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ABSTRACT 
In this research paper, the influence of the jet air flow with an inclined plate is 

investigated under corona discharge. The number of electrodes is varied in the range 1 - 6. The 
high electrical voltage and angle of inclined plate are tested in a range of 0 – 30 kV and 0 – 90o, 
respectively. The jet air flow is fixed at 1 m/s. The first part of the experimental results showed 
that the pressure, the gravity force and the impact velocity under corona discharge are increased 
with increasing electrical voltage, the number of electrodes and angle of the inclined plate. This 
is because the strength of corona discharge is increased by increasing the electrical voltage and 
number of the electrodes. The pressure ratio and gravity force ratio are decreased with an 
increasing angle of the inclined plate because the effect of trap of airflow is dominantly 
influenced by increasing the angle of inclined plate. In addition, the maximum pressure, the 
gravity force and the impact velocity under corona discharge are 2.11, 5.24 and 1.88 times, 
respectively, in comparison with no corona discharge. The second part of the comparison 
between experimental and numerical results showed that the pressure and the impact velocity 
under corona discharge are increased with an increasing electrical voltage and the angle of the 
inclined plate. The impact velocity under corona discharge is dominantly increased by the 
electrical voltage increasing. Finally, a similar trend of the graph has appeared for experimental 
and numerical results so simulation results had good agreement with experiment results. 
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1. Introduction  
A coating is a covering that is applied 

to the surface of an object, usually referred to 
as the substrate. The coating itself may be an 
all-over coating, completely covering the 
substrate, or it may only cover parts of the 
substrate. Paints and lacquers are coatings 
that mostly have dual uses of protecting the 
substrate and being decorative, although 
some artists’ paints are only for decoration, 
and the paint on large industrial pipes is 
presumably only for the function of 
preventing corrosion [1-3]. An aircraft 
painting coats [4-5] the exterior and interior 
of the airplane. Since appearances do matter, 
especially in aircraft, it is important to paint 
it with eye-catching colors and designs. The 
purpose of applying the coating may be 
decorative, functional, or both. The aircraft 
painting is coatings for the substrate, being 
decorative and preventing corrosion. The 
aircraft coating is a very detailed exercise 
due to the surface of an aircraft being subject 
to serious UV radiation; the surface itself 
being aluminum, which does not provide the 
mechanical key the paint needs to hold on to 
the surface; the temperatures the aircraft 
could face could be in extremes, and the paint 
applied should be able to take mechanical 
and thermal shock [6]. Therefore, the aircraft 
coating must use the science that is higher 
than normal coatings. Furthermore, spray 
painting is a painting technique where a 
device sprays a coating.  

From mechanism characteristics, 
Saneewong Na Ayuttaya [7] divided the 
fourth group of   Electrohydrodynamics 
(EHD) applications. The first group was to 
increase the flow mechanism; it was used for 
pumping and biomechanics application. The 
second group was the injection flow 
mechanism; it was used for droplet, 
electrospray, and microfluidics. The third 
group was inducing flow mechanism; it was 
used for electrostatic precipitator and 
actuator. The fourth group was mixing 
particle process; it was used for boiling and 
condensation, heat and mass transfer, heat 

