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We have derived the equations for the change in temperatures in a 
nonmoving layer consisting of two materials with various thermo-  
physical properties and initial temperatures.  An approximate method 
is proposed for the solution of the problem, based on the util ization 
of the Schumann graph data. 

It is  s t a n d a r d  p r a c t i c e  in b l a s t - f u r n a c e  o p e r a t i o n s  
to c h a r g e  the fu rnace  with cold coke and hot a g g l o m -  
e r a t e .  The t e m p e r a t u r e  of the l a t t e r  o c c a s i o n a l l y  e x -  
ceeds  500 ~ C. The hea t  t r e a t m e n t  of the f i r s t  ba t ch  m a y  
be  r e g a r d e d  in the combined  cha rg ing  of the a g g l o m -  
e r a t e  and coke as  the gas  hea t ing  of a t w o - c o m p o n e n t  
l a y e r  wi th  v a r i o u s  i n i t i a l  t e m p e r a t u r e s .  The quan t i -  
t a t ive  r e l a t i o n s h i p s  of hea t  t r a n s f e r  fo r  th is  and s i m i l a r  
c a s e s  can be  found a f t e r  the so lu t ion  of the fo l lowing 
p r o b l e m .  

A f ixed  bed [ l a y e r ]  of height  H, c o n s i s t i n g  of two 
componen t s  wi th  non iden t i ca l  t h e r m o p h y s i c a l  p r o p -  
e r t i e s  which  r e m a i n  cons t an t  du r ing  the hea t ing  p r o -  
c e s s ,  is  f lushed  by  a gas  having a cons tan t  t e m p e r -  
a t u r e  at  the  i n l e t  to the l a y e r .  One of the  m a t e r i a l s  
p r i o r  to the f lush ing  exhib i t s  a t e m p e r a t u r e  d i f f e r en t  
f r o m  z e r o .  In view of this  c i r c u m s t a n c e ,  and a l so  b e -  
c a u s e  of the fac t  that  the r a t e  of hea t ing  fo r  each  of 
the  m a t e r i a l s  is  def ined  by  the magni tude  of the s u r -  
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F i g .  1. P lo t  fo r  d e t e r m i n i n g  t e m p e r a t u r e s  of gas  and 
c h a r g e  in f i xed  bed.  

f a ce  r e f e r r e d  to a unit of m a t e r i a l  hea t  c a p a c i t y  at  
cons t an t  vo lume ,  a mu tua l  exchange  of hea t  a r i s e s  
be tween  the two m a t e r i a l s ,  d e s c r i b e d  in the g e n e r a l  
c a s e  by  the laws  of r a d i a t i o n .  The  p r o b l e m  c o n s i d -  
e r e d  be low is l i n e a r i z e d  by  r e p l a c i n g  with  i t s  cons t an t  
va lue  the coe f f i c i en t  of mutua l  hea t  t r a n s f e r  which  
changes  d u r i n g  the hea t ing  p r o c e s s  [1]. 

With th is  l i n e a r i z a t i o n  of the bounda ry  condit ion in 
the f o r m u l a t e d  p r o b l e m ,  i t  is  n e c e s s a r y  to find the 
t i m e  v a r i a t i o n s  in the t e m p e r a t u r e s  of each  of the m a -  
t e r i a l s  and of the gas  at  any leve l  within the l a y e r .  
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Fig .  2. T e m p e r a t u r e  h i s t o r y  of 
a g g l o m e r a t e  (1), gas  (2), and 

coke (3). 

The  magn i tude  of the i n t e r n a l  t h e r m a l  r e s i s t a n c e  of 
the p a r t i c l e s  mak ing  up the l a y e r  can be ne g l ec t ed ,  
s ince  in the m a j o r i t y  of c a s e s  the va lue  of the Blot  
n u m b e r  for  t h e s e  p a r t i c l e s  does  not  exceed  0 .5 .  

