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Abstract

Microfluidic lung chips, as critical tools for simulating pulmonary physiological and pathological
processes, play a vital role in disease modeling and drug screening. This study, based on COMSOL
simulations, investigates the application of the capillary pinning effect in microfluidic lung chips,
exploring the patterning process driven by strong surface tension between hydrogel and closely
spaced micropillar structures. By altering the surface contact angle of the hydrogel, the study sim-
ulates the capillary action during liquid suction under various conditions and analyzes the impact
of surface tension and contact angle on the formation of the matrix gel layer pattern. The simulation
results indicate that the surface tension differences between the hydrogel and micropillar struc-
tures are key factors driving the patterning process. Changes in the contact angle directly influence
the distribution of liquid within the micropillar array and the morphology of the matrix gel film. By
optimizing the contact angle and physical properties of the hydrogel, precise control over the mor-
phology and thickness of the matrix gel layer can be achieved, enabling the successful formation of
the desired matrix pattern in the microfluidic lung chip. This research provides significant theoret-
ical insights for the design and optimization of microfluidic chips and offers new approaches for con-
structing lung disease models and cell culture platforms in the future.
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Figure 1. Modeling and process diagram
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Figure 2. Chip detail diagram
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Figure 3. Diagram of the mesh generation
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Table 1. Simulation condition settings

#1 MEFMHRE

i AR 77 Pa Hefd
1 1000 120°
2 ~1000 120°
3 1000 30°

I FAF RIS R AT 4 PR

Hffi oy 1200, BT BAETILRAN KR, ASEE N EIE 5 A S ETUE B R A AR <8I
W, MARMCRIIK A AEE, BEAEMAE 8. X RO EZE M R T, WS 2R 2 R A AR H
SIS, AR T ICIE S X AR K, SERATCIE A s, R T HL” AR 1A
23 3 T A s R AT AR S BRATTH 5 B R A S B R A R B AR HE Y, T
FEAT SR B AE T R AR oh, TR AR T — MR E KB . X — i R ], WA b A T AT
N BRI BAE I, RENSA R [ S A, FRFERES T B — € JEFE KB Z «

R SRl Ay 307, VRIS KB R TH  [8] (R fry B0y, R GK /18588, VR > AT LU
Gy e IR 5K TR EIE B sl . AR, WA S E AL 2 8, R R AN
RIRAIAT Y, WARREE L AR S, LT A R AR 2 18] X —IURER I, Sl AR 1 2 25 5

il

WA AR R G T, JF HAEA RISl 6T T, BUARIAT A A 7 A B 2 57

DOI: 10.12677/mo0s.2025.143201 48 5 1 A


https://doi.org/10.12677/mos.2025.143201

SRR, A

(a) Ejj 1000 Pa, %ﬁfﬁmﬁq 120°

DOI: 10.12677/mo0s.2025.143201 49 5 1 A

(b) F 73 1000 Pa, %ﬁmﬁa 120°



https://doi.org/10.12677/mos.2025.143201

JHZRSR I

(c) JE77 1000 Pa, %filifH 30°

Figure 4. Fluid simulation results
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