exchanger and drying process. For the third 
group (inducing flow mechanism), the 
induced flow caused the total reaction to lean 
backward in the plane of rotation. This also 
reduced the perpendicular component of the 
total reaction and reduced total rotor thrust. 
The motion and precipitation of dust particles 
in electrostatic precipitation depended on the 
electric field, space charge, and gas flow 
field and dust particle properties. So, the 
electrostatic spray coating used inducing 
flow mechanism for aircraft painting. The 
electrostatic spray coating is a manufacturing 
process that employs charged particles to 
more efficiently paint a workpiece. Paint, in 
the form of either powdered particles or 
atomized liquid, is initially projected towards 
a conductive workpiece using normal 
spraying methods and is then accelerated 
toward the workpiece by a powerful 
electrostatic charge [8]. The ionic bond of the 
paint to the metal created the paint coating, 
whose thickness was directly proportional to 
the length of time the parts were left in the 
tank and the time the charge remained active. 
The method of electrostatically coating a 
substrate involved the substrate being 
brought to a coating station at which it was 
held substantially electrically isolated from 
its surroundings adjacent to a source of the 
particulate coating material. The substrate 
and the coating material were held at a 
potential difference to each other sufficient to 
coat the exposed surface of the substrate with 
particles of the coating material. Over the 
past decades, several researchers have tried 
to increase the performance of electrostatic 
spray coating [9-19]. Bierwagen and Tallman 
[9] investigated and focused on system 
flexibility, adhesion, solvent resistance, 
corrosion protection, and camouflage optics 
as determined over the coatings lifetime 
while taking into account the effects of UV 
exposure, hot and cold organic fluids, 
seawater, humidity and temperature cycling, 
mechanical stressing and abrasion. The 
differences between test performance and 
real use performance will be considered, 
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especially with respect to film application 
uniformity and film damage. Mayr and 
Barringer [14] compared and determined the 
improvement between the corona and 
triboelectric charging for electrostatic 
powder coating. Five sizes of sucrose were 
coated onto the crackers to determine the 
effect of particle size on coating efficiency. 
Three proteins, three carbohydrates, and one 
salt were analyzed to determine the effect of 
the composition. From the results, 
electrostatics improved transfer efficiency 
(TE) up to 27%, adhesion up to 40%, and 
reduced dust up to 99% over nonelectrostatic 
coating. As particle size increased, 
nonelectrostatic TE and adhesion increased, 
while dust decreased. The electrostatic TE 
increased and leveled off and adhesion and 
dust decreased with increasing particle size. 
Qingling et al. [18] studied dry powder 
technology to coat pellets with different 
coating materials ground into fine powders. 
Results of SEM indicated coating film could 
be better formed by increasing curing 
temperature or extending curing time. 
Dissolution tests showed that three different 
drug release profiles, including immediate 
release, sustained release and delayed 
release, were achieved by this coating 
technology with different coating 
formulations. The coating procedure could 
be shortened to within 120 min and the use 
of fluidized hot air was minimized, cutting 
down the overall cost dramatically compared 
to organic solvent coating and aqueous 
coating. 

For several reasons, electrostatic spray 
coating has always improved the process 
performance for various industrial 
applications such as composite materials, 
biopharmaceutics and aircraft coatings. For 
military aircraft coating, the desired 
properties can be summarized as mechanical 
and chemical protection of the airframe with 
controlled electromagnetic emission and 
reflection properties. This research aims to 
studies the effect of angle of the inclined 
plate and electrical high voltage with jet air 

flow under corona discharge. The jet air flow 
(ui) is fixed at 1 m/s. The parameters of the 
suitable design are the electrical voltage (V0), 
angle of the inclined plate (q) and the number 
of electrodes (n). All parameters for 
electrostatic spray coating are evaluated for 
the suitable design in the coatings industry in 
the future. 

 
2. Governing Equation 

The governing equations for the 
electrohydrodynamic force per unit volume 
Ef generated by the electric fields with 

strength E in airflow of dielectric permittivity 
ε , density ρ , and uniform temperature T can 
be expressed as [20] 
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where q is the space charge density in the 
fluid. From Eq.(1), three terms are the 
electrophoretic, dielectrophoretic and 
electrostrictive forces, respectively. In the 
first term, the electrophoretic force or 
Coulomb force results from the net 
uncharged within the fluid or ions injected 
from the electrodes. The electric field 
distribution is emitted from the electrode 
wire and induces to the ground. In the second 
term, the dielectrophoretic force is a 
consequence of inhomogeneity in the 
permittivity of the dielectric fluid due to the 
non-uniform electric field, temperature 
gradients, and phase differences. The last 
term, the electrostrictive force is caused by 
non-homogeneous electric field strength and 
the variation in dielectric constant with 
temperature and density [21]. 

The electric field distribution is 
computed by using Maxwell’s equations 
(Eqs. (2), (3), (4) and (5)) listed below: 
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where u  is airflow velocity, V is electrical 
voltage, J is current density, b is ion mobility 
and t is time. The continuity and the Navier–
Stokes equations which coupled with the 
Coulomb force equation are considered from 
Eqs. (6) and (7), respectively. They are 
expressed by:  

                       0u =×Ñ ! ,             (6)
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where P is pressure and µ is viscosity of air. 
The Reynolds number (Re) is an important 
dimensionless quantity in fluid mechanics 
used to predict flow patterns in different fluid 
flow situations, as shown in Eq.(8)  

                   
       

µ
duρRe
!

