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CONCERTING VARIATIONS OF THE DISCHARGE MCHANISM
I1 GASSES UNDER HIGH PRESSURE

. 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 tension apparatus and facilities,
particularly those gasses with greater electrical resistance than air, e.g.,
SF6, presupposes a thorough analysis of the physical processes )f the gas dis-
charge. Until now there was no practical theory of the development of discharge
in pressurized gasses, so that its use in high tension technology has pr-ceeded
with caution, especially because of the well known "anomaly."

In this work an explanation is given for some well known experimental
results for pressurized gasses, by analysis of the conditions for spontaneous
discharge, with consideration of the photoelectric prncess.

1. Homogenous Field

Analysis of the causes of the variation of the discharge nechani-n in

gasses in a hcmogenous field during variation of the spark distance s an- the

gas density a , showed that the increase in the numbers of elect.rns in the

first avalanche is a consequence of the absorntion coefficient7 of the zhot-!!,

in the gas l, 2, 2. The conditinn for spontaneous discharge in thi- care

(without consideration of photoelectric -eneratiin in the eas) is:

,i i:1 __ ________ ____
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0 Spatial angle from which the cathode is viewed from the midpoint o" the

anode

k Proportionality coefficient between the number of effective photons and

positive ions generated by the first avalanche

(#a) Geometry factor which takes the differential degree of absorption into

account, which photons move along the shortest paths in arbitrary directionn

within thc apatial angle a towards the cathode (numerical values in Z17 and

[27)

Absorption coefficient (accumulation coefficient) of the electrons in the

gas

8 Spark distance

M Absorption coefficient of the photons

Ionization coefficient

,x Yield of electrons caused by photons hitting the cathode during the first

avalanche

This condition can be described in the following form:

"Pse-,s (a - q - ) (2)

VXr Number of electrons in the first avalanche cf the spontaneous discharave.

It follows from (2) that the number of electrons -yes -ises expotentially

with increase of the product .u, . Thus, for example, in atr it n.--ral atmc -

pheric conditions (relative air density 6=1 at p-7'r rr and 120') at a

X =3.3.10 3 and at s, =1cm already Nw-,9 11 an,!

The Inciease of go with the increase of the product :,, also leads t- ani

increase in the number cf positive ions which are left by the avalanche in the
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region of the anode. At -w> 1.5.10 7 the effect of the spatial charge of these

positive ions is so great that the field strength at the anode drops to such an

extent that avalanche-like ionization processes are no longer possible (a< r,).

At a certain distance from the anode, however, the field strength is con-

siderably increased , 2, 17. The consequence of this is that the secondary

avalanches cannot extend themselves to the anode, and the centers of ionization

move rapidly away from the anode and form a streamer. Therefore, in a homogenous

field, the discharge develops at.,vp only into an avalanche form; however, at

se 9.5 the discharge takes the form of a streamer. This threshold condition

does not apply just to variation in spark distance, but also to variation in the

gas density (e.g., increasing gas pressure at constant temperature). Vith in-

creasing gas density j, the absorption coefficient p of the photons increases

proportionately:

pmpgl (3)

O. Absorption coefficient at 6-w C

Since pa-- ,.d., the gas density a and spark distance a have an equal effect

on the development of the discharge. Thus for example, at 6=10, the nunber ofQ

electrons in the discharge space at *=.icm is.Yw,2.9o, a in the case of

a=3cm under normal atmospheric conditions. Therefore, when No > 1.5 in bcth

cases, the discharge is in streamer form. Therewith, the well known manife:-ta-

tion of ariation of discharge processes independent of pa has its phy'ical

extlanation.

With consideration of the photoelectric processes in the gas and at the

cathode, the effect of the surfaces on the breakdown pressure at a ccnrtant

spark distance can be explained. According to equation (2), with increasing

angle * -the surface of the electrodes increases), the number if electp.n- v

declines, and the breakdown pressure sinks. (In order for a to be relucea, the

tension must be reduced.)

Consideration of photon absorption through the ,as makes it possible t,
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brirg into accord the theoretically and experimentally obtained iependency of

the breakdown pressure on the gas density.

It is sufficiently well known that the breakdown vressures obtained in

various gasses in a homogenous field at various densities,(a-I bis-0) can gve

satisfactory results only with the values obtained from the Town! en4 equation

- -)-I (4)

when y varies by several orders of magnitude, which is not physically possible

(when -i increases, ..y 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,' and ' when vz and .us remain

constant. Thus, the hypothesis that grants the absorption of photons in the goas

the determining role is justified.

