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By means of a variational method, the heat-balance equation is de- 
rived for a disk-thermoeouple system in a cylindrical tube for various 
radii of the disk, tube, and thermocouple wires, and for various values 
of the thermal conductivity of the medium and thermocouple material. 

The hea t  r e l e a s e d  in v a r i o u s  p h y s i c a l  and c h e m i c a l  
p r o c e s s e s  i s  of ten r e g i s t e r e d  by  m e a n s  of t h e r m o c o u -  
ple  p r o b e s  in t roduced  into a homogeneous  med ium.  
The e x p e r i m e n t a l l y  m e a s u r e d  quant i ty  then is  the t e m -  
p e r a t u r e  of the s a m p l e  and, gene ra l l y ,  the quant i ty  at  
the ba se  of the d e t e r m i n a t i o n  i s  the evolved  heat .  This  
s i tua t ion ,  in p a r t i c u l a r ,  a r i s e s  in connect ion  with he t -  
e rogeneous  c a t a l y s i s ,  when  a s p e c i m e n  of the i n v e s t i -  
ga ted  m a t e r i a l  with a t h e r m o c o u p l e  a t t ached  i s  p l a c e d  
in a ga seous  m e d i u m  and the hea t ing  of the spec imen .  
i s  r e c o r d e d  to p e r m i t  a ca l cu l a t i on  of t he  r a t e  of the 
c o r r e s p o n d i n g  c h e m i c a l  r e a c t i o n ,  ff s t eps  a r e  not 
t aken  to e n s u r e  t ha t  the g e o m e t r y  of the r e a c t i o n  v o l -  
ume and the s p e c i m e n  i t s e l f  a r e  su i t ab le ,  the p r o b l e m  
of f inding the r e l a t i o n  be tween  the t he rmocoup le  t e m -  
p e r a t u r e  T and the amount  of hea t  Q e n t e r i n g  the s p e c i -  
men i s  p r a c t i c a l l y  inso lub le .  In such c a s e s ,  and quite 
often in c a s e s  of s i m p l e  g e o m e t r y ,  many  au tho r s ,  fo r  
e x a m p l e ,  [1, 2], i m p l i c i t l y  a s s u m i n g  a l i nea r  d e p e n -  
dence  of T on Q, m e a s u r e  s e v e r a l  d i f f e ren t  v a l u e s  of 
T i and r e p l a c e  r a t i o s  of the type Qi/Qj with r a t i o s  
T i / T j .  

We have e x p l i c i t l y  d e t e r m i n e d  the Q(T) r e l a t i o n  fo r  
the common type of e x p e r i m e n t  in which a s p e c i m e n  in 
the f o r m  of a d i sk  with a t h e r m o c o u p l e  a t t ached  i s  
p l a c e d  coax ia l ly  in a c y l i n d r i c a l  tube f i l l ed  with gas .  
It i s  found that  a l i n e a r  r e l a t i o n  be tween  Q and T i s  
f r equen t ly  not r e a l i z e d ,  even  at  not v e r y  high t e m p e r a -  
t u r e s .  In a number  of c a s e s ,  the v e r y  fact  of f inding 
the funct ion Q(T) m a k e s  i t  p o s s i b l e  to d e t e r m i n e  the 
r a t e  cons tan t s  of e x o t h e r m i e  c h e m i c a l  r e a c t i o n s  by 
quite s i m p l e  m e a n s .  M o r e o v e r ,  i t  i s  p o s s i b l e  to obta in  
v a l u e s  of the abso lu t e  r e a c t i o n  r a t e  without  add i t iona l  
m e a s u r e m e n t s ,  which i s  not  p o s s i b l e  with me thods  in 
which i t  i s  n e c e s s a r y  to r e s o r t  to an a n a l y s i s  of the 
e x p e r i m e n t a l  da t a  us ing  t e m p e r a t u r e  r a t i o s ,  

We s t a r t  by l i s t i n g  the a s s u m p t i o n s  on which the 
so lu t ion  of the p r o b l e m  i s  ba sed .  

1. The tube i s  in f in i t e ly  long. The c a s e  of an inf ini te  
space  c o r r e s p o n d s  to a tube of inf ini te  r a d i u s .  

2. The s p e c i m e n  i s  a d i sk  of z e ro  t h i cknes s ,  whi le  
the t he rmocoup le  i s  a homogeneous  inf ini te  c i r c u l a r  
c y l i n d e r  a r r a n g e d  a long the ax i s  of the tube to the r i gh t  
of and abut t ing the s p e c i m e n .  