=                       (8) 

where d is characteristic linear dimension. 
 
2.1 Description of experimental setup 

Schematic diagrams of the 
electrostatic spray coating for the two-
dimensional and three-dimensional models 
for analysis are shown in Figs. 1 and 2, 
respectively. For experimental setup, the 
wind tunnel is mostly made of the acrylic 
plates. The dimensions of tunnel are 1.5 m 
(long) x 0.3 m (high) x 0.3 m (wide) and the 
outlet diameter of a nozzle jet is 1 cm. The 
jet air flow from the nozzle jet is supplied 
from a blower at 1 m/s (ui = 1 m/s) and the 
air is moved in the cross-flow direction (the 
left to the right direction). The high voltage 
power supply (ACOPIAN model: 
NO30HP2M.-230) is used to create an 
electrical voltage and the electrical high 
voltage (V0) is varied from 0 to 30 kV. The 
inclined plate is made of acrylic (the 
dimension of the inclined plate is fixed at 
15x15 cm2) and the angle of the inclined 
plate (q) is varied in the range of 0 – 90o. The 
square copper electrode plate and the single 
rectangle ground plate are attached at the 
inclined plate. The dimensions of the square 
copper electrode plate and the rectangle 
ground plate are 0.5 ´  0.5 cm2 and 0.5 ´  10 
cm2, respectively. The number of electrode 

plates (n) is varied in the range 1 – 6 and the 
gap between the square copper electrode 
plate and the single rectangle ground plate is 
fixed at 4 cm. In each test run, pressure 
(PEHD), impact velocity (uEHD) and gravity 
force (Fg,EHD) under corona discharge or 
EHD process is measured by a manometer, 
flow meter and load cell, respectively. 

 

 
Fig. 1. Two-dimensional model for analysis. 

 

 
Fig. 2. Three-dimensional model for analysis. 

 
The relative humidity is determined by 

the room’s temperature, humidity, and 
airspeed. Radiant heat or radiant heat loss are 
also important factors for thermal comfort. 
The relative humidity is a measure of the 
moisture in the air, compared to the potential 
saturation level. Air temperature is a measure 
of the heat and most thermometers are 
measuring ambient air heat. The radiant heat 
loss or gain is also important. The radiant 
heat may not be reflected in the air 
temperature but is the impact of cold or hot 
objects in the area. In this study, the 

Flow direction 

Flow direction 
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saturation vapor pressure is 0.0028 – 0.0031 
bar, the relative humidity is 58 – 62 % and 
the temperature of the condition 
experimental setup is controlled at 23 - 26 oC.  
 
2.2 Description of numerical modeling 

The numerical modeling has been 
formulated to predict the pressure and impact 
velocity within the rectangular duct. In fact, 
numerical modeling is a three-dimensional 
rectangular duct. In order to simply the 
description, two boundary conditions of the 
electric field and fluid flow are shown in Fig. 
3. By using the electrical, charge transport 
and fluid equations are solved, the classical 
properties and the thermal properties are 
shown in Table 1 [22, 23].  
 
Table 1. Classical and thermal properties.  

Modeling parameter Air Water 

/Vs)(mb 2  1.80x10-4 - 
ε (F/m)  8.85x10-12 - 

)(kg/mρ 3  1.2 998 

/s)(mη 2  1.56x10-5 1.005x10-5 

(W/mK)k  0.026 0.588 

(kJ/kgK)Cp  1.005 4.186 

Where k  is thermal conductivity, η  is 
kinematics viscosity and pC  is specific heat 
capacity. 
 

The modeling parameter of the airflow 
is a porous medium at 25 oC; it is a material 
containing voids and it is most often 
characterized by its porosity. The 
permeability of the medium can sometimes 
be derived from the respective properties of 
its constituents (air and fluid) and the pore 
space accessible to flow, but such a 
derivation is usually complex. So, the 
Brinkmann model is used for the effect of the 
porous medium. The computational scheme 
is assembled in a finite element model using 
a collocation method [24]. The Lagrange 
quadratic element is chosen as the basic 
function with triangular shapes. The 
convergence curve resulting from the 

convergence test is grid validation between 
percent error of electric field and different 
elements from the simulation. With a 
percentage error of temperature lower than 
0.1, this convergence test leads to a mesh 
having approximately 15,000 elements. 

