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METHOD OF CONTROLLING THE GROWTH AND 

FORMATION OF A SYSTEM OF PARALLEL SLIDING 

SPARK CHANNELS IN AIH AT ATMOSPHERIC PRESSURE 

S. I. Andreev, E. A. Zobov, 

and A. N. Sidorov 

UDC 533.09 

A method of control l ing the growth p r o c e s s  of a sl iding spa rk  along the sur face  of a f i lm die lec-  
t r i c  by introducing emis s ion  cen te r s  f r o m  chemica l  compounds with a low e lec t ron  work function 
into the sur face  is p resen ted .  It is shown that it is poss ible ,  by using this  method, to produce a 
s p a r k  channel with sharp  c o r n e r s ,  such as a Z - shaped  channel,  and an o r d e r e d  s y s t e m  of pa ra l l e l  
channels ,  as well  as a s t r i c t ly  r e c t i l i n e a r  channel up to 2 m long. It is es tab l i shed  that  the ra te  
of growth of the sliding s p a r k  is nonuniform. The mean ra te  is heavily dependent on the ove rvo l t -  
age, which is  r e l a t e d  to a reduct ion in the pauses  in its growth.  

A sliding s p a r k  is genera ted  on the sur face  of a d ie lec t r ic  when a pulsed or  h igh-f requency voltage is 
applied to e l ec t rodes  located on the su r face  if t he re  is a conductor  under  the d ie lec t r ic  l ayer .  These  spa rks  
are genera ted  in high-vol tage techniques  and are  undesi rable  f rom the point of view of e l ec t r i ca l  insulation 
[1-3]. It is,  however ,  e x t r e m e l y  in teres t ing  to use the sliding s p a r k  as a means  of initiating frequently r e -  
peated  d i scharges  ove r  long d ischarge  lengths and as l inear or  spec ia l ly  shaped high- luminosi ty  emiss ion  
sou rces .  In addition, p l a s m a  su r faces  can be fo rmed  by using the capaci ty  to produce a pa ra l l e l  s y s t e m  of 
spa rk  channels ,  which is important  in, for  example ,  the study of the in teract ion between a p l a sma  and a di-  
e l ec t r i c  su r face  in contact  with it. In th is  case ,  in pa r t i cu la r ,  the action of the p l a s m a  on the s t ruc tu ra l  m e m -  
be r s  of the piece of appara tus  which en te r  the a tmosphere  can be s imula ted  [4]. The a im of this paper  is to 
devise a p rocedure  for  control l ing the growth of sliding spa rk s  and to f o r m  a s y s t e m  of pa ra l l e l  channels in 

the comple te  (high-current)  d ischarge  phase .  

Sliding d i scharges  are  fo rmed  on the plane su r face  of a f i lm die lec t r ic  cover ing a meta l l ic  sheet (the 
ini t iator) .  Two l inear  e l ec t rodes  32 cm long are  placed para l l e l  on the sur face  of the d ie lec t r ic  with the d i s -  
tance between them being va r i ab le  f r o m  12 to 100 cm.  One of the e l ec t rodes  is connected to the ini t iator .  In 
s epa ra t e  expe r imen t s  the dis tance between the e l ec t rodes  r eaches  800 cm.  In these  expe r imen t s  the ini t ia tor  
is a meta l  cyl inder  enveloped in a d ie lec t r ic  f i lm and the e lec t rodes  are annular  in shape.  
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Fig. 1 

Fig. 2 

A voltage pulse is fed when the capaci tor  discharges  (C =12 #F, u 0 =3-20 kV) to the first  winding of the 
cable t r a n s f o r m e r  which has one turn. The secondary  winding has 10 turns so that a maximum voltage ampli-  
tude of up to 210 kV is possible.  The voltage takes the form of a damped cosine curve with a period of 12-18 
#sec .  Polyethylene, polyethylene terephthalate ,  cellulose acetate, etc.,  films are used as the dielectr ic  over  
the surface of which the discharge is generated.  The thickness of the film is varied from 0.16 to 3 ram. 

Space - t i m e  base scans of the luminescence of spark  channels are mapped and photographed in this paper 
and osci l lograph t r ace s  are taken of the voltage between the e lec t rodes .  

