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Abstract 

 
The purpose of this study is to show an optimum wire pitch length in an electrostatic precipitator (ESP) 
with multiple wire electrodes at the same energy consumption. The ESP in this study has wires-and-plates 
configuration. The gap length between the wire electrode and the grounded plate electrode was 15 mm. 
The grounded plate electrode length was 150 mm, and the wire pitch distance was between 10 and 70 mm. 
The particle charge considering the spatial electric field and the ion density, and the time-dependent 
particle trajectory were simulated. In addition, the collection efficiency was calculated whereby the 
optimum wire pitch was investigated at the same energy consumption. In the experiment, the collection 
efficiency as a function of the wire pitch was measured, and compared to the simulated result. As a result, 
it was revealed that the optimum pitch distance between wires was 50 mm which was approximately  
3.2 times the gap length between the wire electrode and the grounded plate electrode. 

 
Keywords: optimum wire pitch, simulation, energy efficiency, collection efficiency, electrostatic 
precipitator 

 

 
1. Introduction 
 

An electrostatic precipitator (ESP) has been extensively 
used for purifying air in houses and road tunnels, or 
emission gas from power plants and stealworkses, etc. 
Their power consumption affects CO2 emission and fossil-
fuel consumption, so the energy saving of an ESP 
becomes more important. The main factor of the power 
consumption is the use of corona discharge for charging 
particles in an ESP. Therefore, studies and developments 
on a control [1 - 3], a high voltage power supply [4], 
particle charging technique [5 - 6] or structure of an ESP 
have proceeded.  

Regarding the investigation of a structure, Isahaya et al. 
investigated the calculation method of a corona discharge 
current in a multiple wire electrode type ESP [7]. Deguchi 
et al. concluded that the maximum corona discharge 
current was obtained at the pitch length between wires of 
1.6 times the gap length between wire and grounded plate 
electrode [8]. Hamouz et al. investigated the corona 
discharge current density distribution on the grounded 
plated electrode as a function of the wire pitch length, and 
indicated that the distribution was influenced by the pitch 
length [9]. Xu et al. showed that the peak value of the 
discharge current density distribution was the maximum 
at the pitch greater than 2.7 times the gap distance [10]. 
Although the relationship between the corona discharge 
current and the pitch length was investigated by many 
researchers, there are few pieces of literatures describing 
the energy efficiency. Kawada investigated the suitable 
grounded plate electrode length in a single wire-to-plate 

type ESP at the same energy consumption, and concluded 
that the optimal grounded electrode length is 
approximately three times the gap distance [11]. Tamura 
et al. compared the collection efficiency in an ESP with 
single wire electrode with that in an ESP with three wire 
electrodes at the same energy consumption. As a result, it 
was revealed that the energy efficiency in the ESP with 
three wire electrode was higher than that with single wire 
electrode [12]. However, the influence of the pitch length 
on the collection efficiency at the same energy 
consumption in the ESP with multiple wire electrodes was 
not investigated. 

On the other hand, Zukeran and Kawada et al. have 
simulated a particle charge and a charged particle 
trajectory in a gas flow considering the ionic flow in an 
ESP with a single wire electrode and three wire electrodes, 
and measured the particle trajectory using a particle image 
velocimetry (PIV) [12 – 14]. In that study, the analyzed 
corona current was fitted to the experimental value, 
whereby the negative ion density on the surface of the wire 
electrodes as a boundary condition was determined. The 
analysis current density distribution on the surface of the 
grounded plate electrode agreed with the experimental 
result using PIV. 

Therefore, the purpose of this study is to show an 
optimum wire pitch length in an ESP with multiple wire 
electrodes at the same energy consumption using the 
above simulation method. The gap length between the 
wire electrode and the grounded plate electrode was     
15 mm. The grounded plate electrode length was 150 mm, 
and the wire pitch length was between 10 and 70 mm. The 

［研究論文］ 

Investigation of optimum wire pitch distance in an electrostatic precipitator with multiple wire electrodes（貴島・田村・保坂・安本・川田・瑞慶覧） 1



particle charge and the particle trajectory were simulated. 
And, the collection efficiency was calculated whereby the 
optimum wire pitch was investigated. In the experiment, 
the collection efficiency as a function of the wire pitch was 
measured, and compared to the simulated result. 
 
