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The authors discuss the possibility of modeling the process of combus- 
tion of a homogeneous gas mixture on the basis of identical  temper- 

ature dependences of the reaction rate and the electrical conductivity 
of a low-temperature plasma. 

The d i r ec t  expe r imen ta l  study of the combust ion  
p r o c e s s  is  assoc ia ted  with cons ide rab le  di f f icul t ies .  
The ana ly t ica l  solut ion of the p rob l em of gas eombus-  
tion in a flow and its n u m e r i c a l  ca lcu la t ion  on a corn- 
pu te r  a re  s e r i o u s l y  compl ica ted  by the non l inea r i ty  
of the bas ic  sys t em of d i f fe ren t ia l  equat ions  (of mo-  
tion, energy,  and diffusion) and the  p r e s e n c e  of e s s e n -  
t ia l ly  non l inea r  heat  and m a s s  sou rce s .  Moreover ,  
the cont inuing lack of adequate i n fo rma t ion  on the 
laws of tu rbu len t  t r a n s f e r  in f l ames  (not to ment ion  
the fact that, in genera l ,  the s y s t e m  of Reynolds equa-  
t ions  for  a c o m p r e s s i b l e  gas is  not closed)  s e r i o u s l y  
de t rac t s  f rom the use fu lness  of n u m e r i c a l  c a l c u l a -  

t ions.  
Under  these  condi t ions  the ro le  of an effect ive aux-  

i l i a ry  med ium of inves t iga t ion  might  be played by 
model ing with p r e s e r v a t i o n  of the bas ic  phys ica l  c h a r -  
a e t e r i s t i c s  of the p r o b l e m - - g a s - d y n a m i c  s t r u c t u r e  of 
the tu rbu len t  f low--where  the heat  r e l e a s e  due to 
combus t ion  is  s imula t ed  by the Joule  heat  r e l e a s e d  
when an e l ec t r i c  c u r r e n t  is  pas sed  through a heated 

gas.  
The ma thema t i ca l  bas i s  for  this  analogy is the com- 

mon t e m p e r a t u r e  dependence of the r eac t i on  ra te  (Ar-  
rhen ius  law), on the one hand, and the e l e c t r i c a l  con-  
duct ivi ty of a l o w - t e m p e r a t u r e  p lasma,  on the other.  
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Fig. 1. T e m p e r a t u r e  
dependence of c h e m -  
ical r eac t ion  ra te  

w(c, T). 

For  both effects this law may  be exp re s sed  in the 
fo rm of an exponent ia l  t e m p e r a t u r e  dependence:  

/ f,, = exp ( -- ,41 T), 

% = e x p (  .... A~T). 
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It i s  i mpor t a n t  not only that the dependence  is of the 
same  type - - sha rp  i n c r e a s e  in the va lues  of f and 
with t e m p e r a t u r e - - b u t  a lso  that  the va lues  of A 1 and 
A 2 a re  of the s ame  o r de r  magni tude .  Some typical  
values of A s and A 2 are shown in the table. 

The analogy between a number of effects (hyster- 

esis, etc. ) in combustion and the passage of a current 

through a semiconductor, based on a similar temper- 

ature dependence of the reaction rate and resistance, 

was noted previously in [4]. 
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Fig. 2. Model of the process of ignition in a longitu- 

dinal flow over a hot surface: a) diagram of model 
(1--plate, 2--electrodes, 3--measuring electrodes 

(shown in section only, measuring circuit not included 

in the figure), 4--power sources); b) distribution of 

temperature and concentration in boundary layer for 

a r eac t ing  gas flowing over  a hot surface .  

In our case, however, we are concerned with a 
probably more effective and more natural method of 

modeling. 
In examining the feasibility of modeling we will 

make the following assumptions. We assume that the 

electric currents passing through the low-temperatur{ 
plasma are sufficiently small, so that their effect on 

the flow is reduced exclusively to heat release. This 

means the absence of a magnetic field, either applied 

or induced, owing to the smallness of the magnetic 

Reynolds number (R m << I). 
If this condition is satisfied, the system of differ- 

ential equations of motion and energy for a flow of 

reacting gas mixture and a flow of low-temperature 

plasma, through which a current is passed, will, un- 

der certain conditions, be analogous. In fact, for a 
viscous compressible gas the equations of motion ant 

continuity will coincide completely in both cases. Ir 

the energy equation the specific heat release due to 

the chemical reaction will be replaced by the expres- 

sion for the Joule heat. The equation of state (perfec 

gas) will also be identical~ 

As for the diffusion equation, which forms part of 

the system of equations describing the combustion 
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process, it has no direct analog in the plasma model. 
Thus, in order to preserve the generality of the pro- 
cesses and the possibility of approximate modeling, it 
is necessary to ensure a dependence of the local cur- 
rent on resistance that, all things considered, would 

simulate the effect of burnup of the fuel mixture. In 
other words, it is necessary to ensure a temperature 
dependence of the square of the current analogous to 
the temperature dependence of the rate of heat re- 

lease during the reaction. 

Fig. 3o Model of f lame s t a b i -  
l i za t ion  behind a bluff body: 
1) e lec t rode ,  2) m e a s u r i n g  
e lec t rodes  (shown in sect ion 
only, m e a s u r i n g  c i r c u i t  not 
included in f igure),  3) bluff 

body, 4) power source .  

