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Letter to the Editor

Response to Comment on “Modeling and Validation of
Nanoparticle Charging Efficiency of a Single-Wire Corona
Unipolar Charger”

Chih-Liang Chien, Chuen-Jinn Tsai, and Tran Thi Minh Phuong
Institute of Environmental Engineering, National Chiao Tung University, Hsin Chu, Taiwan

Fern�andez-D�ıaz and Domat’s preceeding Letter to the Editor
argued that the geometry of the discharge electrode of the
charger of our previous article entitled “Modeling and Validation
of Nanoparticle Charging Efficiency of a Single-Wire Corona
Unipolar Charger” was a needle but not a wire. Therefore, the
boundary condition for the ionic charge density at the discharge
wire surface used in the simulation was suspected to be not
completely correct. In the present work, the exact shape of the tip
of the discharge electrode was examined and found as a
hyperbolic point. The experimental onset voltage was further
compared with the theoretical onset values calculated by either
wire-in-tube or point-to-plane assumption. Results show that the
theory of needle-type discharge electrode is also not appropriate
either for the boundary condition at the tip because of higher
calculated onset voltages than the experimental data.

In Chien et al. (2011), a detailed two-dimensional (2D)

numerical model was developed to predict the flow, electric

potential, ion concentration, charged particle concentration

fields, charged particle loss, and charging efficiency in a sin-

gle-wire corona unipolar charger. The numerical model is able

to predict the experimental nanoparticle charging efficiency

very well for particles smaller than 20 nm in diameter. How-

ever, Fern�andez-D�ıaz and Domat (2014) argued in their Com-

ment that the geometry of the discharge electrode of the

charger was a needle but not a wire, and hence the boundary

condition for the ionic charge density at the discharge wire

surface used in the simulation was not completely correct.

They proposed a methodology to replace Equation (9) in Chien

et al. (2011) for improving the simulated results.

The exact shape of the tip of the discharge electrode was

examined by an electron microscope (ESPA SYSTEMS Co.,

Ltd., Hsin Chu, Taiwan) and is shown in Figure 1. The shape

of the tip is seen as a hyperbolic point corresponding to the

case A in Figure 1 in the Comment by Fern�andez-D�ıaz and

Domat (2014). The equivalent radius of curvature of the point

is equal to 23.7–24 mm, which is slightly smaller than the

radius of wire, 25 mm. The blackish wire surface was caused

by oxidation.

For the irregular internal geometry of the charging cham-

ber, no simple mathematical models were available to describe

the electrical field between the tip of the discharge and ground-

ing electrodes until the numerical work conducted by Chien

et al. (2011). For the breakdown voltage and breakdown elec-

tric field in point-to-plane corona discharge, the breakdown

voltage, V0 (V), is expressed as (Adamiak et al. 2005; Le et al.

2013)

V0 D Eb £ a£ ln 4d
a

� �
2

; [1]

where a is the tip radius of discharge electrode (m), d is the

point-to-plane spacing (m), and Eb is the breakdown electric

field (V/m) which can be calculated as

Eb D 3:1£ 106d 1C 0:308ffiffiffiffiffiffiffiffiffiffiffi
0:5ad

p
� �

; [2]

where a is in cm, and d is the relative density of the air. The ion

current of a single electrode can be calculated as follows (Ada-

miak and Atten 2004; Le et al. 2013):

I Daie0ZiVa Va ¡V0ð Þ=d; [3]

where I is the corona current (A), ai is the empirical coeffi-

cient, which is 1.58 suggested by Adamiak and Atten (2004),

Received 22 August 2014; accepted 26 September 2014.
Address correspondence to Chuen-Jinn Tsai, Institute of Environ-

mental Engineering, National Chiao Tung University, No. 1001 Uni-
versity Road, Hsin Chu 300, Taiwan. E-mail: cjtsai@mail.nctu.edu.tw

Color versions of one or more of the figures in the article can be
found online at www.tandfonline.com/uast.

iv

Aerosol Science and Technology, 48:iv–vi, 2014

Copyright � American Association for Aerosol Research

ISSN: 0278-6826 print / 1521-7388 online

DOI: 10.1080/02786826.2014.985778

D
ow

nl
oa

de
d 

by
 [

N
at

io
na

l C
hi

ao
 T

un
g 

U
ni

ve
rs

ity
 ]

 a
t 0

2:
39

 2
1 

Ju
ly

 2
01

5 



e0 is the permittivity of air (C2/N-m2), Zi is the ion mobility

(m2/s¢V), and Va is the applied voltage (V).

The breakdown voltage for the wire-in-tube precipitator

(ESP) can be calculated as (Tsai et al. 2008)

V0 DEbrwln rt=rwð Þ; [4]

where rw is the radius of the discharge wire (m), rt is the radius

of the tube (m), and the breakdown electric field is

Eb D 3000C 127dw; [5]

where dw is the diameter of the discharge wire (m). The corona

voltage is given by

Va DV0 CEbrw
ffiffiffiffiffiffiffiffiffiffi
1C u

p ¡ 1¡ ln
1C ffiffiffiffiffiffiffiffiffiffi

1C u
p

2

� �� �
; [6]

where u is defined as

uD Irt

2pe0ZiEbrw
: [7]

In the charging chamber, the distance from the tip to the

inlet and wall are 0.02 m and 0.015 m, respectively, as shown

in Figure 3 in Chien et al. (2011). For the point-to-plane

corona discharge, the breakdown voltage was calculated to be

2.98 kV (d D 0.02 m) and 2.87 kV (d D 0.015 m) at a D
24 mm with the corresponding breakdown electric field

of 3:06£ 107 V/m, which is close to that calculated by

Equation (5) in the Comment. For the wire-in-tube case, the

breakdown voltage was calculated to be 3.35 kV with the cor-

responding breakdown electric field of 2:09£ 107V/m, which

is also close to that calculated by Equation (4) in the Com-

ment. As shown in Figure 2, the experimental onset voltage is

much lower than the theoretical onset values calculated by

either wire-in-tube or point-to-plane assumption.
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FIG. 2. Comparison of the applied and theoretical onset voltages.

FIG. 1. Micrograph of the tip of discharge electrode of the charge of Chien et al. (2011).
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Besides, the applied voltage of C1.6 to C 2.4 kV (corona cur-

rent: 0.001 to 1.817 mA) and ¡1.6 to ¡2.4 kV (corona cur-

rent: ¡0.004 to ¡2.087 mA) in the charging experiment of

Chien et al. (2011) for positive corona and negative corona,

respectively, is much lower than the above calculated onset

voltages. The corona current at the onset voltage is zero, which

is not the operating condition of the charger. Instead, the maxi-

mum charging efficiency occurs at a certain voltage within the

applied voltage range of §1.6 to §2.4 kV, which is even

lower than the calculated onset values.

We agree with Fern�andez-D�ıaz and Domat (2014) that

Equation (9) in Chien et al. (2011) is only valid for a wire but

not for a tip. However, the theory of needle-type discharge

electrode is also not appropriate either for the boundary condi-

tion at the tip because of higher calculated onset voltages than

the experimental data. Besides, particle charging can only

occur at a voltage higher than the onset voltage and the numer-

ical study for particle charging was based on the corona cur-

rent obtained experimentally in Chien et al. (2011). The

predicted extrinsic charging efficiencies were shown to be in

good agreement with the experimental data with a deviation of

<7%, which cannot be improved further by the method pro-

posed by Fern�andez-D�ıaz and Domat (2014).
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