
Inertial manipulation of bubbles in 
rectangular microfluidic channels

Pooria Hadikhani
S. Mohammad H. Hashemi
Gioele Balestra
Lailai Zhu
Miguel A. Modestino
François Gallaire
Demetri Psaltis



"A membrane‐less electrolyzer for hydrogen production across the pH scale." Energy & Environmental Science 8.7 (2015).

Motivation



Outline
• Numerical method
• Experimental device
• Relevant parameters
• Bubbles vs. Solid particles
• Conclusion

Forces



.࢔ െ݌௟ࡵ ൅ ࡵ௚݌ ൅ ࢁߘ ൅ ࢁߘ ்
௟ െ

௚ߤ
௟ߤ

ࢁߘ ൅ ࢁߘ ்
௚ ൌ

1
ܽܥ ࢔ .ߘ ࢔

Numerical Setup

Boundary condition at bubble interface:

Liquid Gas
ࢍࣆ
࢒ࣆ

Isopropanol Nitrogen 0.00838
Ethanol Nitrogen 0.0154
Water Nitrogen 0.0174
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Assuming 
ఓ೒
ఓ೗
ൌ 0 Pressure inside bubble ݌௚ can 

be obtained by considering 
constant bubble volume



Numerical Setup

Comsol Computational setup Computational Mesh

Laminar Two‐Phase Flow, Moving Mesh Module



Bubble formation at the T‐junction

Experiment

݊݋݅ݐ݅ݏ݋݌	݈ܾܾ݁ݑܾ ∶ 	 ቊ തܻ ൌ 0 → ܹ݈݈ܽ				
തܻ ൌ 1 → ݎ݁ݐ݊݁ܥ

Numerical vs. Experiments



Increasing
Reynolds

Effect of Reynolds Number

Reynolds number
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ܽܥ ൌ 0.1, ഥܦ ൌ 0.4



Effect of Capillary Number



Effect of Bubble Diameter

Shear rate at the 
channel cross-section
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Bubbles vs. Solid particles

Amini, Hamed, Wonhee Lee, and Dino Di Carlo. "Inertial microfluidic physics." Lab on a Chip 14.15 (2014): 2739‐2761.



Conclusion

Effective parameters
● Reynolds number ● Capillary number ● Bubble diameter  ● Bubble vs. Solid particle

Bubble with Dഥ ൌ 0.4
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