For the model assumption of the 
electric field, this study is based on the 
dielectric property that is constant and 
homogeneous. In this numerical simulation, 
the first term of Eq. (1) is considered. In 
addition, the effect of the magnetic field is 
negligible and the corona discharge occurs 
only in the vicinity around the electrode.  
Boundary and initial condition of the electric 
field are based on the following: 
 (1) The outer sides of the boundary 
conditions are considered as zero charge 
symmetry, that is, 

                
0Dn =× .               (9) 

          (2) The electrical voltage at the tip of 
the electrode ( 0V ) is varied from 0 – 30 kV. 
The electrode and the ground are considered 
as electrical voltage and ground, 
respectively. Then 

     
0VV = ,  at electrode position ,   (10) 

           
0V = , at ground position.      (11) 

For the model assumption of the flow 
field, this study is based on the effect of the 
phase change being neglected, the 
incompressible flow and the fluid physical 
properties are assumed to be constant, and 
the effect of buoyancy and emission or 
absorption of radiant energy is negligible. 
The thermal properties of the air are 
considered to be constant and air is set in a 
porous medium. 

The boundary condition of the flow 
field is based on the following:  
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(1) The initial condition of jet air flow 

(ui) = 1 m/s and the inlet velocity boundary 
condition of air is assumed to be uniform. 

       
iuu !! = .             (12) 

(1) The pressure of outlet boundary 
condition is considered with no viscous 
stress. This boundary condition specifies 
vanishing viscous stress along with a 
Dirichlet condition on the pressure: 

 
0n)u(uη( T =×Ñ+Ñ !!   and 0PP

!!
= .    (13)    

(2) The upper and lower rectangular 
ducts are considered as a no-slip boundary 
condition; this is the standard and default 
boundary condition for a stationary solid 
wall. The condition prescribed: 

                             
0u =!  .            (14) 

 
3. Results and Discussion 

In this setup, the electrical voltage (V0) 
is varied from 0 to 30 kV; it is incremented 
by 5 kV and the angle of the inclined plate (q) 
is varied in the range of 0 – 90o; it is 
incremented by 15o. (for clarity, “o” from all 
the Figure is instead in “degree”). The 
number of electrode plates (n) is varied in the 
range 1 – 6. The experimental and numerical 
results are compared in order to investigate 
the pressure (PEHD), the impact velocity 
(uEHD) and the gravity force (Fg,EHD) under 
corona discharge.  

Firstly, the experimental and 
numerical results with an inclined plate under 
corona 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
discharge are investigated in order to confirm 
the accuracy of  both  results.  After that, the 
experimental study of the pressure, the 
impact velocity and the gravity force under 
corona discharge are investigated and  
compared with no EHD or corona discharge 
in order to avoid considering the impact force 
of the inclined plate. A correlation is a 
statistical measure of the relationship 
between two variables [25]. The measure is 
best used in variables that demonstrate a 
linear relationship between each other. In this 
research study, the pressure under corona 
discharge (PEHD), the electrical voltage (V0), 
the impact velocity under corona discharge 
(ui ), the gravity force ratio under corona 
discharge (Fg,EHD per Fg,noEHD), the impact 
velocity ratio under corona discharge (uEHD 
per unoEHD ) and the Reynolds number under 
corona discharge (ReEHD) are studied for 
correlation in order to guide the special 
design for the aircraft painting coats. 
 
3.1 Comparison between the experi-
mental and numerical result with inclined 
plate under corona discharge 

The influence of the jet air flow with 
an inclined plate under corona discharge is 
investigated using both experimental and 
numerical results. The jet air flow (ui) is fixed 
at 1 m/s and the air is moved from the left to 
the right direction. The electrical voltage 
(V0) is tested from 0 to 30 kV by increments 
of 5. The number of electrode plates (n) is 

Fig. 3. Boundary conditions for analysis. 
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fixed at 1 and the angle of the inclined plate 
(q) is studied at 0, 45 and 90o. The pressure 
under corona discharge (PEHD) and the impact 
velocity under corona discharge (uEHD) are 
increased with increasing electrical voltage 
and the angle of inclined plate, as shown in 
Figs. 4 and 5, respectively. This is because as 
the electrical voltage of airflow is increased, 
the strength of corona discharge is increased. 
The pressure and impact velocity under 
corona discharge are dominantly increased 
when the angle of the inclined plate is 90o 
because increasing the angle of inclined plate 
increases the trap of airflow. A variable 
straight line for the pressure under corona 
discharge and electrical voltage (PEHDµ V0) 
and the impact velocity under corona 
discharge is proportional to the square of the 
electrical voltage (ui µ V0

2).  
 

