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ABSTRACT

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

INTRODUETION:

The exact description of the ionizeg fie_l_;i u; 2 coaxial eylindrical
configuration was first solved by ’To'w’r'nj“é"écf'"(]1').1 The following sjm.
plified SHuatioh *(2) ‘déstiibes a unipoldr’icnized fiald,
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where E is the electric field in the presence of space ehargae,

Applying eq. (1) needed appropriate boundary conditipn=. The
poténtidl d_iffgi:ené’e"‘bétﬁtéeﬁ”thg o dectiiodes i the' fifst ﬁguild:?:ry
condition’reqiiired 4md the gecqtid §'the St aY B g Sundary™
between ‘the toroha Tiydr: and the spaddchiiiye’ ’:P’eg-ib:‘"f"“‘ﬁbjﬁdﬁﬂ‘é{“
an -a"p‘ﬁ:‘-@kiiﬁai;‘é*‘£-hyiﬁ§is'*t‘s)j'“i,t'_'ha‘s"’:beéﬁ“fa_’yqﬁa‘r’é‘&**&fiatl the" eldcrpid®
fied 4t the' anodé siirtacs: rénldink &onstant’ 4t 'the Btiset ' vhlue ad the -
anlodé’ voltafh is thefasddt anly Fil {HE hef Mate AT theldorgee
layér iy zei»%& * -

Sarma an&"ﬁanjs%heﬁ'sky"(f,"f) >have ‘dore 1 theorétical analypiis !
of the electric field distribution in the ionization layer of a d.c
Conora discharge under equivalent _stea‘iiyi'statg condition. They re-
ached several conclusions. The most significant one shows that for
the range of corona currents encountered on streamer counter, the
change'in ‘the'field intensity at the surfacé 'of the’ angde"frof the
onset value is negligible, The analysis also indicité that accuraey
(67)
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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 nondimentional form, the
voltage — ‘current telation for the cylindrical conflguratlon is- dbta-

ined as : A b : oo o B o
V—V, - 1
———--Lm( ) <1+y)_’2_q;,‘,‘
L“——--—,-/ e (@)
1+ {1 4y)
With v = + e T ( R )2 : | . . O
v . - JIQL' E°r° i ' = 5 .
wére y- + =" nondimentional current, SR
47 g = voltage applied to anodé.
Vv_ = Corona onset voltage.

Radius of anode wire.
Radius, of outer cyhnder

nf
>

R =
- I = Cprona current per umt length of anode wire. -

K = Ionic mobility. .

E, = Corona onset field at condyctor surface ).

¢ = DPermitivity of free space™

SOLUTION ‘FOR WIRE—TO—PLANE GEOMETRY

To obtam analytical solutions for complicated -configurations
neefﬁs mmphfymg assumptlons which are not norma.llv needed in thc
S1mp]e cylmdrlcal conflg-urat;ons For comphcated cases such a8 tbe
line-to-plane geometry Deutseh () made an approx1£r,1ate analyms
Pop'kov (1, 8) in his analysr.s of the cylmdmca&l and fhe hne-to-plane
geometry fo]lowmg Deutch’ work has mtroducea certam 1mprove—_,,
mezﬂ:s He assumed that the line-to-plane conflguratlon can be ap-
proximated by ar equivalent cylindrical system and obtained the fol-
Iowmg equation for its voltage.— current characterlstlc,

Y.,

V-V 2 hys .
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PI b, 5 ' :
where = —) e . (4)
T & ) 2 e k ( EQ T, ) ‘ : ()

and ha = height of anode above cathode. : L
P = Popkov’s empirical constant. i

The nonuniformity distribution of the current along the piane

cathode is faken into consideration by introducing the empirieal
constant P. . .
. 5 rt T
" The aplicapbility of Popkov’s formulas to practical systems has
been discussed by Simpson and Morse (?). For corona in a cylind-
rical configuration they observed good -agreement between eq. 2 and
the experiment.

1

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. '

RESULTS

In th present work the corona currents measured by a streamer
wire-plane detector (2 r, = 0.29 mm, and Lc = 75 mm.) for diffe-
rent heighis above the cathode are compared with the theoreiical
results compuied by using 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
parameter ha,

TABLE 1

Variation of the empirical constant P
with the counter parameter ha

ha mm. ha/ro - P
5 17.2 2.8
1 241 36

9 31.03 4.6
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To illustrate the above mentioned observation more clearly fig.
(1) c}ws the calculated curves by usmg eq. (2), and using ﬂ'l@. pele-
cted va
of 5,7 and 9 mm. On the same curves are represented the experi-
mental results in circles. 1t mlght be séen from such curves Ehat
there is a good agreement between the experimental resiults and the
compmed valus. It is vident that the values of P depends on the
conora {currenﬁ mtensuty However it has fo be notxced' here that m
all ‘the previous resilts the load resistance R (16 MG ) Was between
anode and E.H.V., the cathode is almost directly earthed. Actudlly
this structure is dlfferent from the cgnflguratlon taken by ;mother
author (ni T
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Fig. 1 — I V S Ve computed from pokov’s empirical formules for various values of
ba (5, 7, 9 mm) with the load resistance R = (10 M ) connecting anode to E.H.T.



