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The p rob lem of hea t  and m a s s  t r a n s f e r  dur ing  the l a m i n a r  flow of a d i s soc ia t ing  gas  in a t r i -  
angu la r  bundle of rods  is ana lyzed .  The solut ion is obtained by n u m e r i c a l  means .  

In the study of a whole s e r i e s  of modes  of opera t ion  of va r i ous  hea t - exchange  dev ices  it is d e s i r a b l e  
to have the fu l les t  in format ion  on heat  exchange  in the r a t h e r  e o m m o n  conf igura t ion  which c o n s i s t s  of a 
bundle of longi tudinal ly  bathed cy l i nde r s .  This mode of flow with the condi t ion of t h e r m a l  s tab i l i za t ion  
has  been examined r a t h e r  thorough ly  in the case  of the flow of liquid me ta l s  [5-7] and of c h e m i e a l t y  iner t  
s u b s t a n c e s  [2]. However ,  the e f fec ts  of hea t  and m a s s  t r a n s f e r  dur ing  the flow of  d i s soe ia t ing  g a s e s ,  a l -  
m o s t  unstudied at p re sen t ,  a re  of p a r t i c u l a r  i n t e r e s t  in connect ion  with the p r o s p e c t s  of the i r  use as  the 
coo tan t s  fo r  f a s t - n e u t r o n  nuc l ea r  power  p lants  [1]. 

In the ease  when N c h e m i c a l  r e a c t i o n s ,  in which k componen t s  take par t ,  o c c u r  in a vo lume  the equa-  
t ions  of c o n s e r v a t i o n  of e n e r g y  and m a s s  have the fo rm 

DH = div )v grad T - -  hh]~ , (1) 
9 dr = 

"DCk =--div[~ ,'--dh, 
P d---U- " (2) 

whe re 

Since 

K 

H ---- Z h~Ca. 

Afte r  the subst i tu t ion of (3) and (2) into (1) the e n e r g y  equat ion takes  the fo rm 

K u,~h K K K 
pCa -- air (tv grad T) - -  ~ : : dT z.~ div (haya) ~- h a div ]~ - -  had a. 

k=I  k ~ I  k ~ l  k ~ l  

Dh h DT  
--d~s ~ CPIh d'r ' 

K K K 

. ~  div (h~]~) = : h k div ]k q- ~ ]k grad h~, 
k ~ l  k ~ l  k = l  

and, a c c o r d i n g  to the Hess  law, 

(3) 

(4) 

K K 

k ~ l  l ~ l  
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F i g .  1. E l e m e n t a r y  ce l l  of the 
channe l .  

the e n e r g y  Eq.  (4) can be w r i t t e n  in the fo l lowing  f o r m :  

DT N K 
pCps dT = div (~] grad T) --  Z Qp,I , -  Z ihcpIh grad T, 

I=1 k : l  

whe re  

(5) 

K 

Cp] = ~ cp]hClr 
k=l 

(6) 

Now s u p p o s e  the  r e a c t i o n  of  d i s s o c i a t i o n  of  n i t r o g e n  t e t r o x i d e  
o c c u r s  in the s t r e a m :  

N204 ~-  2NO 2 ~-  2NO § 02. 

We a s s u m e  tha t  the  s t o i e h i o m e t r i c  r e l a t i o n s  a r e  s a t i s f i e d  in 
the s t r e a m ,  the f low is  h y d r o d y n a m i c a l l y  s t a b i l i z e d ,  the  " f rozen"  

t h e r m o p h y s i c a l  p r o p e r t i e s  do not depend  on the t e m p e r a t u r e  and p r e s s u r e ,  and the hea t  c a p a c i t i e s  of the 
i nd iv idua l  c o m p o n e n t s  of the  m i x t u r e  a r e  a p p r o x i m a t e l y  equa l  to one a n o t h e r .  The l a t t e r  a p p r o x i m a t i o n  

