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D E T E R M I N A T I O N  O F  T H E  C H A R A C T E R I S T I C S  O F  

N O N S T E A D Y  H E A T  E X C H A N G E  IN O N E  D I S P E R S E  

R E A C T I V E  S Y S T E M  

A .  M.  G r i s h i n ,  G .  S .  L o s k u t o v ,  
a n d  T .  S .  S a n d r y k i n a  

UDC 536.242 

The laws of nonsteady heat exchange in a d i s p e r s e  r eac t i ve  s y s t e m  a r e  invest igated 
within the  f r a m e w o r k  of a new model  of heat exchange in a d i s p e r s e  medium not using 
the concept  of a coefficient  of heat exchange.  

The p rob l em of energy  t r a n s f e r  in s t a t iona ry ,  d i s p e r s e ,  nonreact ing and reac t ing  media  has been in-  
ves t iga ted  in [1-7]. An analys is  of the h e a t - t r a n s f e r  mechan i sm is g iven in these  r epo r t s  and the basic  equa-  
t ions a r e  obtained.  In [2], in p a r t i c u l a r ,  a r ev iew is made of the methods for  ma themat i ca l  modeling of the 
heat exchange in d i s p e r s e  media  and it is pointed out that the s imp le s t  means  of ma thema t i ca l  modeling is the 
use  of the o rd inary  heat-conduct ion equations and the volume h e a t - t r a n s f e r  coeff ic ients .  A sufficiently s imple  
t w o - t e m p e r a t u r e  model  for  the heat exchange in d i s p e r s e  media  is  obtained as a r e su l t .  A m o r e  complicated 
ma thema t i ca l  model  of the t r a n s f e r  p r o c e s s e s  in a reac t ing  medium,  allowing for  the mul t iphase  and mul t i -  
t e m p e r a t u r e  na ture  of the med ium,  is suggested in [4]. In this model ,  however ,  they use  the concept  of the 
h e a t - t r a n s f e r  coeff ic ient ,  which is a function of t i m e  not known in advance ,  and additional assumpt ions  a r e  in-  
t roduced in connection with the use  of so -ca l l ed  accomodat ion  equations.  

The p r o b l e m  of the nonsteady heat  exchange in a d i s p e r s e  s y s t e m  is analyzed below within the f r a m e w o r k  
of the ma thema t i ca l  model  given in [8]. 

Suppose t h e r e  is a ve s s e l  fi l led with a liquid or  gaseous  subs tance  whose t e m p e r a t u r e  is known and equal 
to T n. A constant  t e m p e r a t u r e  T n is maintained at the ve s se l  walls during the ent i re  p r o c e s s .  React ive  sp h e r -  
ical  p a r t i c l e s  of a solid subs tance ,  equal in m a s s  and having the s a m e  init ial  t e m p e r a t u r e  Tin , en te r  the v e s -  
se l  at  s o m e  moment .  We a s s u m e  that  the pa r t i c l e s  will be in a suspended s ta te  at equal d is tances  f r o m  each 
other  and that  chemica l  reac t ions  whose r a t e s  a r e  de te rmined  by the Arrhenius  law [9] can be observed  at the 
pa r t i c l e - -ga s  (liquid) in te r face .  We p r e s u m e  that  the depletion of the ma t e r i a l  of the par t ic les  during the i r  
ignition is s m a l l ,  so  that  the i r  deplet ion and the depletion of the gas  is ignored. Moreover ,  we a s s u m e  that 
the following assumpt ions  a r e  valid: 

1) the number  concentra t ion of pa r t i c les  per  unit volume of d i s p e r s e  medium is known and equal to n; 

2) the p roce s s  of heat t r a n s f e r  as a resu l t  of molecu la r  heat conduction is one-dimensional ;  

3) the t he rmophys i ca l  coefficients  of the par t i c les  and gas  a r e  constant;  

4) the t e m p e r a t u r e  inside any pa r t i c l e  does not vary  f r o m  point to point,  s ince  the radius of a pa r t i c l e  
is sma l l .  
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From symmetry considerations it follows that an equal volume of the ca r r i e r  medium, having the shape 
of a cube, surrounds each particle.  The size b of a cube edge can be determined from the equation 

b = (n) -~/3. 