2. Simulation Methodology 

 
The ESP structure and the analysis model for simulation 

is shown in Fig. 1. The ESP configuration used in this 
experiment is shown in Fig. 1-a. The ESP was wire-to-plate 
configuration which had three wire electrodes (Tungsten, 
φ = 0.26 mm) and two grounded plate electrodes 
(Aluminum, t = 0.8 mm, Length: 150 mm, Width: 240 mm). 
The gap length between the wire electrode and the 
grounded plate electrode was 15 mm, and the pitch length 
between wire electrodes was between 10 and 70 mm. The 
two-dimensional space charge density distribution, 
electric field distribution, gas flow, particle charge 
considering the spatial electric field and the ion density 
and time-dependent particle trajectory were calculated 
using COMSOL Multiphysics® (Ver. 5.4). The analysis 
domain was the area indicated by the dashed line in Fig. 
1-a, and the 2D analysis model was created as Fig. 1-b. 
The analysis domain was discretized into approximately 
2,900,000 tetra meshes. The specific boundary conditions 
in Fig. 1-b are as follows:  

 
1)  Line A-B: axisymmetric boundary 
2)  Line B-C: outlet boundary 
3)  Lines C-D-E-F-G-H: wall boundary 
4)  Line H-A: inlet boundary 
5)  Line D-E-F-G: 0 V 

6)  Surface of wire electrode: between DC - 9.930 kV 
and DC -11.053 kV 

The gas velocity distribution as the inlet boundary 
condition was determined by the result measured in the 
previous study [14], which was approximately 1 m/s. The 
analysis parameter is shown in Table 1. The voltage was 
determined from the experimental value at the discharge 
power of 6 W at each pitch length. It has already been 
clarified that the negative ion density on the surface of the 
wire electrode as the boundary condition can be determined 
by fitting the analyzed corona current to the experimental 
value [14]. Thus, the ion density in this study was 
determined by the same method. The analysis discharge 
current agreed with the experimental value as shown in 
Table 1.   

The potential, the electric field intensity and the negative 
ion density were calculated by coupled analysis of Poison’s 
and current-continuity equations as shown in reference [14]. 
The gas flow considering the ionic flow was calculated by 
the k-ω turbulence flow model. 100 particles, whose 
diameter was 1.5 μm, were flowed from the A-H boundary 
to investigate the particle trajectory and the effect of the 
pitch length on the collection efficiency at the same 
discharge power. The particle charge was calculated from 
the differential equations of the field and diffusion charging 
equations, and the charged particle trajectory was 
calculated by equation of motion of particles considering 
the gravity force, the fluid drag force and Coulomb force as 
described in reference [14]. The collection efficiency was 
calculated by counting the particles which reached the 
surface of the grounded plate electrode at each pitch length 
between 10 mm and 70 mm as shown in equation (1). 

 

 
a) Electrode structure of ESP 

 
b) Analysis model 

Fig. 1 ESP structure and analysis model. 
 

Table 1 Analysis parameters. 
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  𝜂𝜂𝜂𝜂𝑟𝑟𝑟𝑟 = 𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔
𝑁𝑁𝑁𝑁𝑖𝑖𝑖𝑖

                     (1) 

where, Ni is the number of particles [parts] at the inlet, Ng is 
the number of particles [parts] reached on the surface of the 
grounded plate electrode. 
 
3. Experimental setup 
 

The schematic diagram of experimental system is shown 
in Fig. 2. The electrode structure of the ESP is as shown in 
Fig. 1-a. The applied voltage and the discharge current were 
as shown in Table 1. The maximum negative high voltage 
of 11.053 kV was applied to the wire electrodes as the 
corona discharge power became 6 W. The oil mist (Junsei 
Chemical Co., Ltd., Olive oil) generated using an oil mist 
generator (Flowtech Research Inc., type: FtrOMG, nominal 
diameter: 1.5 µm) and a compressor mixed with the air was 
flowed into the ESP at the gas velocity of approximately   
1 m/s. A part of the gas flow was sucked from the 
downstream side of the ESP, and the particle concentration 
for the size of 1.5 µm was measured using an aerosol 
spectrometer (Palas, Welas 2000). The collection efficiency 
was calculated using equation (2).  

