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It i s  sho~xqa that ,  based  on so lu t i ons  for a type of t e m p e r a t u r e  waves ,  so lu t ions  can be c ons t r uc t ed  
which d e s c r i b e  spa t i a l ly  loca l ized  t r a n s i t i o n a l  t e m p e r a t u r e  l a y e r s .  

H e a t - t r a n s f e r  p r o c e s s e s  in m e d i a  with a cons t an t  t h e r m a l  conduct iv i ty  and with the v o l u m e t r i c  evo lu-  
t ion or  abso rp t i on  of heat  can be d e s c r i b e d  by so lu t i ons  for  a type of t h e r m a l  waves ,  a c h a r a c t e r i s t i c  fea-  
t u r e  of which is  the p r e s e n c e  of a su r f ace  of weak d i s c o n t i n u i t y ,  s e p a r a t i n g  r e g i o n s  with a p r e s s u r e  g r a d i -  
ent  equal  to ze ro  and d i f f e r ing  from zero .  In the p a r t i c u l a r  case  of a b s o r b i n g  m e d i a ,  th i s  was pointed out 
~n [1, 2 } .  

In the p r e s e n t  work a study has  been  m a d e  of the p o s s i b i l i t y ,  in p r i n c i p l e ,  of the e x i s t e n c e  of spa t i a l ly  
loca l i zed  t r a n s i t i o n a l  t e m p e r a t u r e  l a y e r s  ~dth g rad  T ~" 0, bounded by two s u r f a c e s  of a weak d i s con t inu i t y ,  
ou t s ide  of which T--- const .  The d i s c u s s i o n  invo lves  so lu t ions  for  a type of t h e r m a l  w a ve s  in a m e d i u m ,  in 
which heat  s o u r c e s  or  s inks  m a y  act.  

Let us  d e t e r m i n e  the s t e a d y - s t a t e  d i s t r i b u t i o n  of the t e m p e r a t u r e  T(z) in the h a l f - s p a c e  z > 0, f i l led 
with the a b o v e - m e n t i o n e d  m e d i u m .  If, at the p lane  z = 0, the va lue  of the t e m p e r a t u r e  is  m a i n t a i n e d  constant ,  
Tt0) = T w =  cons t ,  and T(or = T o = cons t ,  the func t ions  

1" (z) = ] 
1'o 

2a % 

a re  the so lu t ion  of the p rob l em 

d~-i , 
a ~ + ~ O ( I  T - -  r o l ) = 0 ,  

T 10) = Tw,  T (.':,o) ,: To, 

T (~o - -  O) - -  1' (~ .  -!- 0), 

~o)" with 0 ~ z ~< ~,, 

with ~u < z < ~o ( I )  

0 ( ~ = 0 ) = 0 ,  0(a:>0)= t 

dl" 
(~} = 0 

dT dT 
--d~ (~' ~' - -  o)  = ~ C~,, - -  o)  

and d e s c r i b e  the sought t e m p e r a t u r e  d i s t r i b u t i o n .  I t e re  C 0 is  the pos i t ion  of the fixed f ron t  of the t h e r m a l  
wave,  T(~ 0) = T 0. dT/dz(~ 0)--0: a is  the coef f ic ien t  o f t h e r m a l d i f f u s i v i t y ;  the cons t an t  coef f ic ien t  7 is  pos i t ive  
in the case  of heat  s o u r c e s  and nega t ive  in  the case  of heat  s inks ,  whose power  is  d e t e r m i n e d  by the va lue  

of Jyl. With y > 0 ,  T w - < T ( z ) ~ T 0 ; w i t h  y <  0, T 0 : ~ T ( z ) ~ T  w. 

If the t e m p e r a t u r e  of the su r f ace  z = 0 does  not r e m a i n  cons tan t ,  the t e m p e r a t u r e  d i s t r i b u t i o n  m u s t  
be d e t e r m i n e d  by the so lu t ion  of the fo l lowing u n s t e a d y - s t a t e  p r o b l e m :  

OT O~'T 
at - a-"O~-z: - "rOd 1'-- 1'ol) 

o1" 
1' (z, 0) --- T. ,  T (0,  t) := T,~ (t), r (.~., t) = 1'o, T (oo, t) - 0 

Of" aT 
T[: ( t ) - -O ,  t l= l ' (~ ( t ) - ! -O ,  tl, ~z [~(t)--O. t l=--~z [~(t) ~-0, tl 
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w h e r e  z = ~ (t) i s  the pos i t i on  of the m o v i n g  f ron t  of the t h e r m a l  wave .  

