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The particle charge is an important parameter predominating the collection performance of
the electrostatic precipitators (ESP). The value of charge on spherical particle can be obtained
according to Pauthenier’s equation with DC high-voltage without ripple, but a DC high-voltage
power supply for ESP includes. considerable ripples in voltage. The author has theoretically
derived the differential equation to obtain the value of charge on a conductive spherical particle
with ripples in applied voltage. An experiment is made to verify the calculated results, and a
good agreement within the error of experiment is obtained.
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Fig. 1 Electric field for partially charged conduc-
tive sphere in a uniform field.
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Fig. 2 Time increase in charge on a conductive
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Table 1 Computed charge on a conductive sphere under several ripples in applied negative
voltage for model ESP.
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Voltage (kV) Ripple (%) Phase (deg) Charge (Q) (C) Q18/Qs Charge (Qs) (C) Q16/Qm
15.0 0.0 0 2.1517E-10 1.001 2.1501E-10 0.954
15.0 - 25.0 0 1.9970E-10 0.929 2.1501E-10 0. 886
15.0 25.0 180 1.9987 E-10 0.930 2. 1501 E-10 0. 886
15.0 50.0 0 1.9303E-10 0.901 2.1501E-10 0. 860
15.0 50.0 180 1.9409E-10 0.903 2.1501E-10 0.861
15.0 100.0 0 1.8788E-10 0.874 2.1501E-10 0. 833
15.0 100.0 180 1.8825E-10 0.876 2. 1501 E-10 0.835
15.0 200.0 0 1. 8264 E-10 0. 849 2. 1501E-10 0.810
15.0 200.0 180 1. 8300E-10 0. 851 2. 1501 E-10 0.812
25.0 0.0 0 3.6902E-10 1. 000 3. 6888 E-10 0. 982
25.0 25.0 0 3.5220E-10 0. 955 3.6888E-10 0.937
25.0 25.0 180 3.5247E-10 0. 656 3.6888E-10 0.938
25.0 50.0 0 3.4690E-10 0.940 3.6838E-10 0.923
25.0 50.0 180 3.4738E-10 0.942 3.6888E-10 0.924
25.0 100.0 0 3.4159E-10 0.926 3.6888E-10 0. 909
25.0 100. 0 180 3.4215E-10 0.928 3.6888E-10 0.911
25.0 200.0 0 3.3670E-10 0.913 3.6838E-10 0. 896
25.0 200.0 180 3.3727E-10 0.914 3.6838E-10 0. 898
, 35.0 0.0 0 5.2103E-10 1. 000 5.2090E-10 0.990
by 360 25,0 0 5.0413E-10 0.968 5.2090E-10 0.958
35.0 25.0 180 5.0451E-10 0. 969 5.2090E-10 0. 959
35.0 50.0 0 4.9936 E-10 0. 959 5.2090 E-10 0.949
35.0 50.0 180 4.9987E-10 0.960 5.2090E-10 0.950
35.0 100.0 0 4.9446 E-10 0.949 5.2090E-10 0.940
35.0 100.0 180 4.9503E-10 0. 950 5.2090E-10 0.941
35.0 200.0 0 4.9023E-10 0. 941 5.2090E-10 0.932
35.0 200.0 180 4.9083E-10 0.942 5.2090E-10 0.933
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Table 2 Computed charge on a conductive sphere under several ripples in applied positive

voltage for model ESP.

Voltage (kV) Ripple (%) Phase (deg) Charge (Q) (C) Q1s/Qs Charge (Qs) (C) Qi6/Qm
15.0 0.0 . 0 2.0863E-10 1.001 2.0842E-10 0.925
15.0 25.0 0 1.8986 E-10 0.911 2.0842E-10 0. 842
15.0 25.0 180 1.9002E-10 0.912 2.0842E-10 0.843
15.0 50.0 0 1. 8165E~10 0.872 2.0842E-10 0. 806
15.0 50.0 180 1.8189E-10 0.873 2.0842E-10 0. 807
15.0 100.0 0 1.7338E-10 0.832 2.0842E-10 0.769

©15.0 100.0 180 1.7368E-10 0.833 2.0842E-10 0.770
15.0 200.0 0 1. 6626 E-10 0.798 2.0842E-10 0.737
15.0 200.0 180 1. 6656 E-10 0.799 2.0842E-10 0.739

