the design and optimization of micromixers.
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Fig.3 Illustration of the mesh and mesh sensitivity analysis
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Table 2 Sensitivity analysis of hyperparameters for deep neural network models

B )2 25 4 YIZRREL OGP MIRLE RS, MRLE RS, MK A MAE/(Ap) XA MAE/(MI)
64-64 1000 sigmoid 0.99894 0.98352 0.43529 0.002711
64-128-64 1000 sigmoid 0.99946 0.99171 0.37509 0.001760
64-128-128-64 1000 sigmoid 0.99954 0.99504 0.32310 0.001376
64-128-128-128-64 1000 sigmoid 0.99967 0.99710 0.26417 0.001108
32-64-64-32 1000 sigmoid 0.99777 0.99277 0.65599 0.001653
128-256-256-128 1000 sigmoid 0.99656 0.99708 0.97043 0.001087
64-128-128-64 1000 ELU 0.99779 0.99394 0.33074 0.001489
64-128-128-64 1000 ReLU 0.99874 0.99390 0.62784 0.001503
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HAl Ap/L/(Pa/m) MI
SMC 13 0.446
LMC 123 0.855
HLMC 719 0.985

REMMEREFIR G858 451 Won, bEE o 1
BB K, = R OR A A ) R R X B O TR
HAEEOR WAL . TR A T8 B REAR R BB A i b
R SO AR A SGE T P 945 B B ) 4 0 TR A AN
0. RAEINIL, HLMC 78 BT A 8k 28 T 4R 5
TR AT, IR A 18 BbE R I KT
Rk I B 4 /0N, 26 W HLMC 7 T 2% 22 A4 378 3 3 FBl P L
BRI EEE. E 9 FR, BEE FAR S 13



5 XX

www.hgxb.com.cn

1.0 | —m—sMC
——LMC
[ —4—HLMC
- N H
H N K >
SMC LMC HLMC 04
|
Vorticity Magnitude Ze=i®) 02 kb
[s*1] 1 1 1 L 1 I 1 L 1
o 10 20 30 40 50 B0 70 80 100 0 1 8 12 16
x/mm
K7 ZFOARREGRGR G & TEx = 14 mm EBUHTE 09305 5 5045 FT 05 1) i IR A 48 £ b

Fig.7 Vorticity magnitude distribution at x = 14 mm and mixing index evolution along the x—direction for the three micromixers
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Table 4 Value range and parameter level of structural

parameters
2H JEH BHOKF Bfy
H, 0.50~1.00 0.50, 0.60, 0.70, 0.80, 0.90, 1.00 mm
L, 0.50~0.90 0.50, 0.60, 0.70, 0.80, 0.90 mm
L, 0.60~1.00 0.60, 0.80, 1.00 mm
W, 0.50~0.90 0.50, 0.70, 0.90 mm
W, 0.50~0.90 0.50, 0.60, 0.70, 0.80, 0.90 mm
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Table 5 Structural parameters and performance

indicators of typical optimal solutions on the Pareto front
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