K 
a l l o w s  one to n e g l e c t  the t e r m  ~_~ j k e p j k g r a d  T.  In add i t i on ,  b e c a u s e  of  the s y m m e t r y  of the inf in i te  s y s -  

k= l  

tern of smoo th  c y l i n d e r s ,  a r r a n g e d  in s t a g g e r e d  o r d e r ,  one can a n a l y z e  the r e g i o n  ABCD shown in F i g .  1. 
In t h i s  c a s e  the s y s t e m  of d i f f e r e n t i a l  e q u a t i o n s  of hea t  and m a s s  t r a n s f e r  t a k e s  the f o r m  

a0 (5 ~ a ( a o )  c5 ~ 0~0 ~p~Da~Le~ _ ~p2Da4Le,, (7) r  R ~ . . . . .  
a~ R OR -aR R ~ - a ~  ~ 

ac; a I 
Le, a~ = R - "  a ~ [ R - f ~ - )  :-- R2 a~ 2 @Da,, (8) 

m OC~ 6 2 0 ( 0C'4 ~ 82 OzC*4 + D a , .  (9) 
Le 4 a~ - R " OR ,R OR ) @ R ~ "  at# ~ 

The c o m p o s i t i o n  of  the r e m a i n i n g  c o m p o n e n t s  
m e t r i c  e q u a t i o n s .  

of the  s y s t e m  is found with the he lp  of the s t o i c h i o -  

The f i e ld  of v e l o c i t y  w f o r  the s t a b i l i z e d  i s o t h e r m a l  f low was  d e t e r m i n e d  by  S p a r r o w  and L o e f f l e r  [2] 
and is found f r o m  the equa t ion  

1 1 ) / 
- U 2 n - -  ~ (R2 - -  1) -7 RlZi ] 1 - - - -  cos6i(p, 

i = l  

whe re  

4 ~  
R e  - - -  F if) ,  ( 1 1 )  

1 - - •  

• = 1 ~/6 . (12) 

t2 tg -~- 

The v a l u e s  of the c o e f f i c i e n t s  o i and the funct ion  F( t )  a r e  p r e s e n t e d  in [2] and [3], r e s p e c t i v e l y .  

The so lu t ion  of the s y s t e m  of d i f f e r e n t i a l  E q s .  (7)-(9) is  r a t h e r  c o m p l i c a t e d .  In the c a s e  of h e a t i n g ,  
h o w e v e r ,  the d i s s o c i a t i o n  of  N204 t a k e s  p l a c e  a l m o s t  s e q u e n t i a l l y  in two s t a g e s .  The f i r s t  s tage  p r o c e e d s  
r a t h e r  r a p i d l y  and can  be t aken  a s  an e q u i l i b r i u m  s t a g e  [1]. The s e p a r a t e  s tudy of the hea t  exchange  of the 
f i r s t  and s econd  s t a g e s  of d i s s o c i a t i o n  i s  t h e r e f o r e  j u s t i f i e d  to a c e r t a i n  ex ten t ,  with Eqs .  (7), (8) (Da 4 - 0, 
C 4 -= 0) b e i n g  c o n s i d e r e d  f i r s t  and then  E q s .  (7), (9) (Da 1 = 0, C~' = 0). 

The so lu t ion  of the p r o b l e m  of h e a t  exchange  with b o u n d a r y  c ond i t i ons  of the  s econd  kind in the c a s e  
of the o c c u r r e n c e  of only  the  f i r s t  e q u i l i b r i u m  s t a g e  of N204 d i s s o c i a t i o n  in the  channe l  can  be  s i m p l i f i e d  
c o n s i d e r a b l y  in the e a s e  of Le = 1, s i n c e  one can  then  ob ta in  an equa t ion  fo r  the d i m e n s i o n l e s s  en tha lpy  
which  c o i n c i d e s  with the e n e r g y  e q u a t i o n  fo r  the f low of a c h e m i c a l l y  i n e r t  g a s .  F o r  th i s  it  i s  enough to 
m u l t i p l y  Eq.  (8) by Qp l  and add it to Eq.  (7) with Da 4 - 0. F i n a l l y ,  we have 
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T A B L E  1. R e s u l t s  of C a l c u l a t i o n  B a s e d  on E q s .  (27) and (29) 