- 25.0 : 0.0 0 3.6657E-10 1. 000 3.6640E-10 0.976
25.0 25.0 0 3.4677E-10 0. 946 3.6640E-10 0.923
25.0 25.0 180 3.4703E-10 0. 947 3.6640E-10 0.924
25.0 50.0 0 3.4018E-10 0.928 3.6640E-10 0. 905
25.0 50.0 180 3.4061E-10 0.930 3.6640E-10 0. 906
25.0 100.0 0 3.3351E-10 0.910 3.6640E-10 0. 888
25.0 100.0 180 3.3405E-10 0.912 3.6640E-10 0. 889
25.0 200.0 0 3.2751E-10 0. 894 3.6640E-10 0.872
25.0 200.0 180 3.2807E-10 0.895 3.6640E-10 0.873
35.0 0.0 0 5.2003E-10 1. 000 5.1989E-10 0.989
35.0 25.0 0 5.0128 E-10 0. 964 5.1989E-10 0. 953
35.0 25.0 180 5.0165E-10 0. 965 5. 1989 E-10 0.954
35.0 50.0 0 4.9584E-10 0. 954 5.1989E-10 0. 943
35.0 50.0 180 4.9637E-10 0. 955 5.1989E-10 0.944
35.0 100.0 0 4.9020E-10 0.943 5. 1989E-10 0.932
35.0 100. 0 180 4.9080E-10 0.944 5. 1989 E-10 0.933
35.0 200.0 0 4.8525E-10 0.933 5. 1989 E-10 0.922
35.0 200.0 180 4.8590E-10 0.935 5. 1989 E-10 0.924
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Table 3 Time increase in (Q18/Qm) on a conductive sphere under several ripples in applied

negative voltage.

Voltage Ripple Time (s)

(V) (%) 0.5 1.0 2.0 3.0 4.0 5.0
15.0 0.0 0.990 0.995 0.998 0.998 0.999 0.999
15.0 25.0 0.959 0.973 0.983 0.987 0. 990 0.992
15.0 50.0 0.949 0.967 0. 980 0.986 0.989 0.991
15.0 100.0 0.939 0.963 0.979 0.985 0. 989 0.991
25.0 0.0 0.96 0.998 0.999 0.999 1. 000 1.000
25.0 25.0 0.978 0.986 0.992 0. 994 0.996 0.997
25.0 50.0 0.972 0.984 0.992 0.994 0.996 0.996
25.0 100.0 0.971 0.984 0.991 0.994 0.996 0.996
35.0 0.0 0.998 0.999 0.999 1.000 1. 000 1.000
35.0 25.0 0.983 0.989 0. 993 0.995 0.996 0.996
35.0 50.0 0.980 0.987 0.992 0.994 0.995 0.996
35.0 100.0 0.976 0.985 0.990 0.993 0.994 0.995
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Fig. 6 Voltage waveform obtained by circuit (b)

in Fig. 5 (b).
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Fig. 8 Charge on a conductive sphere vs. peak/
mean in applied voltage.

600 T T T T

4
; v4RR

200 {/

1 i 1 | L
0 10 20 30 10

Applied voltage (peak value kV)

Charge (pC)

@ 1y=0-3%(Negative)
% ty=200% (Negative) |
©:y=0~3%(Pogitive)
4 1y=200% (Positive)

®9 HMNEEDY— 7L fRoWEs (FHRIER
Fig. 9 Charge on a conductive sphere vs. applied
peak voltage.

5.
FVINTEFE O IR B % & e SR O 8 A BUERF R L e
£ 1,200, 1=0% & 7=200% OHEREROLLMI
D%wﬁﬁok%mb,ﬂ%@k%ﬁ@@%%%@l4
Cad. R B S X 5 EERE & ERES X <
—FLC\B T EHhhb.

F e, EHRMEBCOWT S FAENER L AFReT —




EREEEECRETEROFE (2 BB %) 359 (47)

20 R I I L
@ :y=0-3% (Negative)
I % :y=200%(Negative) 1
| O:y=0-3%(Positive)
*:y=200% (Positive) /
—~ 15
o~
B o 4
~
ﬁ/ |
> / 1
o
pr | i
0
g 10 ;/
;N . J
o
a
H
N
] L
[9)
o . ]
8 s ek
38 | // 5},
| / i
X
I /ﬁ e

0 10 20 30 40
Applied voltage (peak value kV)
X 10 == riEOEE - BIfE
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Fig. 11 Charge on a conductive sphere vs. applied
negative peak voltage (duct-type elec-
trode).
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Fig. 12 Charge on a conductive sphere vs. applied
positive peak voltage (duct-type electrode).
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