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CONCERVING VARIATICNS OF THE DISCHARGE MECHANISM
IN GASSES UNDER HIGH PRESSURE ’

7. N. Aleksandrow

Doctor of technical sciences, G. N, Aleksandrow is a lecturing professor for
high tension technology at the "M, I. Kalinin" Leningrad Polytechnic Institute

The use of pressurized gasses in high tenslon apparatus and facilities,
particularly those gasses with greater electrical resistance than air, e.g.,
S¥4, presupposes a thorough analysis of the physical prccesses nf the sas dis-
charge. Until now there was nc practical theory of the develowmment of discharse
in pressurized gasses, s0 that its use in high tenslion technolcgy has praceeded
with caution, especially because of the well known "anomaly."

In this work an explanation is glven for some well known experimental
results for pressurlzed gasses, by analysis of the conditions for spontaneous
discharge, with consideration of the phctoelectric precess.

1. Homogenocus Field

Analysis of the causes of the variation of the discharge mechani-m in
gasses in a hcmogencus field during variation of the spark distance ¢ an? the
gas density &, showed that the increase in the numbers of electrons in the
fi1rst avalanche is a consequence of the atsorption coefficlents of the thot-ne
in the gas [T, 2, 27. The condition for spontanecus discharge in this caze
(without ccnsideratinsn of nhotoelectric generation in the mas) is:
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® Spatial angle from which the cathode 1s viewed from the midpoint o€ the

anode

% & DPropertionality coefficient between the number of effective photons and
positive lons generated by the first avalanche

-

¢ (o) Geometry factor which takes the differential degree of absorption into
account, which photons move along the shortest paths in arbitrary directions
within thc epatial angle @ towards the cathode (numerical values in [17 ard

B [

Absorption coefficient (accumulation coefficient) of the electrons in the
gas

-3

. Spark distance
u Absorption coefficient of the photons
s  Tonizatlon coefficient

58  Yield of electrons caused by photons hitting the cathode during the first

avalanche

This condition can be described in the following form:

cormolt =Mt _gptdF (8 —n—p)
) Noi=me'®*—" " Bakrxging 2)

Nor Number of electrons in the first avalanche c© the spontaneous discharge.

' It follows from (2) that the number of electrons Nw Trises expoientially

; with increase of the product ws ., Thus, for example, in alr 2% normal atmo=-

i pheric conditions (relative air density 8=1 at P®720 Torr and £=20"7) at &= fon,
e N =3.3°103 a1d at ¢ =3cm already Nu=29.10 /1 ani 3/.

? The increase of Ny with the increase of the product ws alco leads t~ zan

y increase in the number of nositive lons which are left by the avalanche in the




region of the anode. At Nu> 1.5-107 the effect of the spatial charge of theze
positive ions is so zreat that the field strength at the anode drops to such an

extent that avalanche-like ionization »rocesses are no longer possible (a<y).

At a certain distance frcm the anode, however, the field strength is con-
siderably increased /I, 2, 3/. The consequence of this is that the secondary .
avalanches cannot extend themselves to the anode, and the centers of ionization
meve rapldly away from the anode and form a streamer. Therefore, in a homogenous
field, the discharge develops at‘y.l S8 only into an avalanche form; however, at
ueZ 8,5 the discharge takes the form of a streamer. This threshold condition
does not apply Jjust to variation in spark distance, but also to variation in the
gas density (e.g., increasing gas pressure at constant temperature). With in-

creasing gas density g, the absorption coefficient s of the vhotons increases
proportionately:

1 u=ped ®

——— e——r —-—yo e v g

M  Absorption coefficient at d= 1L

Since uws ;};:da , the gas density 4 and spark distance s have an equal effect
on the development of the dlscharge. Thus for example, at 8 =30, the nuntexr of
electrons in the discharge space at s=.icm is --\"uf:z.9-109, as in the case ~f
#=3cm under normal atmospheric conditions. Therefore, when Ng> 1.5 107 in %cth
cases, the discharge is in streamer form. Therewith, the well known manifesta-
tion of variation of discharge processes independent of ps has ite ohy-~ical
explanation.

Nt

W¥ith consideration of the nhntoelectric processes in the gas and at the
cathode, the effect of the surfaces on the breakdcwn prez=sure at a ccartant
spark distance can be explained. According ito equation (2), with increasirng

angle @ "‘he surface of the electrodes increases), the number ~f electrons Ny
-
declines, and the breakdown pressure sinks. (In crder for a to be reluced, ihe

tension must be reduced.)

Oonsideration of photon absorption through the gas makes it nossidle t»




bring into accord the theoretically and experimentally obttained dependency of

the breakdown nressure on the gas density.