Because of symmetry the derivative of the temperature  along a normal at its faces is equal to zero. 

Thus, the problem of the "internal" heat exchange in the given disperse system comes down to the prob- 
lem of the heat exchange between a particle and the ca r r i e r  medium within the indicated cube. Owing to the 
nonlinearity of the equations entering into it and the three-dimensionality of the region of its determination, 
however, its solution is connected with great  computational difficulties. 

The solution of this problem can be simplified considerably if one employs the so-called principle of 
heat-flux stability [10], analogous to the St. Venant principle which is well known in the theory of elasticity. 
The principle of heat-flux stability specifies that any local disturbance of the temperature field is localized 
and does not extend to remote parts of the field if the heat flux through the surface of the body remains con- 
stant. An estimate of the e r r o r  of the principle of heat-flux stability is given for some heat-conduction prob- 
lems in [10], where the cooling curves for a cube and an equivalent sphere were compared, in particular.  A 
sphere is called equivalent which is composed of the same material  as the cube with the volume of the sphere 
being equal to the volume of the cube and the same boundary conditions being satisfied at the surface of the 
sphere as at the faces of the cube. It is asser ted [10] that the e r ro r  of the stabtl i typrtnctpleis  small and tn the 
central part of a cube the isotherms have an almost spherical shape. 

When the cube is replaced by an equivalent sphere the solution of the problem of the heat exchange be- 
tween the particle and the ca r r i e r  medium is simplified considerably, since in this case the heat-conduction 
equation becomes one-dimensional. To formulate the boundary conditions one introduces the concept of the 
radius re  of the cube, by which one understands the radtns of the sphere equivalent to the cube. 

For a cube inside which a typical part icle is located the equivalent radius is 

re = [~--n/ --'- ~ 4nn ] " 

By virtue of the assumptions made, the solution of the problem of self-ignition of the disperse system 
under consideration comes down to the solution of the equation of heat conduction in a disperse medium and 
the equations of heat conduction within the equivalent spheres: 

{ [ (re)-a} OT 1 0 [ OT]_4~r~,n OT, r.=r. czP~ l - - (  re~-a] +czP, = O < y < l ,  (1) 
\ r2 / J ~ - ~  yk Oy yk~,.~_y -~r ' 

OTl ~,t 0 (rz OTl~=O, r2<r<rr (2) 
c~p~ Or r] Or Or ! 

Equation (2) is the heat-conduction equation for a typical equivalent sphere.  

The boundary conditions and initial conditions for (1), (2) have the form 

O--T--T I = 0, Tlu_: = rn, r,[:~" e = T (y, t), T,Ir~., = To, 
Oy .y~-o 

1 dTo dTt ( E  1 
-3 = . . . .  + q r o e x p  . 

t = 0 ,  T=T~=To=T n 

(3) 

(4) 

(5) 

Equation (4) represents  the equation of thermal  energy balance in a typical part icle,  while the y coordi- 
nate in the third condition of (3) plays the role of a parameter .  

According to [8], to satisfy the third of the conditions (3) it is enough that one of the following inequalities 
be satisfied: 

: 1 •  (<, 12/• • = ~./p%, (6) 
r 
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re2..'y. >> I2/x s. (7) " 