 
𝜂𝜂𝜂𝜂 = �1 − 𝑁𝑁𝑁𝑁𝑝𝑝𝑝𝑝

𝑁𝑁𝑁𝑁0
� × 100%                           (2) 

 

where, N0 is the particle concentration [parts/m3] at the 
downstream end of the ESP with the applied power of 0 W,  
Np is the particle concentration [parts/m3] at the 
downstream end of the ESP at the applied power of 6 W. 
 
4. Results and Discussion 
 
4.1 Space charge density distribution 

The negative ion density distribution at each pitch is 
shown in Fig. 3. In Fig. 3-a, the corona discharge current 
flowed out from the center wire electrode was low in the 
pitch length of 10 mm as shown in Table 1, whereby the 
negative ion density was low at the location x of 80 mm. 
The ion density at the location x of 80 mm increased with 
increasing the pitch due to the increase of corona 
discharge current at the center wire, and the distribution 
became uniformly at the pitch of 50 mm. Since the 
currents on the wires at the inlet and outlet of ESP 
decreased, the ion density at the center of the grounded 
electrode increased at the pitch length of 70 mm. The 
average ion density in the pitch of 10 mm, 30 mm, 50 mm 
and 70 mm were 5.87 × 1014 1/m3, 7.68 × 1014 
1/m3, 8.51 × 1014 1/m3 and 7.98 × 1014 1/m3, respectively. 
The density in the pitch of 50 mm was the highest value. 

 
 

Fig. 2 Schematic diagaram of experimental system. 
 

 
 

Fig. 3 Negative ion density distribution at each pitch length. 

Investigation of optimum wire pitch distance in an electrostatic precipitator with multiple wire electrodes（貴島・田村・保坂・安本・川田・瑞慶覧） 3



4.2 Electric field distribution 
The electric field distribution at each pitch length is 

shown in Fig. 4. The electric field intensities were high 
near the wires, and these were low around the center 
between the wire electrode and the grounded plate 
electrode at any pitch lengths. The electric field intensities 
increased again near the surface of the grounded plate 
electrode due to the space charge effect. The electric field 
intensity distribution was uniformly in the calculation 
space at the pitch of 50 mm. The electric field distribution 
at the inlet and outlet of the ESP were distorted at the pitch 
of 70 mm, and the intensity at the upstream and 
downstream edges on the grounded plate electrode 
increased. The average electric field intensity in the pitch  
of 10 mm, 30 mm, 50 mm and 70 mm were                 
1.92 × 105 V/m, 2.29 × 105 V/m, 2.48 × 105 V/m and 

2.39 × 105 V/m, respectively. The intensity in the pitch of 
50 mm was the highest value. 
 
4.3 Gas velocity distribution 

The gas velocity distribution considering the ionic flow 
at each pitch length is shown in Fig. 5. The color bar 
indicates the absolute value of the gas velocity, and allows 
are the direction of gas flow. While the inlet gas velocity 
at the location (x, y) = (0, 0) was the lowest, that was 
uniformly with increasing the x value. In addition, the 
velocity around the wire electrodes increased and that on 
the surface of the grounded plate electrode under the wire 
electrodes decreased. These are due to the ionic flow. 
 
4.4 Particle charge and trajectory 

 
 

Fig. 4 Electric field intensity distribution at each pitch length. 
 

 
 

Fig. 5 Gas velocity distribution at each pitch length. 
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The particle charge and trajectory, when 100 particles 
are flowed in the gas velocity distribution as shown in Fig. 
5, is shown in Fig. 6. The particle size is 1.5 µm. The color 
bar indicates the particle charge amount, and lines are the 
particle trajectories. All particles were charged due to the 
influence of the negative ion density distribution as shown 
in Fig. 3, and these flowed to downstream side with 
migrating forward to the grounded plate electrode due to 
the electric field distribution as shown in Fig. 4. The 
average of the particle charge amount, which emitted to 
the downstream side (x = 160 mm), at the pitch length of 
10 mm, 30 mm, 50 mm and 70 mm were 8.27 × 10-17 C, 
7.56 × 10-17 C, 7.46 × 10- 17 C and 7.84 × 10-17 C, 
respectively. The average charge amount at the pitch 
length of 10 mm was the highest, and that of 50 mm was 
the lowest. Although the charge amount at 10 mm was the 
highest, Coulomb force was low due to the low electric 

field intensity at the location x greater than approximately 
110 mm as shown in Fig. 4, whereby the charged particles 
emitted from the ESP. Since the electric field intensity at 
the downstream edge of the grounded plate electrode at 
the pitch length of 70 mm were high as described above, 
a part of particles was strongly charged. Due to this effect, 
the average particle charge amount at the pitch length of 
70 mm was greater than that at 50 mm. Although the 
charge amount was high, these particles were not collected 
and emitted from the ESP. 
 