It is a well-known fact [5, 6] that the presence  of smal l  inhomogeneities in the discharge gap has a s ig-  
nificant influence on its breakdown. This is an initial premise  for the development of a method of controlling 
sliding spark  growth. During the course  of the investigations it is found that the determining factor  is not so 
much the local distortion of the e lec t r ica l  field at the point where the inhomogeneity is located (a metall ic  pow- 
der, for example, is used) as the work function of e lect rons  f rom the mater ia l  of this inhomogeneity. (Control 
is stable when the polari ty of the f irst  half-per iod of the voltage in the gap is positive.) Finely disperse pow- 
ders of graphite,  aluminum powder, BaSe4, BaO2, ZnO, Cu20 , Tie2, etc.,  are used as the mater ia l  for genera t -  
ing this kind of inhomogeneity. The best resul ts  are obtained with bar ium compounds which have a very  low 
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Fig. 3 

work  function (1-2 eV) [7]. ( T h e w o r k  function of the meta l s  W, Mo, Fe, Co, Cu, etc . ,  is approximate ly  4.5 eV.) 
The s tabi l i ty  and frequent repet i t ion of the effect  is ensu red  by the technique of deposit ing the powders  onto the 
d ie lec t r i c  f i lms .  It is, as a resu l t ,  poss ib le  to achieve mult iple repet i t ions ,  governed p r i m a r i l y  by the e l ec t r i c  
s t reng th  of the f i lm i tself .  (Aspects of the techniques used  to p r e p a r e  and deposit  the control  coatings will be 
examined  in a sepa ra t e  paper) .  The coating can be made in the f o r m  of s t r i p s  of the requ i red  shape.  The 
width of the s t r i p s  i s  va r i ed  f rom 1 to 20 m m .  

Some expe r imen ta l  r e su l t s  will be examined  now. The action of the p roposed  method of sl iding spa rk  
growth control  is shown in Fig. 1; Fig. l a  is a spa rk  without any control ,  lb  is wi th  control  (incomplete phase),  
and l c  and d are with control  (complete phase) .  

The discharge  conditions are  as follows: length of s p a r k  gap, 50 cm; width, 32 cm; th ickness  of  d ie lec-  
t r i c  for  Fig. 1a-c ,  A =0.45 m m  (0 .36-mm-th ick  polyethylene te rephtha la te  cove red  with a 0.07 m m  t r i ace t a t e  
film) and for  Fig. ld ,  A =0.65 m m  (polyethylene te reph tha la te  0.45 m m  thick covered  with e l ec t r i ca l  insula-  
t ion ca rdboa rd  0.2 m m  thick).  The voltage amplitude is 44 kV (Fig. l a  and b), 126 kV (Fig. lc) ,  and 75 kV 
(Fig. ld) .  The control  s t r i p s  are made of po lys tyrene  lacquer  with a f i l l e r  of  95% finely d i sperse  BaO~ pow- 
ders  and 5% graphi te .  F igure  l c  shows s tabi l iz ing s t r ips  with a CuO~ powder f i l l e r  deposi ted between the 
control  s t r i p s .  A compar i son  of the data in Fig. l a  and b shows that the sliding spa rk  growth is s tabi l ized,  
when control  is applied, in space  as well  as in t ime  (paral le l  spa rks  have a more  even front).  Figure l c  i l -  
lus t ra tes  the poss ib i l i ty  of  producing a p r o p e r  s y s t e m  of channels of a l ready  complete  d i scharges .  A fine 
network of these  channels can be obtained by a l ternat ing s t r ips  on the d ie lec t r ic  sur face  using compounds 
with low (BaO z) and high (Cu20) work  functions,  which p reven t s  neighboring channels  f r o m  "skipping."  

Figure  ld  i l lus t ra tes  the poss ib i l i ty  of producing a complete  discharge channel of a given shape.  At-  
t empts  have been made p rev ious ly  to produce a p r e d e t e r m i n e d  channel shape giving the same  shape to the 
in i t ia tor  [8], but obviously a channel with sharp  c l ea r  c o r n e r s  is produced f i r s t .  Figure 2 shows photographs 
of a long sl iding spark ;  Fig. 2a is a sl iding s p a r k  channel 8 m long without any control  in a 4 0 - m m  tube en-  
veloped in a polyethylene f i lm A =2 m m  thick,  voltage 180 kV; 2b is a sliding s p a r k  s y s t e m  without any con-  
t r o l  with a gap length of 100 cm on a su r face  covered  by a d ie lec t r ic  having e=3 .4  and A =0 .44  m m  (the l a t -  
e r a l  band vis ible  is a shadow f r o m  a s t r u c t u r a l  member ) ;  2c is two pa ra l l e l  channels 2.2 m long made of 40- 
m m - d i a m e t e r  pipe enveloped in a d ie lec t r ic ,  A =0.9 mm,  voltage 85 kV, with control;  and 2d is the develop-  
ment in t ime  of the instabi l i ty  genera ted  when the d ischarge  is init iated. The conditions are  as follows: 1 =50 
ore, A =0.35 ram, and e=3 .4 .  Af te r  initiation through the s p a r k  channel the capac i to r  ba t t e ry  d i scharges  U0= 
30 kV, W 0 =40 kJ.  The t ime  between f r a m e s  is 8 ~sec .  It is c l ea r  that  in the absence of a control  s t r ip  the s l id -  
ing s p a r k  (Fig. 2a and b) is uneven along the length of the gap. An even un i form channel (or, as shown in Fig. 
2c, two such channels) can be produced by using the p roposed  method.  If a capac i to r  ba t t e ry  with a la rge  r e -  