 
 
 
 
 
 
 
   
 
 
Fig. 4. Comparison of pressure between 
experimental and numerical result in various 
electrical voltage and angle of inclined plate (q = 
0o, 45oand 90o) when ui = 1 m/s and n = 1. 
 

From the previous study [26], the 
electric field is moving outward from the 
electrode to ground concentrating at both 
electrode and ground area. The maximum 
pressure and the maximum impact velocity 
have appeared between the electrode and 
ground area. The position for measuring is 
the middle of the inclined plate and between 
the electrode and ground area. The maximum 
impact velocity and the maximum pressure 
are clearly increased by increasing the 
electrical voltage and inlet velocity more 

than by increasing the number of electrodes 
(n). This experimental and numerical study 
has selected various electrical voltages and 
the number of the electrodes is fixed. So, in 
this comparison between the experimental 
and numerical result with an inclined plate 
under corona discharge, it is presented for n 
= 1. In addition, a similar trend of the graph 
has appeared for the experimental and 
numerical results so simulation results had 
good agreement with experiment results. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Comparison of impact velocity between 
experimental and numerical result in various 
electrical voltage and angle of inclined plate (q = 
0o, 45oand 90o) when ui = 1 m/s and n = 1. 
 
3.2 Experimental study influence of the jet 
air flow with inclined plate under corona 
discharge 

The airflow comes out in the form of a 
jet from the outlet of a nozzle, which is fitted 
to a pipe through which the air is flowing 
under pressure. If some plate, which may be 
fixed or moving, is placed in the path of the 
jet, a force is exerted by the jet on the plate. 
This force is obtained from Newton’s second 
law of motion or from the impulse-moment 
equation. Thus, the impact of the jet means 
the force exerted by the jet on a plate which 
may be stationary or moving. During an 
impact, the energy of a moving object is 
converted into work and force plays an 
important role [27]. In this experimental 
study, pressure, impact velocity and gravity 
force under corona discharge are compared 
with no corona discharge in each angle of the 
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inclined plate. So pressure ratio (PEHD per 
PnoEHD), impact velocity ratio (uEHD per 
unoEHD) and gravity force ratio (FgEHD per 
Fg,noEHD) are experimentally investigated in 
the influence of the jet air flow with an 
inclined plate under corona discharge.  

From the previous studies, Saneewong 
Na Ayuttaya and colleagues [28] were early 
investigators of the EHD process. EHD, also 
known as electro-fluid-dynamics or 
electrokinetics, is the study of the dynamics 
of electrically charged fluids. It is the study 
of the motions of ionized particles or 
molecules and their interactions with electric 
fields and the surrounding fluid. Its means, 
electric field and the flow field are the main 
compound of the EHD process so inlet 
velocity (jet air flow) is not neglected in this 
research paper. The jet air flow (ui) is fixed 
at 1 m/s and air is moved from the left to the 
right direction. The electrical voltage (V0) is 
tested from 0 to 30 kV and it increments by 
5. The number of electrode plates (n) is 
varied from 1 to 6 and the angles of inclined 
plates (q) are varied from 0 to 90o and 
incremented by 15o. 

The pressure ratio under corona 
discharge per no corona discharge in each 
angle of inclined plate (PEHD per PnoEHD) is 
compared in various electrical voltages and 
angles of the inclined plate, as shown in 
Fig.6. The number of electrodes (n) is fixed 
at 1. It can be seen that the pressure ratio is 
increased with increasing electrical voltage. 
This is because the strength of corona 
discharge is increased by increasing the 
electrical voltage. But the pressure ratio is 
decreased with an increasing angle of the 
inclined plate. The effect of trap of airflow is 
dominantly influenced by increasing the 
angle of the inclined plate. In addition, the 
pressure ratio is dominantly increased in case 
of q = 0o. It is dominantly increased with the 
electrical voltage at 0 to 10 kV and it is 
gradually increased when electrical voltage 
more than 10 kV. In addition, the maximum 
pressure under corona discharge per no 
corona discharge in each angle of the 

inclined plate for q = 0o, 15o, 30o, 45o, 60o, 
75o and 90o are 2.11, 1.87, 1.75, 1.60, 1.50, 
1.43 and 1.38 times, respectively.  