3. The t e m p e r a t u r e s  of the tube wa l l s ,  i t s  in f in i te ly  
r e m o t e  ends ,  and the inf in i te ly  r e m o t e  r i g h t  end of the 
t he rmocoup le  a r e  the s a m e ,  a condi t ion  which i s  
ach ieved  by f o r c e d  cool ing.  

4. The t e m p e r a t u r e  i s  the s a m e  ove r  the e n t i r e  s u r -  
face  of the s p e c i m e n  and equal  to that  of the lef t  end 
(junction) of the t he rmoe oup l e  a t t ached  to the s p e c i m e n .  

5. T e r m s  on the o r d e r  of r0/p a r e  e v e r y w h e r e  n e -  
g lec ted ,  excep t  when mu l t i p l i ed  by a f a c t o r  on the o r -  
d e r  of A A ,  which m a y  be v e r y  l a rge .  

6. The r a d i a t i o n a l  flow of hea t  into and away f r o m  
the t he rmocoup le  c y l i n d e r  i s  d i s r e g a r d e d .  To a c o n s i d -  
e r a b l e  extent ,  this  a s s u m p t i o n  is  j u s t i f i ed  by the 
r a p i d  d e c r e a s e  in t h e r m o c o u p l e  t e m p e r a t u r e  wi th  d i s -  
tance  f r o m  the s p e c i m e n  and by the of f se t t ing  na tu re  of 
the r a d i a t i o n  at  t e m p e r a t u r e s  that a r e  not too high, on 
the one hand, and the flow of hea t  a long the t h e r m o -  
couple ,  on the o ther .  

7. Convect ive  hea t  t r a n s f e r  i s  neg lec ted .  However ,  
f r e e  convec t ion  can be taken into account  by  m e a n s  of 
the " appa ren t  equ iva len t  t h e r m a l  conduct iv i ty"  ks  [3, 4], 
but at  R ~ 1 and the p r e s s u r e s  c h a r a c t e r i s t i c  of r a r e -  
f ied g a s e s ,  the v a l u e s  of the P r  and Gr n u m b e r s  a r e  
such t ha t  a l l  me thods  of tak ing  the convec t ion  into a c -  
count give  X s ~ X. 

Point  4 p r e s u p p o s e s  that  the t h e r m a l  conduc t iv i ty  
of the s p e c i m e n  m a t e r i a l  i s  inf in i te .  We unde r t ake  to 
show that  the a s s u m p t i o n  i s  we l l  s a t i s f i e d  ove r  a qui te  
b road  r a n g e  of r e a l i s t i c  e x p e r i m e n t a l  condi t ions .  F o r  
th i s ,  we a p p r o x i m a t e l y  so lve  the p r o b l e m  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  in a d i sk  of f in i te  t h i c k n e s s  
(d/p << 1) in an inf ini te  m e d i u m  without  account  for  
r ad i a t i on .  F o r  s i m p l i c i t y ,  we a s s u m e  that  the s p e c i -  
men  i s  hea ted  by the ge ne ra t i on  of hea t  in i t s  midd le  
sec t ion ,  

- -  A* at(x, r) o ~ < o  Ox ~=o  = q = Q / ~ P ~  

and that  the t e m p e r a t u r e  of the s p e c i m e n  i s  d e s c r i b e d  
by the funct ion 

t(x, r ) = T  o 1 + 0  1 - - e  , 

d d 

2 2 

w h e r e  To, O, and e a r e  the v a r i a t i o n a l  p a r a m e t e r s .  
The t e m p e r a t u r e  f i e ld  in the m e d i u m  is  d e t e r m i n e d  

by the known method  [5] of so lv ing  d o u b l e - i n t e g r a l  
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equations with Besse l  functions and the cor responding  
approximate  boundary condit ions:  

?.3 

O . < r < p ,  

at(X,ox r ) ~ y  d/2 = O, t(x, ~o)=  t(_+ | r ) = O .  

As a resu l t  of s imple calculat ions,  we a r r i v e  at 
the following re la t ions :  

0 2 ~,p 4 ~, Q (I) 
- -  - - ,  e =  - -  - -  T o  = 

3~z A*d ~ A* ' 8~ 

It is c lea r  f r o m  (1) that, for  mos t  p rac t i ca l  cases ,  the 
quanti t ies 0 and e a re  small ,  i . e . ,  T0(x,r) ~ const.  
The radiat ion,  here  neglected,  equal izes  the t e m p e r a -  
ture  of the spec imen  even fur ther ;  obviously,  placing 
the spec imen in the tube at f i r s t  r educes  0, and only at 
77 close to unity does it make 0 negative.  In view of all 
this, we may,  with a sufficient degree  of accuracy ,  
a s sume that a ssumpt ion  4 is valid.  