E x a m i n i n g  an e l e m e n t a r y  l a y e r  of height  dR, we 
d e r i v e  the fo l lowing equat ions  d e s c r i b i n g  the t r a n s f e r  
of hea t  be tween  the gas  and the m a t e r i a l s  : 

f o r  the f i r s t  m a t e r i a l  

Otl - ~  = (tg-- tl) + A (t~ --  q), (1) 

fo r  the second  m a t e r i a l  

Or2 - - ,  (2) 
mnOZ = ( t g - - t ~ ) - - A ( t 2 - - t l )  l r/ 

fo r  the gas  flow 

Ot~ 
0Y = ( t g -  h)  + (#  - t~) n, (3) 

and the b o u n d a r y  condi t ions  of the  p r o b l e m  

Y = 0 ,  t g = T ,  (4) 

Z = 0 ,  t l = 0 ,  t~=t0.  (5) 

The o v e r - a l l  so lu t ion  f o r  the  p r o b l e m  wi l l  be  sought  
in the fo rm of s u m s  of so lu t ions ,  and n a m e l y :  

tl. .c,+t;, t;, tg = (6)  

t~ in t h e s e  s a t i s f i e s  the b o u n d a r y  condi t ions  

Y--O,  t~mT and Z = 0 ,  t i = t ~ = 0 ;  (7) 
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and t~ 

Y---0, t ~ = 0 a n d  Z----0, t 7 = 0 ,  t ;= t0 .  (8) 

It is na tu ra l  that  tJ and t ~ s a t i s f y  Eqs. (1)-(3).  
The  solution of the p r o b l e m  sa t i s fy ing  boundary  

condit ions (7) was  de r ived  !by us in [1]; it i s  the purpose  
of the p r e sen t  p a p e r  to seek  a solution which would 
sa t i s fy  condit ions (8). 
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Fig. 3. Temperature history ob- 
tained as a r e s u l t  of ca lcu la t ions  
accord ing  to the p roposed  methods  
(a) and the usual ly  applied methods  
(b): 1) cha rge  (average  weight); 2) 

gas .  

Applying the Lap lace  t r a n s f o r m  in Z to Eqs.  (1) and 
(2), with cons ide ra t ion  of (8), we obtain 

whence 

p?; = ) ~ - ) ;  + A (-t;-);) ,  (1') 

p-t ; - - t  0 = mn ( tg --- t;)--  Am( )"z - - i ) ,  (2') 

t~ and t2 is found as a function o f  ig: 

-?i' = !B(p + m n  + Amn + Am) + Ato 
( p + l +  A)(p-t-mn + Am) --A2m ' (9) 

~,~= tglmn(p+ l + A ) +  A m ] + ( p +  l + A)t  o 
(p + 1 + A) (p + m n  + Am) ~ A*rn (lO) 

The  r e p r e s e n t a t i o n  of the gas - f low equation a f t e r  
the t r a n s f o r m a t i o n s ,  with cons idera t ion  of e x p r e s s i o n s  
(9) and (10), a s s u m e s  the f o r m  

d-)g: ( a b ) 
- -  dY  = l + n  p ~ R ~  p - - R ~  t g - -  

_ A ( l + n ) + n ( i + p )  to , (11) 
(p - -  R~) (p - -  R~) 

w h e r e  

(k + R0(1 + n2m) (k + R~)(1 + n~m) 
a =  ; b = .  ; 

R1 -"  R~ R~ - -  R1 

k =  m n ( l + n ) +  Am(l  + n p  
1 +n2m 

l 
RI,~ =~-- '~"  (1 + A +  Am+ran)  +_ 

1 V(1 +'A'Sr Am +ran) 2 - -  4 [ran + A m ( l +  n)]. +_-~ 

The solut ion of (11) a f t e r  s a t i s f ac t ion  of boundary  
condi t ions (8) is as fo l lows:  

- -  A(I + n ) + n ( p +  1) 
tr  = t  0 p [ ( 1  + n ) p + ( m +  l ) ( n + A + A n ) ]  TM 