 
 
 
 
 
 
 
 
     
 
 
Fig. 6. Experimental comparison of pressure ratio 
in various electrical voltage and angle of inclined 
plate when ui = 1 m/s and n = 1. 
 

The gravity force ratio under corona 
discharge per no corona discharge in each 
angle of inclined plate (Fg,EHD per Fg,noEHD) is 
compared for various electrical voltages and 
angles of inclined plate, as shown in Fig.7. 
The angle of inclined plate from q = 0o, 15o, 
30o, 45o, 60o, 75o and 90o is shown in Fig. 7 
(a-g), respectively. It can be seen that the 
gravity force ratio is increased with 
increasing electrical voltage and the number 
of the electrodes. This is because the strength 
of corona discharge is increased by 
increasing the electrical voltage and number 
of electrodes but the gravity force ratio is 
decreased with an increasing angle of the 
inclined plate. Due to the effect of the trap of 
airflow is dominantly influenced by 
increasing the angle of inclined plate so 
gravity force in case of increasing the angle 
of inclined plate is more dominated than 
gravity force under corona discharge. The 
gravity force ratio under corona discharge 
from  q = 0o   (Fig. 7(a)) is increased more 
than q = 90o   (Fig. 7 (g)). The maximum 
gravity force under corona discharge per no 
corona discharge in each angle of the 
inclined plate for q = 0o, 15o, 30o, 45o, 60o, 
75o and 90o are 5.24, 5.00, 4.76, 4.52, 4.30, 
4.14 and 4.03 times, respectively. The 
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gravity force ratio under corona discharge is 
proportional to square of the electrical 
voltage (Fg,EHD per Fg,noEHD µ V0

2).  
 

 

 

 

 

 
 
Fig. 7. Experimental comparison of gravity force 
ratio in various number of electrode and electrical 
voltage when ui = 1 m/s (a) q = 0o (b) q = 15o (c) 
q = 30o (d) q = 45o (e) q = 60o (f) q = 75o and (g) 
q = 90o. 
 

The impact velocity ratio under corona 
discharge per no corona discharge in each 
angle of inclined plate (uEHD per unoEHD) is 
compared in various electrical voltages and 
angles of inclined plate, as shown in Fig.8. 
The angle of inclined plate from q = 0o, 15o, 
30o, 45o, 60o, 75o and 90o is shown in Fig. 8 
(a-g), respectively. It can be seen that the 
impact velocity ratio is increased with 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 
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increasing electrical voltage and the number 
of electrodes. This is because the strength of 
corona discharge is increased by increasing 
the electrical voltage. The inertial force is 
supported by the electric force when the 
angle of the inclined plate is increased. The 
impact velocity ratio is gradually increased 
with increasing angle of inclined plate, the 
number of the electrode and electrical 
voltage. The maximum impact velocity 
under corona discharge per no corona 
discharge in each angle of inclined plate for 
q = 0o, 15o, 30o, 45o, 60o, 75o and 90o are 1.80, 
1.82, 1.83, 1.84, 1.86, 1.87 and 1.88 times, 
respectively. A variable straight line is the 
impact velocity ratio under corona discharge 
and the electrical voltage (uEHD per unoEHD µ 
V0). 

From the above results, the maximum 
pressure and the maximum gravity force 
under corona discharge per no corona 
discharge in each angle of the inclined plate 
are decreased with increasing the angle of 
inclined plate. This is because the EHD 
process or under corona discharge is not 
influenced by pressure increasing and the 
direction of gravity force is not the same 
direction with corona discharge direction. 
The corona discharge direction is supported 
with flow field direction and electric field 
direction; it is the x-axis direction but the 
gravity force is the y-axis direction. 
Inversely, the maximum impact velocity 
under corona discharge per no corona 
discharge in each angle of the inclined plate 
is increased with increasing the angle of the 
inclined plate. This is because the direction  
of impact velocity is supported with flow 
field direction and electric field direction 
from corona discharge. 
 

 

 

 

(a) 

(b) 

(d) 

(c) 
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Fig. 8. Experimental comparison of impact 
velocity ratio in various number of electrode and 
electrical voltage when ui = 1 m/s (a) q = 0o (b) q 
= 15o (c) q = 30o (d) q = 45o (e) q = 60o (f) q = 
75o and (g) q = 90o. 