The boundary conditions of the problem take the 
f o r m  

t(0, r )=To,  0 .~r~<p,  ] 
t(x, R ) = 0 ,  - - ~ < x < , ~  / ' (2) 

ot(+o, r) Ot(--O, r) 
hz - Ox ' P < r ~< R, (3) 

~, Ot(x, ro+O) = A  Ot(x, ro--O) O ~ < x < c o .  (4) 
Or Or 

The heat balance equation is a lso sat isf ied:  
P 

Q = 2n ~ rdr ~, Ot (-- O, r) 
3 Ox 
0 

P 

2n ~ rdr ~, Ot (+ O, r) 
2 Ox 
ro 

ro 

- - 2 n  ~ rdr A Or(+ O, r) + 
3 Ox 
0 

+ ~ (2p ~ -r0~) ~o [(To + to) ~-- t0~] (5) 

The exact  solution of the mixed boundary value 
problem is difficult to obtain. There fore ,  we employ 
a var ia t iona l  method. It is r equ i red  to find the min i -  
mum of the energy  functional fo r  t r ia l  functions that 
mus t  sa t isfy  the pr incipal  boundary conditions (2). 
(Conditions (3) and (4) a re  natura l  conditions.) M o r e -  
over ,  we se lec t  the t r ia l  functions in the c lass  of h a r -  
monic  functions.  This makes  it possible ,  as  a resu l t  
of cer ta in  t r ans fo rmat ions ,  to wri te  the energy  func-  
t ional in the f o r m  

cI)=~,, f  t(O,r) Ot(--O,ox r) rdr--  
0 

,2 

-- ;~ ~ t (O, r) Ot ( + Ox O, r) rdr-- 

45~ 

-- A i ~ t (0, r) Ot ( 4-oxO" r) rdr. 
0 

(6) 

We now formula te  the auxi l iary  boundary  value 
problem with conditions (2), (4), and 

t(O, r )=f(r) ,  p . ~ r . ~ R ,  (7) 

provis ional ly  a s suming  that  f ( r )  is a known bounded 
different iabte function sa t i s fy ing the re la t ions  

f (p) = To, f (R) = o. 

Of course ,  the c lass  of functions f ( r )  includes the t rue 
function t(0, r) (at p _< r -< R) cor responding  to the ex -  
act  solution of the bas ic  p rob lem (2)-(4).  Specifying 
f ( r )  in explici t  f o r m  by means  of a ce r ta in  number  of 
p a r a m e t e r s  and taking the solutions of the auxi l iary  
problem as  the t r ia l  functions which enter  into the 
energy  functional,  we can exp res s  the functional in 
t e r m s  of the p a r a m e t e r s  de termining  f ( r )  and find its 
ex t remum.  

If we a s sume  that (6) contains the exact  function 
t(x, r ) a n d  r eca l l  our  prev ious  assumpt ions ,  f r o m  a 
compar i son  of (6) and (5) we obtain 

Q (To) = 2 ~ .  + 2~p~a. [(To + t 0 ) ' -  t~]. (8) 
To 

Our method is d i rec ted  toward the approximate  ca l cu -  
lation of the functional  ~,  which is the only unknown in 
Eq. (8). 

The auxi l iary  p rob lem is the Dir ichle t  problem,  and, 
with allowance for  assumpt ion  5, i ts solution t(x, r) can 
be obtained without specia l  difficulty. We now subs t i -  
tute the function t(x, r) obtained in functional (6) and 
af ter  ve ry  tedious t r ans fo rma t ions  a r r i ve  at the final 
express ion :  

~ P,~ i hun) x 

n=l 

R 

9 

+ 2 ~ [XtKo(kro) + AtKt(kro)  io(kro ) IT ~ (kr0)]_ 1 dk • 
7C J 

0 

R 

df [Kt (kr) + Ko (kR) It (kr) I;  -~ (kR)] rdr J " (9) 
• -g-r 

P 

Pass ing  to the l imit  in (9) as R ~ ~, we wri te  the func-  
tional for  the unbounded region  in the following f o r m :  

; I ;  j ' d f  2 
(I) = 2)~ dk Tr  J~ (kr) rdr + 

0 p 

-t- 2~ S [~_~ Ko (kro) + A -~ K1 (kro) Io (kro) ITs (kro) ]-1 • 
0 

• dk ~ K~(!er) rdr �9 (10) 

0 



Let  us dwel l  b r i e f l y  on the ca l cu la t ion  technique 
for  func t iona l s  (9) and (10). 