The or ig ina l  of the f rac t iona l  f ac to r  in (12), o r  what 
is the s a m e ,  of the f i r s t  t e r m ,  can be found by using 
the t h e o r e m  of expansion.  With this a im in mind,  we 
have to d e t e r m i n e  the roo ts  of the denomina to r  of the 
f rac t ion ,  and these ,  as is not difficult  to see ,  a r e  equal 

to p ~ = 0 a n d p ~ =  m + l (n + A + An). Further ,  
n + l  

applying the t heo rem of mul t ip l ica t ion ,  we obtain the 
exp re s s ion  fo r  the or ig ina l  of the function t'~: 

t . = t o [  1 1- -mn  eBZ]__ 
g l + m  (1 +m)(1  + n )  

z 
1 - -  mn 

- t o  Cg(Y, ~) (l  + ~)~ ' x 
0 

x (n + A + An) e B(z-~) d8 - -  

n 
t~ - - l + n  t'g(Y, Z), (13) 

where  B ---- 1 + m (n + A + An), and tg(Y, Z) is the 
l + n  

known solution of (1)-(3)  for  boundary  condit ions 
(7) and T = 1 [1]. 

In this connection it b e c o m e s  poss ib le  to wr i t e  the 
o v e r - a l l  solution in the f o r m  of the sum of two s o -  
lutions (see (6)). In final f o r m  the equation d e s c r i b i n g  
the changes  in gas t e m p e r a t u r e  with t ime  and in l a y e r  
height  will  be:  

tg= t0  [ 1 l - - ran  e ~ Z ] _  
l + m  (1 + m ) ( l + n )  

_ C  e,(l+") v i eB(Z-" { eR,SIo(2 V-S-y-~) _ 
0 

- - ~ R l e m ' l o ( 2 ~ ) d v + t  ~" [e R'x10(2 l / ' ~ -x ) - -  
0 6 

eR'VI "2 - j '  0t aV- )a, • 
0 

+ (T l+nn  to)e-'l+~'Z{e~'Zlo(2]/'-d-Y--Z) - 

Z 
--j" R l e a ~ ' I o ( 2 ~ ) d e - t -  

0 
Z 

0 

x 
- - ~  l ~ l e R ' e I o ( 2 ] / ~ ) d e ] i x  

o 
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w h e r e  

1 - -  m n  C = (n + A § An). 
(1 + n p  

The t e m p e r a t u r e  of the f i r s t  m a t e r i a l  can be found 
f rom (1), (2), and (3) on the a s s u m p t i o n  that  tg is  a 
known quant i ty .  The e x p r e s s i o n  fo r  the ca lcu la t ion  of 
t t then a s s u m e s  the fo rm 

Z 

. =  [(etg+ A 0 z_/ 
d \ n OY ] exp [E (e -- Z)]. 
0 

(15) 

F o r  t2, we can obta in  a n a l o g o u s l y  

t2 = t o exp [-- mnEZl + 
Z 

0 

w h e r e  

E = I - k A  l + n  
n 

In c a l c u l a t i n g  t 1 and t 2 we m u s t  know tg and 3tg/0Y. 
The  f i r s t  quant i ty  is  d e t e r m i n e d  f r o m  (14), whi le  the 
s econd  can be found by  d i f f e r en t i a t i on  of (14) with r e -  
s p e c t  to Y. 

E x p r e s s i o n s  (14)- (16)  r e p r e s e n t  the o v e r - a l l  s o -  
lut ion to the p r o b l e m ,  s a t i s f y i n g  (1) - (3)  with b o u n d a r y  
condi t ions  (4) and (5). Ca l cu l a t i ons  of the t e m p e r a t u r e  
f i e ld  in the nonmoving  l a y e r  a r e  f a c i l i t a t e d  by  the 
knowIedge  that  the t e r m s  of the e x p r e s s i o n s  fo r  the 
d e t e r m i n a t i o n  of ~tg/~Y and (14) in a n u m b e r  of e a s e s  
c o n s i s t  of identica~ func t ions .  

It is  i n t e r e s t i n g  to note  that  unl ike  the s i n g l e -  
componen t  l a y e r  and the t w o - c o m p o n e n t  l a y e r  wi th  
i d e n t i c a l  i n i t i a l  t e m p e r a t u r e s ,  the t e m p e r a t u r e  of 
the gas  at  po in ts  d i s t an t  f r o m  the point  of gas  e n t r y  
into the l a y e r  is  not  a cons t an t  but  a funct ion of t ime .  
Th i s  funct ion is e x p r e s s e d  by  the f o r m u l a  

t g = t 0  [ 1 1 - - m n  exp(BZ)] (17) 
l §  (1 + m ) ( 1  + n )  

