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The  e l ec t r i ca l  p rope r t i e s  of a diffusion f l ame  of oppositely d i r ec t ed  cyl indr ica l  jets of oxidant 
and fuel a r e  ana lyzed .  Spatial  d is t r ibut ions  of the concentra t ions  of charged par t ic les  and e lec -  
t r i c  field s t r eng th  a r e  obtained.  

As a r e su l t  of the chemica l  reac t ions  taking place during the combust ion of ga se s ,  charged  par t ic les  - -  

- -  ions and e lec t rons  - -  a r e  formed in the  f l ame  front .  Exper imenta l  r epo r t s  [1-4] indicate that  in var ious  
fuel mix tures  the m a x i m u m  concentra t ion  of charged par t i c les  in the combust ion zone va r i e s  f rom the equil ib-  
r i um values cor responding  to  t h e r m a l  equi l ibr ium to  superequ i l ib r ium values produced by chemica l  ionization. 

The m e c h a n i s m  of fo rma t ion  of the  intr insic  e lec t r ic  field a r i s ing  because  of the la rge  d i f fe rence  in d i f -  
fusion p roper t i e s  of the  ions and e lec t rons  was analyzed in [5]. A f l ame  with a low deg ree  of ionization p ropa-  
gating through a mix tu re  of a l r eady  mixed gases  was analyzed t h e r e .  

The  int r ins ic  e l ec t r i ca l  p roper t i e s  of a diffusion f lame formed by opposing cyl indr ica l  jets of oxidant and 
fuel at high and low deg rees  of ionization a r e  studied below. 

A rev iew of the  expe r imen ta l  r e s e a r c h  on the e lec t r i ca l  p roper t i es  of diffusion f lames  is given in [4]. 
The  bas ic  concepts  concerning the s t r u c t u r e  of a diffusion f l ame  of oppositely d i rec ted  jets which a r e  used 
below a r e  contained in [6-8]. A ma themat i ca l  model for desc r ib ing  the act ion of an external  e lec t r ic  field on 
a diffusion f l ame  was proposed in [9]. 

S t a t e m e n t  o f  t h e  P r o b l e m  

Let us cons ider  a s teady  diffusion f l ame  formed through the col l is ion of opposi te ly  d i rec ted  cyl indr ica l  
jets of oxidant and fuel (see Fig.  1). The  d i ame te r s  and veloci t ies  of the colliding jets ,  as well  as the gas den-  
s i ty  and other physical  p a r a m e t e r s ,  a r e  a s sumed  to  be the  s a m e .  It is a s sumed  that  the oxidant and fuel a r e  
supplied in the s t o i c h i o m e t r i e r a t i o ,  and t h e r e f o r e  the f l ame  is located in the plane of s y m m e t r y .  The oxidant 
and fuel a r e  consumed in the chemica l  r eac t ion  zone (it is shaded in Fig .  1), which leads to  the fo rmat ion  of 
the  final and in t e rmed ia te  products  as well as ions and e lec t rons  which diffuse into the unburned gas .  The d i f -  
fusion of charged par t ic les  into the unburned gas is r e s t r a ined  by the convect ive flow. In addition, the intr insic  
e lec t r i c  field a r i s ing  as a r e su l t  of the s epa ra t i on  of charges  owing to the la rge  d i f fe rence  in diffusabil i t ies  of 
tons and e lec t rons  has an impor tan t  effect on the p rocess  of diffusion of the charged pa r t i c l e s .  