4.5 Particle velocity and trajectory 

The particle velocity and trajectory is shown in Fig. 7. 
The color bar indicates the absolute value of the particle 
velocity, and the line is the particle trajectories as the same 
to Fig. 6. The particle velocity around the wires increased, 
and that on the surface of the grounded electrode under the 

 

 
 

Fig. 6 Particle charge and trajectory at each pitch length. 
 

 
 

Fig. 7 Particle velocity and trajectory at each pitch length. 
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wire electrodes decreased due to the effect of the gas flow 
distribution as shown in Fig. 5. The average migration 
velocities, which were the y components of the particle 
velocities, at the pitch length of 10 mm, 30 mm, 50 mm 
and 70 mm were -0.0061 m/s, -0.0067 m/s, -0.0070 m/s 
and -0.0069 m/s, respectively. The average migration 
velocity at 50 mm was the fastest. This is because the 
negative ion density and the electric field intensity were 
relatively uniform distributions, and these average values 
were the highest as shown in Fig. 3 and 4. Although the 
particle charge amount was the lowest, the migration 
velocity increased due to the increase of Coulomb force. 
In addition, the distance y from the wall at the location x 
of 160 mm at the pitch length of 50 mm was 2.5 mm, 
which was the nearest among the calculation conditions. 
 
4.6 Relationship between collection efficiency and 
pitch length 

The relationship between collection efficiency and the 
pitch length is shown in Fig. 8. The analysis collection 
efficiency was calculated from equation (1), and the 
experimental efficiency was from equation (2). The 
number of experiments is three times, and the error bar 
indicates minimum and maximum values. The analysis 
collection efficiency increased as the wire pitch length 
increased, and saturated at the pitch greater than 50 mm. 
The analysis efficiencies at the pitch length of 50 mm and 
70 mm were the same of 79%. However, as the particles 
were most attracted toward the grounded plate electrode 
as described in Fig. 7, it is considered that the pitch length 
of 50 mm is optimum. The experimental value also 
increased with increasing the pitch length, and reached 
93% at 50 mm and 91% at 70 mm. The experimental 
collection efficiency became the highest at 50 mm. The 
experimental values were greater than the analysis values. 
This is most likely because the governing equations in this 
study are not considered the particle form, the particle 
agglomeration, the re-entrainment or the particle 
distribution, etc. While the analysis collection efficiency 
was different from the experimental value, the tendency 
of the analysis result agreed with the experimental result. 
From these results, it is revealed that the optimum pitch 
length at the same power consumption is approximately 
50 mm at the gap length of 15 mm. In other words, the 
optimum pitch is approximately 3.2 times the gap length. 

 
5. Conclusion 
 

The optimum pitch length between wires at the same 
energy consumption in the ESP with multiple wire 
electrode was investigated using the simulation method, 
which were revealed the validity. The grounded plate 
electrode was 150 mm, and the gap distance between wire 
and the grounded plate electrode was 15 mm. Furthermore, 
the analysis collection efficiency was compared to the 
experimental efficiency, and the validity of the analysis 
result was investigated. The results are follows: 

 
(1) The averages of the negative ion density and the 

electric field intensity in the analysis area was the 
highest value in the pitch length of 50 mm. 

(2) The average charge amount at the pitch length of   
10 mm was the largest, and that at 50 mm was the 
smallest. 

(3) The average migration velocity at the pitch length of 
50 mm was the fastest. 

(4) The analysis collection efficiency at the pitch length 
of 50 mm was the same value to that at 70 mm. 
However, it was considered that the optimum pitch 
length was 50 mm, as the particles were most 
attracted to the grounded plate electrode. 

(5) Although the value of the analysis collection 
efficiency was different from experimental value, the 
tendency in the analysis result agreed with the 
experimental result. 

 
From these results, it was revealed that the optimum pitch 
length between wires at the same energy consumption was 
50 mm which was approximately 3.2 times the gap length. 
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