and is  exp la ined  by  the t r a n s f e r  of hea t  f r o m  the hot  
m a t e r i a l  to the cold  at  any poin t  in the  l a y e r .  At the 
i n i t i a l  i n s t an t  of t ime  at  t h e s e  po in ts  the t e m p e r a t u r e  
of the gas  is  equal  to the  a v e r a g e  we igh ted  va lue  o v e r  
the s u r f a c e  : 

n 
t g - - - - ~  t o. (18) 

l §  

The  a p p r o x i m a t e  c a l c u l a t i o n s  of t e m p e r a t u r e  d i s -  
t r i b u t i o n s  in the l a y e r  can be  c a r r i e d  out  on the  b a s i s  of 
the da ta  f r o m  the Schumann g r a p h s  [2 ,3 ] .  F o r  th is  
tg and ~tg/~Y should be w r i t t e n  in the f o r m  

= to [ I _ 1 - -  mn eBZ __ tg 
[ l + m  (I + m ) ( 1  + n )  

1 + m  C t~(Y o, , ) e  L -~,ii+,,) d e  + 
m(1 + n )  

0 

and 

+ (T l+nn to) t~ Zo) (19) 

- t o - - -  OY = ( l + n) T I + n OYo 

l + m  Cto?  Ot~ [z- '+~ ] ____ e L m(l+n) ~]d e (20) 
m (1 + n) OYo 

0 

w h e r e  t~ is  the  t e m p e r a t u r e  of the gas  in the l a y e r ,  
d e t e r m i n e d  f rom the Schumann g raphs  fo r  Y0 = 

=(1 + n )  Y a n d Z  0 =  m ( l + n )  Z fo r  T----l. With th is  
l + m  

a p p r o a c h  to the so lu t ion  of the p r o b l e m s  fo r  a non-  
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Fig. 4. Temperature distribution 
with respect to gas layer height at 
i n i t i a l  t ime  ins tan t  c a l c u l a t e d  ac -  
co rd ing  to the p r o p o s e d  me thods  
(1), u sua l l y  app l ied  me thods  (3) 
as  wel l  as  a c c o r d i n g  to a g g l o m -  
r a t e  and coke ( a v e r a g e  weight  (2). 

moving  l a y e r ,  wi th  lo s s  of some  a c c u r a c y ,  i t  b e c o m e s  
p o s s i b l e  to r e d u c e  c o n s i d e r a b l y  the vo lume of c a l -  
cu la t ions .  The magni tude  of the e r r o r  in th is  c a s e ,  as  
d e m o n s t r a t e d  by  n u m e r i c a l  a n a l y s i s ,  for  a l l  Y0 < 6.0, 
does  not  exceed  0 . 6 0  in the d e t e r m i n a t i o n  of  the gas  
and m a t e r i a l  t e m p e r a t u r e s .  

F o r  the c a l c u l a t i o n s  a c c o r d i n g  to the p r o p o s e d  me thod  
it  is  n e c e s s a r y  to have the Schumann g raphs  ava i l ab l e  
in addi t ion  to the da ta  on the changes  in the m a t e r i a l  
and gas  t e m p e r a t u r e s  in the r e g i o n  of low va lues  of 
Y0 and Z0, and in such quan t i t i e s  as  would p e r m i t  the 
r e l a t i v e l y  exac t  d e t e r m i n a t i o n  of the quant i ty  ~t~/3Y 0. 
In th is  connec t ion ,  the  au tho r s  c a l c u l a t e d  the c u r v e s  
t o = f ( Y 0 , Z 0 ) f o r  Y0, e q u a l t o 0 . 1 ,  0.25, 0.75, 1.5, and 
2 g. 5. T h e s e  c u r v e s  have been p lo t t ed  on the Budr in  
g r a p h  [3] and this  g raph  is  conven ien t  in tha t ,  f i r s t  
of a l l ,  i t  c o v e r s  both the  gas and the m a t e r i a l  and, 
s econd ly ,  i t  is  c o n s t r u c t e d  in s e m i l o g a r i t h m i c  c o -  
o r d i n a t e s  as  a r e s u l t  of which  i t  e n c o m p a s s e s  a wide 
r a n g e  of va lue s  fo r  Y0 and Z 0. Th is  combined  g r a p h  
i s  shown in Fig .  1. 