We introduce a cyl indr ica l  coordinate  s y s t e m  (x, y) so  that  the x axis is d i rec ted  along the axial  line of 
the  colliding le ts ,  the origin of coordinates  lies at the  c r i t i ca l  point, and y is the  rad ia l  coordinate .  The equa-  
t ions of diffusion of the ions and e lec t rons  with a l lowance for  the i r  in te rac t ion  have the fo rm 

u vN~ = - -  div J~ -~ ~, J~ ---- - -  D~ vNc - -  ~NeE , (1) 

uvNi  = - -d ivJ i  + qb, J i  = --DwNi-4-~INiE. (2) 

Here  u(u x, Uy) is the veloci ty  vec to r  of the gas flow, D and ~ a r e  the coefficient of diffusion and the mobil i ty  of 
the  charged par t ic les  in the e lec t r ic  field, and ~b is the to ta l  r a t e  of fo rmat ion  and loss of ions and e lec t rons .  

Since the  ions genera ted  in the f l ame  a r e  s i m i l a r  in the i r  physical  p rope r t i e s ,  we will a s s u m e  that  singly 
charged ions of a s ingle  kind, not differ ing in the model under considera t ion ,  and e lect rons  a r e  formed as a 
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Fig.  1. D i a g r a m  of diffusion combus -  
t ion in the  col l is ion of opposi tely d i r e c t -  
ed j e t s  of oxidant (O) and fuel (F). 

r esu l t  of the c h e m i c a l  reac t ions ,  which a r e  concentrated in a nar row zone near  the m a x i m u m  f lame  t e m p e r a -  
t u r e .  

The  e lec t r ic  field s t r eng th  sa t i s f i e s  the Poisson equation 

div E = 4z~e (Ni - -  N.) (3) 

(e is the  e lec t ron  charge) .  

If the  veloci ty  d is t r ibut ion in the  gas s t r e a m  is known f r o m  a solut ion of the hydrodynamic p rob lem of 
the  col l is ion of oppositely d i rec ted  je ts ,  then, by solving the s y s t e m  of equations (1)-(3), one can find the 
s teady spa t ia l  dis t r ibut ions of the  concentrat ions of charged par t ic les  and the  e lec t r ic  field s t reng th .  

We dis t inguish the following c h a r a c t e r i s t i c  sca les  of the p rob lem:  d is the  d i ame te r  of an undisturbed 
jet ,  equal in o rder  of magnitude to  the  cha r ac t e r i s t i c  s i ze  of d i s to r t ion  of the  hydrodynamic field, i . e . ,  the  
s ize of a reg ion  of significant  cu rva tu re  of the s t r e a m l i n e s  ; d is the Debye radius of the  p l a sma  formed in 
the  f lame,  cha rac te r i z ing  the  d is tance  to  which the s epa ra t i on  of the charged par t ic les  takes  place o w i n g _ ~  
the i r  t h e r m a l  motion;  A is the  s i ze  of the  region in which the  chemica l  i on i za t i on reac t i on t akes  place; qdDi /~  0 
and ~ a re  the c h a r a c t e r i s t i c  diffusion s izes  ove rwhich  significant var ia t ion  occurs  in the concent ra -  
t ions of ions and e lec t rons  in the absence  of an e l ec t r i c  field (u 0 is the  veloci ty  of an undis turbed Jet). 

The  cur ren t  Debye radius d has the s m a l l e s t  value in the  chemica l  r eac t ion  zone in which the concen t ra -  
t ion  of charged par t i c les  is max ima l  ~20 = kT/47re2N[, where  k is Bol tzmann ' s  constant ,  T is the combust ion 
t e m p e r a t u r e ,  and N O is the  m a x i m u m  ion concentra t ion in the combust ion zone). 