2. Nonhomogenous Field

In strongly nonhomogenous fields, the breakdown pressures obtained are

difficult to explain theoretically only if no consideration is taken of the ab-

sorption of photons in the gas. A vivid example is the "anomaly" in the curves

of the breakdown pressure as a function of the gas density (Tig. 1). 'he maxi-

mum breakdown pressure as well as the subsequent nearing of the breakdown and!

starting pressures cannot be explained with the Townsend theor-y.

In the case of cylindrical or spherical fields, the conditlo... for -

taneous discharge 3quation (17 must be altered insofar as the va _atlon t the

field strength along the path of an avalanche must be calculated. If the inner

electrode of a cylindrical condenser is negative, one obtains the --ll_wIn...

relationship:

.M
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v Ra:.ius of the inner electrode (where the greatest fie'd strength I)

rt Radius of the oundary of the ionization range (where -- )

(ji,) leometry factor, which has the same meaning as the factor O(Uf) in equa-

tion (i) (numerical value in /57).

a
8 1 1 j 4

ig. 1. Influence of density on the starting and breakdown pressures in air

(after L4j).

spark set-up: positive sphere - plate
sphere diameter 1cm
spark distance 10cm

Key: ordinate: starting Ua and breakdown 'Ud pressures; abcissa: relative air
pressure 6

The condition for the spontaneous discharge in that case where the inner

electrode is positive has as analogous form 2T, on*y qz is substituted with the

factor P0, hich takes the generation of photo electrons in the gas into con-

sideration. At the constant valuesk nx 2.10-8. k lI-and ,=3.3. a-m' the-e

conditions for spontaneous discharge agree well with the emirical equation-

for corona starting tension in air as a function o" the radin of a ... cal

snark set-up:

So+  - (I + (6)

s.--24. .+ in (7)

.quation (5) lescribes, analogous to equation (1), the conrneot'n :"i

the number of electrons in the first avalanche of the spcntaneTu -. dl_-char- a-.!

the radius of the inner electrode as well as the gai den.-ity. "hlh 1- val! al-o
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for the equation for the positive inner electrode. With a knnwn value I"r the

starting field strength, which can be determined either by the condition lnr the

spontaneous discharge or by the empirical equations (6) and (7), the calcu'ated

number of electrons in the first avalanche is

'I
I (&-)dr-Ya =- e"(8)

The values therewith calculated for a positive cylinder with a radius F. In

air are depicted in Fig. 2. vor all adduced values of r., the number of electr-ns

increases rapidly with increasing air density. .V0 is also a function of 'r:.

The greater the radius, the broader the ionization zone is (longer avalanche).

In other words, more photons are absorbed by gas on their way to the boundary

of the ionization area. The most effective secondary electrons are generated at

the boundary. (Longer avalanches which have the greatest number of electrons are

generated.)

Just as in a homogenous field, an increase in the number of electrons .'

causes a greater distortion of the field in the area near the anode. AtYVl1. .lo,

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- \Os.

With increasing radius re , the threshold number 6s of electrons occurs with ever

decreasing density kwe that is, the spontaneous discharge in streamer F r occ':rs

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

At small sark distances (,llem) , the occurence -' a streamer imme(i-

ately leads to breakdown, since the streamer bridges the entire !A -stance oetwe n

the electrodes. (The electron stream heat!,s the streamer channel tn . .ch an rx-

tent that the discharge becr-nesa stream of llght. "er theze c-nltlr-n-,

the breakdown and initial rressures ile close together at 4--a; h-we"er, a- <&a

the breakdown tension is greater than the starting tens!i-n. -he less the Ten-

31ty 6 is, the greater is the difference between the t,-; thu--, the naxln.-

the curve U,-f(61. in ?Ig. i is also explained.

At le spark distances (or greater gai denn-tie-, the streaner efee ..

by the Initial tension does not bridge the gap between the electr,- e;. 'n nr-er

6



for breakdown to occur, the greater the srark distance o.r ga- lensIty is, the

greater the tension must be raisee over that -f the initial tension. Thus a'-o,

when 6> a at large spark distances, the breakdown tension i rreater than that

of the iritial tension. If the gas pressure is raised further, the values for

breakdown and initial tension approach each other. As the number of electr-ns

M increases, the streamer channel is heated up by the electrons. "hen a

certain amount of electrons moves from the streamer towards the anode (N oz-N.'i10"),

the -ortion .f the streamer channel in the region of the anode is heated t-) 7uch

an extent that therzoionization occurs. This enables the formation of a new

streamer and the development of the discharge in a leader form f3 and 9.