Spec i f i ca l ly ,  if  

T w ( t ) = T o @  v--~ l - ~ - ~ - - t - - e x p - - ~ - t ) ,  v = c o n s t > 0  

the t e m p e r a t u r e  d i s t r i b u t i o n  in a m e d i u m  with z >- 0 has  the  fo rm 

(2) 

T ( z , t ) =  7"o~ t - - e x p - - - ~ ( z - - v t )  - - - ~ - ( z - - v t )  w i t h O ~ z ~ ( t )  

To with ~ (t) g z < co 
(3) 

In th i s .  the f ront  of  the t h e r m a l  wave z = ~(t) i s  m o v i n g  in the m e d i u m  at the v e l o c i t y  v, whi le ,  behind 

the f ron t ,  with ~r(t) <- z <o~ t h e r e  i s  an u n p e r t u r b e d  m e d i u m  with a t e m p e r a t u r e  T(z) = T 0. We note that ,  with 

. / > 0 ,  at the m o m e n t  of t i m e  t= t* ,  tw(t ,) = 0, then, with 7 > 0 ,  e x p r e s s i o n s  (2) and (3) a r e  mean ing fu l  only with 

0 < _ t _ < t . .  

An a n a l y s i s  of so lu t ions  fo r  a type of  t h e r m a l  w a v e s ,  (1) o r  (3), p e r m i t s  the conc lus ion  that ,  when 

zones  with hea t  s inks  and s o u r c e s  ex i s t  s i m u l t a n e o u s l y  in the m e d i u m ,  the change in the t e m p e r a t u r e  can 

be c o m p l e t e l y  l o c a l i z e d  in a t r a n s i t i o n a l  l a y e r  of f in i te  t h i c k n e s s ,  ou t s ide  of which the t e m p e r a t u r e  i s  con-  

s tant .  

F o r  e x a m p l e ,  in a m e d i u m  f i l l ing  the  in f in i te  space  -r162 < z < r162 with the l im i t i ng  condi t ions  T ( - ~ )  = 

= T O ~= const ,  T(+ oc) = T02 = cons t ,  when T02 > T o 1, the fo l lowing s t e ady -  s ta te  t e m p e r a t u r e  d i s t r i b u t i o n  is  i n d i c a -  
ted: 

T,n with 
�9 Ti 

7 ~n - -  ~ u  (z - -  ~1)" wi th  
T (z) = 

/ T02 - -  -~ -  (z - -  ~2) ~" wi th  

( 1',~ with 

1 /  2"~2a ~',..2 - -  'l'ox 
[ 

1 /  2T~a T~z - -  Tt,1 
V/  72 "fz-- Tt 

(4) 

E x p r e s s i o n s  (4) w e r e  ob ta ined  unde r  the a s s u m p t i o n  that ,  in the s e g m e n t  (~1, 0), t h e r e  act  the hea t  

s inks  3q = cons t  < 0, and, in the s e g m e n t  (0, ~2), the hea t  s o u r c e s  ~2 = const  > 0; at  the s t r a i g h t  l ine  - ~  < z < :r 
the funct ion T(z) i s  e v e r y w h e r e  cont inuous ,  t oge the r  with i t s  f i r s t  d e r i v a t i v e  dT/dz,  be ing  a l i m i t i n g  so lu -  

t ion of the p r o b l e m  

d~T 
a -~z~ -!-F(z, T)  = 0 

d T  
T (-- ~r := 1"01, T (+ r162 = 7'o-., ~ (+ ~) = 0 

d T  d T  
T ( - - 0 ) = T ( + 0 ) ,  - ~ z  ( - - 0 ) = - - ~ - - z  ( + 0 )  (5)  

d T  d r  
T (~,1, ",- - -  O) = 7" (~,, ~ ~- 0), ~ (~ ,  2 - -  O) = - - ~ ' -  (~l, ',- ~- O) 

F ( z ,  I:) ::: ~ T19 ( T - -  T,,I) wi th  z < 0  
( 3"~0 (T~2 -- T) with z > 0 

whi le ,  at the s u r f a c e s  z = 0 and z= ~I, ~2, the d e r i v a t i v e s  dmT/dz m ,  m >- 2 m a y  undergo  a d i scon t inu i ty .  