0 ~ 106_108 If  the number  of charged par t ic les  formed in the  f l ame  is insignificant ( thermal  ionization, N i 
cm-3),  s o  that  the  Debye radius  at the f l ame  front  is suff icient ly la rge  in compar i son  with the  c h a r a c t e r i s t i c  
diffusion s i ze  of the ions, then  the in terac t ion  of the charged par t ic les  can be neglected and one can cons ider  
the f r ee  diffusion of the e lect rons  and ions; the  d is t r ibut ion  of e lec t r ic  field s t r eng th  is then calculated f r o m  
the  Poisson  equation. In this c a s e  in Eqs .  (1) and (2) one can neglect t e r m s  desc r ib ing  the effect of the  e l ec -  
•  field on the  t r a n s f e r  of charged pa r t i c l e s .  In addition, for  the  conditions usual ly used in exper iments  [6, 
7] the d i ame te r  of the  jet  f a r  exceeds the cha r ac t e r i s t i c  diffusion s i ze  for  ions but is cons iderably  s m a l l e r  than 
the  cor responding  cha rac t e r i s t i c  s i ze  for e lect rons  ~Di/D e ~ 10-2-10-3). One can then a s s u m e  that  the diffu-  
s ion of ions takes  place  in the vicini ty of the c r i t i ca l  point, at  which one can use  one-d imens ional  equations [7, 
8], while the e lec t ron  concentra t ion in this reg ion  can be t aken  as s m a l l  in c o m p a r i s o n  with the  ion concen t ra -  
t ion .  In the potential  flow of an incompress ib l e  fluid having axial  s y m m e t r y  about the  y axis the  veloci ty  d i s -  
t r ibu t ion  near  the c r i t i ca l  point has the  f o r m  [7,10] 

U x ~ - - 2  H~ t"/O -~-  x, uu = - d  y" (4) 

In f lames  with a higher deg ree  of ionization (chemical  ionization, N o ~ 109-10 t2 c m  -3) the Coulomb in t e r -  
1 

act ion between charged par t ic les  leads to  the combined ambipo la r  diffusion of ions and e lec t rons ,  which changes 
into f r ee  diffusion upon d e p a r t u r e  f r o m  the f l ame  front [11-13]. The  c h a r a c t e r i s t i c  s i ze  at which a cons iderab le  
dec r ea se  in the  concentra t ion  of charged par t ic les  in compar i son  with the i r  concentra t ion in the zone of ch emi -  
cal  ionization occurs  is equal in order  of magnitude to  the ion diffusion s i ze  and is fa r  s m a l l e r  than the  d i a m e t e r  
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of an undisturbed jet ,  which allows one to  consider  the diffusion p rocess  in the vicini ty of the c r i t i ca l  point 
and to  use  the one-d imens iona l  approx imat ion .  

We will neglect  p r o c e s s e s  of r ecombina t ion  and the fo rmat ion  of negative ions, a s suming  that  the p a r -  
t i c l e  d is t r ibut ion in the vicini ty of the  c r i t i ca l  point is de te rmined  by diffusion p r o c e s s e s .  This a s sumpt ion  is 
sa t i s f ied  if the c h a r a c t e r i s t i c  t i m e  of diffusion of ions f rom the region of m a x i m u m  t e m p e r a t u r e  is far  less 
than  the  c h a r a c t e r i s t i c  r eac t ion  t imes  of r ecombina t ion  and e lec t ron  cap tu re .  With such a ra t io  of c h a r a c t e r -  
ist ic t imes  the  reac t ions  l ead ing  to  the  less of charged par t ic les  exer t  a cons iderable  effect on the i r  d i s t r ibu-  
t ion  only in the reg ion  of r eac t i on  products  at l a rge r  y .  

A D i f f u s i o n  F l a m e  w i t h  a H i g h  D e g r e e  o f  I o n i z a t i o n  

i n  t h e  C h e m i c a l  R e a c t i o n  Z o n e  

In f lames  with a high d e g r e e  of ionizat ion the charged par t i c le  densi ty  is r a t h e r  high and the p lasma  r e -  
mains  quas ineut ra l  both in the  chemica l  ionization zone and at  a cons iderab le  d is tance  f rom it, until the p a r -  
t i c l e  concentra t ion  d e c r e a s e s  by s e v e r a l  o rders  of magni tude.  To  calcula te  the charged par t i c le  fluxes and 
e lec t r ic  field s t r eng th  we use  the  methods developed in the theory  of a weakly ionized p l a sma  [11-13]. 