1. 1R < oo. We in t roduce  the d i m e n s i o n l e s s  v a r i a b l e s  
r / H  = y, p/I:( = % d f / d r  = (T0/R)~0(y). We s imu la t e  
the funct ion ~0(y) with the po lynomia l  

q~ (g) = ag + by 3 -t- cg ~, (11) 

the r e l a t i o n  be tween  a, b, and c being e x p r e s s e d  as  

a (1--,1~)4 - b c ~ - -  ~ -  (1 - - n ' ) +  ~ -  ( 1 - - n  6) = - - 1 .  (12) 

It can be shown that  when the quant i ty  w = AA2/2X (w < 
< 0o01) i s  su f f i c ien t ly  s m a l l ,  a s  a r e s u l t  of which the 
ef fec t  of the t h e r m o c o u p l e  is  ins ign i f ican t ,  th i s  quan -  
t i ty  i s  the unique c h a r a c t e r i s t i c  of the t h e r m o c e u p l e .  
However ,  even  when this  condi t ion is  not we l l  s a t i s f i e d ,  
the s e n s i t i v i t y  of the t h e r m o c o u p l e  can be a p p r o x i -  
m a t e l y  e x p r e s s e d  in t e r m s  of w. Although an ac tua l  
t he rmoeoup le  is not a homogeneous  c y l i n d r i c a l  rod ,  th is  
m e a n s  i t  i s  s t i l l  p o s s i b l e  to r e p l a c e  i t  with the l a t t e r  
and in t roduce  an e f fec t ive  va lue  ~.  In p a r t i c u l a r ,  when 
the t h e r m o c o u p l e  c o n s i s t s  of two w i r e s  with r e l a t i v e  
r a d i i  r l / 0  = /x 1 and r2/p = A2 and t h e r m a l  condue t iv i t i e s  
A 1 and Az, we p r o c e e d e d  a s  fo l lows :  ~ = (A1A ~ + A2A~)/ 
/2X, A = (A~ + A})l/2. Thanks  to the r a p i d  d e c r e a s e  of 
the inner  i n t e g r a l s  in (9), i t  i s  suf f ic ien t  in i n t e g r a t i n g  
f r o m  ze ro  to inf in i ty  to confine the upper  l i m i t  to k = 3 
and r e s o r t  to n u m e r i c a l  i n t eg ra t i on  at  f ixed va lues  of 
w and r 0. 

These  ca l cu l a t i ons  showed that  the con t r ibu t ion  of 
the t h e r m o c o u p l e  i s  u s u a l l y  quite sma l l ;  t h e r e f o r e ,  in 
the c a s e  of an inf ini te  space ,  when the r e l a t i v e  in f lu -  
ence of the t h e r m o c o u p l e  should be even s l i g h t e r ,  we 
in t roduced  co d i r e c t l y  and d i s c a r d e d  f r o m  (10) the o the r  
t e r m s  r e s p o n s i b l e  fo r  hea t  l o s s e s  along the t h e r m o -  
couple  l eads .  

2. R = ~ .  In th is  c a s e ,  i t  i s  a l so  COlwenient to turn  
to the d i m e n s i o n l e s s  v a r i a b l e s  y = r /p ,  d f / d r  = (To/ 
/p)X(y) .  The funct ion X(y) i s  conven ien t ly  p a r a m e t r i z e d  
a s  fo l lows :  

%(g) = a/g V'y  ~ -  1 + by -2 + cy -3, (13) 

w h e r e  
JI C 

a _ _  _}- b-t- - -  = - -  l. 
2 2 (14) 

This  choice  of X(y) should give e s p e c i a l l y  good r e s u l t s  
when the inf luence  of the t h e r m o e o u p l e  i s  not v e r y  

g r e a t ,  s ince  at  r 0 --- 0 the f o r m  (13), (14) con ta ins  the 
exac t  funct ion,  when b = c = 0 and in a c c o r d a n c e  with 
(14) a = -2/7r .  In th i s  c a s e ,  the p r o b l e m  can be so lved  
e xa c t l y  (see ,  for  e x a m p l e ,  [3]). C l e a r l y ,  in the gen -  
e r a l  ca se ,  (13), (14) a l so  g ives  a s u c c e s s f u l  a p p r o x i -  
mat ion ,  i n d i r e c t l y  ev idenced  by the fo l lowing fac t :  
even at a = 0 the m i n i m u m  of the func t iona l  (10) at  
r 0 = 0 d i f f e r s  f r o m  the t rue  va lue  by only 5%. 