With r e g a r d  to the sub j e c t  p r o b l e m  the coe f f i c i en t  
OZrad of mutua l  heat  t r a n s f e r  m u s t  be c a l c u l a t e d  a c -  
c o rd ing  to the f o r m u l a  

arad=4 CP ( T ) a 
100 ~ %1f2, (21) 

in which T in ~ represents the mean temperature of 
the system before the flushing, i.e. , 
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= 1 (~o~.+.~,lq~ c. 7l~o,q),c~.2"~ + 273. ( 2 2 )  
2 \ ~ tp, clya +%c~Y2 ] 

The r e s u l t i n g  solut ion was used to ca l cu l a t e  the gas 
and m a t e r i a l  t e m p e r a t u r e s  in the c h a r g e  l a y e r  loaded 
into the b l a s t  fu rnace .  The c h a r g e  c o n s i s t s  of coke and 
the a g g l o m e r a t e .  The c h a r a c t e r i s t i c s  of the  cha rge  as  
a pp l i c ab l e  to c o n t e m p o r a r y  b l a s t  f u rnaces  a r e  the fo l -  
lowing:  the s u b s c r i p t  1 p e r t a i n s  to the coke and the 
s u b s c r i p t  2 p e r t a i n s  to the a g g l o m e r a t e ;  (Pi = q~2 = 0.5;  
f l  = 30.6 m2/m3; f2 = 120 m2/m3; n = 3 .92;  c I = 1.203 
k J / k g ,  deg; c 2 = 0. 891 k J / k g ,  deg; c T = 1.468 kJ /m3 .deg ;  
71 = 600 kg/m3;  72 = 1800 kg/m~;  m = 0 .45;  w = 5720 
m / h r ;  ~ = 1152 W / m  3 �9 deg.  We a r e  c o n s i d e r i n g  the 
c a s e  of t r a n s i t i o n  to fu rnace  ope ra t ion  with hot  a g -  
g l o m e r a t e ,  when i ts  in i t i a l  t e m p e r a t u r e  is  equal  to 
50 r  C and the coke t e m p e r a t u r e  is  50 ~ C. The  he ight  
of the  loaded  c h a r g e  por t ion  g e n e r a l l y  is  0 .5  m.  The 
gas  t e m p e r a t u r e  at  the in le t  to the l a y e r  is  35r  C. The 
coef f ic ien t  of mutua l  heat  t r a n s f e r  be tween the a g -  
g l o m e r a t e  and the coke by  def ini t ion is  equal  to 331 
W / m  s. deg.  

The r e s u l t s  f r o m  the ca l cu la t ion  of the  t i m e  v a r i -  
a t ions  of the t e m p e r a t u r e s  for  the two m a t e r i a l s  and 
fo r  the  gas  at  the out le t  f r o m  the l a y e r  a r e  shown in 
Fig .  2. The da ta  of the  d rawing  ind ica te  the r e l a t i v e l y  
r a p i d  hea t ing  of the  coke and the cool ing  of the a g g l o m -  
e r a t e .  This  shape  fo r  the  c u r v e s  is  gove rned  by  the 
i n t ens ive  deve lopmen t  of the h e a t - t r a n s f e r  p r o c e s s e s ,  
p r i m a r i l y  be tween  the  a g g l o m e r a t e  and the coke.  The 
a g g l o m e r a t e  unde r  the  given condi t ions  p l ays  the  r o l e  
of the p r i n c i p a l  hea t  c a r r i e r .  Within the f i r s t  16 min 
of the p r o c e s s ,  a p p r o x i m a t e l y  twice  the hea t  i s  r e -  
ce ived  f rom the a g g l o m e r a t e s  and f r o m  the gas .  M o r e -  
o v e r ,  the  a g g l o m e r a t e  t r a n s f e r s  a subs t an t i a l  quant i ty  
of hea t  to the  gas ,  a quant i ty  which i s  l a r g e r  than the 
quant i ty  of hea t  given off by  the gas  to the  coke.  As a 
r e s u l t  of th is  r e l a t i o n s h i p  of hea t  f lows,  an e x c e s s  of 
hea t  a r i s e s  in the gas ,  and th is  is  c a r r i e d  out of the 
l a y e r .  N e v e r t h e l e s s ,  i t  should  be noted that  the ma in  
po r t i on  of the  hea t  of the a g g l o m e r a t e  (95% of i t s  hea t  
content  on loading)  r e m a i n s  in the  l a y e r ,  which  has  an 
e x t r e m e l y  f a v o r a b l e  effect  on the d e v e l o p m e n t  of tbe  
t e chno log i ca l  p r o c e s s .  

