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Topological Analysis of an Air Flow Subjected to 
Electric Field 

Tossaphorn Klinmalee a*, Chainarong Chaktranond b

*aDepartment of Mechanical Engineering, Faculty of Engineering, Thammasat University,
Klong Luang, Pathumthani, Thailand 12120

bDepartment of Mechanical Engineering, Faculty of Engineering, Thammasat University,
Klong Luang, Pathumthani, Thailand 12120 

Abstract 

This research numerically investigates the characteristics of swilring flow induced by 

various patterns of electric fields. Electrode wires are installed normal to flow direction and 

two ground wires are placed along the side wall of a square duct.  Effects of position and 

number of the electrode on flow are explored. Inlet flow velocity and applied electrical voltage 

are tested at 0.33 m/s and 20 kV, respectively. It is clearly observed from three-dimensional 

simulations that electric fields are not uniform in any planes and are highly dense around 

electrode ends, especially at the point near the ground wire. This causes the electrically-driven 

flow to occur in different swirling patterns. The details are discussed in this paper.    

Keywords: Fluid Flow, Electric Field, Electrohydrodynamics. 

Introduction 

Drying is an important means of 
preserving agricultural products, ceramics, 
etc., and hot wind drying is one of the most 
widely used methods, but the effects of the 
boundary layer or flow separation [1 - 3] 
makes the surface heat transfer efficiency 
low. As a result, it takes time to long drying 
and high energy consumption. 

The flow control by electric field is an 
interesting method to  highly increase the 
efficiency of the drying because there are 
no moving parts. [1, 4] also allows for easy 
control of the drying temperature of the 
product. [1] When a high voltage field is 
released into the air, it causes two areas. 
(the Ionization region and the drift region.) 
The force by the electric field causes the 
charged air to move fast in the direction 
from the electrode to the ground and 
transfer the momentum between the air. At 

the same time, the influence of the 
difference in velocity between the air being 
charged and not being charged or the 
influence of shear flow causes uncounted 
air to spin and this corona wind affect 
moisture transfer and heat transfer at the 
surface of porous media is better [1, 6].  

Chaktranond and Rattanedecho [1] 
experimentally explore the hot air drying 
combined with electric fields to enhance 
the moisture removal and heat transfer to 
packed bed, which represents a porous 
medium. Moreover, the effects of different 
porosity layers on drying is examed. It is 
found that when the electrical voltage is 
applied, air streams rotate around the 
ground wire. This causes a high amount of 
heat  to transfer onto the surface of packed 
bed, resulting in higher drying rate. In 
addition, arrangement of different porosity 
layers affects the capillary pressure in 
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packed bed, and also significantly 
influence the drying rate.    

 Lai and Lai [6] install copper electrode 
wire and ground plate above and under 
packed bed, respectively. The results 
showed that the rate of drying varied 
according to the applied voltage and the 
influence of wind velocity decreases as the 
velocity of air in the opposite direction of 
the electric field is greater. Lai and Wang 
[7] repeat the experiments done by Lai and
Lai [6] but also apply a heat souce under
the packed bed. The results show that the
influence of corona wind is highly
effective when the packed bed has high
moisture content or early period of drying
process.

Ahmedou and Havet [8] perform the 2-
D flow simulations to investigate the 
increase of heat transfer by electric field. 
Corona wind is generated from a single and 
multiple electrodes, assumed as a point. 
Electrodes are placed at the center of the 
tube and the ground is placed along the 
lower wall, which applied with heat flux. 
The results show that when the Reynolds 
number of cold air flow is low the Corona 
wind can increases the convective heat 
transfer coefficient by 3 times that of the 
non-electric field. 

Saenewong Na Ayuttaya et al. [9] 
investigate air flow under the electric fields 
with 2-D simulation in which electrode and 
ground are assumed as small circle. The 
results show that the air velocity under the 
electric field varies inversely with the 
distance between the electrode and the 
ground. 

