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The normal velocity of homogeneous stationary combustion which is a physico-
chemical constant of a mixture, is determined from the solution of the sys-
tem of equations [1]
du d?u de d%c
mﬁ——-d—az:@(u)c, m%—lagg:—@(u)c (1)

(—o0 €E< o)
satisfying the boundary conditions
u(—oo)=u_, u(+oo)=u, (w.<ug,u,>u,)
¢c(—o0)=v_, c(+o0)=0 (v.>0,m>0) (2)
D(u)=0 tor u<Tu,, @ (u)>0 for u>u, h=Drplk
Here m 18 the normal combustion velocity; u the mixture temperature;
¢ ‘the concentration of active material; o®{u) the monomolecular resction

rate; D the diffusion coefficlent; p the density of the material; y 1its
specific heat; 'k the coefficlent of heat conduction.

For )\ = 1 the solution of the problem has been obtained by Zel'dovich
[1]. Kanel' [2] proved the existence of the solution for all 1 and the
uniqueness of the solution for O < A < 1 . Novikov and Riazantsev [3]
investigated the problem in the singular case )\ = 0 . An exact analytical
solution of the problem (1), (2) is found below.

It 1s easy to reduce the original problem (1), (2) to the following.
Required to find a number o from the boundary value problem on the segment

[o, 1] (3)
dz v dv t—v 2=0, »=0 for t =0
dt =—1+af(t‘) z ! "W=1,+ z ! z=a for t=1 (a>0)
Here
F(t)= O (u), F)=0 for t=1, F(t)>0 on [0,1)
N m-l  du u —u U, —u_ 1
v—u+—u=’ = u, —u, @€’ z=u+——us’ a=u+—Z’ *=Tr

Let us find the solution of the problem (3) by congidering that the func-
tion #{t) may be represented by a Taylor series whose range of convergence
is greater than unity o

Figy= 2 fot" (4)

n=90

In particular thls may be simply & polynomial approximating the experi-
mental curve r(t).
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Let us first consider the Cauchy probitem for (3) with Cauchy data at t= 0

by considering o known. Let us seek the solution of the Cauchy problem in
the form )

oo
z == 2 znt"™, v = O (5)
n=1

n=1

Substituting the functions y and o according to (5)and and e -
ting coefficients of like powers of ¢ to zero we obta&}x an g%mite S‘yl:tem
of algebraic equations for s, and », . The first two equations of the sys-
tem contain only g, and bv,. There exist three solutions of these equations,
of which one is posicive, and two negative. Only the positive solution has
physical meaning 1 fo \" 1 1

0 ) -
a=lm+ed) @, norom ®)

The remaining equations of the infinite system are linear in the unknowns
z, and v, . The solution of the system is expressed by the following recur-
sion formulas: | ;

o fiv1 (2Az, 1) c1/‘1”1 {(Av1—1)

z9 = Az , vy = — Az
Ag = (14 3z1) (1 + 2hay) - (A — 1) =z (7)
(4 nkn) By —afod, . U+ =)ajA+ (Ann—1)B,
“n - An ’ Vg = — An
Ap=[+(n41)a](l +rha) (A —1)n
A, =2\vgz, | - 3hvgz, o+ .. .5k (n—1) Ay, 2,
B =a(f0p_+ fo¥pgt oo d frg?1) — 2592, =322, o — ... —(n—1)z, .2,

It can be shown that if the range of convergence of the series (4) for the
function s(t) is greater than unity, then the radius of oaw-:!na of the
series (5), ylelding the solution of the prodblem, will also be greater
than unity. As is seen from the solution (5) to (7), the functions s and
v are anglytic functions of the variable ¢ and the parameter o .

Knowing the solution of the Cauchy prodlem for arbitrary a , the value of
a corre to the boundary comndition {3) at ¢ = 1 should be defined as
the positive root of Equation

(e @)
Dml@)=a (8)
n-1

In particular, the following theorem results from the exposition:

. Theorem., The nusber of solutions of the original boundary value
problem (3) equals the number of zeros of the function

[oe]

Y(a) = D) zn(a)—a

n=1

located on the positive. real semiaxis (g, (a) are defined by (7)).
It 18 easy to see that the function ¢(z) always has at least one zero on

the real positive semiaxis, since, according to (7), it Aincreases monotonously
for large a and takes the value —a for q = O.

The author is grateful to R.D.Bachelis and V.G.Melamed for useful disous-

sions.
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