If, in addi t ion,  i t  i s  a s s u m e d  that  the  m e d i u m  is m o v i n g  with a cons tan t  ve loc i t y  w = cons t  in a d i r e c -  

t ion  p e r p e n d i c u l a r  to the p lane  z = 0, then,  in t h i s  ca se  the s t e a d y - s t a t e  t e m p e r a t u r e  d i s t r i b u t i o n  m u s t  be 

found by solut ion of the p r o b l e m  

~ 7 '  d T  
a " ~ ' - y - -  w ---~-~z --~ F (z, T) = O 

d T  
T ( - - o o ) =  Toi, T ( - ~  oo) = Te~, ~ ( - q - c r  (6) 

dT  dT 
:r (-- 0) = 7 (+ 0), -~-z (-- o) = ~ (+ 0) 
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dT dI' 
T ( ~ ,  .,. - -  O) = I '  ( ~ ,  ,,. -,- 0) ,  --dT" ( ~ ,  ~ - -  O) --- T (~'' ~ + O) 

where  F(z ,  T) is  d e t e r m i n e d  in a c c o r d a n c e  with e x p r e s s i o n s  [5). The so lu t ion  of the p r o b l e m  (5), (6) is  
wr i t t en  in the form 

T[~) = 

T01 with .--oo<z ~ 1  

~;,a[ '~ ] q"(z--.~t) with ~ l ~ z ~ 0  T0~ --: ~ t -- oxp - 7  (z -- ~) -!- r 

Tn~. -!- ~ I -- exp ~ (= -- ~_~) + ~- (z -- ~..,) with 0 % z % ~.., 

To= with ~z~ ~ z < c o  

(7) 

he re  the va lues  of ~ and ~. m u s t  be found from the a l g e b r a i c  sy s t em 

[ u, 7 T~ T2a [ / w ~ '.(~ T'- 
�9 "y]a 1 - - ~ . 1 - :  

[ ( [ ( ( )] - -  l b '  Tl l - -exp - ~_v ~'~ =--'f" t - -  exp - - - ~ 2  
w ~ w G 

which, ~ t h  a r b i t r a r y  va lues  of w, Yl. and ~/~. m u s t  be solved n u m e r i c a l l y .  In ana ly t i ca l  form so lu t ions  of 
sys tem (8) can be ob ta ined  with w= 0; in this  case  e x p r e s s i o n s  ~7) a re  acco rd ing ly  vrr i t ten  in the form of 
e x p r e s s i o n s  (4). In addi t ion ,  sys t em (8) has  an a n a l y t i c a l  e x p r e s s i o n  for the so lu t ions  with - y l =  Y2 - Y 

~ - - -~  -- w? -~ (To2 .... To~) 

~1 . . . . .  + I n  I :- I --exp -----~(T~--T01) with w > 0  

-= - -  ~(To~-- Tel) with w< 0 

Thus ,  the p r e s e n c e  of heat  s o u r c e s  and s inks  in the m e d i u m ,  depending  n o n l i n e a r l y  on the t e m p e r a -  
t u re ,  can e n s u r e  the e x i s t e n c e  of spa t i a l l y  loca l ized  t r a n s i t i o n a l  t h e r m a l  l a y e r s .  In the c a se s  unde r  con-  

s i d e r a t i o n ,  the i r  t h i c k n e s s  t ends  to ze ro  if T02 - T01~0 o r  if -71. Y2 ~ .  If the d i f f e r ence  T02- T01 r e m a i n s  
a f in i te  quant i ty ,  and -Y1, Y2 ~r162 then,  on the curve  of the t e m p e r a t u r e  d i s t r i b u t i o n  the re  is  a d i s c o n t i n u i t y ,  
i .e . .  a t e m p e r a t u r e  "offset ."  

We note that  t r a n s i t i o n a l  t e m p e r a t u r e  l a y e r s  ma y  also be o b s e r v e d  in a c o n s i d e r a t i o n  of m e d i a  with 
heat  ~ u r c e s  ~nd s inks  of a m o r e  g e n e r a l  form than a re  d i s c u s s e d  in the p r e s e n t  pape r ,  and with another  
a r r a n g e m e n t o f  the s o u r c e s  and s inks ,  for e x a m p l e ,  if they a re  far  apar t .  The  i n v e s t i g a t i o n  of the s t r u c -  
ttwe of t r a n s i t i o n a l  t e m p e r a t u r e  waves  and t he i r  d i s p l a c e m e n t s  in space  is  of i n t e r e s t  in the study of high-  
t e m p e r a t u r e  h y d r o d y n a m i c  p h e n o m e n a ,  accompan ied  by r a d i a t i on  and the abso rp t i on  of l ight  quanta  I3]. 
However ,  in th is  case  the correo-'ponding ana ly t i ca l  i n v e s t i g a t i o n s  a re  m a d e  cons ide rab ly  m o r e  diff icul t  by 
the complex c h a r a c t e r  of the ac t ion  of the heat  s o u r c e s  and s inks ,  as well  as  by the i r  complex  i n t e r c o n n e c -  
t ion.  
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