When (6) is sa t i s f i ed  the  " in te rna l "  heat  exchange  is a l m o s t  c o m p l e t e ,  as  a r e s u l t  of which the t e m p e r a t u r e s  
of the  gas  within the  equivalent  s p h e r e  and of the  p a r t i c l e  d i f fe r  l i t t le  f r o m  each  o the r .  C o n v e r s e l y ,  when 
the  inequal i ty  (7) is s a t i s f i ed  the  t h e r m a l  wave is not able  to  r e a c h  the boundary  of the  equivalent  s p h e r e  and 
the ini t ia l  t e m p e r a t u r e  at  i ts boundary  r e m a i n s .  I n t e r m e d i a t e  r eg ions  of va r i a t ion  of the  c h a r a c t e r i s t i c  t imes  
of  t h e r m a l  r e l axa t ion  a r e  r e a l i z e d  m o s t  often in p r a c t i c e ,  so  tha t  a f inal  judgement  about  the  adequacy  of the  
mode l  and i ts  na tu re  can be m a d e  in each  c o n c r e t e  c a s e  on the  bas i s  of a c o m p a r i s o n  of t h e o r e t i c a l  and ex-  
p e r i m e n t a l  da ta .  

Equat ions  (1), (2), and (4) w e r e  obtained o n t h e  bas i s  of equat ions sugges t ed  in [8]. The  quanti ty h was 
ca l cu la t ed  f r o m  the  equat ions  of [11]. 

F o r  g e n e r a l i t y  of the  so lu t ion  we r e w r i t e  the  boundary  p r o b l e m  (1)-(5) in d i m e n s i o n l e s s  v a r i a b l e s :  

-d-q I1~ = ~lk A --~- § B -~x ' O < r l < ~ : '  

- -  - -  x z l < x < x  e. (9) 
& ~x~ ax -~--x ' 

The in i t ia l  and boundary  condi t ions  fo r  the  s y s t e m  of equat ions (8), (9) a r e  wr i t t en  in the  fol lowing f o r m :  

at T = 0 :  0 = 0 n = 0 1 = ~ = 0 ,  

O0 n=o = 0, 0ln=,~z = 0n, 0tl~=,e = 0 (rl, *), 

d~ ~ _ 3r o~___L [ -+- 3exp 0o 
d~ - ~ ax 1 ~ = ~  l + - - - ~ '  

( i0)  

o,I~=~ = Oo, fli) 

0-2) 

where 

0,---- (T , - -  T,) E ( T - -  T,) E (T , - -  T,) E . 
RT~ ; O =  RT2. ; "0o-- RT~, , 

0 w _  (T~- -T , )E  k = 0 ,  1, 2; 
RT2, ' 

y t crPz E 
r l =  ; x = - - ;  t, . . . .  e x p - - ;  

r z t ,  qkoPl R T ,  

A = 6t [l--(xeV3 + ct-t (xr -31 �9 

B = 351 (xr -a re clPi l0 r~ ctpl ; x e -  ; cz= ; rt~= - - ,  ~ =  
~hL rz czPz r2 kit, 

-)~__ n x - ( n ~ - -  I) 11 --(x~)-2/a I (xr - l / a  ; ~tx = L z lZctpt 
~ - ( x )  '/~(.~ l) ~ '  ~ ' -  - - -  ~ ' d ,  

I ~ -  RT,  
E 

The  p r o b l e m  is solved using the  i t e r a t i on - - In t e rpo l a t i on  method [12]. Since the  condit ions fo r  igni t ion 
a r e  the  m o s t  f avo rab le  at  the  cen t e r  of the v e s s e l ,  we hencefo r th  c o n s i d e r  the  heat  exchange  between any p a r -  
t i c l e  at  the  c e n t e r  of the  v e s s e l  and the su r round ing  m e d i u m .  

In a c c o r d a n c e  with [12], we a s s ign  the  funct ion 0 in the  f o r m  

0 = aq 2 + b. 
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The quantities a and b a re  determined f rom the conditions (11): b = 0 w and a = O n --0 w, where 0 w is the tem-  
pera ture  of the d i sperse  medium at 77 = 0. Then 

0 = onn ~ + O~ (l - -  ~2). (13) 

The tempera ture  0 1 of the ca r r i e r  medium depends on the coordinate ~/as on a pa ramete r .  We assign this 
dependence in the form 

01 = On~" + Oo (1-- TI2), (14) 

where 0 o is the dimensionless  tempera ture  of the c a r r i e r  medium at the center  of the vessel .  
(13) and (14) into (8) and integrating once, we obtain 

Substituting 

00 _ A 0 w (  ~ n 3 ) o-JO, I ( n TI~3 ) c, (15) 
k + l  k -3 k + l  k ,? 