 
3.3 Discussion results of the jet air flow 
with inclined plate under corona 
discharge 

From the above data, the pressure, the 
impact velocity and the gravity force under 
corona discharge per no corona discharge in 
each angle of the inclined plate are compared 
in various electrical voltages, the number of 

electrodes and angle of the inclined plate. In 
these paragraphs, the discussion results of the 
jet air flow with inclined plate under corona 
discharge are presented. The pressure (PEHD), 
gravity force (Fg,EHD) and Reynolds number 
(ReEHD) are experimentally investigated in 
the influence of the jet air flow with an 
inclined plate under corona discharge. The 
jet air flow (ui) is fixed at 1 m/s and air is 
moved from the left to the right direction. 
The pressure under corona discharge (PEHD) 
in each angle of inclined plate is compared in 
electrical voltage and angle of inclined plate 
when n = 1, as shown in Fig. 9. It can be seen 
that the pressure is increased with increasing 
electrical voltage and angle of the inclined 
plate. When the angle of the inclined plate is 
varied from 30 to 90o, the graph of pressure 
is a variable straight line for the electrical 
voltage under corona discharge.  

 

Fig. 9. Experimental comparison of pressure in 
various electrical voltage and angle of inclined 
plate when ui = 1 m/s and n = 1. 

 
The gravity force under corona 

discharge (Fg,EHD) is increased with 
increasing electrical voltage, angle of incline 
and number of electrodes, as shown in Fig. 
10. The number of electrodes from n = 1, 3 
and 5 is shown in Fig. 10 (a-c), respectively. 
It can be seen that gravity force is increased 
by increasing the number of electrodes. This 
is because the strength of corona discharge is 
increased by increasing the electrical voltage 
and number of electrodes. When q = 0o, the 
gravity force under corona discharge is not 

(e) 

(g) 

(f) 
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dominated due to it is not the trap of the 
airflow. The inertial force is supported by the 
electric force when the angle of the inclined 
plate is increased.  

 

 

 
 
 
 
 
 
 
 
 
 
 
Fig. 10. Experimental comparison of gravity 
force in various electrical voltage and angle of 
inclined plate when ui = 1 m/s (a) n = 1 (b) n = 3 

and (c) n = 5. 
 
The effect of trap of airflow is 

dominantly influenced by increasing the 
angle of the inclined plate. In addition, the 
gravity force under corona discharge (Fg,EHD) 
is increased with the number of electrode and 
angle of inclined, as shown in Fig. 11. It can 

be seen that gravity force under corona 
discharge is increased with increasing the 
number of electrodes and angle of the 
inclined plate but in the case of q = 0o, the 
gravity force under corona discharge is not 
increased with increasing the number of the 
electrodes.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11. Experimental comparison of gravity 
force in various number of electrode and angle of 
inclined plate when ui = 1 m/s and V0 = 30 kV. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12. Experimental comparison of gravity 
force ratio and pressure ratio in various angle of 
inclined plate when ui = 1 m/s, n = 1 and V0 = 30 
kV. 
 

The gravity force ratio (Fg,EHD per 
Fg,noEHD) and pressure ratio (PEHD per PnoEHD) 
under corona discharge per no corona 
discharge in each angle of inclined plate and 
is compared in various angles of the inclined 
plate, as shown in Fig. 12. The jet air flow 
(ui) is fixed at 1 m/s, the number of electrode 
(n) equal 1 and the electrical voltage (V0) is 
30 kV. The pressure ratio and gravity force 

(b) 

(c) 

(a) 
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ratio are decreased with an increasing angle 
of the inclined plate. This is because the 
effect of trap of airflow is dominantly 
influenced by increasing the angle of inclined 
plate.  

 

 

 

 
Fig. 13. Experimental comparison of Reynolds 
number in various electrical voltage and angle of 
inclined plate when ui = 1 m/s (a) n = 1 (b) n = 3 

and (c) n = 5. 
 