For strongly exothermic reactions this dependence 

(Fig. i) has the following characteristic properties: 

a sharp, almost exponential rise in the region close 

to ignition, intense burnup (heat release) close to the 
maximum temperature, and, finally, a very steep 

fall to zero as a result of burnup of the reacting com- 
ponents. Therefore, the simplest, qualitatively re- 

liable approximation of this dependence on the elec- 

trogas-dynamic model will be the introduction of a 

limitation on the current and the switching off of the 

current at a given maximum value. 

As for the similarity of the boundary conditions, a 

necessary condition of modeling, it is realized auto- 

We will  cons ide r  the p rob lem of the ignit ion of a 
flow of fuel mix tu re  moving over  a plate,  l imi t ing  the 
d i s c u s s i o n  to the t e m p e r a t u r e  f ield preceding  igni -  
tion, i . e . ,  neglec t ing  burnup of the mix ture .  In this 
ease,  ins tead  of the th i rd  equat ion of the sys t em 

&t Ou 0% Opu Ogv 
9 U ~ x ' p V  ' =0 ,  Og 0!t Ox r Og 

OT c)T Oqr + clexp ( _ _ + )  
0-7 + = 

for  the model  (Fig. 2a), when c u r r e n t  flows through 
the p lasma,  we wil l  have 

p ucp ~x + p VCp Og Oy + Q exp - -  . 

The na tu re  of the t e m p e r a t u r e  f ield cor responding  
to igni t ion  is shown schema t i ca l ly  in Fig. 2b (analo- 
gous t e m p e r a t u r e  prof i les  de t e rmined  n u m e r i c a l l y  
were  p r e se n t e d  in [5]). 

If in the same problem it is desired to take burnup 
into account in the first approximation, then for con- 

ditions of similarity of the temperature and concen- 

tration fields and similar values of a and D (thermal 

diffusivity and diffusion coefficient) [6] it is neces- 

sary, as already mentioned, to take the coefficient 

of the exponential in the form A 2 (T m -- T) (Tm is 

the maximum .value of the temperature), i.e., intro- 

duce a limitation on the maximum current. 

In the system shown in Fig. 3, as in the previous 

example, the conditions of motion (averaged and 

fluctuational) are preserved unchanged, and the en- 

ergy equation and its relation with the motion are 

"automatically" reproduced. Obviously, the boundary 

conditions for velocity and temperature are also 

respected. 
We also note that, by using plasma as a sort of 

resistance thermometer, it is possible to model the 
mixing process in compressible gas flows. Obviously, 

in this case the value of the current must be the min- 

imum necessary to permit measurements, and the 
mat i ea l l y  by se lec t ing  a sui table,  geome t r i c a l l y  s i m -  
i l a r  model  sys tem,  d i s t r i bu t ion  of hot and cold flows 
in the ini t ia l  sect ion,  eteo 

The plane flow analogy, with the c u r r e n t  flowing 
at r igh t  angles  to the plane of the veloci ty  vector,  is 
the s imp le s t  to rea l i ze .  For  a x i s y m m e t r i c  motion, 
modeling,  through poss ib le  in p r inc ip le ,  is a s s o c i -  
ated with a n u m b e r  of diff icul t ies ,  and this  sy s t em 
wil l  not be cons ide red  he re .  

Wenow tu rn  to s eve ra l  examples  i l l u s t r a t i ng  the 
proposed model ing method, confining ou r se lves  ex-  
c lus ive ly  to fundamenta l  cons ide ra t ions .  

heat released by the current must be neglibly small. 

In practice, electrical modeling of the combustion 
process encounters unavoidable difficulties. In par- 

ticular, it is clearly necessary to eliminate distor- 

tions associated with the potential drop adjacent to 

the electrodes, etc. Preliminary experiments show, 

however, that these difficulties can be overcome. 

NOTATION 

f and (~ a re  the ra te  cons tant  and e l ec t r i c a l  con-  
ductivity,  r e spec t ive ly ;  T is the t e m p e r a t u r e ;  A 1 and 

Values of Activation Energy 

(Pressure i atm) 

Seeding Az, eV A 1 eV, for 
Type of plasma component, %, Reference hydrocarbon 

potassium or fuels 
cesium 

Air 
Combustion Products 
Combustion products 
Argon 

0--1.0 (K) 
0.02--0.04 (K) 

0.02 (Cs) 

2.24 
2.24 
1.93 
1.63 

[1] calc. 
[2] expt. 
[I] cam. 
[ I ]  calc. 

1.6--2.4 
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A 2 a r e  the va lues  of the ac t iva t ion  ene rgy  for  c h e m -  
ica l  r e a c t i o n  and ionizat ion,  r e s p e c t i v e l y ;  ~'T and qT 
a r e  the tu rbu len t  f r i c t ion  s t r e s s  and heat  flux, r e s p e c -  

t ive ly ;  c i exp ( - A i / T )  is the heat  r e l e a s e  due to 
chemica l  r e a c t i o n  and Jou l e  heat ;  c 2 = const  V2/L2; 
V is  the cons tant  vo l tage ;  L is the d i s t ance  be tween  
e l e c t r o d e s  in model .  
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