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If a fuel mixture, first heated to the temperature T01 is fed at 
a fixed velocity from the end of a semibounded cylindrical pipe 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 m 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 file 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 simpte 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 

cOT s [ O~T i OT CO~T ~ COT 
COt = a  ~-~-r2 4- 7 " ~ -  + Ox2 ] - -  u o ~ + 6 F ( T )  (1) 

with the conditions 

' 0 T [t=o = 0, T/x=o = To, T,r=/~ = �9 (2) 

Here t is time, T temperature, x the coordinate along the 
pipe, r the radial coordinate, u 0 the rate of supply of fueL and F(T) 
a function satisfying the conditions 

F ( T ) = 0  for 0 ~ T ~ T *  ( 0 ~ T * < T 1 ) .  

F ( T ) > 0  for T * < T < T x  F ( T ) - - O  for T > / T t .  

The stationary regime is described by the equation 

{ O~T t OT O~T ~ cOT 
a" ~ - ~ U  + r - ~ -  + Ox2 1 - -  u~ + 6F (T) = O' 

T tx=0 = To, Tr= R = O. 

Simple considerations show that the influence of the walls is 

important. In fact we will consider the case of large u0 and, as in 
[1. 2], we will neglect heat conduction in the direction of the x axis; 
then 

OT s { O~T t OT ) 

T ]~=o = To, T [~= R = 0. 

This problem is similar (with replacement of t by x) to the 
nonstationary problem of thermal autoigrdt2on in an infinite cylinder 
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of radius R with initial temperature T O and wall temperature equal to 
zero. It isknow n that there is a value 6 = 5*such that for 5 < 5* auto- 
ignition does not occur. However, in the one-dimensional theory for 
small 5 combustion occurs in the autoignition regime. 

Problem (3) with the nordinear 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, vaIues of many of the 
parameters are atso 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 
linearizatiou 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 

(To, F(T0)) or by a straight line passing through the origin and the 
point (T0, F(T0)) or by a straight line passing through the origin in such 
a way that the area of the triangle on the segment [0, Tt] 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 

To. 
We replace F(T) by the function 3IT. Then problem (3) as- 

sumes the form 

( O:T t OT 02T ~ OT 
as\ OrS +7-~-r + Ox~ ] - -  uo~-z +3T=O" 

T ~ _ (4) I~ =o - -  To, T I~=R = 0,  ~ = 5 3 1 .  

Problem (4) is solved by separation of variables. Assuming T = 
= 0(r) X(x), we have 

l 
0" = ~- 0' + ~0-----0, 0It=R= 0,  (5) 

From (5) we have O k = 10(Xkr), where J0(z) is a zero-order Bes- 
sel function and X k are the roots of the equation J0(XR) = 0. The solu- 
tion of (6) has the form 

Xk(z)=exl2{(~h~a ~ -- u~ 
- -  ai/j ] J" 

Thus, we obtain 

T.= To ~ Akao (L~r) X~ (x), (7) 
lr 

The coefficients A k are found from the equation 

k 

Obviously, in (7) the first term is the most important. There- 
fore it may be assumed that 

T = A1ToJo (Llr) e ~x (8) 

Here b is the first mot of the equation Jgz) = 0. Considering 
Eq. (8). we obtain three cases: 

1) If 



then as x --~ ~ the t empera ture  T -~ 0, that  is. in this  case damping  
OCCurS. 

2) If  

or uo ~.~ 2a '  ( ~  - -  ~,lZ) '/ '  

then as x ~ ~o the t empera tu re  T --~ .% and the t empera tu re  remains  

f ini te  a t  each  point  x. This  case should be regarded as combust ion in  

the  au to igni t ion  r eg ime .  The  unbounded increase  of  t empera tu re  as 

x - ~  | is a result  of the l i n e a r  appmximat lon .  In ac tua l i ty ,  the t e m -  
perature  cannot  rise above the value  T I. We wi l l  find the dis tance  
from the end of  the pipe to the point x with t empera tu re  T ,  (along 

the axis of the  pipe).  We have  

I T1 (9) 
T I  = T o A , e  ~'t , or l - - ~ ' l u ~ .  

At la rge  u o the computa t ions  can  be s impl i f ied ,  s ince  in this 

case 

Then 

~= ~Tj j 

u0 [ ~-a'-~a_ ~_11=13-- Z,~a~ ~ f - - ( l - -  u0" /J uo ' 
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3) If 

> ~,~a ~, ~o < 2a~ V(~f~D -- k~2 (11) 

there wi l l  be no s ta t ionary solut ion mak ing  physical  sense. It is easy 

to establ ish from a study of  the nonstat ionary l inea r i zed  problem (1) 

that  in this case even for x as close to zero as desired ( that  is, as d o s e  
to the end of the  pipe as desired) the t empera ture  increases grea t iy  

with increase  of  t. This means that  for u 0 satisfying (11) combust ion 
wi l l  occur  in the  t he rma l  conduct ion reg ime .  

We introduce the dimensiordess parameter  

4a 2 (~ - -  ~I~a~) 
- .  (12) 

= uo ~ 

I f /J  ~ O, the process is damped.  If 0 < /z ~ 1, combust ion pro- 

ceeds in  the au to ign i t ion  reg ime .  If/1 > 1, combust ion proceeds in the 
the rma l  conduct ion reg ime .  

The author expresses his apprec ia t ion  re S. V. Fa l ' kov ich  for 

discussing his work. 
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