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Introduction 
 
 The phenomenon of electric corona discharge in air 
occurs due to ionising collisions of electrons with neutral 
gas molecules in the strong electric field near the electrode 
with small radius of surface curvature and is associated 
with a transport of ions to an electrode with opposite sign 
of potential. Most applications of corona discharge 
(electrostatic precipitation, electrophotography, ionization 
instrumentation, control of acid gases from combustion 
sources, generation of ozone, etc.) are related to this 
charge transport in the outer zone of the discharge [1]. The 
movement of ions from the discharge electrode to the other 
electrode is obstructed by collisions with electrically 
neutral air molecules, and it is a reason to rise the 
electrohydrodynamic flow known as the electric or ionic 
wind. This phenomenon causes the application of corona 
discharge in electrohydrodynamic pumps, in electric 
micromachines, in inkjet systems, is used for enhancement 
of the heat and mass exchange processes [2,3]. There are 
many papers representing the results of experimental [4] 
and theoretical investigations [1,3,5]. Because of the 
complexity of the problem theoretical investigation 
involves numerical methods, such as finite difference , 
finite element or boundary element method. Most of these 
papers deal with research of electric wind in the pin-to-
plate electrode system. This paper is devoted to the 
numerical investigation of electric wind in wire-to-plate 
electrode system by using the finite difference method. 
 
Equations of electric wind velocities 
 
 Incompressible and viscous airflow induced by 
Coulomb force b/JEF =⋅= ρ  (ρ – the density of ionic 
charge, E – electric field strength of the discharge, J – 
corona current density, and b – ion mobility assumed as 
constant) is determined by the system of equations 
comprising of the Navier-Stokes equation and the equation 
of flow continuity (for steady-state conditions) [1]: 
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where v is the air velocity, p is the pressure, ρa is the 
density of air, and ν is the kinematic viscosity of air (ρa = 
1,15 kg/m3 = const., and ν = 1,58×10-5 m/s2 = const. under 
assumption). Many authors [4] use the Cartesian system of 
coordinates for generation of computational grid and for 
solving the system of equations (1). We choose the polar 
system of coordinates for the electric and the airflow field 
can be assumed as the plane one [2]. Boundary conditions 
on the surface of the wire can be formulated simply if the 
centre of the wire is coincided with the origin of the 
coordinate system and the regular grid of the polar 
coordinate system is used (Fig. 1). Equations (1) can be 
transformed to the following form for the components 

and  of the air flow velocity (in polar system of 
coordinates r , ϕ) [6]: 
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 The field of electrohydrodynamic airflow velocities 
can be assumed as free jet flow with constant air pressure 
[7]. Therefore the derivatives  and rp ∂∂ / ϕ∂∂ /p  are 
equal to 0 in all areas except the vicinity of a plane 
electrode. 
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Finite approximation of equations for irregular grid 
 
 First derivatives of equations (2), (3) and (4) can be 
found by using the central differences [8]: 
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 Finite difference approximation of Laplacian for 
irregular grid in polar coordinate system: 
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 The distances aQ, aS, aR and aP from the neighbour 
nodes to the central node O of a computational grid are 
shown in Fig. 1. 
 Substituting formulas (7), (8) and (9) into equations 
(2)–(4) yields the main equations of computation for 
irregular grid in polar coordinate system. Difference 
approximation of the equation (2) is the following: 
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difference approximation of the equation (3): 
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and the approximation of the equation (4): 
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Fig. 1. Computational grid in polar coordinate system 
 
Computational equations for a regular grid 
 
 Equations (10)–(12) are used for areas near plane 
electrode and near open straight boundaries of the field. 
These equations can be simplified for use in the areas with 
a regular grid. The determining parameter of a regular grid 
is the grid size m related with an elementary central angle 
ϕ0 (Fig. 1) by an equation: 
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 The radial coordinate r is a power function of a 
number i of the node in a row: 
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 Substituting (14) into (10)–(12) gives 
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 Discrete formula of Laplacian is invariant to  
coordinate r: 
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Coulomb force 
 