This reseach numerically investigate 
the occurrence of electrically-driven 
swirling flow with the three-dimension 
simulation. The effects of electric field 
patterns on air is also discussed. 

Numerical method 

The computational domain and 

boundary conditions are shown in Fig.1. 

The dimensions of a square channel are 1.2 

m long × 0.3 m wide × 0.3 m high. The 

electrodes are hung from the upper wall 

and two ground wires are placed in along 

the side walls. 

In simulations, the inlet air velocity is 

controlled at 0.33 m/s (𝑢0) and the outlet

is atmospheric pressure (𝑝0). High

electrical voltage is tested at V = 20 kV 

(𝑣0).

Three-dimensional incompressible 

laminar flow simulation is performed 

through the continuity and Navier-Stokes 

equations solved by COMSOL 

Multiphysics 4.4 

 ∇ ∙ �⃑� = 0      (1)

𝜌 (
∂�⃑⃑� 

∂𝑡
+ (�⃑⃑� ∙ ∇)�⃑⃑� ) = −∇𝑝 + 𝜇∇2�⃑⃑� 

+𝑓 𝑒𝑒      (2)

Fig. 1. The computational domain and the boundary conditions 
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Where �⃑�  is velocity of air flow, 𝑡  is time, 

𝑝  is pressure,  𝜌 is density of air, 𝜇 is 

viscosity of air, and 𝑓 𝑒𝑒 is the force by

electric field. 

The force by electric field is computed 

by Coulomb force (3). 

 �⃑⃑� 
𝑒𝑒

= 𝑞�⃑⃑�          (3) 

Where 𝑞 is the density of charge and �⃑�  is 

the electric field. 

Additionally, the electric is obtained by 

the Maxwell equation.

 𝑞 = ∇ ∙ 𝜀�⃑� (4)

        �⃑⃑� = −∇𝑉 (5) 

Where ε is the permittivity of air and V is 

the electric potential. 

Results and discussion 

Fig 2 shows the distribution of the 

electric field strength in the x-y plane at z 

= 2 cm when the electrode at x = 30 cm. 

The electic field more from electrodes 

towards ground position. When the 

number of electrode increases the electric 

field force lines become stronger, resulting 

in higher air velocity, as shown in Fig 3. 

and more  violent flow motion 

Fig. 2. The distribution of electric field in various the number of electrodes with 

V = 20 kV : (a) 1 (b) 2 (c) 4 (d) 6 and (e) 8 electrodes. 

 (a)  (b) 

 (c)  (d) 

(e)
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 (a)  (b) 

Fig. 3. Characteristics of corona wind and the distribution of electric field in the cross-

sectional y-z plane at x=30 cm : the distribution of electric field (a) 1 and (b) 8 electrodes.  

characteristics of corona wind (c) 1 and (d) 8 electrodes.  

 (c)  (d) 

Fig. 4. Location of circulating flow and the distribution of electric field at x-z plane : the 

distribution of electric field (a) x = 30 cm and (b) x = 33.75 cm and location of circulating 

flow (c) x = 30 cm and (d) x = 33.75 cm. 

 (c) 

(d) 

(b) 

(a)
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Fig 4 shows the flow of airflow in the x-

z plane at y = 15 cm. and 8 electrodes 

installed at z = 2 cm. From the figure, the 

location of circulating flow of packed bed  

occurs in front of the packed bed and 

occupy some surface of the packed bed and 

this is due to the force due to the electric 

field in each location relative to the 

location of the electrode and the ground. 

When the distance between electrodes 

decreases the force due to the electric field 

is greater and results in more turbulent 

winds. 

Conclusions 
The research can be summarized as 

follows.  

• When the number of electrodes

increases, the force due to the electric field 

increases. 

• The installation location, electrode

and ground affect the shape and size of the 

generated wind. When the installation 

location of electrode is in front of the 

packed bed, the turbulent winds of violent 

turbulence occur on the front of the packed 

bed. And when installing electrodes above 

the surface of the packed bed, it will cause 

more intense wind spiral to cover the 

surface of the packed bed. 
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