In the mode  of ambipo la r  diffusion the densi t ies  of the  charged par t ic les  and the i r  fluxes coincide,  i. e~ 
Ni ~ Ne = N and Ji  --- Je  = J" Using these  re la t ions ,  f rom (1) and (2) we obtain J = --Da~TN, where  D a = (#iDe + 
~eDi) / (#e  + #i) ~- 2Di is the  coefficient  of ambipo la r  diffusion.  Then the charged par t i c le  concentra t ion is de -  
t e r m i n e d  f r o m  the equation 

uvN = DaVN + q5, (5) 

which can be solved in the vicini ty of the  c r i t i ca l  point with the  veloci ty  d is t r ibut ion (4). Moreover ,  in the 
vicini ty of the  c r i t i ca l  point one can neglect  the r ad ia l  dependence in (5) [7, 8] and reduce  the prob lem to the 
solut ion of the  one-d imens iona l  diffusion equation 

2 % dN d2N 
- -  - -  x - -  = D  a -  - + - ~ .  (6 )  

d dx dx 2 

Since the chemica l  r eac t i on  is concentrated in a nar row zone with I x l  < A/2 at the or igin of coordinates ,  
the  t e r m  allowing for  the  c rea t ion  of par t ic les  in Eq. (6} can be dropped , ass igning as a boundary condition a 
flux of par t ic les  coming f rom the chemica l  ionization zone into the  reg ion  of x < 0 {the solut ion is sought in the 
reg ion  of negat ive x).  This  condition can be obtained f rom Eq.  (6) by integrat ing it over  an  in terva l  including 
the  chemica l  r eac t ion  zone and then making its extent approach  zero  and the intensi ty of the chemica l  r eac t ion  
approach  infinity so  that  ~/2 ~dx is f ini te.  As a r e su l t ,  we obtain 

--,~I2 

A/2 

x =  O, Da __dNdx -- 21 f Cdx = A. (7) 

--alZ 

At d is tances  comparab l e  with the d i a m e t e r  of a jet the concentra t ion  of charged par t ic les  is far  less than 
t he i r  concentra t ion  at x = 0, so  that  one can se t  

x = - -  oo, N = O .  (8) 

The  solut ion of Eq. (6) with the boundary conditions (7) and (8) has the f o r m  

K [ (K-)]  1 n d  - d ~ - ~ -  a x - (9 )  N =  --~ D--~ A l + e r f  u~ 

At x = 0 we get f rom (9) the connection between the par t i c le  concentra t ion N O in the chemica l  ionization zone 
and the  in tensi ty  of the chemica l  r eac t ion :  t 

A/2 

, =  -~- ~au% A= --4 Pauo cPdx. (10) 
--2,12 

As mentioned in [5], as the  boundary condition at x = 0 it is convenient to  a s s ign  the charged par t ic le  
concentra t ion  in the chemica l  ionization zone, which is known f rom exper iment .  Then the constant A can be 
t aken  as known f r o m  (i0). 
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Now let us find the dis t r ibut ion of e lec t r ic  field s t reng th .  With ambipo la r  diffusion the s t r eng th  of the 
se l f - cons i s t en t  field a r i s ing  due to the  di f ferent  mobi l i t ies  of e lec t rons  and ions andp rov id ing fo r  approx imate ly  
equal concentrat ions and fluxes of charged par t ic les  can be calculated [11-13] f r o m  the express ion  for  the 
fluxes of e lec t rons  and ions in (1) and (2), taking J = Je  = Ji = - - D a  VN and N = Ne = N i.  Then we have 

E s = _ (Dil~h) (vNIN). 