0,7.10 -s 
0,4.10-~ 
0,1.10-1 
0,5.10-1 
0,9.10-~ 

t~1,05 

- 6 / ( 2 9 )  

1,208.10-3 
0,006904 
0,017260 
0,08630 
0,15534 

el (27) 

1,208.10 -a 
0,006884 
0,017273 
0,075282 
0,134851 

0,7.10-3 
0,4.10-2 
0,2.10-1 
0,64. I0 -z 

0,104 

Nu - I [ T 

i - - - !  t 

1 
,::,.,r g ; ~  ~-e a 

F i g .  2. V a r i a t i o n  in N u s s e l t  n u m b e r  a long  
channe l  in f i r s t  s t age  of N20 t d i s s o c i a t i o n :  1, 
2, 3) T o = 428~ t = 1.05,  1.05,  1.1, and 1.3; 
4, 5, 6) t = 1.05,  1.1,  and 1.3, " f rozen"  v a l u e s ;  
7, 8, 9) T = 446~ t =  1.05, 1.1, and 1.3, r e -  
s p e c t i v e l y .  

-0f (29) 

1,87208,10-3 
0,010639 
0,053488 
0,1711616 
0,278138 

( 2 ) - -  

whe re  

t = I , l  

-0f (27) 

1,858.10-3 
0.010639 
0,053463 
0,163831 
0,255058 

0,2.10-i 
0,I.I0-1 
0,5.10-1 
0,7.10 - i  
0,9.10-I 

t= i  ,3 

"0[ (29) 

0,013816 
0,069080 
0,3454 
0,48356 

0,621720 

Of (27) 

0,013768 
0,067885 
0,268375 
0,366879 
0,4654 

OH* 5 2 a ( R all* ~ 6 ~ a2It * 
a~ =-#- "  %-#- - a ~ - / +  - # ;  a~ 2 ' (13) 

H* = @ -~ QplC[. (14) 

The hea t  f lux a t  the  s u r f a c e  of the  c y l i n d e r  i s  w r i t t e n  

as  

_ q c =  7~ ~ afar . . . .  iA + Q~leD1 aqa~ ii~ (15) 

or ,  in d i m e n s i o n l e s s  f o r m ,  

ao i ac~ ] (16) - - I = ~ I A  §  

C o m p a r i n g  (16) and (14), we have 

aH* i  
!AB = - -  1. (17) OR 

The in i t i a l  and b o u n d a r y  c ond i t i ons  a t  the l i ne s  BC, 
CD, and AD have  the f o r m  

~ = 0 ,  H * = 0 ,  

all* ! OH* [ (18) 
- - J  = 0 ,  J = 0 .  

Equa t ion  (13) t o g e t h e r  with the b o u n d a r y  con d i t i ons  (17), (18) was  so lved  n u m e r i c a l l y  wi th  qer0/kf  = 595 on 
a M i a s k - 2 2  c o m p u t e r  by the method  of v a r i a b l e  d i r e c t i o n s ,  the g e n e r a l  p r i n c i p l e s  of which a r e  p r e s e n t e d  in 
[4, 9]. The a c c u r a c y  of the so lu t ion  was  t e s t e d  us ing  t r i a l  func t ions .  Suppose ,  fo r  e x a m p l e ,  tha t  we have 
the equa t ion  

L~ = 0 (19) 

an i = 1, (20) 

wi th  the b o u n d a r y  cond i t ions  

w h e r e  L is the  d i f f e r e n t i a l  o p e r a t o r .  
d i f f e r e n c e  equa t ion  

F o r  the d i f f e r e n c e  o p e r a t o r  A, which a p p r o x i m a t e s  L,  we have the 

A~ = 0, (21) 

A~hn ,G = 1. (22) 

F o r  an a r b i t r a r y  func t ion  f one can w r i t e  

L[ = (Pl, (23) 

Of = , 
an !~ %t~" (24) 
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T A B L E  2. S t a b i l i z e d  N u s s e l t  N u m b e r s  Nufm with  Bound-  
a r y  Cond i t i ons  of the Second  Kind 