310 



o I,o f,4 ;,8 
U, tel. units 

Fig. 4 Fig. 5 

serve  of energy is connected to the e lec t rodes ,  the unevennesses in the channel do not disappear but have a 
tendency to grow, giving r ise to instabili t ies (Fig. 2d). The probabili ty of instabilities emerging  is reduced 
considerably by the possibil i ty of initiating a channel which is uniform along its length [9]. 

A study of the resul ts  of investigations into the rate of sliding spark g r o ~ h  is interesting both f rom the 
point of view of the simultaneous "intergrowth" of a sys tem of paral le l  channels and f rom the point of view of 
the breakdown formation t ime.  In fact, for lengths of a few meters  the discharge may be incomplete over  the 
t ime of the f i rs t  half-period,  which takes the form of a damped cosine curve of the voltage. A pause in its 
g r o ~ h  is then generated [Fig. 3: a)U =60 kV; b)U=72 kV; c) U =90 kV; I =50 cm, A =0.42 mm, and ~ =3.4]. 
Thereaf ter ,  the spark  can continue growing and the gap may break down, but is also possible that there  will 
be no breakdown, depending on the duration of the period and the rate of voltage oscillation damping. 

Time bases plotted when the slit of the high-speed photographic recording device (SFR) lies along the 
direction of spark  growth are analyzed (the direction is stabilized by the control  method described above) and 
it is found that the t ime from the moment at which the spark channel is generated to the moment at which the 
gap breaks down does not cor respond to the instantaneous velocity of the sliding spark.  It is general ly made 
up of four components.  

The ~'T pause charac te r i zes  the t ime lag in the progress ive  growth of the sliding spark  between the half- 
periods of the voltage (Figs. 3 and 4; in Fig. 4 the arrow shows the moment of breakdown). The T B t ime cha r -  
acter izes  the duration of the pauses between jerks  in the leader  process  of sliding spark  growth. Obviously, 
this pause is related to the t ime required  for heating up the leader  channel and the potential along it caused 
by this redistr ibut ion.  As indicated by the s p a c e - t i m e  base scans of the process  of p rogress ive  channel growth, 
this pause is not due to the inflow of side branches into the leader  channel, which is the distinguishing feature 
of the sliding spark.  The magnitude of v l (the velocity of the leader  between T B pauses) lies within the limits 
of 3 o 108 and 8 �9 108 c m / s e c  under the conditions prevail ing. It is shown by the me asurements  that the rate of 
heating v h of the sliding spark  channel after the discharge gap* has been closed by the leader  is one o rde r  of 
magnitude grea te r :  Vh= (1-5) �9 109 c m / s e c .  

The T T pauses have the greates t  duration. It is established that breakdown can occur  over  severa l  half- 
periods during which subsequent amplitudes are reduced by a factor  of not more than two compared with the 
f irst  amplitude, which then cor responds  to the breakdown voltage. As the voltage U increases ,  the duration 
of the ~T pauses is reduced sharply.  These pauses exert  a maximum influence on the synchronism of the 
growth of paral le l  sparks  and on the formation of a sys tem of paral le l  channels, which is i l lustrated in Fig. 3. 
With a minimal breakdown voltage there  are severa l  pauses and only one complete discharge channel is formed 
(Fig. 3a). If the voltage is increased,  the number  of these pauses is cut down andthe number of simultaneously 
complete channels is increased as well. A dense sys tem of paral lel  channels with control  (Fig. 3c) can be 
achieved only when breakdown takes place in the f i rs t  half-per iod of voltage. 

The ~'B pauses have a duration of fract ions of a microsecond and the number  of them K, in a direction 
close to the breakdown direction, is 5-8, independent of the length of the gap when l -> 20 em. 

As the voltage beyond breakdown increases ,  the number  of pauses K falls sharply to zero .  The break-  
down of the discharge gap is then effected by the leader moving vir tual ly cease less ly  f rom one electrode to 
another. 