Substituting the concentra t ion d is t r ibut ion  f r o m  (9) into th i s ,  we obtain 

- -  ~t- T V ~ - ' ~  " l + e r f  ( ~ x )  (11) 

Since the par t ic le  d is t r ibut ion near  the c r i t i ca l  point does not depend on the y coordinate ,  the rad ia l  component  
of the  field is equal to  zero .  At x = 0 we get  f r o m  (11) 

EO=- 02) 
The jump in the s t reng th  of the s e l f - cons i s t en t  field E" s ~ dN/dx at the s u r f a c e  x = 0 [at x = + 0 f r o m  the condi-  
t ions of s y m m e t r y  of the  p rob lem we get E s (+0) = --E 0] is explained by the introduction of a concentra ted 
sou rce  of charged par t ic les  at this s u r f ace ,  which leads to  a discontinuity in the  fluxes of charged par t ic les  
and to  the fo rmat ion  of a s u r f ace  charge  at x = 0. 

The  r e a s o n  for  the fo rmat ion  of a iump in the e lec t r ic  field s t r eng th  can be understood by approx imate ly  
construct ing a solut ion in the chemica l  ionization zone, a s suming ,  for example ,  that  in the  reg ion  of Ix[ < A/2 
the  r a t e  of the chemica l  r eac t ion  leading to  the  fo rmat ion  of charged par t ic les  is constant and equal to  ~0- 

Such an analys is  gives the following dis t r ibut ions of  concentrat ions and e lec t r ic  field s t r eng th  at Ixl < A/  
2: 

N =  N~ 4 D~ - 2  ~,N'~i 

At the  boundary of the chemica l  ionization zone at  x = - - 4 / 2  we obtain the e lec t r ic  field s t r eng th  

Es - -  = E ~  4 piN~ ' 

which coincides with (12) if one allows for  the  re la t ion  (10). 

The  solutions (9) and (11) descr ib ing  the mode of ambipo la r  diffusion a r e  valid if the Debye radius  is 
s m a l l  enough in compar i son  with the cha r ac t e r i s t i c  s izes  of the quas ineut ra l  p l a sma  which f o r m s .  With de -  
pa r t u r e  f rom the f lame front  the charged par t ic le  concentra t ion dec l ines ,  and the Debye radius  i nc reases  as 
~N{'l/2; in this case  the reg ion  of ambipo la r  diffusion is rep laced  by s o m e  t rans i t ion  region,  a f t e r  which 
comes  the region of f r ee  diffusion of ions and e lec t rons .  We note that  the concentra t ion of charged par t ic les  
in the reg ion  of f r ee  diffusion is fa r  lower than  the i r  concentra t ion in the  chemica l  ionization zone, so  that  the 
solutions (9) and (11) de s c r i be  a reg ion  of cons iderable  va r ia t ion  in the concentra t ion of ions and e lec t rons .  

The  c r i t e r ion  for  the applicabi l i ty  of the  solutions obtained can be r ep re sen t ed  in the f o r m  

N~--N~<< N 

or in the fo rm of the equivalent condi t iond  << l ,  where  I is the s i z e  of the  reg ion  occupied by the quasineutra l  
p l a sma ,  which, as s een  f rom (9), is equal in order  of magnitude to 

Let us de te rmine  the  s i ze  of the  reg ion  of ambipo la r  diffusion.  At the point x , ,  up to  which the so lu -  
t ions (9) and (11) a r e  c o r r e c t ,  the  d i f fe rence  between the ion and e lec t ron  concentrat ions becomes  comparab l e  
with the  to ta l  concentra t ion of charged p a r t i c l e s ,  i . e . ,  

Ni -- N~ = ISN, (13) 

where fl is a constant less than u n i t y .  