I \\\  

 k_c- 

a,e 

t Nu/~ [5] Nu[~ [6] NuF~ [7] Null, 
authors' data 

1 ,0 5  
1,1 
1,2 
1,3 

i 

\ 
\ z ~ N & - _ L _ _  

4.1 
6,7 

i 

I 

I 

o 9 /8 e7 ,f 

F i g .  3. S u r f a c e  t e m p e r a t u r e  of rod  d u r -  
ing s e c o n d  s t a g e  of  N204 d i s s o c i a t i o n :  1,2,  
3) t = 1 .05,  ~ = 0 . 2 6 - 1 0 - 1 ;  4 ,  5, 6) t = 1.1,  

= 0 . 6 8 . 1 0 - * ;  7, 8, 9) t = 1.3,  ~ = 0 . 3 . 1 0 - t ;  

6fc , 0c ,  and  0ec ,  r e s p e c t i v e l y ,  f o r  each  t.  

I 
2,5 
4 
6,67 
8,5 

t,1 
2,85 
6,8 
9 

1 , 3 8  
3,76 

8,5 

It  i s  obv ious  tha t  f wi l l  s a t i s f y  the d i f f e r e n c e  equa t ion  

Af - -  % = 0, (25) 
Af ' 

1 = An ~ %1o' (26) 

Thus ,  one can  c o m p a r e  the e x a c t  v a l u e s  of the func t ion  with 
t hose  found f r o m  the d i f f e r e n c e  Eqs .  (25), (26). As  the t r i a l  
func t ions  we chose  a l i n e a r  funct ion  of the f o r m  f = ~ .  
and a n o n l i n e a r  funct ion  of the f o r m  

__~.+ 
f '=  a.r(e"*~, e=,R, e~a~). 

F o r  the  l i n e a r  funct ion  the e x a c t  v a l u e s  c o i n c i d e d  with 
t hose  found f r o m  (25), (26) to the l a s t  p l ace .  F o r  the non-  
l i n e a r  funct ion  in the r e g i o n  of point  C the a g r e e m e n t  was  
to 0.290. 

We d e t e r m i n e  the a v e r a g e  m a s s  en tha lpy ,  which in 
ou r  c a s e  c o i n c i d e s  wi th  the " f r o z e n "  t e m p e r a t u r e ,  a s  fo l -  
lows:  

f H* Ux do 
U o (27) H* = ~ o" 

On the o t h e r  hand,  with b o u n d a r y  c o n d i t i o n s  of  the  
second  kind one can  w r i t e  an  equa t ion  f o r  the a v e r a g e  m a s s  
en tha lpy  which i s  ob ta ined  a f t e r  i n t e g r a t i o n  of Eq.  (13) o v e r  
the c r o s s - s e c t i o n a l  a r e a  of the channe l .  Th i s  equa t ion  h a s  
the f o r m  

dH* dot 
d~ = - - - ~ -  = 45 (28) 

o r  

H* = 01 = 45~, (29) 

and the r e s u l t s  of a c a l c u l a t i o n  b a s e d  on E q s .  (27) and (29) a r e  p r e s e n t e d  in T a b l e  1, f r o m  which  it is  s e e n  
tha t  the  v a l u e s  of ~f c a l c u l a t e d  f r o m  the two e q u a t i o n s  a g r e e  r a t h e r  we l l  f o r  ~ < 0.5 -10 -~. The  d i s a g r e e -  
m e n t s  fo r  l a r g e r  ~ a r e  e v i d e n t l y  c a u s e d  both bY the a c c u m u l a t i o n  of e r r o r s  in the c o u r s e  of the c a l c u l a t i o n s  
and by the c a l c u l a t i o n  of the doub le  i n t e g r a l  of  (27). 