From the f i rs t  condition of (11) it follows that  c 1 = O. Integrating (15), we obtain 

0=A0w 2(k+l )  4(k+3) + B  ~ x _ ,  2 (k+l )  4(k+3) +c2. (16) 

F r o m  the requirement  that expression (16) for  0 sat isfy  the boundary conditions (11) and (12) we obtain, af ter  
obvious t ransformat ions ,  the ordinary differential  equation 

[A0w + B ( 0o-- 3exp 
I 

We apply the method of [12] to Eq. (9). 

0 o ) _ ~  ] k + 5  =On__Or" (17) 
1 ~- "~Oo 4(k+ l) (k +3) " 

We assign the dimensionless tempera ture  O t in the form 

Ot = Atx + B,. (18) 

From the fact that (18) sat isf ies  the boundary conditions (11), we find 

Al= O~ Bi= Ow--xr176 
1--xe l - - x e  

(19) 

Substihlting (18) into (9), we o~a ln  

OX -~X ~ l__xe X-~- l__Xe �9 
(20) 

Integrating (20) with respect  to x, we obtain 

OX L l--Xe - ~ - +  l - -Xe 

Using the condition (10), we find 

x 1 + d, �9 (21) 
3 J x z 

Oo 0.--0o 0o--0 o 1 
40~--~)  + 3(l__xe) 

Integrating (21) again, we obtain 

[ 00--  O~ x 3 
el 8z 

L 1 - - x  e 12 

where 

1 --  xr 
xZ I di 6 - - - 7 -  -Fds, 

(22) 

�9 �9 ( o ~ -  6~)  ] .  

1432 



S ~,5 
;---- i 

Oo,~w 

:i 

J 

2- 

! 

- t -  ' ] . . . . . . .  - : -  - ao~w 
I 2 ' ~ : , 

' .......... q -  . . . . . .  ' / I  - . - 7 0 :  

�9 1 ~ " ~  ~ ! 1 

c,z o,q 05 o~ 1,o ~,z 7 

0 '>_' ............ / 
. . . . .  -_- - - -2  

7~ 

~e 

~,~ 

g2 O, q O,g 2,8 ~5 

0,5 ~,9 ~ &o 2.5 J,o 7 
lq. 

. . . .  tO,5 
I 
! 

:0,5 
[ 

. . _ ~  ~qu 

*gJ 
I 
i 
~ o,2 

Io 
1,2 7 

Fig. 1 Fig. 2 
Fig. 1. Time dependences of dimensionless particle temperature 00 (solid 
c u r v e s  1 and 2) and  t e m p e r a t u r e  0 w of d i s p e r s e  m e d i u m  {dashed c u r v e s  1 and 2) 
on t i m e  a t  s e l f - i g n i t i o n  ( cu rves  1; D = 1.7; 61 = 0.062; 52 = 0 .62-10-5;  k = 2; a = 
0.67- 10-3; x e = 3; uX = 3472) and a t  e m e r g e n c e  in to  s t e a d y - s t a t e  m o d e  (cu rves  2; 
D = 3.2; 51 = 0.062; 52 = 0 .62 .10-5 ;  k = 2; a = 0 .67 .10-3 ;  x e = 4 ;  uk = 3742). 

F i g .  2. T i m e  d e p e n d e n c e s  of d i m e n s i o n l e s s  hea t  f lux  qw d u r i n g  s e l f - i g n i t i o n  (1) 
and e m e r g e n c e  in to  s t e a d y - s t a t e  m o d e  (2). V a l u e s  of d i m e n s i o n l e s s  p a r a m e t e r s  
s a m e  as  fo r  F i g .  1. 