Substituting the d is t r ibut ion N(x) f rom (9) into (13) and express ing  the d i f fe rence  Ni - -  Ne on the left s ide  
of (13) f r o m  the Poisson equation [12], in which one must  subst i tu te  the d is t r ibut ion  E s (x) f r o m  (11), we obtain 
the  equation for  de termining  x ,  : 
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1 UodO 2 | ;~ -  E,(1 + erf ~,) -= exp(--  ~,) 
a dD i (1 + err ~,) 2 = ~ ( I  + err ~,). (14) 

Here  ~ ,  = x , / ~ ' d D a / U 0 .  Since we a r e  cons ider ing  f l ames  with a high deg ree  of ionization (u0-d~/dD i << 1), the 
solution of Eq.  (14) exists  for x ,  > ~ where  it is s impl i f ied  and takes  the  fo rm 

�9 - ~  ~, = ~ exp (--  ~ ) .  (15) 

Since the solut ion desc r ib ing  the mode  of ambipo la r  diffusion is valid only for la rge  enough x ) f ' ~ ' - a ~ 0 ,  let 
us find the a sympto t i c  d is t r ibut ion  of e lec t r i c  fieM s t reng th ;  f rom (11) with x ) ~ w e  have 

Z ~ _  UoX = u(x)  (16) 
d,u ~ 2 ~  

Thus ,  the s t r eng th  of the  se r f - cons i s t en t  e lec t r ic  field which provides for  equality of the fluxes of e l ec -  
t rons  and ions in the mode  of ambipo la r  diffusion is de te rmined  by the veloci ty prof i le  of the  gas s t r e a m  and 
the  mobil i ty of the  ions,  just as in a highly ionized f lame propagat ing through a mix tu re  of a l ready  mixed gases  
[141. 

Let us tu rn  to  an e s t ima te  of the  m a x i m u m  value of the e lec t r ic  field s t reng th .  In the reg ion  of a m b i -  
polar  diffusion (0, x , )  the  modulus of the e lec t r ic  field s t reng th  i n c r e a s e s ,  approaching the value (16). In the  
reg ion  of f r e e  diffusion Ixl > ix ,  J the field dies out, s ince  in this reg ion  Ne > Ni and it follows f rom the Po i s -  
son  equation that  d E / d x  < 0. At s o m e  point lying in the t r ans i t ion  region the concentrat ions of charged p a r -  
t i c l e s  a r e  equalized and d E / d x  = 0, i . e . ,  the field reaches  the ex t r ema l  value .  The  dis t r ibut ions  of charged 
pa r t i c l e  concentra t ions  and e lec t r ic  field s t r eng th  a r e  r e p r e s e n t e d  quali tat ively in Fig.  2. Assuming  that  the 
m a x i m u m  is r eached  at a point c lose  to  x , ,  we obtain 

l ,~ [max  = - -  E m i n  ~ UoX* U (X,) 
d~h 2~ 

Let us make  an  e s t ima te  for concre te  p a r a m e t e r s .  With N o ~ 5.1012 1 / c m  3 and T = 2000~ we obtain 
d0 = 3 .2 .10  -4 c m .  Let ~ ~ 0.07 cm (d = 1 cm,  Di = 1 cm~/sec ,  u 0 = 200 c m / s e c ) ;  then f rom (15) we 
have ~ ,  ~ 3.2 (fl = 1) or x ,  ~ 0.22 cm and IElmax .~ 10 V / c m .  We note that the s i ze  of the coefficient fl has 
an  insignif icant  effect on the  posi t ion of the point x ,  (in the example  under cons idera t ion  ( ,  ~ 3.2 when fl = 1 
and ~ ,  - 3.3 when fi = 0.1), and consequently,  o n t h e  value of IEImax.  

We emphas ize  that  the solut ions obtained a r e  valid only for d20 << dDi/u  0 and d >> Di /u  0' i . e . ,  for  f lames  
with a high d e g r e e  of ionizat ion and "thick" enough je ts .  

In conclusion,  we note that  [9], in the par t  touching on the ca lcula t ion of the d is t r ibut ion of charged p a r -  
t i c l e  concentra t ions  in the absence  of an e lec t r ic  field, contains a number  of important  defects  caused by the 
fact  that  the authors  did not allow for the effect  of the intr insic  e lec t r ic  field on the diffusion of ions and e l ec -  
t rons  at l a rge r  pa r t i c le  concent ra t ions .  An es t ima te  of the  s t reng th  of the  intr insic  e lec t r ic  field calculated 
f rom the charged par t i c le  d is t r ibut ion  given in that  r epo r t  would give an ex t remely  high value,  exceeding the 
breakdown value of the field.  We note a l so  that  a one-d imens iona l  s t a tement  of the p rob lem and the assumpt ion  
of the superpos i t ion  of the hydrodynamic veloci ty  field and the veloci ty  field of the ion wind, which does not 
occur  in r ea l i t y ,  a r e  used  without just i f icat ion in [9]. 