S ince  the f i r s t  s t age  of N204 d i s s o c i a t i o n  i s  an e q u i l i b r i u m  s t a g e  the t e m p e r a t u r e  f i e ld  is  uniquely  
c o n n e c t e d  wi th  the e n t h a l p y  f ie ld .  F o r  the d e t e r m i n a t i o n  of the f ie ld  of t e m p e r a t u r e s  0e we used  an e x p e r i -  
m e n t a l  d e p e n d e n c e  of the e n t h a l p y  on the t e m p e r a t u r e  [8] a t  a p r e s s u r e  of 150 a tm ,  a n d t h e  t e m p e r a t u r e  a t  
the channe l  e n t r a n c e  was  t a k e n  a s  equa l  to 428 and 446~ 

The v a r i a t i o n  a long  the channe l  of  the N u s s e l t  n u m b e r s ,  d e t e r m i n e d  f r o m  the h y d r a u l i c  d i a m e t e  r ,  is  
p r e s e n t e d  in F i g .  2. The " f r o z e n "  N u s s e l t  n u m b e r s  ( c u rve s  4-6)  d e c r e a s e  with g r e a t e r  d i s t a n c e  f r o m  the 
channe l  e n t r a n c e ,  r e a c h  t h e i r  s t a b i l i z e d  v a l u e s ,  and r e m a i n  c o n s t a n t  a f t e r  t h i s .  The s t a b i l i z e d  v a l u e s  of the 
" f r o z e n "  N u s s e l t  n u m b e r s  Nuf~ a r e  p r e s e n t e d  in T a b l e  2 t o g e t h e r  wi th  the da t a  of  o t h e r  a u t h o r s  [5-7].  F o r  
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F i g .  4. V a r i a t i o n  in N u s s e l t  n u m -  
b e r  a long the channe l  in the s e c o n d  
s t a g e  of N204 d i s s o c i a t i o n ;  1, 2, 3) 
t = 1.05; 4, 5, 6) t = 1.1; 7, 8, 9) 
t = 1.3; Nuf, Nu, and Nue, r e s p e c -  
t i ve ly ,  f o r  each  t. 

t igh t  bund les  the r e s u l t s  of the d i f f e r e n t  a u t h o r s  d i s a g r e e  v e r y  con -  
s i d e r a b l y .  F o r  t > 1.1 the v a l u e s  can  be c o n s i d e r e d  to be in ful l  
a g r e e m e n t .  I t  should  be noted  tha t  in [5] the s t a b i l i z e d  v a l u e s  of 
Nuf~ a r e  ob ta ined  with  the he lp  of the l i m i t i n g  t r a n s i t i o n  a s  Re 
- - ~ ,  with the v a l u e s  of the  t u r b u l e n t  p u l s a t i o n s  be ing  used  as  the 
m o s t  a c c u r a t e  f o r  s m a l l  R e y n o l d s  n u m b e r s .  A s  fo r  the c o m p a r i -  
son  with  e x p e r i m e n t a l  da t a  on the flow of l iquid  m e t a l s  which is 
made  in tha t  r e p o r t ,  in th i s  c a s e  the  s t a b i l i z e d  Nuf~ with the  l a m i -  
n a r  f low of l iquid m e t a l s  wi l l  a l w a y s  be s o m e w h a t  h i g h e r  than with 
g a s  f low b e c a u s e  of the a dd i t i ona l  e l e c t r o n  conduc t ion  of  hea t  in 
m e t a l s .  As  f o r  [6], the a u t h o r s  d e t e r m i n e d  Nuf~ not f r o m  the 
a v e r a g e  m a s s  t e m p e r a t u r e ,  but f r o m  the a v e r a g e  t e m p e r a t u r e  in 
the  c r o s s  s e c t i o n ,  which  can  a l s o  l ead  to s o m e  o v e r s t a t e m e n t  of the 
s t a b i l i z e d  v a l u e s .  

C u r v e s  1-3 and 7 -9  of F ig .  2 show the v a r i a t i o n  in Nu e a long 
the channe l  f o r  d i f f e r e n t  i n l e t  t e m p e r a t u r e s .  C u r v e s  1-3 c o r -  
r e s p o n d  to an in le t  t e m p e r a t u r e  l o w e r  than  the t e m p e r a t u r e  of the 
m a x i m u m  e f f ec t ive  hea t  c a p a c i t y  on the chosen  i s o b a r .  The c h a r -  
a c t e r  of the c u r v e s  is  due to the f ac t  that  a t  the c o r r e s p o n d i n g  

v a l u e s  of } the a v e r a g e  s u r f a c e  t e m p e r a t u r e  of a rod  i s  c l o s e  to the t e m p e r a t u r e  of the m a x i m u m  " e f f ec -  
t ive  hea t  c a p a c i t y . "  C u r v e s  7 -9  a r e  ob ta ined  with an in le t  t e m p e r a t u r e  T O = 446~ which e q u a l s  the t e m -  
p e r a t u r e  of the Cpeff  m a x i m u m ,  and a s  a c o n s e q u e n c e  the func t ions  Nue(}) do not have e x t r e m a .  

