79th International Conference on Vibroengineering - The Ragulskis Centenary Conference - KTU Aula Magna, Kaunas - 15 October 2026

Machine Learning-Based Design Optimization

of a Microfluidic Micromixer for Enhanced
Mixing Performance

Muhammad Wagqas', Arvydas Palevicius’

1Faculty of Mechanical Engineering and Design, Kaunas University of Technology, Kaunas, Lithuania ////

Discussion

» Passive mixing decreased at higher Re, while acoustic actuation
maintained high mixing performance.

» Bayesian optimization efficiently improved the geometry under the
pressure-drop constraint.

» The hybrid design provided more robust mixing across the investigated
flow conditions.
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n Abstract

» A machine-learning-based framework integrated with COMSOL Multiphysics
was developed to optimize micromixer geometry for enhanced mixing
performance under pressure-drop constraints.

» Gaussian Process modeling and Bayesian Optimization (BO) were employed
to explore the design space and identify optimized micromixer geometries.

» The optimized design, combined with acoustic actuation, achieved improved

mixing performance compared with the passive configuration, ]
demonstrating the potential of the proposed hybrid approach. Conclusions

» Machine Learning based design optimization approach can be useful
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for high-performance micromixer.

» Bayesian Optimization (BO) can be useful for design optimization of
micromixer for enhanced fluid mixing.

» Hybrid model integrated with acoustic field delivers higher mixing
index compared to passive approach.

» A machine-learning-based framework integrated with COMSOL Multiphysics
was developed to optimize micromixer geometry for enhanced mixing
performance under pressure-drop constraints.

» Gaussian Process modeling and Bayesian Optimization (BO) were employed

to explore the design space and identify optimized micromixer geometries. wtk e urencaiSiuiation] - S "“f‘r{"?
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demonstrating the potential of the proposed hybrid approach.

Results

» The hybrid micromixer achieved a mixing index (M) of approximately 0.99 at
Re = 0.1 and 1, indicating near-complete mixing at low Reynolds numbers.

» At Re = 10, the hybrid configuration achieved MI = 0.98, compared with
approximately 0.95 for the passive configuration, demonstrating improved
mixing after acoustic actuation.

» At Re = 20, the hybrid design achieved MI = 0.96, whereas the passive
configuration decreased to approximately 0.78, showing a substantial
improvement at higher flow rates.

3 A 4 N f N e B - A
Define Design Parameters Run Simulations Extract Performance Data Train ML Model Optimize Design
« angle_1 (%) Mixing Index (MI) ‘
. angle_2 (°) ) ¢ Training data a # Next best candidate
» angle_3 (°) COMSOL ‘) 1O (Ci=Cad)? — GP mean T:n
* angle_4 (°) Multiphysics® % MI=1-% . 95% confidence E
e W_obs (um) VIV imd o =G 2
* H_obs (um) o Laminar Flow (spf 3
« Pillar_angle (°) _’ ( P ) _’ (0 = unmixed, 1 = perfectly mixed) _’ g
o H_piler (um)  Transport of Diluted X N -
« W._pillar (m) Species (tds) A Design Space
Pressure Drop (AP) . - . .
” b ke Fig 2. Experimental setup and validation

\‘4 Surrogate model predicts MI
and AP for any new design

: Outputs within the design space. next optimal design. ' ' ! ' ! ' ' ' !
X Oute * Mixing Index (M) (CBO ensures AP < AP,,4y) 1.0 s — n H U
'\o\°& * Pressure Drop (AP)
. g\ y g 2 % ' D “ H H =
‘ 0.9 |
Internal Micropillars H ” —— “
W_obs | /;ﬂgle_l =0.98° Optimized Micromixer Design \ 0.8 ” 1
h > i angle 2 =-85.4° _ ==
H —1

angle 3 =-90.41° 07 Tl
] P 1]---t angle_4=-91.38° — ﬂ
angle 1 angle 2 angle 3 angle 4 ﬂmﬂvl;t?i_: 1033.4 um T—— 0.6 | —*— Base Geometry u H
Pre-Mixing Unit H;«Ewi' 178.3 '“"DT' —e— Pre-Mixing Unit
pillar_angle = 55 [ —&— Hybrdi Design H H
H_pillar pillar_angle H_pillar = 215.87 um 0.5 : ' : ' ' ' ' ' '
W _pillar = 57.31 um o s | =
...... el kﬁP . _/ Re —
s

W _pillar

exploitation to identify the

MI

Fig 1. Machine Learning Framework Fig 3. Graphical representations and mixing contours
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