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 In this paper, the flow field and mass transfer characteristics were evaluated numerically via Large Eddy 
Simulation in the presence and absence of the electric field in flat channel that is includes cavity 
containing water. Comparison of the numerical results with the experimental data was in good 
agreement with experimental data for prediction of flow field and mass transfer. Then, the effect of the 
Reynolds number variations in the different applied voltage on the water evaporation rate is 
investigated. The results indicate that applying the high voltage at the wire electrode can generate vortex 
and produce perturbation on the water surface.  It is shown that at constant Reynolds number with the 
presence of the electric field, the Sherwood number will be increased but in constant applied voltage the 
Sherwood number will increase to the Reynolds of 3391 and then will decrease due to reduction in the 
size of generated vortex. Also, a linear relationship was obtained and relationship exists between the 
Sherwood number factor and the EHD number at Reynolds numbers greater than 3391.  Finally, a 
relationship between dimensionless numbers like the relative Sherwood number, the Reynolds number 
and the EHD number was obtained. 
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Fig. 1 A schematic view of geometry considered [12] 
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Fig. 2 Boundary conditions for computational domain 
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Table 1 Input and output parameters in simulation  

 
   

 kV )20-14(  A )66.48-19.7( 
 m/s )2.2 -4.0(  W )973.0-1.0( 

  26  
m/s )04.1-0.0( 

  %33  49 -30  

3- Fortran 90 
4- Finite Volume Method 
8- False diffusion 
9- Convection 
7- Diffusion 
8- Hybrid 
9- Fully implicit 
10- SIMPLE algorithm 
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Fig. 3 2D view of computational grid  
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Fig. 4 Grid study for local mass transfer coefficient: Re=8478 , 
= 20 kV 
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Fig. 5 Comparison of measured and simulated Sherwood number 
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Table 2 Results simulated for the electric field 
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Fig. 6 Electric potential distribution : = 20 kV 
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Fig. 7 Space charge density distribution : = 20 kV 
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Fig. 8 Variation water vapor concentration field: Re=8478  
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Fig. 9 Variation water vapor concentration field: Re=18652 
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Fig. 10 Streamline for different applied voltages: Re=8478 
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Fig. 11 Streamline for different applied voltages: Re=18652 

11 18652 

  .
  -
   

8 -3-   
 

)NEHD (  
  

 

Fig. 12 Sherwood number versus Reynolds number and applied voltage 
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Fig. 13 Effect of  Reynolds number on streamlines at 20 kV   
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Fig. 14 Sherwood number factor versus EHD number at low Reynolds 
number  
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Fig. 15 Sherwood number factor versus EHD number at high Reynolds 
number  
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Fig. 16  versus Reynolds number 
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