F r o m  the  f ac t  t ha t  Eq.  
t i a l  equa t ion :  

(22) s a t i s f i e s  t he  b o u n d a r y  cond i t i on  01[x__xe = 0 w we f ind the  s e c o n d  o r d i n a r y  d f f f e r e n -  

Oo[ 5 l ( 
12 3a { - - -  ' a ~- x e 4 3 12 

+ 0  w [ l 1 X e ' X 2 e ]  0 t o - - 0 ~  exp 
12x e 12 1 2 - -  12 J 6.z a x  e L 

0o 

I + 80o 

(23) 

As a r e s u l t ,  we ob ta in  two  o r d i n a r y  d i f f e r e n t i a l  e q u a t i o n s ,  (17) and (23), f o r  the  d e t e r m i n a t i o n  of the  
func t ions  00 and 0 w. T h e  i n i t i a l  cond i t i ons  fo r  (17) and (23) have  the  f o r m  

Ou,(O) --0, 0 o (0) = O. (24) 

F r o m  t h e  p h y s i c a l  s t a t e m e n t  of  t h e  p r o b l e m ,  i t  fo l lows  tha t  the  s y s t e m  u n d e r  c o n s i d e r a t i o n  can  s e l f -  
i gn i t e  a t  c e r t a i n  v a l u e s  of t h e  t h e r m o k i n e t i c  p a r a m e t e r s  and c e r t a i n  h e a t - e x c h a n g e  c o n d i t i o n s .  It is  t h e r e -  
f o r e  i n t e r e s t i n g  to  d e t e r m i n e  the  c r i t i c a l  cond i t ions  f o r  s e l f - i g n i t i o n .  

The  c r i t i c a l  cond i t i ons  f o r  i gn i t i on  a r e  d e t e r m i n e d  by the  l i m i t i n g  va lue s  of t h e  s y s t e m  p a r a m e t e r s  a t  
which  a s t e a d y - s t a t e  s o l u t i o n  of E q s .  (17) and (23) i s  a b s e n t .  Tak ing  d 0 w / d v  = 0 and d00 /d r  -- 0 in (17) and 
(23), we ob ta in  t he  s t e a d y - s t a t e  equa t i ons :  

_ B6__Cz exp 0 - - ~  --  ( 0 n -  0w) 4 (k % l) (k + 3) , (25) 
a 1 + 800 k + 5  

(x e - -  1) 0 o _ 0 w - - 0  o exp (26) 
ax e 1% [30 o 62 

00: 
From (25) and (26) we find one equation for the determination of the dimensionless particle temperature 

1 [ m0a(xe , - - l )  0 o ( x c - - 1 ) m  ] ( x e - - l )  exp Oo 
62 B x  e + m ( x  e - l )  - -  Bx e + m ( x  e - l )  ax e 1-~[~0 o ' (27) 

w h e r e  m = 4 ( k  + 1 ) (k  + 3 ) / ( k  + 5) .  

1 4 3 3  



Since the t e m p e r a t u r e  maintained at the ve s se l  su r face  is adopted as the t e m p e r a t u r e  sca le  T , ,  we have 
O n =0 .  Then f r o m  (27) a t f l  =0 ,  

rnczx~ _ exp 00 D. (28) 
62 [Bxe + m (x e -  l)] 0 o 

The quantity D has a min imum with r e s pec t  to  00 at  the point 00 = 1. Values of D > e co r respond  to  r ea l  values  
of the s teady t e m p e r a t u r e  00 of a typica l  pa r t i c l e ,  while at D < e Eq. (27) has no rea l  solution. Consequently,  
the p a r a m e t e r  D can be taken  as the value de te rmin ing  the l imit ing values of the s y s t e m  p a r a m e t e r s  at which 
se l f - igni t ion is absent .  At D < e the s y s t e m  ignites while at D >_ e it  does not ignite.  

The re su l t  is conf i rmed by numer i ca l  in tegra t ion of (17) and (23). 

