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Two electrodes
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Nozzle Geometry
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COMSOL Geometry and Physics ? 
2D and 3D models were plotted on COMSOL 5,3a.
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1. Laminar flow           Paste

2. Joule effect heating
Ohmic heating

Coupled with
3. Heat transfer in solids
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Boundary conditions
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Input conditions

Pressure = 6 atm
Temperature = 20 °C

Output conditions

Pressure = 1 atm
Temperature = T

Heat Source 
V = 75V

Front view Top view

No slip 
u = 0

Radiation
q = ߝ ( ௔ܶ௠௕

ସ 	െ ܶସሻ

Natural convection
q = h ( ௔ܶ௠௕ 	െ ܶሻ
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Navier stockes
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Dynamic Viscosity
Power law equation:

Flow index
n =0,624

Consistency Index (m)
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Navier stockes
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௡			ିଵ
Dynamic Viscosity

Power law equation:

Shear rate which is temperature dependant

The model uses the shear rate calculated by COMSOL
to determine the viscosity variation in function of temperature

and shear rate.
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Thermal diffusion equation
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Heat transfer ௣ܥߩ
డ்
డ௧

.௣uܥߩ + ܶߘ .ߘ = ܶߘ݇ ൅ ሶܳ

࣋ ࢀ ࢖࡯ k ሶࡽ

Density Temperature	 Specific	heat	at	
constant	pressure

Thermal	
conductivity

Heat	
Source

Coupled with Joule effect

Navier stockes 

The solver used is the time dependent solver, Simulation 
time is 80s. 
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2D and 3D comparison
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2D and 3D comparison
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Prameter sweep
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Experimental set-up



1. Official Validation of the model 

2. Modeling of the shear rate variation in our nozzle which is
impossible experimentally

3. Optimization of our product by trying to reduce its dimension to fit
for 3D printers
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Conclusion
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