A D i f f u s i o n  F l a m e  w i t h  a L o w  D e g r e e  o f  I o n i z a t i o n  

in  t h e  C h e m i c a l  R e a c t i o n  Z o n e  

Let us find the d is t r ibut ion  of the e lec t r ic  field s t reng th  in a diffusion f lame of oppositely di rected jets 
with low ionizat ion in the chemica l  reac t ion  zone. Since the number  of charged par t ic les  formed in the f lame 
is s l ight ,  in the  f i r s t  approx imat ion  we neglect the in te rac t ion  of e lec t rons  and ions in the diffusion p rocess  
((~tdDi/u0/d0) ~ << 1). 

Because  of rad ia l  s y m m e t r y  dNi/dy ]0 = 0, andthe  dis t r ibut ion of ion concentra t ion does not depend on y 
[7, 8]. Then the diffusion is descr ibed  by Eq. (6) in which D a must  be replaced by Di. On the assumpt ion  that 

the  zone of the reac t ions  leading to  the fo rmat ion  of charged par t ic les  is narrow and with al lowance for  the 
boundary conditions [see (7) and (8)] we obtain the ion d is t r ibut ion  in the fo rm 

1 1/~______~A[ , ( / - - - ~ 0 ) ]  Ni = --2- V D~uo 1 -r err - ~ i  x . (17) 
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Fig.  2. Dis t r ibut ions  of ion and e lec t ron  
concentra t ions  and e lec t r ic  field s t reng th .  

The  connection between the  ion concentra t ion  in the chemica l  ionization zone and t h e  intensi ty of the  chemica l  
r eac t i on  is obtained f r o m  (17) by se t t ing  x = 0 [see (10)]: 

h/2 

1 / : ~ d  A ] ./~--s [ 
--A/2 

Since usually De /u  0 >> d in exper imen t s ,  one can a s s u m e  that  in the r eg ion  of s m a l l  x and y being cons idered  
here  the e lec t ron  concentra t ion  is constant  and equal to the e lec t ron  concentra t ion  N ~ in the f l ame .  

The  dis t r ibut ion of e lec t r ic  field s t r eng th  is found f r o m  the one-d imens iona l  Poisson equation taking 
E (0) = 0 {this condition can be obtained f rom a n a n a l y s i s  of the  s t r u c t u r e  of the chemica l  r eac t ion  zone analogous 
So that  done in the preceding sect ion) :  

0 / - - 4 - o  x + I, / 

The  modulus of the e lec t r ic  field s t r eng th  takes  o n t h e  m a x i m u m  value at  the  point x , .  at  which Ni (x , )  ~ 
N e and dE/dx  = 0 [see Eq. (3)]. In the approx imat ion  under eons idera t ion  the  Coulomb in terac t ion  does not 

0 T h e n x ,  ~ dDffu 0and affect  the diffusion of the charged pa r t i c l e s .  Since De >>Di, one c a n t a k e  N O << N i.  
f r om (18) we get 

- /F  dD~ 
IEl~ax = - -  E (x,) ~ 4]/-~ eN ~ l~ uo 

0 Let us make an e s t i m a t e .  With N i = 5 "106 cm -3 and T N 2000OKthe Debye radius  is d0 0.26 era.  With 
4dDi/u  0 ~ 0.1 cm we obtain IE]max ~ 0.1 V / c m .  With Ix] > Ix ,  I and Ne > Ni we have dE /dx  < 0 and the field 
s t reng th  d e c r e a s e s  to  z~ro.  