By m e a n s  of a s e r i e s  of a r t i f i c i a l  t echniques ,  a l l  
the i n t e g r a l s  in (10) can  be e xa c t l y  eva lua t ed  and the 
funct ional  w r i t t e n  in the f o r m  

2 + -~a (2G - -  1) c 2 + 2ab -}- ac + 

§  1 + _ _  2 G - - 1  )J 
T -  -2 + 

+__A 32) 
10 6 4 c2 ~ 2ab 2 - -  + ac 3 - -  + 

Here ,  the condi t iona l  (14) e x t r e m u m  of �9 i s  d e t e r m i n e d  
as  a r e s u l t  of the u sua l  p r o c e d u r e .  

We w e r e  induced to so lve  the p r e s e n t  p r o b l e m  by 
spec i f i c  e x p e r i m e n t s  on the h e t e r o g e n e o u s  r e c o m b i n a -  
t ion of gas  a toms ,  fo r  which ~ n e v e r  e x c e e d s  0 . 8 - 0 . 9 .  
We made  n u m e r i c a l  c a l cu l a t i ons  fo r  p r e c i s e l y  these  
v a l u e s  and fo r  an inf ini te  space  (~ = 0). In th is  c a s e ,  
i t  is  convenient  to r e w r i t e  Eq. (8) in the f o r m  

Q=2~p2aa[(To+to)4--#o]  + 8 g  ( r  I, AZ, ' A) LT~ 

The r e s u l t s  a r e  p r e s e n t e d  in the t ab le .  At ~7 = 0 and 
r 0 = 0, the va lue  g = 1 i s  c o n s i s t e n t  with the t h i r d  of 
Eqs .  (1). F r o m  g e n e r a l  c o n s i d e r a t i o n s ,  i t  i s  c l e a r  
that  at ~ = 1, g = oo. In fac t ,  the second  t e r m  in (16) 
r e p r e s e n t s  the heat  t r a n s f e r r e d  f r o m  the s p e c i m e n  to 
the w a l l s  of the tube.  If ~ = 1, we obta in  t h e r m a l  c o n -  
t ac t  between the s p e c i m e n  and the tube,  and b e c a u s e  
the t e m p e r a t u r e s  a r e  equal  a t  a l l  poin ts  of the d i sk ,  
To = 0 at  any f in i te  Q. F r o m  the f o r m  of the s e r i e s  
r e p r e s e n t i n g  the func t iona l  ~, we m a y  conclude that  
g(~) d i v e r g e s  l o g a r i t h m i c a l l y  a s  ~? - -  1. 

a/). 

8 . 0 . 1 0  8 

1 . 1 3 . 1 0  3 

9 . 6 . 1 0  ~ 

1 . 3 6 . 1 0  2 

The Coef f ic ien t s  g(~ ,A/X,  A) 

1 

1 

1 

I I  

~1~0 

A 

0,01 I 0.03 

1.04 I 1.12 

1 1.05 

1 1,04 

1 1.01 

~0.8 

0 0.0l 

1,95 2.43 

1.95 2.0  

1.95 

1.95 

0.03 

2.68 

2.25 

2 ,23 

2 ,0  

~=0.9 

0 0 .Ol 

2,99 

2.99 

2.99 

2.99 

Remark 

0.03 

3.31 Copper-constantan 
thermocouple in ni- 
trogen, oxygen, air 

Co pper-constantan 
thermocouple in hy- 
drogen 

Chromel-alumel 
thermocouple in ni- 
trogen, oxygen, air 

Chromel-alumel 
thermocouple in hy- 
drogen 
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We note that in an unbounded reg ion  the heat balance 
equat ion for  a sphere  with a sur face  equal to that of our 
disk also has the fo rm (16) with g = 1.111. 