In o r d e r  to d e t e r m i n e  the t e m p e r a t u r e  f i e ld  in the c a s e  of  the second  s t age  of n i t r o g e n  t e t r o x i d e  d i s -  
s o c i a t i o n ,  which ,  a s  in known, p r o c e e d s  at  a f in i te  r a t e ,  the s y s t e m  of  Eqs .  (7) and (9) was so lved  n u m e r i -  
c a l l y  (with Da~ =- 0, qc r0 /k f  = 595, T o = 500~ C40 = 0.001,  P = 10 a t m ,  and a n o n c a t a l y t i c  c y l i n d e r  s u r f a c e ,  
by the s a m e  me thod  of v a r i a b l e  d i r e c t i o n s )  with the b o u n d a r y  c o n d i t i o n s  

~ = 0 ,  0 - - 0 ,  C~=O,  

ao I - i ,  ac ;  [ 
aR IA~ ~ I A B  = O, 

ao j ac; i o, 
O~ i~c A~ O~ 4BC, AD 

oo i _ oc; 1 
an iCD OrS }CD : O. 

(30) 

The t e m p e r a t u r e  v a r i a t i o n  on the s u r f a c e  of a rod  is  p r e s e n t e d  in F ig .  3.  S ince  the e f fec t  of the 
c h e m i c a l  r e a c t i o n  i s  m a n i f e s t e d  a t  a c e r t a i n  d i s t a n c e  which d e p e n d s  on the l a t t i c e  s p a c i n g ,  the t e m p e r a -  
t u r e s  at  the  rod  s u r f a c e  a r e  shown f o r  d i f f e r e n t  v a l u e s  of }. The e f fec t  of the c h e m i c a l  r e a c t i o n  on the 
hea t  e x c h a n g e  i s  m a n i f e s t e d  in p a r t i c u l a r  in a m a r k e d  d e c r e a s e  in the t e m p e r a t u r e  v a r i a t i o n  of the s u r f a c e .  
Th i s  i s  due to the  add i t i ona l  hea t  t r a n s f e r  b e c a u s e  of the c o n c e n t r a t i o n  d i f fus ion  f r o m  the " s t agnan t  zone"  
to the a x i s  of s y m m e t r y  of the channe l .  

In the c a s e  of t igh t  bundles  (Fig .  3, c u r v e s  1-3) the t e m p e r a t u r e  in the " s t agnan t  zone"  is  c l o s e  to the 
e q u i l i b r i u m  t e m p e r a t u r e ,  w h e r e a s  i t  c o i n c i d e s  with the " f r o z e n "  t e m p e r a t u r e  in the r e g i o n  of  the  ax i s  of 
s y m m e t r y  of the  c h a n n e l .  The fac t  tha t  e q u i l i b r i u m  is  e s t a b l i s h e d  in the " s t agnan t  zone"  whi le  the f low can  
r e m a i n  " f r o z e n "  in the r e g i o n  of the ax i s  of s y m m e t r y  l e a d s  to the fac t  tha t  c a s e s  a r e  p o s s i b l e  where  the 
t e m p e r a t u r e  v a r i a t i o n  fo r  a c h e m i c a l  r e a c t i o n  p r o c e e d i n g  a t  a f in i te  r a t e  wil l  be s m a l l e r  than f o r  an 
e q u i l i b r i u m  r e a c t i o n  (Fig .  3, c u r v e s  4 -6) .  F o r  s p r e a d  bund le s  with t >- 1.3 the e f fec t  of the n e i g h b o r i n g  
r o d s  i s  not v e r y  g r e a t  and the t e m p e r a t u r e  a s s u m e s  an i n t e r m e d i a t e  v a l u e s  be tween  the " f r o z e n "  and 
e q u i l i b r i u m  t e m p e r a t u r e s  (F ig .  3,  c u r v e s  7-9) ,  with the c u r v e s  be ing  about  e q u i d i s t a n t ,  which  i n d i c a t e s  
tha t  e q u i l i b r i u m  in the s t r e a m  is r e a c h e d  m o r e  u n i f o r m l y  o v e r  the p e r i m e t e r  than fo r  t ight  bund le s .  