The air density 6L, at which the number of electrons is NO= "OL,represents

the upper limit of the range whereiUdZU.; that is, at6adL the discharge im-

mediately takes the form of a leader. The point of intersection of the curve

Ye-f(6) with the parallel II to the abcissa (Fig. 2) represents the density JL.

With increasing r , AL as well as as. decreases; that is, the longer r. is, the

less the density, where the curves: U=-J (6) and U'. 1 (6) inter ect, independent o:

the spark distance. At large spark distances at 6< 6L the breakthro.ugh tension

is naturally also higher than the initial tension, since very long streanerz

with a large amount of electrons are necessary for the development of a leader

breakthrough, through which the maximum in the curves Uj=f(a) is al-c limited at

relatively large spark distances. It is clear that the conditi-n as<6L "-sst

be satisfied; therefore, at large spark distances, the breakthrugh tension

drops at higher air densities than it does for short spark distances. ",aturally,

this comparison is valid only for equal re.

It must be mentioned that the experimentally determined va'.ue: - ,r 6.

considerably below those to be determined in ?ig. 2; however, they are -ttlI

greater than d4. This is limited in that the number of electr-ns in a -trea-er

which occurs at the initial tension is reater by an order )f nagrnit'de in the

first avalanche "Yw), -!nce the streamer in con-poed -f a nuber -, -e,'ent.

avalanches. 'he number of electrons in .a streamer there'ore reache. the hre--

hold value o+ Nez at even low air densities.

'7
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Fig. 2. Influence of air density on the number of electrons in the 'ri-

avalanche of a spontaneous discharge.

Cylindrical condenser, radius of the positive inner electrode =
1; 2; 3; 5 and 10cm
I. V:inimum number of electrons of the first avalanche of a spon-

taneous discharge at which a streamer forms
II. Number of electrons in a streamer that is sufficient for the

formation of a leader

Key: ordinate: number of electrons 4Y ; abcissa: relative air density8

During the formation of leaders at relatively large spark distances, the

nossibility must be considered that an electron stream can exist in a streamer

channel which can lead to an elevation of the temperature in the channel. I-

one considers the values of absorption coefficients n created in relatively

weakly ionized gasses, then in a streamer channel at 6-- 1 (E% 2OkV/cm), -rac-

tically all electrons along a stretch of less than 1cm must be abscrbed by

neutral molecules. On the other hand, however, in many experimentn with

streamers with lengths of several centimeters up to more than Yrcn, an ele_ .r-"

ztream can still be measured (e.g., in /;7). his can be ex"nalne ! - "r by-

assuming that the absorption coefficient in the streamer channel i7 .-'-nl "

several orders of magnitude. Indeed, the concentration of char-e -  .n.- -

the streamer channel (which were generated by a different ionizatl -n' 7 In the

order of magnitude of lo'em-o. Along with the io:nizatton, there i a!sc an ex-

c.terent of neutral molecules, so that there are 7 3reat nunber c -e: . .

an excited state present in the gas (excitement energy .5 to I e"' "7hen t'

excited molecules ccllide with negative ions, the lattc. di integrate, all tree

electroni are generated f[Y. If these sccurences are c'nsidere(d, then the

Tepler theory of the creation of the spark channel from the firpt 1-nized

3
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chan'nel. by means of the ccnversion -f' the ener7: thf e el.ectz-cal -'4e"~ '-t-
heat ener,-y, as a consequence t'. te rapid mcvenent -f' the di -char-e in t-f-

Chane, anle applied /1z7 I Le -f'f"ere the ni-n that n'e~att-ve 1-n- in

- !dscharcres at B/p<9iUV.1cin.Torr cann-t iisintegrate. T e& rh a~t

eisciurnt 'cepler's hypothesis and find ane-ther mechaniim which wnulr. ex-,'ain t!7e

considerable elevation -)f the charge carrier concentration In the fir .t icnizel

channel (secondary streamners and the like). Thus, the quantitative ana' y-i -

the discharge events was zmade impossible, and the further development ')f the

theory of gas discharge was seriously hindered.
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