 Many authors [1,3,5] use the numerical method of 
Coulomb force F computation based upon a solving the 
system of corona field equations [9]. We present there the 
results of analytical computation of the force F obtained 
by the use of Deutsch-Popkov assumption [7]: 
 

 ,12 EE ϑ=  (20) 
 

where E1 is the electrostatic field strength, E2 is the corona 
field strength, and ϑ is the scalar function of coordinates. 
Modulus of the force F and components Fx, Fy for 
Cartesian coordinate system are determined in [2]. The 
values of x and y in the formulas of E2x and E2y presented 
in [2] can be found for given r and ϕ  (Fig. 2): 
 

 .rhyrx ϕϕ cos,sin −==  (21) 
 

h

x

y
0r

0

ϕ

α

xF
ϕF

rF

F
yF

 
 

Fig. 2. The components of the Coulomb force F 
 
 The angle α (Fig. 2) depends upon Fx and Fy: 

 

 ( )./arctan yx FF=α  (22) 
 

 The components Fr and Fϕ are the function of ϕ–α: 
 

 ( ,cos )αϕ −= FFr  (23) 
 ( .cos )αϕ −= FFr  (24) 
 

 0=ϕF  and FFr =  for points of symmetry axis (x = 
0). 
The distribution of electrostatic field strength E1, corona 
field strength E2, charge density ρ and the force F on the 
axis of symmetry for r0=0,005 mm, h=12 mm, U=10 kV 
and constant ion mobility equal to 2,20 cm2/Vs is given in 
the Table 1. 
 
Table 1. Distribution of electrostatic field strength E1, corona 
field strength E2, charge density ρ  and force F on the 
symmetry axis 

y, mm E1, MV/m E2, MV/m ρ, μC/m3 F, N/m3

–0,05 32,476 15,841 3216,4 50951,6 
–1 1,690 1,206 2663,0 3211,3 
–2 0,883 0,783 1949,1 1525,4 
–3 0,617 0,704 1469,3 1034,1 
–4 0,486 0,686 1170,5 802,8 
–5 0,409 0,688 974,9 670,5 
–6 0,360 0,702 836,3 586,7 
–7 0,327 0,722 734,8 530,6 
–8 0,304 0,748 658,3 492,1 
–9 0,288 0,779 598,0 465,8 

–10 0,278 0,816 549,9 448,6 
–11 0,272 0,859 510,9 438,9 
–12 0,270 0,910 478,7 435,8 

 

The distribution of the force F on the surface of plane 
electrode is shown in Fig. 3. Variation of the value of force 
on this surface is from 430 N/m3 in the centre to 120 N/m3 
in peripheral points. Variation of force on the axis of 
symmetry is more considerable: from 50950 N/m3 on the 
surface of the wire to 430 N/m3 on the surface of plate (see 
the table), the ratio of these values is 118. Moreover, 
considerable variation of the force is in the area near the 
surface of the wire.  
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Fig. 3. Distribution of the force F on the surface of plate 
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Small size of the regular polar grid in this area corresponds 
to the zone of intense variation of the force. On the other 
hand, irregular grid is used in the area near the surface of 
the plane electrode. The variation of the force isn’t so 
remarkable in this area therefore the size of the grid is 
considerable at the surface of plane electrode. The 
distances aQ, aS, aR and aP (Fig. 1) can be calculated by 
using the elementary geometrical relationships. If the 
Cartesian coordinate system is used the problem can’t be 
solved without multiple reducing the size of computational 
grid near the surface of the wire. 
 
Conclusions 
 
1. Difference approximation of equations describing the 
electric wind velocities in wire-to-plane electrode system 
is presented for irregular and regular grids. 
2. Polar coordinate system is used because of remarkable 
variation of Coulomb force in the area near the surface of 
the wire. 
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