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R e l a t i o n s  a r e  d e r i v e d  fo r  the t e m p e r a t u r e  of  e l e m e n t s  in a g r a n u l a r  l a y e r  and in a gas  s t r e a m  
f lowing a g a i n s t  a u n i f o r m  t h e r m a l  f lux,  t ak ing  into accoun t  the i n t e r p h a s e  hea t  exchange .  

In o r d e r  to e x p e r i m e n t a l l y  d e t e r m i n e  the Iong i tud ina l  t h e r m a l  conduc t iv i t y  in a g r a n u l a r  l a y e r  v e n t i -  
l a t e d  by a gas  s t r e a m ,  one u s u a l l y  a p p l i e s  the coun te r f low me thod  to u n i f o r m  t h e r m a l  f luxes  and gas  
s t r e a m s  [2, 3] and ,  f o r  t h i s  p u r p o s e ,  a f l a t  h e a t e r  i s  i n s t a l l e d  w h e r e  the g a s  e x i t s  f r o m  the l a y e r .  

The  s t e a d y - s t a t e  h e a t  e x c h a n g e  fo r  th i s  p r o c e s s  c o n f i g u r a t i o n  i s  d e s c r i b e d  by the equa t ions :  

~,c a2t Ot (1) 
Ox-- ~ + % 6  --Ox = a S  (t - -  t~); 

x o a~t~ - a s  (to - -  t). (2) 
,,-)x 2 

In d i m e n s i o n l e s s  f o r m  we  have 

a~e + c a-e-e = c (e - e,~); (3) 
OY 2 OY 

O~Oe = B (@c - -  @), (4 )  
Oy ~ 

w h e r e  

aS Nu e 4 
Y =  - - x  := �9 - - x ;  

%G ReePr d e 

B = (%6) 2 . - - I  = (ReePr) 2 

aS )~o Nue 4~ o 

C=(CpG)2 �9 1 _ B ~'_~0 ; 
a S  kc ~. c 

e - -  t - - t ~ ~  ; @~ -- t c - - t ~  

tc. , - -  t o tc.1 - -  t o 

(5) 

(6) 

(7) 

The b o u n d a r y  cond i t i ons  a r e  

x = 0 ,  e r  x = ~ ,  0 = 0 ~ = 0 .  (8) 

If  the  r a t e  of i n t e r p h a s e  h e a t  exchange  i s  c o n s i d e r a b l y  h i g h e r  than tha t  of long i tud ina l  h e a t  t r a n s f e r  
( aS  >> CpG), then  | and 9 c w e r e  a s s u m e d  c l o s e  to one a n o t h e r  so tha t  Eq. (1) and (2) b e c o m e s  

~, 020 %60_e_e (9) 
Ox ~" Ox ' 
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Fig. 1. Longitudinal convective heat con- 
ductivity in a granular  l ayer ,  and ratio of 
gas e lements  and layer  e lements  t em-  
pera tu res  when gas and heat are  counter-  
flowing with in te rphase  heat exchange 
taken into account: 1) ~0 = 8, 2) h0 = 13. 

where  h = k  0 + h  e. In this case  

0 exp( cpG ) = - - - - x  ; (10) 

0 (In O) %O (11) 
m ~  

Ox L 

The magnitude of h was determined in [2, 3] according to Eq. (11). The solution to Eqs. (3) and (4) is then 
sought in the form: 

0 e = exp (-- KY); (12) 

0 = A exp (-- KY). (13) 

After inser t ing (12) and (13) into (3) and (4), we have 

K 2 = B ( 1  I + K - - - ~ - I  K S ) ;  (14) 

K S 
A = 1 - -  - - .  ( 1 5 )  

B 

F r o m  (12) and (13) we obtain 

m = - -  KYx, (16) 

where Yl is taken f rom (5) at x = 1 m. Taking into account (5) and (6), we rewr i te  express ion  (11) as 

~'o (17) m = - -  B Y  I ~ - .  

Combining (16) and (17) will yield the rat io  between the "apparent"  value hc, app = he -X 0 found by tes t  
according to (10) and the real  value hc: 

tx~ ~c, app-=( B 1) ~'~ (18) 

In accordance with the data in [1] on interphase heat exchange and longitudinal convective diffusion, the 
following values were  used for calculating ~t : 

Ree= 1 -- 100; NUe= 0.63Re~Spr0,33 ; (19) 

~-c ~ 0.28 + 0.5ReePr. (20) 

The values of B and C were  determined f rom Eqs. (6) and (7) with P r  = 0.7 and e = 0.4 for ~0 = 8 (glass) 
and 13 (steel),  while K was found f rom Eq. (14). The resu l t s  of calculations within the range of Ree num- 
bers  encountered in tes ts  [2] are  shown in Fig. 1. 

The conclusion drawn in [3] as to the difference between t empera tu res  O and O c being negligible is  
not accura te .  The values of Xc obtained in [2] are  on the average 40% high. After appropriate  cor rec t ions ,  
they approach those calculated by Eq. (20). In Fig. 1 is also shown the ratio of t empera tu res  A = ~/@c 
calculated by Eq. (15); i ts magnitude is slightly dependent on ~0- 
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N O T A T I O N  
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k = X/~.g ; 
ag  

specific heat of gas; 
equivalent diameter of granular layer; 
mass rate of gas flow; 
heat exchange surface per unit layer volume; 
gas temperature; 
temperature of layer elements; 
temperature of gas at entrance to layer; 
temperature of layer elements at x = 0; 
linear coordinate in the direction of heat flow through the layer; 
coefficient of heat exchange between layer and gas elements; 
longitudinal convective heat conductivity; 
thermal conductivity of unventilated layer; 

thermal conductivity of gas. 
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