It is sufficiently well known that the breakdown pressures obtained in
various gasses in a homogenous field at various densities. Ma-l bis 20) can give
satlsfactory results only with the values obtained from the Towneeﬂd equation

y (olo—a)¢ — 1) = 1 (23]

when y varies by several orders of magnitude, which is not nhysically pnssible
(when & increases, 7 becomes smaller even though the breakdown field strength
increases).

Equation (1) is also satisfied for experimentally obtained values of break-
down pressure at the corresponding values for'a and 7 when rx and 4 remain
constant. Thus, the hypothesis that grants the absorption of photons in the gas
the determining role is Jjustified.

2. Yonhomogenous Field

In strongly nonhomogenous fields, the breakdown pressures cbtained are
difficult to explain theoretically only if no consideration is taken of the ab-
sorption »f photons in the gas. A vivid example 1s the "anomaly" in the curvec
of the breakdown pressure as a function of the gas density (Tig. 1). The maxi-
mum breakdown pressure as well as the subsequent nearing of the breakdown and

starting nressures cannot be explained with the Townsend theoxy.

In the case of cylindrical or spherical fields, the corditlornz for =zon-
taneous discharge fequation (1)/ must be altered insofar as the variation ~F the
©ield strength along the path of an avalanche must be calculated. II the inner
electrode of a cylindrical condenser is negative, one obtains the Tllowing
relationshin:

[ 4
~alr—r)t f(a— n)dr]
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r,  2adius of the inner electrode (where the zreatest fie'd strenmtnh 1z)
% Radius of the brundary of the ionization range (where s= g )

9(u) Geometry factor, which has the same meaning as the facicr g(us in equa-
tion (1) (numerical value in [3/).
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Dlekive Lofidickie §

Fig. 1. Igfluence of density on the starting and breakdown nressures in air
{ (after _7)

spark set-up: positive sphere - plate
sphere diameter 1cm
spark distance 1Ccm

Key: ordinate: starting U, and breakdown Uy pressures; abcissa: relative air
pressure §

The condition for the spontaneous discharge in that case where the inrer
electrode is positive has as analogous form E. only u& is substituted with the

* factor wn which takes the generation of photo electrons in the gas int» con-
; sideration. At the constant values.k ng™2-10"% kg, 1.10"* and ®=3.3%40m " the-e

conditions for spontaneous discharge agree well with the empirical equatfone=

for corona starting tenslion in air as a function of the radiis of 2 ecrlitnivieal

snark set-~up:

+ - 14 2098 ) o RV

BT =28 (l + Prx ,.n.u) om L)
- 0,62 . \4

Eq" =24.4- (l + e '.0.8!) in :——m ()

3quation () describes, analogous to equation (1), the conneciizn “etweon

the number of elecirons in the first avalanche of the spontanescus 3izcharrs a-d

the radius of the inner electrcde as well as the gas density. ™hie= i~ valild al-o

5




for the equation for the positive inner electrode. With a knowz value for the
starting field strength, which can be determined elther by the conditlion “cr the
spontaneous discharge or by the empirical equations (€) and (7), the calcu’ated

number of electrons in the first avalanche is

e ndr
Noj = o™ 8)

The values therewith calculated for a positive cylinder with a radius 7 in
alr are denicted in Fig. 2. %or all adduced values of r,, the number »f electrns
increases rapidly with increasing air density. JNg is also a function of 'rn..

The greater the radius, the broader the ionization 2one is (longer avalanches).
In other words, more photons are absorbed by gas on their way %t~ the boundary

of the jonization area. The most effective secondary electrons are generate? at
the boundary. Ionger avalanches which have the greatest number of electrons are

generated.)

Just as in a homogenous field, an increase in the number of electrons S'o,
causes a greater distortion of the field in the area near the anode. AtNg2 1,57 107
a streamer occurs as a result of the field distortion. This threshold value is
depicted in Fig. 2 with a line parallel to the abcissa and is designated Nog.
With increasing radius r,, the threshold number 48¢ of electrons cccurs with ever
decreasing density Ve that is, the spontaneous discharsge in streamer form cceurs

with increasing r, with ever less air density (Fig. 2).

At small spark distances (sx1em) , the occurence ~f a streamer immedi-

the electrodes. (The electron stream hea*s the sireamer channel %o ruch an cx-
tent *hat the discharge beccnes a stream of licht.) “'mler thece crii4trn-,

sre breakdcwn and initial rressures lie close tcgether at dmdg; however, 2- 8<dg
the breaxdown tenslon is greater than th'e starting ‘tension. The less the den-
si+y 8 1=, *he zreater is the 2ifference between the tw~; <thus, the maximur*-*¢

the curve Ug=f(#. in Tig., 1 1s also explained.