In Fig.  1 we p re sen t  values of the par t i c le  t e m p e r a t u r e  00 (solid curves  1 and 2) and the t e m p e r a t u r e  0 w 
of the d i s p e r s e  medium (dashed curves  1 and 2) for  values of the p a r a m e t e r  D < e and D > e. As follows f rom 
the f igure ,  the t e m p e r a t u r e  of a typica l  pa r t i c le  which is at the cen te r  of the ve s se l  grow s smoothly  f r o m  the 
t ime  r = 0 to r = 1 while curve  1 goes  upward s teeply  at T > 1. The t i m e  v = r .  at  which the t e m p e r a t u r e  00 
e m e r g e s  onto the ve r t i ca l  a sympto te  is taken as the se l f - igni t ion  t ime .  By the t ime  T = r .  the t e m p e r a t u r e  0 w 
of the d i s p e r s e  medium a l so  e m e r g e s  onto the ve r t i c a l  a sympto t e ,  but the values  of 0w a r e  l ess  than those  of 
00 as  this  happens.  

This  r e su l t  ag r ee s  in a qual i ta t ive r e s p e c t  with the data of [7]. 

Curves  2 in Fig.  1 a r e  typica l  g raphs  of the t e m p e r a t u r e s  00 and 0 w of the par t i c le  and the d i s p e r s e  
medium at  D > e. In the given case  t e m p e r a t u r e s  00 and 0 w which a r e  c lose  in value a r e  es tabl ished with 
t i m e ,  and they do not va ry  with t ime  and dif fer  l i t t le  f r o m  zero .  The t h e r m a l  energy  r e l ea sed  by the r e a c t -  
ing pa r t i c les  is r emoved  f r o m  the v e s s e l  by heat conduction. In this case  a s teady mode of occu r r ence  of the 
p r o c e s s  takes  p lace  and ignition does not happen. 

Curves  of the heat  flux qw to the v e s s e l  wall  for  nonsteady heat exchange and for  the case  of nonignition 
a r e  p resen ted  in Fig.  2. As is seen ,  by the moment  of ignition the heat  flux is growing sharp ly  and the curve  
qw = qw (r) approaches  the  ve r t i c a l  a sympto te .  In the case  of noniguition the heat flux d e c r e a s e s  and with t ime  
it en te rs  into a s t e a d y - s t a t e  mode.  

We note that  the values  of the se l f - igni t ion  t e m p e r a t u r e  calculated f r o m  Eqs .  (17) and (23) for  mag n e -  
s i um par t i c l e s  in oxygen ag ree  in o r d e r  of magnitude with the exper imenta l  data  of [13]. 

Thus ,  the ma thema t i ca l  model  laid at  the bas i s  of the invest igat ion allows one to  indicate the conditions 
under  which the s teady or  nonsteady modes of heat  exchange occur  in a v e s s e l  containing reac t ing  pa r t i c les  fo r  
plane,  cy l indr ica l ,  o r  spher i ca l  s y m m e t r y .  In con t ras t  to  [7], we do not use  the concept of the coefficient  of 
heat exchange,  which, according to [14], is a function of t i m e  which is not known in advance for  reac t ing  media .  

N O T A T I O N  

t ,  t ime ;  y ,  spa t ia l  coordinate ,  m e a s u r e d  f r o m  center  of ves se l ;  T ,  t e m p e r a t u r e  of d i s p e r s e  medium; Ti ,  
t e m p e r a t u r e  of c a r r i e r  medium; To, t e m p e r a t u r e  of a typica l  par t i c le ;  r ,  coordinate  in the equivalent sphe re ,  
measu red  f r o m  the pa r t i c l e  su r face ;  c ,  heat capaci ty;  p,  density;  Xi, coefficient  of t h e r m a l  conductivity (the 
index 1 r e f e r s  to the c a r r i e r  medium and 2 to the  pa r t i c l e  mate r ia l ) ;  l ,  half the cha rac t e r i s t i c  d imension of 
the vesse l ;  r 2, pa r t i c l e  radius;  E,  act ivat ion energy of heterogeneous  react ion;  K0, pre-exponent ;  q, the~'mal 
effect; k, index of ve s s e l  s y m m e t r y ;  ~,, coeff icient  of t h e r m a l  conductivity of d i s p e r s e  medium;  qw =_o_~[ , 
d imens ion less  heat flux. ~  = ~l 

1~ 

2. 