T h e r e  i s  s o m e  i n t e r e s t  in c o m p a r i n g t h e  r e s u l t  f r om 
the d e t e r m i n a t i o n  of t e m p e r a t u r e s  a c c o r d i n g  to the 
PrOPoSed m e t h o d  with the method  n o r m a l l y  employed ,  
when the c a l c u l a t i o n s  a r e  c a r r i e d  out  for  a l a y e r  of 
equ iva len t  hea t  c a p a c i t y  wi th  an in i t i a l  t e m p e r a t u r e  
equal  to the we igh ted  mean .  Th i s  c o m p a r i s o n  fo r  the 
ou t le t  c r o s s  s ec t ion  of the l a y e r  i s  shown in Fig .  3, 
and f r o m  th is  it  fo l lows that  thd ca l cu l a t i ons  of a s ingle  
e x a m p l e  by e i t h e r  of the me thods  l ead  to fundamen ta l ly  
d i v e r g e n t  c u r v e s  fo r  the  t i m e - v a r i a t i o n s  in t e m p e r -  
a tu r e .  The  v a r i a t i o n s  in the  t e m p e r a t u r e  c u r v e s  found 
by  the second  method  ind ica te  the cont inuous  cool ing  
of the l a y e r  by  the gas ,  wi th  the t e m p e r a t u r e  of the 
c h a r g e  at  no t ime  d ropp ing  be low the gas  t e m p e r a t u r e  
at  the in le t  to the l a y e r .  

At the  s a m e  t i m e ,  the  ca l cu l a t i ons  a c c o r d i n g  to the  
p r o p o s e d  me thod  r e v e a l  a m o r e  c o m p l e x  pa t t e rn .  F i r s t  
of a l l ,  a t  v = 0 the gas  i s  hea ted  r a p i d l y : b e c a u s e  of 

the hot a g g l o m e r a t e  and even at  a d i s t a n c e  of 0 .4  m 
f rom the in le t  to the l a y e r  r e a c h e s  a weighted  mean  
for  the cha rge  t e m p e r a t u r e ,  ca l cu la t ed  f rom the t e m -  
p e r a t u r e s  of the individual  components .  If the l a y e r  
exhib i ted  a height  of 5m (Y = 0.5) ,  the gas  t e m p e r -  
a t u r e  at  the out le t  of the l a y e r  a t  th is  ins tan t  would 
exceed  the in i t ia l  t e m p e r a t u r e  by  53.4  ~ C {Fig. 4). 
Such in tense  t h e r m a l  ac t ion by the a g g l o m e r a t e  on the 
gas  is  gove rned  by the r e l a t i v e l y  high spec i f i c  s u r f a c e  
of the a g g l o m e r a t e  p e r  1 m 3 of l a y e r  and i ts  in i t i a l  
t e m p e r a t u r e .  Secondly,  the weighted  mean  t e m p e r -  
a t u r e  of the cha rge  dur ing  the f i r s t  half  of the p r o c e s s  
d i m i n i s h e s ,  and 5 min a f t e r  the beginning  of the 
f lushing  i t  d rops  below the t e m p e r a t u r e  of the gas  at  
the in le t  to the l a y e r .  Only a f t e r  the t e m p e r a t u r e  
r e a c h e s  the in i t i a l  va lue  as  a r e s u l t  of the gas - f low 
cool ing ,  does  the weighted  mean  t e m p e r a t u r e  of the 
cha rge  begin  to r i s e  as  a r e s u l t  of the cont inuing 
hea t ing  of the c o l d e r  c h a r g e  component ,  i . e . ,  of the 
coke.  Consequent ly ,  the l eve l ing  of the t e m p e r a t u r e s  
in the  l a y e r  for  the  sub jec t  condi t ions  of the example  
t akes  p l ace  only a f t e r  the " supe rcoo l ing"  of the cha rge .  