We note that  the resu l t s  presented  in this sec t ion  and appl icable  to  f l ames  with low ionizat ion (~2 >> dDi /  
u0) and for  a jet which is ~thin" to  e lec t rons  (d << ~ )  and "thick" to  ions (d >> dDJ-d-D-~u~u0). 

NOTATION 

x, y, coordinates; U(Ux, Uy), velocity of gas stream; N, concentration of charged particles; e, i, 
indices per ta ining to  e lect rons  and ions,  r e spec t ive ly ;  D, diffusion coefficient;  #, mobi l i ty ;  J ,  flux; E,  
e lec t r ic  field s t rength ;  O, r a t e  of chemica l  reac t ions  of charged par t i c le  format ion;  e, e lec t ron  charge ;  d, 
d i ame te r  of undis turbed jet; d, Debye rad ius ;  N 0, value of Debye radius  at x = 0; u0, veloci ty of undisturbed 
jet; A, width of chemica l  r eac t ion  zone; k, Bol tzmann ' s  constant ;  T,  t e m p e r a t u r e ;  N~, ion concentra t ion at 
origin of coordina tes ;  Da, coefficient  of ambipola r  diffusion; A, constant;  Es,  s e l f - cons i s t en t  e lec t r i c  field 
s t rength;  E 0, e lec t r ic  field s t reng th  at x = +0; l, cha r ac t e r i s t i c  s i ze  of p l a sma;  x , ,  value of x up to  which 
the  ambipo la r  solution is co r r ec t ;  ~ , ,  d imens ionless  value of x , ;  B, constant .  
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S T U D Y  AND G E N E R A L I Z A T I O N  OF V O L T - - A M P E R E  

AND T H E R M A L  C H A R A C T E R I S T I C S  O F  A 

T W O - J E T  P L A S M O T R O N  

S.  P .  P o l y a k o v  and  M. G .  R o z e n b e r g  UDC 533.9 

The construction of a two-jet plasmotron is worked out. Its thermal  and electrical  charac ter is -  
tics are  studied. The vo l t - - ampere  characterist ics and thermal  efficiency are  generalized. 

Two-jet plasmotrons find application in plasma chemistry, in plasmathermy, and in processes of treat- 
ment of disperse materials [I-3]. A peculiarity of two-jet plasmotrons is the presence of an open semicom- 
pressed electric arc and two combining plasma streams directed at an angle to one another. The absence of 
engineering equations for the calculation of two-jet piasmotrons hinders their most rapid introduction into in- 
dustry. 

In the present report we begin comprehensive studies of the design of two-jet plasmotrons and the plasma 
streams produced by them for the development of industrial constructions. 

The two-jet piasmotron studied is analogous in construction to that described in [4, 5]. The arc ignition 
system and the design of the electrode units are original. A diagram of the design of the two-jet plasmotron 
and the electric arc ignition system are presented in Fig. 1. 

The length of the arc is limited by the construction of the anode unit of the two-jet plasmotron which 
permits only slight axial movement of the anode spot. The construction of the anode unit resembles the con- 
struction of the inner electrode of a one-chamber plasmotron; the anode itself is copper and water cooled. 
The cathode is of the end type, copper-- zirconium, and water-cooled. To fasten the electrode units of the 
• plasmotron we developed a device making it possible to vary the distance L between the electrode units 
of the two-jet plasmotron and their angles of inclination to the line of centers within wide limits durir~ opera- 
lion. In the course of operation the distance L between electrode units was varied in the range of (2-7) -10 -2 
m and the angles of inclination ~I and ~2 from 15 to 60 ~ 

Ignition of the electric are is accomplished with an oscillator; the ballast resistance R (Fig. 1) was used 
~o limit the current strength at the moment of ignition of the arc. 

Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 32, No. 6, pp. 1043-1052, June, 1977. Original 
art icle submitted May 21, 1976. 
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