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Shock waves propagating along an undisturbed magnetic field at f requencies  co ~ g~H - -  eHo/m~c ("switch- 
on" waves) have been studied experimental ly  in a number of works [1-3]; some of the experiments  [1] have 
been conducted under conditions in which the dissipation mechan i sm involves Coulomb col l is ions,  while others  
[2-3] have been conducted under conditions in which this mechanism involves collect ive interactions.  The 
magnetohydrodynamic s t ruc tu re  of switch-on shock waves has been discussed [4] with viscosi ty  t~ r T 5/2 and 
finite conductivity g ~ T 3,'2 taken into account. 

In the cur ren t  study a double-fluid gasdynamic model of a quasineutral  p lasma is used to study nonsta-  
tionaxy switch-on shock waves in order  to take into account finite conductivity and electron heat conduction, 
since it is p rec i se ly  these dissipative p rocesses  that determine the s t ruc ture  of co l l i s ion-f ree  shock waves [2]. 
The initial sy s t em of equations has the f o r m  

ON/Ot + 6(Nu)/Ox : 0; 
2 N,ni (Ou/Ot + uOu/Ox) = - -  a [p + (H2u _[_ H~)/8:~]; 

Nmi(Ov/Ot + uOv/Ox) = (HO/4~)OHJOx; (1) 

Nrni(Ow/Ot + uOw/Ox) = (Ho/4~)OH JOx; 

Ot Ox ~ \ ~ - t  + T x  \ N  Ox ] t 4aa Ox 4heN Ox J' 

Ot Ox _ ~ \"0"[" "~- u -~x \.-V- ~ ]  + 4 ~  Ox 4heN "~x )' 

op uop~_ o~ t~( c2 [(oz,~,/~ , ph i l21  o ( or /1 
o--/-+ "ox ' YP-g2x = ( Y -  ' [ ~ L \ ~ /  ~ l (  ~x  ] J+-bT"x \" "~x]); p = N T .  

The direction of wave propagation and of the undisturbed magnetic field g 0 coincides with the x axis; U= 
{ u, v, w} is the macroscopic  p lasma velocity;  p is e lect ron p r e s s u r e  (the ions a re  assumed cold); cr =Ne2/ 
mev is conductivity; v is the effective p lasma p a r t i c l e - e l e c t r o m a g n e t i c  field fluctuation frequency;  and u is 
e lect ron heat conduction. 

At the initial moment  of t ime a homogeneous quiescent p lasma with p0<<H02/8r occupies the region x _> 0; 
at the p l a s m a - v a c u u m  boundary we define the z component of the magnetic field by the law 

U~(0, t) : :  H ~ (t  -- e - ' t ) .  

Let us consider  the resu l t s  obtained f r o m  a numer ica l  solution of the sy s t em (1). Figure  1 depicts the 
spatial  distr ibution of the t r a n s v e r s e  magnetic field components in a switch-on shock wave obtained as a resu l t  
of a numer ica l  solution of the sys t em (1) for v =10-2WH, w =0.9~H, 

H ~ : 1.2 H o, M ~  1.2, H o : 500 oe, No : t0 l~ cm "~. 

It is known that two waves whose law of dispers ion has the f o r m  

o)/k ~" VA]/-t - -  kc/~i  - -  ordinary wave, 
(2) 

o)/k "~ V A V t  + kc/Qi - -  extraordinary wave t 

propagate along an undisturbed magnetic field in the f requency range w _< 12 H. 
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In accordance  with the dispers ion law (2), the profile of the z component of the magnetic field has an 
osc i l la tory  s t ruc ture  beth in front of the fundamental shock and behind it. The charac te r i s t i c  spatial  scale of 
the oscil lat ions is on the o rder  of the dispers ion distance c / a  i. The maximal  dimension of the oscil lat ions be- 
hind the front ~-4c/~2i, and in front  of it ~ 7 c / a  i. The y component of the magnetic field appearing in the front  
also has an osc i l la tory  s t ruc ture .  The phase shift between Hy and H z amounts to 90 ~ The direct ion of ro t a -  
tion of the t r ansve r se  magnetic field vector  H• in front  of the fundamental shock coincides with the direct ion of 
rotat ion of an e lectron in the magnetic field H 0 and, behind the shock, with the direct ion of rotat ion of an ion 
(Fig. 2). 

Thus, in the case  of slight dissipation the shock wave has a , c o r k s c r e w "  s t ruc ture ;  the width of the funda- 
mental density shock and the number of oscil lat ions increase  over the course  of t ime (Fig. 3, curve 1), though 
the wave velocity V = VAM and width of the magnetic field shock in the resul t ing  wave remain  roughly constant.  
The widths of the fundamental density shock and of the magnetic field are  determined by the equations 

AN : (Nmax -- i m i n ) / l O N / O x I m a x ,  AH = (Hmax -- I Imin) /]OH/Ox[ . . . .  

An increase  in dissipation leads to disappearance of the osci l la t ions,  and the dimension of the lat ter  is less 
than the dissipation distance,  

h,~ .-~ c ~ / 4 ~ o V A ( M  - -  1). 

A switch-on shock wave is quasis ta t ionary when v = 0.6 WH and M ~ 1.2 and for an amplitude of the mag-  
netic field at the p lasma boundary of H ~ = 1.2H0; the velocity and width of the field shock and wave density r e -  
main pract ica l ly  invariant over  the course  of t ime (Fig. 3, curve  2). An analysis  of the equations for the s t r u t -  
tttre of s ta t ionary switch-on waves shows that when M> M. =1.53, without heat conduction, and M > M.  = 1.63, with 
heat conduction, the gasdynamic functions N and u undergo a discontinuity in the case  of a continuous magnetic 
field. By solving the nonsta t ionary equations (1) for high field amplitudes at the boundary, it becomes possible 
to t r ace  the var ia t ion of the switch-on wave s t ruc ture  and to approach the f l ip-flop s ta te ,  i.e., AN-*0 (Fig. 3, 
curve  3). 

