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ABSTRACT

The fitting of Popkov's formula to the corona cirrant data, obts-
ned from experimental results in the streamér region has been trea-
ted. A reasonable agreement ¢an be phtained only when the emperi-,
cal constant P has a valye whicy varies with the anode — to — cathode
Separation- ,

INTRODUE TION:"
The exact description of the ionized field in a coaxial eylindrica]

configuration was first solved by :Tdvu’rilj‘é"é&"}qi')_i The following sim.

plified eGuatish *(2) ‘déstiFibas s unipoldr icnized fiald,

2

dE -.?d E-.i AN R )
E —— -3_E_ — + -——-—.dE, 2' . = 0 ..... TR T Y] (1)
dr, rodr dr

where E is the electric field in the presence of space ehargae,

Applying eq. (1) needed appropriate boundary condiipns. ‘The
poténtial d_iff:‘é‘fené‘_e"bétw‘éeﬁ”the"ifvgq"’féleé&‘p&es“ié‘_ the' Tifsh Boutidary
condition’reqiiired, 4nd the Seog 'id the léctid ticld HE tid" Sundary™
between ‘the dorona Tayds and the sﬁaéaf&ﬁgfté??bﬁa;"f*““r‘.o]]‘idﬁi‘,ﬁ‘é%"
an -a"p’;;:‘-@kﬁﬁafé*‘s-hyiﬁéis"fs)?“itf'ha's*’:beéﬁ“fa_’yqaﬁ‘fé'&**&ﬁatl the" elEcgeil!
fied At thie anodeé sirfabd rindiind Eonstant’ it 'the Ghiseb'vhlud 4 F3>

anodé’ voltafb i thesatén’ aily £RY% tHE het dPate Arge Tl thetorsigam
layér iy ze}’ﬁl ‘ ' '
Sarma an&"ﬁanjs%heiv'sky"(f,"f) >have ‘dagrte 2* theorétical analpafy !
of the electric field distribution in the ionization layer of a d.c
Conora discharge under equivalent steady'state condition. They are-
ached several conclusions. The most significant one shows that for
the range of corona currents encountered on streamer counter, the
changein the'field intensity at the surfacé 'of the’angde frofm the
onset value is negligible, The analysis also indicité that accuraey
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of corona loss calculations is not significantly affected if the unipolar
space charge is assumed to start at the anode surface itself rather
than at the corona layer boundary In a nondunentlon,,tl form, the
voltage — ‘current relation’ for the eylindrical conflguratlon is obta-

imed as : O R SN
v—Vv, . R T Y2
Rl o I CEETAR P
1’ '." L. 2 ., ' - . - - . .._f‘.x--
;rl__.-—-——-l-{r (2)
1+ (1 4y) "7
with yoi= e} o (R )2 ¢
e .. amgk. MEjr,/. -
weére y- + =" nondimentional current,
“7¢ y = voltage applied to anodé
¥, = Corona onset voltage, .

Radius of anode wire.

il

-
3

f R "= TRadius of outer cyhnder
o I = Cprona current per umt ],ength of anode wire. - \
K = lonic mobility. _
, = Corona onset field at,condyetor surface ().
¢ = DPermitivity of free space™

SOLUTION ‘FOR WIRE—TO—PLANE GEOMETRY

To oBtam analytical solutions for complicated configulatmns
nEQ)ﬁs slmphfymg assumptlons which are not normaﬂlv needed in the
s.ump]e cfrlmdmcal conflguratmns For comphcated cases such a3 tbe
lipe-to-plane geometry Deutseh (8) made an. approxm;ate analys1s
Poﬁkov (7,8) in_his analysis of the cylmdrlcadL and jhe Jine-to-plane
geome’r:ry fo]lowmg Deutch’ “work has mtmducea certam 1mprove-,,
ménts.” He assumed ‘that the line-to-plane configuration can be ap-
proximated by an equivalent cylindrical system and obtamed the fol-
Iowmg eguation for ifs voltage.— current charactenstm,
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: P1I h‘l K N . r. Y
wherey = == L veeree (4)
’ ‘ 7 ) 2 Ig k ( .E-o\ro ) ‘ s : () )
‘and ha = height of anode above cathode. T

P = Popkov’'s embpirical constant.

The nonuniformity .dist_ribution_, of the current along .t'hnlé pianec
cathode is faken into consideration by infroducing the empirieal
constant P. .

-

_ _ Coat e
" The aplicapbility of Popkov’s formulas to practical systems has
been discussed by Simpson and Morse (). TFor corona in a cylind-
rical configuration they observed good -agreement befween eq. 2 and
the experiment.

Accurate measurements were also made of corona current for
line-to-plane  configuration and the results were compared with
Popkov’s formula in eq. (3). Simpson (10) observed reasonable
agreement between theory and experiment only when the empirical
constant P was increased from 1.65 to about 5. '

EESULTS

In th present work the corona currents measured by a streamer
wire-plane detector (2r, = 0.29 mm. and Lc = 750 mm.) for diffe-
rent heights above the cathode are compared with the theoretical
resulis computed by uvsing eq. (8) for various values of P. The
values of P that give negligible difference between the computed
results and the exprimental ones are given in table (1). 'Table (1)
shows that Popkov’s empirical constant P varies with the counter
barameter ha,

TABLE 1

Variation of the empirical constant P
with the counter parameter ha

ha mm. ha/ro - P
5 17.2 2.8
7 24.1 3.6

o 31.03 ' 4.6




— 70 —

To illustrate the above mentioned observation more clearly fig.
1) ciws the calculated curves by using eq. (2), and using i:h,g: 1sele-
cted valués of the empirical constant P ¢ited in table (1), for ha values
of 6,7 and 9 mm. On the same curves are represented the experi-
tmental results in circles. 1t m1ght be seen frot Such carves Ehat
there is a good agreement betweeh the experimental Tesults and the
computed valus. It is vident that the values of P depends op the
conora {current mtenmty However it has to be notxcedr here that in
"411 the previous Tésilts the load resistance B™(16 MG ) was betiwaen
anode and E.H.V., the ecathode is almost directly earthed chcually
this structu:;e is d.lfferent from the conflguratmn_ taken by another
author (ni e
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Fig. 1 — 1 ¥ S Ve computed from pokov’s empirical formules for various values of
ha (5, 7, 9 mm) with the load resistonce R = (10 M ¢ ) connecting anode to E.H.T.





