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Objective 

- Formation of droplets (COMSOL tutorial) 

- Reactions inside the droplets A + B  C 

A 
C  

B  

Diffusion of A, B and 

C in any direction, 

reaction in any point. 

- Reactive extraction A + B  C 

A 
C  

B  

Reaction only 

at the Interface 

ϕ=0.5 
ϕ=1 

ϕ=0 
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Modeling of droplet formation in microchannels 

At fluid interface 1 & 2: 

=0.5 
 

 σκνδ describes the surface 

             tension forces and 

 ρg is the gravity force 

The flow of a 2 phases incompressible fluid is governed by 

the Navier–Stokes equation: 

Fluid 1 

Fluid 2 
The isocontour ϕ = 0.5 determines the position of the interface. 

ϕ is transported and reinitialized by the equation:  

where γ and ε are reinitialization parameters (ε determines the 

thickness of the layer around the interface where ϕ changes from 

0 to 1, γ determines the amount of reinitialization). 

The interface between the two phases is obtained  

solving the  ϕ in the “Set level model”.    

Density and Viscosity  
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Modeling of droplet formation in microchannels 

Microréacteurs-Microfluidique    S.Cavadias 

1mm 

100m 

2D 

water 

Oil 

It is possible to reduce the size of the 

droplets by change of the velocities. 
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Reactions inside the droplets 

Use of Convection Diffusion (chcd)  

and outside 

Diffusion of A, B and C 

in any direction, 

reaction in any point. 

1mm 

100m 

water 

Oil B= 1 mol/m3 

A= 1 mol/m3 

C= 0 mol/m3 

Diffusion coefficient (for A, B and C): 1e-9 m/s2  

RA=-10*A*B RB=-10*A*B RC=10*A*B 
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Droplet formation  
Diffusion into 

the Droplet 
Time: 0.25 s  

Time: 0.35 s  

Phase 2  

Time: 0.45 s  

Reactions inside the droplets 
and outside 
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Reactions inside the droplets 
and outside 

A + B  C Reaction : 

C formation 
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Reactions at the interface of the droplets 

A + B  C Reaction : 

A 
C  

B  
Condition in the Diffusion coefficients 

Condition in the Reaction:  

Reaction if   0.4< ϕ <0.6 

Small instabilities (concentrations >1 or  <0) 

accumulated and amplified with the time 

Problem 



2015 Grenoble 9 

Diffusion versus Reaction  
(limiting step, design of the reactor) 

Once the droplets formed their size and shape does 

not change. Microreactors  (handreds of microns 

wide) can have several centimeters length. 

The length of the reactor 

depends on Diffusion/Kinetics  

Each drop with the surrounding continuous phase is considered as a 

batch reactor inside a tubular reactor (plug flow reactor) 
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Diffusion versus Reaction  
(limiting step, design of the reactor) 

Concentration of Org Concentration of C 

As the droplet is small Org decreases rapidly 
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Conclusion 

- It is possible to simulate in 2D, a droplet formation 

with different sizes. 

 

  

- It is possible to perform reactions inside the 

droplets and change their chemical characteristics . 

 

 

- It is possible to perform an optimal design of a 

microreactor.  
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Thank your for your attention 

Questions? 