A comparison of results of our calculation with previous experiments [2] shows that there is qualitative 
agreement in terms of the structure and velocity of switch-on waves when IY[ < M,. It is difficult to perform a 
detailed comparison, since no uniform pattern can be seen in the experiments. In addition, regimes with M 
!Yl, studied in the experiments were not discussed in the present work. 
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I N T R O D U C T I O N  

Development  of a theory  for  the combust ion  of gaseous  mix tu re s  in a turbulent  s t r e a m  is usual ly  a s s o c i -  
ated with the model ing of the p r o c e s s  on the bas is  of ce r t a in  pa r t i cu la r  assumpt ions  [i]. At the s a m e  t ime ,  in 
the hydrodynamics  of nonreac t ing  flows a method for  the s ta t i s t i ea l  ave rag ing  of the Navier  - Stokes equations 
is being suceess fu l ly  developed.  The r e su l t i ng  co r r e l a t i on  momen t s  of the s e c o n d - o r d e r  hydrodynamic  quan-  
tE ies  a r e  not d i rec t ly  r e l a t ed  to the ave r age  flow p a r a m e t e r s ;  for  these  it is n e c e s s a r y  to se t  up equations 
which a r e  s im i l a r  in s t r u c t u r e  to conserva t ion  laws. Although the h i g h e r - o r d e r  moments  which then appear  
again r equ i r e  the use of phenomenological  hypotheses ,  the chain of t w o - m o m e n t  equations cons t ruc ted  in this 
way does desc r ibe  a number  of qual i ta t ively  new effects .  The fundamenta ls  of this approach  w e r e  laid down by 
A. N. Kolmogorov and have now been widely developed by Soviet and other  sc ien t i s t s  (see,  for  example ,  [2] and 
the r e f e r e n c e s  ci ted there in) :  Solutions have been cons t ruc ted  with a sma l l  number  of empi r i ca l  cons tants  to 
give s a t i s f ac to ry  quali tat ive descr ip t ion  of a turbulent  flow. A s imi l a r  approach  to this  is used in [3] to de-  
s c r ibe  a chemica l  r eac t ion  with a l inear  source  of heat  (concentration) and in [4] for  t h e r m a l  t r a n s p o r t  p rob -  
lems .  The effect  of nonlinear heat product ion with al lowance for  pulsat ions in t e m p e r a t u r e  and concentra t ion  
in the z e r o t h - o r d e r  s ta tement  of the p rob l em is studied in [5]; the applicat ion to a s m a l l - s c a l e  turbulent  f l ame  
is cons idered  in [6-9]. In these  las t  pape r s ,  the f l ame-p ropaga t ion  equation is c losed  by using the phenome-  
nology of the Prandt l  d i sp lacement  path; a method of averag ing  the nonlinear t h e r m a l  product ion function is 
proposed.  In [10] the equation for  the turbulent  ene rgy  balance is used to study the level  of turbulence  in a 
f l ame  where  the Prandt l  hypothesis  is a lso  used for  the t e m p e r a t u r e  pulsat ions.  In the p re sen t  paper ,  the s t a -  
t i s t i c a l - p h e n o m e n o l o g i e a l  method is extended to the p rob l em of the turbulent  combust ion of mixed gases .  The 
pr inc ipa l  emphas i s  is on s tudying the effect  of the chemica l  r eac t ion  on the t h e r m a l  exchange in the f l ame  and 
the r e v e r s e  effect  of the turbulence  on the r eac t ion  r a t e  and hence on the turbulent  combust ion  r a t e .  Approxi-  
mate  e s t ima te s  of these  effects  a r e  given. 

w 1. The p resen ta t ion  given below is based  on the following s impl i fy ing assumptions.* i) the hydrodynamic  
f ie ld of the ave r a ged  (ui(xi ,  t)), (p(x i, t)) and pulsat ing u~(xi, t),  p ' (xi ,  t) motions is known; 2) the med iu m is 
i ncompress ib l e ,  p =const ;  3) a s i ng l e - s t age  exo thermic  r eac t i on  takes  place in the flow in accordance  with the 
equation nA -~B at  a r a t e  ~ (T, 7) and with ca lor i f ic  value Q > 0 (n is the o rde r  of the reac t ion ;  A is the initial 
substance;  B a r e  the reac t ion  products ;  T is the t e m p e r a t u r e ;  and 77 is the r e l a t ive  concentra t ion  of the r e a e -  
t lon products  or  the degree  of combustion);  4) the molecu la r  t r a n s p o r t  coeff icients  a r e  independent of the flow 
p a r a m e t e r s  and they a r e  subjec t  to the equations u = ~ =DAB (v is the v iscos i ty ;  ~ is the t h e r m a l  conduct ivi ty;  
and D is the diffusion); 5) we cons ider  the usual slow combust ion  conditions when we can neglect  the p r e s s u r e  
gradient  and the v iscous  diss ipat ion heat  in the f l ame  in compar i son  with the heat developed by the chemica l  
reac t ion ;  and 6) the back  r eac t i on  of the f l ame  on the hydrodynamics  of the flow (ui)  , u~, p is not taken into ae -  
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