If the  c h e m i c a l  r e a c t i o n  p r o c e e d s  with a f in i t e  r a t e  then the N u s s e l t  n u m b e r s  in the in i t i a l  s e c t i o n  of 
the channe l  co inc ide  with the " f r o z e n "  Nu, s i n c e  the t i m e  the g a s  r e m a i n s  in the channe l  i s  i n s i g n i f i c a n t  
(F ig .  4).  The d i f f e r e n c e  f rom Nuf b e c o m e s  e v e r  m o r e  s u b s t a n t i a l  with g r e a t e r  d i s t a n c e  f r o m  the e n t r a n c e  
and at  c e r t a i n  v a l u e s  of ~ the  N u s s e l t  n u m b e r s  r e a c h  t h e i r  e q u i l i b r i u m  v a l u e s .  S ince  the  t i m e  the g a s  r e -  
m a i n s  in the channe l  i n c r e a s e s  with an i n c r e a s e  in the s p a c i n g ,  in s p r e a d  bundles  e q u i l i b r i u m  i s  r e a c h e d  
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at sma l l e r  dis tances from the entrance than in the case of tight bundles (Fig. 4, curves  2 and 3, 5 and 6, and 
8 and 9). 

In conclusion, we note that in the case of chemical  reactions the heat exchange proceeds considerably 
more  intensively than with the flow of chemical ly  inert  substances,  with the maximum intensity being 
reached in the case of equilibrium flow. Moreover ,  with longitudinal flow of a chemical ly  reacting s t ream 
over  bundles of heated cyl inders  the t empera tu re  var ia t ion over the pe r ime te r  of a cyl inder  is considerably 
reduced. 

t 

r 0 

d h 
R = r / r  0 

= i/RePr, x/d n 

0 = ( T -  T0)/qc r0/s f 
C k = C k -  Ck0 
H* = (H-H 0 �9 qcr0/hf)/Cpf 

Jk 
Jk  
Il 
m k 
Q~ 
5 = dh/r0; 
Ux 

Re = Udh/V; 

Pr = v/a;" 
Le k = PDkCpf/hf! 

Dak : J  /PDk 
Qp/=  Qp/ /mkcpfqc  r0/kf; 
qc 
ff 

I n d i c e s  

f 
e 

e 

0 
k, k-th 
l, l - th 
1) N204; 2) NO2; 3) NO; 4) 02; 

i s  
is 
is 
Is 
*s the 
~s the 
~s the 
is the 
is the 
is the 
*s the 
,s the 
~s the 

is the 

is the 

N O T A T I O N  

the spacing of rods;  
the radius of cyl inders ;  
the hydraulic d iameter ;  
the dimensionless  radius; 

d imensionless  longitudinal coordinate;  
d imensionless  tempera ture  ; 
relative concentrat ion of component k; 
d imensionless  enthalpy; 
mass  flux of component k, kg/m 2 �9 
mass  source  of k-th component, kg/m a. sec;  
rate of reac t ionl ,  kmole/m" sec; 
molecu la r  weight of component k, kmole/kg; 
calorif ic  effect of reac t ionl ,  kJ/kmole; 

longitudinal velocity component; 

average mass  velocity; 

is the Damkeller  number;  

is the specific heat flux, kW/m2; 

is the c ros s - sec t iona l  a rea .  

a re  the "frozen" values; 
a re  the equilibrium values; 
a re  the pa rame te r s  at surface  of cyl inder;  
a re  the pa rame te r s  at channel entrance;  
is the k-th component; 
is the Z-th reaction;  

are  the s tabi l ized values of pa r ame te r s .  
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