
motion of the jet  head is independent of the behav ior  of the r e m a i n d e r  and, hence,  of the nature of the change 
in p r e s s u r e  in the fuel  s y s t em ,  except  for  the e a r l i e s t  s tage of the p roce s s .  

At higher  p r e s s u r e s  in the medium (7-10 a tm or  more)  the t r a n s m i s s i o n  of informat ion  along the jet  
b e c o m e s  re l i ab le  and the r e a r  par t s  of the jet  begin to affect  the advance of the head. In this sense  we use the 
t e r m  " p r o p e r t y  of longitudinal e las t ic i ty . "  It should also be noted that  at p r e s s u r e s  in the medium > 5-7 arm 
the development  of l a r g e - s c a l e  inhomogenei t ies  d~viding the jet into sect ions  is not observed .  
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L O C A L I Z E D  T H E R M A L  S T R U C T U R E  

W I T H  B U L K  H E A T  A B S O R P T I O N  

IN M E D I U M  

L .  K.  M a r t i n s o n  UDC 536.24 

Invest igat ions  of nonlinear  p r o c e s s e s  of the diffusion type [1-6] have revea led  s e v e r a l  quali tat ively new 
f ea tu re s  of the cour se  of such p r o c e s s e s  in c o m p a r i s o n  with l inear  p r o c e s s e s .  

In pa r t i cu la r ,  in hea t -conduct ion  p r o c e s s e s  nonlineari ty  can be respons ib le  for  such an unusual p roper ty  
as t h e r m a l  iner t ia .  In the wide sense  the p rope r ty  of t h e r m a l  iner t ia  means  a finite veloci ty  of propagat ion of 
t h e r m a l  per tu rba t ions ,  when the per tu rba t ions  propagate  in a nonlinear medium in the f o r m  of heat waves  with 
a finite veloci ty  of motion of the front .  

The p roper ty  of t h e r m a l  iner t ia  is manifes ted  in a qual i ta t ively new f o r m  when the t h e r m a l  per turba t ions  
a re  spat ia l ly  ~ocalized. In this case  the front  of the t h e r m a l  per turbat ion,  propagat ing f r o m  the source  with 
finite velocity,  pene t ra tes  only a finite depth into the medium even in an infinite period of t ime .  A s w a s  shown 
in [7-10] the nonlinear spa t ia l  local izat ion of t h e r m a l  per turba t ions  can be due to the effect  of bulk absorpt ion  of 
t h e r m a l  energy ,  the r a t e  of which depends on the t e m p e r a t u r e .  

One of the mos t  in te res t ing  r e g i m e s  of spa t ia l  local izat ion of t h e r m a l  per tu rba t ions  is the s table  local i -  
zat ion r e g i m e  [11]. The heat wave f ront  in this local izat ion r e g i m e  r e m a i n s  s ta t ionary ,  and the s ize of the pe r -  
tu rba t ion  reg ion  does  not va ry  with t ime .  In this  case  the local ized heat  pulse is se l f - insu la ted  f r o m  the s u r -  
rounding space  and evolves  into a space  reg ion  of constant s ize .  As an example  of rea l iza t ion  of this type of 
nonlinear heat  conduction r e g i m e  we cons ider  the evolution of a h e a t  pulse in a medium of constant  densi ty p, 
heat  capaci ty  c, and t h e r m a l  conductivity k in the p re sence  of bulk absorpt ion of t h e r m a l  energy  in it, the ra te  
of which is re la ted  to the t e m p e r a t u r e  by a power law and depends expl ici t ly  on the t ime  - it d e c r e a s e s  expo-  
nentially with t ime  with a c h a r a c t e r i s t i c  re laxa t ion  t ime  v. In the one-d imens iona l  case  this p roces s  is r e p r e -  
sented by the following parabol ic  quas i l inear  equation with a nonlinear lowest  term.- 

Moscow. Trans la t ed  f r o m  Zhurnal  l>rikladnoi Mekhaniki i Tekhnieheskoi  Fiz ik i ,  No. 2, pp. 70-73, ]~Iarch- 
Apri l ,  1981. Original  a r t ic le  submit ted March 5, 1980. 
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; ~)c & d O t  = k O~a/Ox 2 - -  qo u€ exp(--t/x). (1) 

Here  q0 = const  > 0, and 0 < v < 1. 

We will  a s sume  that the init ial  t e m p e r a t u r e  d is t r ibut ion cor responding  to the t h e r m a l  s t ruc tu re  of a so l i -  
t a r y  heat  pulse is r ep re sen t ed  by a nonnegative continuous function u0(x), which vanishes  outside the in te rva l  
( - / ,  +/), where  / < + ~ .  As the c h a r a c t e r i s t i c  t e m p e r a t u r e  U of the p rob lem we se lec t  the m a x i m u m  t e m p e r a t u r e  
of the t h e r m a l  s t ruc tu re  at the initial t ime .  