Finally, the Reynolds number under 
corona discharge (ReEHD) is increased with 
the number of the electrode, electrical 
voltage and angle of inclined plate, as shown 
in Figs. 13 and 14. Fig. 13 shows Reynolds 
number under corona discharge (ReEHD) and 

electrical voltage with increasing the angle of 
the inclined plate. The angle of the inclined 
plate (q) is varied from 0 to 90o in increments 
of 30o. It can be seen that Reynolds number 
under corona discharge is increased with 
increasing the electrical voltage and angle of 
the inclined plate. The number of electrodes 
from n = 1, 3 and 5 is shown in Fig. 13 (a-c), 
respectively. Reynolds number under corona 
discharge is increased with increasing the 
number of the electrode and the angle of the 
inclined plate. 

 

 
Fig. 14. Experimental comparison of Reynolds 
number in various number of electrode and angle 
of inclined plate when ui = 1 m/s, n = 5 and V0 = 
30 kV. 
 

Fig. 14 shows Reynolds number under 
corona discharge (ReEHD) and the number of 
the electrode by increasing the angle of 
inclined plate. By the angle of inclined plate 
(q) are varied from 0 to 90o and it increments 
by 15o and electrical voltage is fixed at 30 
kV. The Reynolds number under corona 
discharge per no corona discharge in each the 
angle of the inclined plate for q = 0o, 15o, 30o, 
45o, 60o, 75o and 90o are 1200, 1333, 1466, 
1593, 1733, 1866 and 2000, respectively 
when  n = 6. In all cases, Reynolds number 
under corona discharge is increased with 
increasing the angle of the inclined plate it 
can be seen that Laminar flow generally 
occurs when the fluid is moving slowly or the 
fluid is very viscous. A variable straight line 
is the Reynolds number under corona 

(c) 

(a) 

(b) 
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discharge and electrical voltage (ReEHD µ 
V0). 

In order to guarantee the parameter for 
aircraft painting design, the parameters are 
shown by using the correlation. From the 
above results, it can be seen that the pressure 
under corona discharge and the electrical 
voltage is PEHDµ V0, the impact velocity 
under corona discharge and the square of 
electrical voltage is ui µ V0

2, the gravity force 
ratio under corona discharge and the 
electrical voltage is Fg,EHD per Fg,noEHD µ V0

2, 
the impact velocity ratio under corona 
discharge and the electrical voltage is uEHD 
per unoEHD µ V0 and the Reynolds number 
under corona discharge and electrical voltage 
is ReEHD µ V0 in order to guide for special 
design for the aircraft painting coats. 
 
4. Conclusion 

The numerical and experimental result 
is carried out to study the influence of the jet 
air flow with an inclined plate investigated 
under corona discharge. The following are 
the conclusions of this work: 

1. The pressure, the gravity force and the 
impact velocity under corona discharge are 
increased with increasing electrical voltage, 
the number of electrodes and the angle of 
inclined plate. 

2. When the comparison between the 
corona discharge condition and no corona 
discharge condition in each angle of the 
inclined plate is made, the pressure ratio is 
increased with increasing electrical voltage, 
the gravity force ratio and impact velocity 
ratio are increased with increasing electrical 
voltage and number of electrodes. In 
addition, the pressure ratio and gravity force 
ratio are decreased but the impact velocity 
ratio is increased with increasing angle of the 
inclined plate. 

From the above data, the idea behind 
this work can be used as guidance for special 
design for the aircraft painting coats. The 
corona discharge or Electrohydrodynamics 
process is designed for military aircraft with 

the least manpower and minimum 
maintenance in the future. 
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Nomenclatures 
b    ion mobility ( )/Vsm2  

pC     specific heat capacity ( )J/kgK  

D    electric flux density ( )2C/m  
d    characteristic linear dimension ( )m  
E    electric field intensity ( )V/m  
EHD  Electrohydrodynamics   
Ef    electric force ( )sC/m2   

Fg   gravity force (N)  
J    current density ( )2A/m  
k    thermal conductivity ( )W/mK  
n   number of electrode plate,  
  unit vector  
P    pressure ( )2N/m   
q    space charge density ( )3C/m   
Re   Reynolds number (-) 
T  uniform temperature ( )K  
t  time ( )hr   
u   airflow velocity ( )m/s  
V    electrical voltage ( )V  
x, y, z axis 

Greek letters 
ε    dielectric permittivity ( )F/m   
θ   angle of the inclined plate ( )!  
µ    viscosity ( )skg/m  
η    kinematics viscosity ( )s/m2  
ρ    density ( )3kg/m  

Subscripts 
 i   inlet 
  0  initial  
Superscripts 
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T transpose matrix 
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