3. 
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R A D I A T I V E - - C O N D U C T I V E  H E A T  T R A N S F E R  

IN T E M P E R A T U R E - W A V E  C O N D I T I O N S  

S.  N .  K r a v c h u n  a n d  L .  P .  F t l l p p o v  UDC 536.37 

Relations descr ib ing  the rad ia t ive- -conduc t ive  heat t r a n s f e r  in plane t e m p e r a t u r e - w a v e  
conditions a r e  obtained. An analys is  is given of the effect of rad ia t ive  t r a n s f e r  on the 
m e a s u r e m e n t  of the t he rmophys i ca l  p rope r t i e s  of the m a t e r i a l  by the method of a r egu-  
l a r  t h e r m a l  mode of the th i rd  kind. 

In consider ing h e a t - t r a n s f e r  m e c h a n i s m s  in liquids and c o m p r e s s i b l e  g a s e s ,  the role  of the radia t ive  
t r a n s f e r  is an impor tan t  and l i t t le -s tudied  p rob lem.  It is known that  heat t r a n s f e r  by radiat ion may make a 
notable contribution to the heat conduction of a liquid even at room t e m p e r a t u r e ,  and its ro le  i n c r e a s e s  g r e a t -  
ly with I n c r e a s e  in t e m p e r a t u r e  [1]. To obtain informat ion on rad ia t ive  t r a n s f e r  f rom s t e a d y - s t a t e  expe r i -  
men t s ,  it is n e c e s s a r y  to make  m e a s u r e m e n t s  in cel ls  of different  s i ze ,  which is ve ry  t roub lesome .  The po-  
tent ia l  of nonsteady methods of invest igat ion is fundamental ly g r ea t e r � 9  In [2, 3], the ro le  of rad ia t ive  heat 
t r a n s f e r  in exper imen t s  on the probing of liquids by heat pulses  was invest igated;  it was showaa that in the 
ear ly  s tages  of this p roces s  radiant  energy t r a n s f e r  plays a sma l l  ro l e ,  and sueh exper iments  allow the pure  
heat conduction of liquids to be de te rmined .  In the presen t  work,  the question of rad ia t ive  heat t r a n s f e r  is 
invest igated in the context of liquid probing by plane t e m p e r a t u r e  waves ,  which is the main method of m e a -  
sur ing the t h e r m a l - a c t i v i t y  coefficient  [1]. 

A solution is obtained fo r  the p rob lem of the heat t r a n s f e r  in a per iodica l ly  heated plane l aye r  ( r ep r e -  
sented exper imenta l ly  as a meta l  foil) s i tuated in a s e m i t r a n s p a r e n t  medium.  The foil  const i tutes  an infinite 
plane yz ,  is s i tuated at the coordinate  origin ix = 0), and has a specu la r ly  ref lec t ing su r face .  The h e a t - t r a n s -  
f e r  equation of the foil in the medium,  taking radia t ion into account ,  is 

W _ cm OT~ 2~ OT (0) + 2q (0). (1) 
s s Ot Ox 

The radiant  energy  flux to an absorb ing ,  nonscat ter ing  medium whose optical  p rope r t i e s  a r e  independent of 
t e m p e r a t u r e  is given by the re la t ion  [4] 

q (x) = 2 (1 - -  R) an2T~ E 3 (czx) -f- 2RanZ~ ~ r 4 (~) E 2 (a (x + ~)) a~ 
0 

x 

0 x 

(2) 

where E3(~x ) and E2(o~x ) a r e  in tegroexponent ia l  functions [5]. 
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