Introducing the d imens ion less  quanti t ies  

u '  = u / U ,  x" ---- x / l ,  t '  == a t / l  ~', (2) 

T = a~/l" ,  H = qo l2 /kU 1 -v  (a -= k/pc)  

and omit t ing the dashes  f r o m  the d imens ion less  quanti t ies ,  we r ewr i t e  Eq. (1) in the f o r m  

8u/Ot  = ~ u / O x  2 --Hu ~' e x p ( - - t / T ) ,  0 < v < I. (3) 

Let  the p a r a m e t e r s  of the heat  pulse at the initial  t ime  be such that  

T = and Y[ =: 2(t - v) ~" 

We will seek  the solution of Eq. (3) in this  case  as a solution with sepa rab le  va r i ab l e s  

u ( t ,  x) = tp(t)r (4) 

and se lec t  the re la t ion  ~p (t) in the f o r m  

r,,, (, +,,)-I~ C ~' '~ (5) ] exp (l--~v)'] '  

Then, subst i tut ing (4), taking (5) into account,  in Eq. (3) we obtain for  the coordinate  function ~(x) the nonlinear 
different  ial" equat ion 

d~q~ 'v rt 2 ~ (6) d_7_ r + ~  = 0  

Equat ion (6) can be integrated and its pa r t i cu la r  solution has the fo rm of a function per iodic  in x 
! 

[2 (t - -  ,,) ~ o~x 11 --'z 
~(x) = L ~ C O S - ~  j , 

which vanishes  at the points x =Xn=~:(2n +1), n=0 ,  1 . . . .  We note also that  at these  points ~ ' (x  n) =~"(x n) =0. 
Taking this into account,  and also the fact  that  Eq. (6) has  a t r iv i a l  z e ro  solution, we wri te  the genera l ized  
solut ion of Eq.  (6) ~p(x)~ C 2 ( R ' ) ,  joining at points x =~- i two of these  solutions: 

I~(x), ~ ( - 1 ,  +~) ,  

~(x) = / O, x ~  B ~ \ ( - t ,  + t). 

Returning  to d imens iona l  quanti t ies  and taking (2) into account we find finally that  if the init ial  t e m p e r a -  
tu re  d is t r ibut ion  in the medium has  the f o r m  

u. (x) l U [ c~176 ~x ]~_-~ (7) = ~ . 1  , x ~ ( - l ,  + l ) ,  
(0, x ~ R I \ (  - l, + 1), 

while the s ize  of this  t h e r m a l  s t ruc tu re  l (the halfwidth of the heat  pulse at the init ial  t ime)  and its ampli tude 
U a re  connected with the absorp t ion  p a r a m e t e r s  q0, T, and v by the re la t ions  

1 
�9 aT  f 2 q 0 ~  ( t  - -  v ) ~ ' 7 :  

z =  r~ l /  V~-~, u = [ .-7-5-4--~) j ' 

the solution of Eq. (1) with init ial  d is t r ibut ion  (7) has the f o r m  

J [ , ,), u ( t , x ) =  Uexp  - ( l _ ~ ) . ] C , , o  ~i-J , x e ( - - l , - k  

{0, x ~  R l \ ( - -  I, § 1). 

t ion.  
The solution (8) r e p r e s e n t s  the evolution of a local ized heat  pulse (7) in a medium with bulk heat  abso rp -  
The nature of the evolution of such a heat  pulse is unusual  in that  bulk heat  absorp t ion  s u p p r e s s e s  t hehea t  
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Fig.  1 

diffusion mechanism and the heat pulse evolves on a zero  unperturbed background without a l terat ion of the 
width of the per turbat ion  (region of space where u> 0). In other  words,  the c a r r i e r  of solution (8) does not 
vary  with t ime.  The qualitative nature of the evolution of such a heat pulse is i l lustrated in Fig.  1. 

We note that at the boundary points of the solution c a r r i e r  x =• l, i.e., at the s ta t ionary  f ronta l  points of 
the heat pulse the physical  conditions for  continuity of the heat pulse are fulfilled at any instant. In addition, the 
solution (8) has all the der iva t ives ,  p resc r ibed  by Eq. (1), continuous throughout, i . e . , i n  this sense it is a c lass i -  
cal solution of Eq.  (1). It is t rue  that at points x ==~ l the h ig h e r -o rd e r  der iva t ives  with r e spec t  to x may be 
discontinuous.  

Solution (8) with a s ta t ionary  heat f ront  does not contradict  the conclusion of c lass ica l  heat-conduct ion 
t h e o r y -  the veloci ty of propagation of t h e r m a l  per turbat ion is infinite. This conclusion applies only to pro-  
cesses  which are  r ep resen ted  by a l inear  heat-conduct ion equation. Equation (1), however,  is quasi l inear  and, 
as was shown in [12], can have solutions with a finite velocity of propagation of the t he rma l  per turbat ions  (in 
our ease  with ze ro  velocity).  

Thus,  the obtained exact  analytical  solution of the quasi l inear  heat-conduct ion equation shows that in a 
medium with ]bulk heat absorption,  whose specif ic  power is re la ted  to the t empera tu re  by a power law, there  
may be the rma l  se l f - insula t ion of the s t ruc ture ,  when the evolution of the t h e rm a l  s t ruc tu re ,  owing to internal  
heat conduction mechanisms ,  proceeds  without a l tera t ion of the spatial  dimensions of the per turbat ion region. 
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