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if a fuel mixture, first heated to the temperature Ty, is fed at
a fixed velocity from the end of a semibounded cylindrical pipé there
may be two stationary combustion processes. The first will occur when
the rate of supply of fuel is low, and in this process the transfer of
heat by conduction from the burnt particles to the fresh mixture will
be most important. In the second process, which occurs when the fuel
is supplied at high velocity, combustion is due to autoignition of the
preheated fuel.

Papers [1, 2] were devoted to a study of these processes of sta-
tionary combustion. It was noted in [1] that the second process occurs
rather frequently in modern technical equipment (jet engines).

The principal results in [2] were obtained by numerical inte-
gration of the corresponding boundary value problem using an electron-
ic computer,

In the above-mentioned studies the combustion process is con-
sidered to be one-dimensional. It is well known, however, that both
in processes of normal combustion and in processes with autoignition
allowance for heat loss through the walls of the pipe is of great im-
portance. For this reason it is desirable to study the process with the
radial temperature distribution taken into account,

We have attempted to investigate the above-mentioned pro-
cesses with additional consideration of the influence of the walls, First,
this makes it possible to supplement our picture of the process by allow-
ing for the possibility of quenching, which must be significant in an
investigation of the stability of the combustion process. Second, the
investigation makes use of linearization of the nonlinear function F(T)
this makes it possible to obtain in simple form a criterion for different
processes and to compute the distance which the fuel mixture must
travel in the case of autoignition.

The combustion process in a semibounded cylindrical pipe of
radius R is described (in the nonstationary regime) by the equation
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with the conditions
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Here t is time, T temperature, x the coordinate along the
pipe, rthe radial coordinate, u, the rate of supply of fuel, and F(T)

a function satisfying the conditions

F(T)y=0 for
F(T)>0
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for T*<ZT<T) F(T)=0 for T > T1.

The stationary regime is described by the equation
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Simple considerations show that the influence of the walls is
important. In fact we will consider the case of large ug and, as in
[1, 2], we will neglect heat conduction in the direction of the x axis;
then
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This problem is similar (with replacement of t by x) to the
nonstationary problem of thermal autoignition in an infinite cylinder

of radius R with initial temperature Ty and wall temperature equal to
zero, It is known that there is a value & = &*such that for 6 < §* auto-
ignition does not occur. However, in the one-dimensional theory for
small & combustion occurs in the autoignition regime.

Problem (3) with the nonlinear function F(T) is extremely diffi-
cult to study It is possible to investigate this problem by numerical
integration for specific. forms of F(T) and different values of the para-
meters. However, the presence of radial terms complicates the nu~
merical integration problem. In addition, the precise form of the
function F(T).is usually unknown and precise, values of many of the
parameters are also unknown. It is therefore desirable to simplify the
problem in such a way that it remains possible to obtain correct quali-
tative results and approximate quantitative estimates. It turns out that
linearization of the function F(T) is perfectly admissible,

The choice of linearization method is extremely important.

The curve can be replaced either by a tangent at the point
(Tq. E(Ty)) or by a straight line passing through the origin and the
point (Ty. F(Typ))orby a straight line passing through the origin in such
a way that the area of the triangle on the segment [0, T,] is equal to
the area under the F(T) curve. The choice of linearization method is
determined by the specific form of the function F(T) and the value of
T .

We replace F(T) by the function 8;T. Then problem (3) as-
sumes the form
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Problem (4) is solved by separation of variables, Assuming T =
= 0(r) X(x), we have
1
6" =—0+3A%=0,

X =By (5 —w) x—0. ®)

0, _p=0+ (5)

From (5) we have 6y = Jy(Ayr), where Jy(z) is a zero-order Bes~
sel function and Ay are the roots of the equation Jy(AR) = 0, The solu-
tion of (6) has the form
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Thus, we obtain
T= T.)?Akjo (hyr) Xy (2)s (M
The coefficients Ak are found from the equation
Z A Jo(h,r) =1,
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Obviously, in (7) the first term is the most important, There-
fore it may be assumed that

T = AToJo{r) ™ (8)
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Here b is the first root of the equation Ji(z) = 0. Considering
Eq. (B)., we obtain three cases:
1) If
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then as x — « the temperature T — 0, that is, in this case damping
occurs,
‘2)If
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then as x —» = the temperature T — =, and the temperature remains
finite at each point x. This case should be regarded as combustion in
the autoignition regime. The unbounded increase of temperature as
X — = is a result of the lingar approximation. In actuality, the tem-
perature cannot rise above the value Ty, We will find the distance
from the end of the pipe to the point x with temperature Ty (along
the axis of the pipe). We have
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At large u, the computations can be simplified, since in this

case
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3) If

B>Ma?,  uw<l2a V(3/a%) — A (11)

there will be no stationary solution making physical sense. It is easy
to establish from a study of the nonstationary linearized problem (1)
that in this case even for x as close to zero as desired (that is, as close
to the end of the pipe as desired) the temperature increases greatly
with increase of t. This means that for uy satisfying (11) combustion
will accur in the thermal conduction regime.

We introduce the dimensionless parameter
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If it = 0, the process is damped. If 0 < j = 1, combustion pro-

- ceeds in the autoignition regime, If 4 > 1, combustion proceeds in the

thermal conduction regime.
The author expresses his appreciation to 8. V. Fal'kovich for
discussing his work,
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