Thus ,  c a l c u l a t i ons  a c c o r d i n g  to the p r o p o s e d  
method make  it p o s s i b l e  to e s t a b l i s h  a n u m b e r  of 
f e a t u r e s  in the dynamics  of the  p r o c e s s  involved in 
the hea t ing  of a two-componen t  cha rge  with v a r i o u s  
in i t i a l  t e m p e r a t u r e s ,  and these  cannot  be r e v e a l e d  
through the convent ional  ca l cu la t ions  c a r r i e d  out fo r  
a c h a r g e  of equiva len t  hea t  capac i ty .  

NOTATION 

t i and tg a r e  the e x c e s s  t e m p e r a t u r e s ;  ~i, ~g, and 
~01 a r e  the ins tan taneous  and in i t i a l  t empera tuVes  of 
the f i r s t  m a t e r i a l ;  Y is the c r i t e r i o n  of l a y e r  height ;  
Z is  the  t ime  c r i t e r i o n ;  H is the l a y e r  height;  w is  
the  gas  ve loc i t y ;  T is  the  t i m e ;  ~ i  is  the m a t e r i a l  
f r ac t ion  in 1 m 3 of a l a y e r ;  f i  is  the m a t e r i a l  s u r f a c e  
in 1 m 3 of a l a y e r ;  n = f 2 / f l  is  the r a t i o  of m a t e r i a l  
s u r f a c e s ;  c i and c a r e  the m a s s  hea t  c a p a c i t y  of 
m a t e r i a l  and gas  ; 7i  and 7 a r e  the m a s s  of bulk of 
m a t e r i a l  and gas  dens i ty ;  m is the r a t i o  of vo lume 
hea t  c a p a c i t i e s  f o r  m a t e r i a l s ;  a is  the coef f i c ien t  of 
hea t  t r a n s f e r  f rom gas  to m a t e r i a l  s u r f a c e ;  (~rad is  the 
coe f f i c i en t  of mutua l  hea t  t r a n s f e r  be tween  m a t e r i a l s  
wi th  d i f fe ren t  t h e r m a l  p r o p e r t i e s  and in i t ia l  t e m -  
p e r a t u r e s ;  Cp is the r ad i a t i on  coef f ic ien t ;  ~2~ is  the 
angle  f a c t o r  f rom second  m a t e r i a l  to f i r s t ;  T i s  the  
m e a n t e m p e r a t u r e  of a s y s t e m b e f o r e  in jec t ion;  A i s  the  
r a t i o  of heat  t r a n s f e r  coef f i c ien t s ;  s u b s c r i p t s  I and 2 r e -  
f e r  to the f i r s t  and second  m a t e r i a l s ,  r e s p e c t i v e l y .  

SUMMARY 

In the p a p e r  the s y s t e m  of equat ions  (1) - (5)  is 
so lved  which  d e s c r i b e s  gas  hea t ing  of a f ixed l a y e r  
c o n s i s t i n g  of two m a t e r i a l s  wi th  d i f f e ren t  t h e r m a l  
p r o p e r t i e s  and in i t i a l  t e m p e r a t u r e s .  The  g e n e r a l  
so lu t ion  to the  p r o b l e m  i s  found as  a sum (6) e v e r y  
s u m m a n d  of which s a t i s f i e s  b o u n d a r y  condi t ions  (7) 
and (8), r e s p e c t i v e l y .  The  equat ions  ob ta ined  in the  
f ina l  f o rm  al low p r e d i c t i o n  of the change  in the t e rn -  
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pe ra tu res  of the gas and every  mate r ia l  (15), (16) 
depending on the t ime and the height of the layer.  An 
approximate  method is proposed for  calculation of the 
t empe ra tu r e  distribution in the layer  based on appli-  
cation of the data f rom the Shumann graphs which are  
supplemented with curves  in the region of low numbers  
of the layer  height. The problem solution is i l lustrated 
by an example  (Fig. 2). 
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