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Overview

Microfluidic devices that impose an extensional flow are used in:
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Overview

Microfluidic devices that impose an extensional flow are used in:

Cellular classification Rheological studies
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Problem formulation

Drawbacks of standard devices used for extensional flows:

« Reduced area of extensional flow;

- Non-homogeneous extensional flow field.
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Problem formulation

Purpose of the present work:

Optimization of a flow-focusing device in order to produce a

homogeneous extensional flow field in a wide region...

... using only open-source software.
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Methods and Results



Shape-optimization

Methods: geometry and cost-function

2 Cost functions
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Shape-optimization

Methods: workflow

. (1) http://www.salome-platform.org/
Starting (2) http://www.openfoam.com/
parameters (3) https://www.gerad.ca/nomad/Project/Home.html

(1) Salome Geometry/_Mesh
generation

Flow solver:

(2) OpenFOAM simpleFoam

Cost function
evaluation

Is the
Optimal stoping New set of (3) NOMAD

design criteria parameters
met ?



Shape-optimization

Results: simulations
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Shape-optimization

Results: simulations

2] [

"i}

Final optimized shapes for 3D cases



Standard FFD
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Shape-optimization

Results: simulations
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Experimental validation

Results: u-PIV
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Performance on viscoelastic flows

Methods: model and parameters

v’ viscoelasticFluidFoam solver of OpenFOAM;
v Oldroyd-B constitutive model;

v B =HUs/ (Us + Hp) = 8/9 (Boger fluid);

v Re = 0.18;

vO<We<18(0<El <11);

v 2D optimized FFD.



Performance on viscoelastic flows

Results: simulations
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Brownian dynamics simulations

Methods: model and parameters

v A-DNA: 21 uym contour length, 4.3 s relaxation time (43 cP);

v’ Bead-spring model (11 beads, 10 springs)
» Drag force;
» Spring force;
» Brownian motion;

> Exclusion volume force;
v Motion equation: %:u(xi)_i_%(ﬁs +FiB +FiEV +FiHI) ;

v Derived from solidParticle class of OpenFOAM.

%MMWN% Bead-spring model
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Brownian dynamics simulations

Results: simulations

Illustrative example (VR = 100, We = 50)




Brownian dynamics simulations

Results: simulations
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Summary

« Optimized devices (2D/3D) with good performance for VR>5 and
Re<10;

« Simulated velocity profiles were experimentally validated.
* Promising results for micro-rheometry.

» Good performance on molecular stretching at high VR.

« All the numerical simulations relied exclusively on open-

source software.
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