�9 The heating is uneven along the length of the gap as a result  of which the photo-scanning records  the move-  
ment of the region of increased  luminosity at a rate of v h. 
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In Fig. 5 the dependence of the mean rate v of sliding spark  growth on the overvoltage is plotted [dis- 
charge length, 2.5 m; breakdown voltage, Ubd=80 kV (taken as unit of measurement ) ,  A =0.9 ram, and e=3.4] ,  
This rate is de termined  f rom the rat io  //~-f, where l is the length of the d ischarge  gap; Tf iS the breakdown 
format ion t ime;  ~-f= (TT +~-BK)n+~'c +Th, where n is the number  of ha l f -per iods  of voltage oscil lat ions up to 
the moment  of breakdown; T c is the t ime determined f rom the rat io  l/vl; ~h is the t ime requi red  to heat up 
the spark  channel af ter  the gap has been closed by the leader  Th=l/Vh AS the voltage is increased,  n and K 
tend toward  unity. The values of ~-T and ~-B tend to zero ,  ~f  in this case being equal to the sum of Ze+~-h 
and the mean rate tends towards ra tes  of the o rd e r  of (3-5) �9 108 c m / s e c ,  i .e. ,  it approaches the magnitude of 
the veloci ty  of the leader  v l. The sum of ~-h+~-c governs the magnitude of the s ta t i s t ica l  spread  of the t ime 
requ i red  to close the d ischarge  gap; by separa te  channels growing in pa ra l l e l .  It is weakly dependent On the 
ove rvolt  age. 

It follows f rom an analysis of the set of ex p e r im en t a l  data that a cer ta in  value of the overvoltage Um/Ubd 
must be used to obtain a spark  channel sys t em of maximum density on a d ie lec t r ic  st~rfaee. This value is in- 
fluetmed basical ly  by two factors :  the length of the discharge gap l and the permi t t iv i ty  of the die lect r ic  onto 
the ini t ia tor  e - 0 . 8 8 e / d ,  pF/cmZ; d, mm ( ~ in re la t ive  units).  The minimum value of Um/Ubd~ l .2 -1 .3  occurs  
whenl~lk=l.8 sec -~ m. It is then possible to produce a sys t em of spark  channels with a spacing of 1.5-2 
cm. 

If l <- lk,  the magnitude of Um/Ubd inc reases  so that 

Urn= 1.3Uk; U k = 130 sec-0.s,eV. (1) 

When l -<l k the breakdown voltage Ubd-<Uk . As l is reduced,  the magnitudes of U k and U m remain  constant,  
while the magnitude of Um/Ubd r i s e s  corresponding to the reduct ion in Ubd as 1 fal ls .  Relation (1) is con- 
f i rmed  at least  in the region under  investigation c->0.5. 

In conclusion, the authors wish to thank I. M. Belousovaya for  her  in teres t  in this paper.  

1. 

20 
3. 
4. 

5B 
6~ 
7. 
8. 

9. 

L I T E R A T U R E  C I T E D  

P. N. Dashuk, S. L. Zaients ,  V. S. Komel~kov, G. S. Kuchinskii,  N.N. Nikolaevskaya, P. I. Shkuropat, 
and G. A. Shneerson,  High Pulsed Curren t  and Magnetic Field Techniques [in Russian],  Atomizdat,  
Moscow (1970). 
Taschenbuch,  Elektrotechnik,  Vol. 2, E. Philippov, VEB, Technik, Berl in  (1965). 
L. I. Sirotinskii ,  High-Voltage Techniques [in Russian],  Vol. 2, Gos. Energ .  Izd., Moscow (1953). 
E. ]~kkert and 1~. Pfe ider ,  "Heat exchange in p lasma" ,  in: P ro g re s s  in Heat T r a n s f e r  [Russian t r a n s -  
lation], Mir,  Moscow (1970). 
I. N. Slivkov, E lec t r i ca l  Insulation and Discharge in a Vacuum [in Russian], Atomizdat, Moscow (1972). 
G. A. Mesyats ,  High-Power  Nanosecond Pulse  Generat ion [in Russian],  Sov. Radio, Moscow (1974). 
V. S. Fomenko, Emiss ion P rope r t i e s  of Materials  [in Russian], Naukova Dumka, Kiev (1970). 
E. P. Tawil,  "New developments in Yguided r a i r  sparks ,  ~ im Proceedings  of the Thi rd  International  
Congress  on High-Speed Photography, London (1957), pp~ 9-13. 
A. F. Aleksandrov and A. A. Rukhadze, ,H igh-cur ren t  e l ec t r i ca l -d i scha rge  sou rces  of light," Usp. Fiz. 
Nauk, 112, No. 2, 193-230 (1974). 

312 