é




far breakdown to sccur, the greater the spark distance ~r gas density 1=, the

&=

zreater the tension nmust be raicsed over that ~f the initial tensicn. ™hue a’-o,
when 8 >ds at larze spark distances, the breakdswn tenslon i1s greater than that

of the initial tension. If the gas preszure is raised further, the values for
breakdewn and i:nitial tension approach each other. As the number of electrons

Ny increases, the streamer channel is heated up by the electrons. When a

certain amount of electrons moves from the streamer towards the anode (N Nogm 10%),
the nortion »f the streamer channel in the region of the ancde is heated ¢» cuch
an extent that thermoionization occurs. This enables the forrmation of a new
streamer and the development of the discharge in a leader form ﬁ and £/.

The air density &g, at which the number of electrons is No = Nop ,represents
the upper 1limit of the range where Us2U,; that is, at 8 248r the discharge in-
mediately takes the form of a leader. The point of intersection >f the curve
Nu={{8 with the parallel IT to the abcissa (Fig. 2) represents the density dr.
With increasing :s, , 41 as well as d;. decreases; that is, the longer r, is, the
less the density, where the curves: Us={ () and U, = f(8) interzect, independent ~¥
the spark distance. At large spark distances at é<dr the break*hr-ugh tension
is naturally also higher than the initial tension, since very leng strearers
with a large amount of electrons are necessary for the development of a leader
breakthrough, through which the maximum in the curves Uy=/f(d) is al-c linited at
relatively large spark distances. It is clear that the conditi~n d5<éy nust
be satisfied; therefore, at large spark distances, the breakthrough tensinn
drops at higher air densities than it does for short spark distances. ™aturally,
this comparison is valid only for equal .

It must be nentioned that the experinentally determined va'uen of 48p "t
considera®tly below those to be determined in Mig. 2; hcwever, they are ziill
greater than dg. This 1s limited in that the number of electrons in a2 =irea=erx
which occurs at the initial tenslon iz greater by an ocxder »~%f nagnii:de in the
£irst avalanche "(Na), 3ince the sireamer is composed ~€ a number of megiential

.

avalanches. The nunter ~f elecim™ns i1 a streanmer therefore reaches ile *hre--

hold value o¥ Ny 2+ even low air densitles.
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¥ig. 2. Influence of air density on the number of electrons in the i~
avalanche of a spontaneous discharge.

Cylindrical condenser, radius of the positive inner electrode =
1; 2; 3; 5 and 10cm

I. Minimum number of electrons of the first avalanche of a spon-
taneous discharge at which a streamer forms

IT. Number of electrons in a streamer that is sufficient for the
formation of a leader

Key: ordinate: number of electrons /), ; abcissa: relative air densityés

During the formation of leaders at relatively large spark distances, the
nossitility must be considered that an electron stream can exist in a streamer
channel which can lead to an elevation of the ‘emperature in the chanrel. I-
one conslders the values of absorption coefficients 5 created in relatively
weakly lonlzed gasses, then in a streamer channel at 8=1(Eg 5 20kViem), ~rac- -
tically all elecirons along a stretch of less than lem must be abscrbed ty
neutral molecules. Mn the other hand, however, in many exmerinments with
streamers with lengths of several centimeters up t-> more than iNcm, an elecirsn
ctream can still be measured (e.g., in /7). This can te exnlained ~nlr by

assuning that the absorption coefficient in the streamer charnel is amaller b=
ceveral oxrders of magnitude. Indeed, the concentration ~f charre= -ar*izlex in
the streamer channel (which were generated by a different ionizati-n) iz in *ke
orier of magnitude 5f 10Mem-s, Along with the i-nizatien, there is alzc an ex-
ziterent of neutral molecules, sn that there are - jreat numter of -mrlesnlzs 29
an excited state present in the gas (excitement energy .5 tc L e . ‘Then *he
exctted mrlecules ccllide with negative ions, the lattor dizintecrats, 27?1 Free
elecirons are generated [E]. If these ~ccurences are chnsidered, then the

Trepler theory of the creatlon of the spark channel from the firet i-~nized

3
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channel by means of the conversion ~f the enerry -7 the elecirical fie™d int-
heat enerzy, as a conseguence °F tie rapld mevement ~f the discharrse in t;e
channel, can te applied [?7. L. Loeb offered the ~pininn that negative i-n~ in=
zas discharses at E/jp <9 Viem-Torr cannr~t disintegrate. Therefore, he hnald +-°
341 gcaunt Toepler's hypothesis and find ancther mechanisn which waurld exnlain the
considerable elevation ~f the charge earrier concentration in the fir=t icnized
channel (secondary streamers and the like). Thus, the quantitative analysi:

the discharge events was made impossible, and the further development »f the l

thecry of gas discharge was seriously hindered.
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