
CFD in Microfluidics systems

ADVANCED MODELLING & SIMULATION – AMS –

WWW.POYRY.COM/AMS; WWW.TRANSAT-CFD.COM; AMS@AFRY.COM

JUNE 2020

12.2019 | SWISS COMPANY PRESENTATION1

http://www.poyry.com/ams
http://www.transat-cfd.com/


Microfluidics systems

DJAMEL LAKEHAL; SECTION HEAD, AFRY AMS.



Microchannel Heat Sink

PERFORM VARIOUS SIMULATIONS WITH DIFFERENT FLOW CONDITIONS USING INTERFACE TRACKING
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• Bubbly flow: jG = 0.66, jL = 1.11 m/s; a = 0.205

• Slug flow: jG = 0.66, jL = 1.11 m/s; a = 0.376

• Slug train flow: jG = 1.57, jL = 1.11 m/s; a = 0.498

• Churn flow: jG = 4.42, jL = 1.11 m/s; a = 



Nusselt number

SLUGS AND BUBBLES ACT AS A SURFACE WASHING MEANS ENHANCING HEAT TRANSFER (NU)
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Five (5) times higher heat transfer for slug-train flow regime

Instantaneous Nusselt Mean Nusselt



Droplet impact – 2D & 3D examples
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2D: adherence 2D: bouncing



Bubble impact on dry surfaces

CAVIEZEL ET AL., MICROFLUIDIC & NANOFLUID JOURNAL, 2008. 
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2D: CA = 100, We = 52 and Re = 3245            3D: CA = 100; We = 548 and Re = 11412



Droplet rebounding on a hot surface

(LEIDENFROST PHENOMENA; IMPERIAL COLLEGE LONDON) 
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Exp: Wachters et al., Chem. Eng. Science, 1966 CFD: Chatzikyriakou et al., Appl. Therm Eng., 2009



Droplet returning to equlibrium

TRANSAT’S DYNAMIC CONTACT ANGLE HELPS PREDICT THE RETURN TO EQULIBRIUM
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Narayanan & Lakehal, Proc. NSTI Boston, paper 770, 2006. 



Bubble manipulation with Marangoni forces

SURFACE TENSION WITH TEMPERATURE-DEPENDENT COEFFICIENT
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Bubble manipulation with Electrowetting effects

BERGE OR LIPPMAN-YOUNG RELATION
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Bubble manipulation with external forcing

HOWARD STON’E MICRFLUDICS LAB. PRINCETON. USING TRANSAT CFD
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Bubble growth dynamics from orifices

BUBBLE GROWTH MECHANISM IN (A) EXPANSION AND (B) DETACHMENT SEQUENCES (BUYEVICH, 1996)
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S. Di-Bari and A. Robbins, Trinity College Dublin 2011. 



Bubble growth dynamics from orifices

BUBBLE GROWTH IN WATER FROM A 1 AND 1.6 MM ORIFICE DIAMETER COMPARED WITH TRANSAT CFD (RED LINE).
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S. Di-Bari and A. Robbins, Trinity College Dublin 2011. 



Adhesive dispensing systems and coating

FOR LG CHEMICALS, KOREA
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Shear thinning is observed in the liquid only

Rheology: Carreau model

Interface: Level sets

Wetting: Dynamic contact 

angle (Young’s meniscus 

force partition)



Dripping

FOR BEHR GMBH GERMANY

AMS – MICROFLUIDICS
APRIL 2018

15



12.2019 | SWISS COMPANY PRESENTATION16

— Advanced Modelling & Simulation

— www.poyry.com/ams; ams@afry.com

http://www.poyry.com/ams