As may be seen  f rom the table,  a reduc t ion  in tube 
r ad ius  leads at  f i r s t  to a slow and then to an eve r  more  

rap id  i nc r ea se  in heat  t r an s f e r ,  but even at  R = 1.1p, 
g i n c r e a s e s  in  compar i son  with the unbounded reg ion  
only by a fac tor  of 3 .  With fu r the r  dec rea se  in  R, g 

co logar i thmica l ly .  Genera l ly  speaking,  the effect 
of the heat  losses  along the thermocouple  leads is  
smal l ,  and they d imin i sh  as the t he rma l  conduct ivi ty  
of the med ium i n c r e a s e s .  However,  in the case A 

0.03, a thermocouple  of the coppe r -cons t an tan  type 
in a medium with the t he rma l  conduct ivi ty  of a i r  is 
r e spons ib l e  for  about one- th i rd  of al l  the conductive 
heat t r a n s f e r .  

The r e s u l t s  obtained can be applied to many phys i -  
cal  and chemica l  p r o c e s s e s  taking place in cy l indr ica l  
tubes or in a suff ic ient ly  la rge  volume of any shape. 
Our method,  based on the solut ion of the aux i l i a ry  
boundary  value p rob lem,  can also be used to solve 
p r o b l e m s  in which the h e a t - t r a n s f e r  su r f aces  have a 
d i f ferent  geomet ry .  

We now cons ider  the va l id i ty  of the l inear  approx i -  
mat ion,  the a s sumpt ion  inva r i ab ly  in t roduced into al l  
s tudies  of r e combina t i on  and other chemica l  r eac t i ons  
that Q and T o a re  propor t ional .  It follows f rom (16) 
that the l i nea r  law is  sa t i s f ied  if 

1 T~ + 4T0t0 + 6t02 
--4 n9aaT O gk  + ~gaat3 o <<1. (17) 

At large  spec imen  d imens ion  (p ~ 1 m), i r r e s p e c t i v e  
of the r ad ius  of the tube in  which it  i s  placed, this  c o n -  
di t ion gives fi3/4 + f12 + 1.5fi << 1, where  /3 = T0/t0, 
and if the tube is  at room t e m p e r a t u r e  (t o = 300 ~ K) the 
devia t ion f rom l inea r i ty  wil l  be 10% even at To up to 
20 ~ When the ex te rna l  t e m p e r a t u r e  is  lower,  the de -  
v ia t ion  is even g r ea t e r .  

Let us take the typical  spec imen  rad ius  as p = 1 cm. 
Let a = 0.5, co r r e spond ing  to the p rope r t i e s  of many  
meta l s ,  and let to = 300 ~ K. Then in a hydrogen a t m o -  
sphere  (k = 1.8 �9 10 -'~) and a n i t rogen  a tmosphere  (~ = 
= 2 .56.10-4) ,  we obta in  a devia t ion  of 10% f rom the 

l inear  law at g = 3, fli-iz = 0.82, TH z = 250~ f i n e  = 0.22, 
TNz = 66 ~ and at g = 1 (suff icient ly la rge  r eac t i on  vo l -  
ume and f ine thermocouple)  fiH 2 = 0.4, TH2 = 120~ 
fin 2 = 0.11, TNz = 33 ~ (see also the f igure) .  

Hence, it is  c l ea r  that, in inves t iga t ing  r e c o m b i n a -  
t ion and employing the usua l  method of analyzing the 
expe r imen ta l  r e s u l t s ,  the heat ing of the spec imen  due 
to the r eac t i on  should not be allowed to exceed 100-  
200 ~ in  a hydrogen a tmosphere  or 30-60  ~ in an a t m o -  
sphere  of n i t rogen ,  oxygen or a i r .  Cer t a in  r e s u l t s  
obtained in [1, 6] evident ly  include a s igni f icant  e r r o r .  

NOTATION 

Q is the total  heat  flow en te r ing  the spec imen,  
J /sec;  t o is  the t e m p e r a t u r e  of the r e ac to r  wal ls ,  ~ 
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Heat flow e n t e r i n g  the spec imen  Q, J / see ,  as  a 
funct ion of the spec imen  t e m p e r a t u r e  for  ~ = 
= 0.4 (nickel),  r 0 = 0 at: 1,4) ~ = 0; 2, 5) 0.8; 3, 6) 
0.9 (1-3) 2~ = 2.56- 10-4; 4 -6)  X = 1.8- 10-3). 0 -~) 

T o is  the amount  by which the spec imen  t e mpe ra tu r e  
exceeds to, deg; R is  the tube r ad ius ,  cm; p is  the 
spec imen  rad ius ,  cm; r 0 is  the rad ius  of the c y l i n d r i -  
cal  thermocouple  model ,  cm; d is the spec imen  th ick-  
ness ,  cm; x is  the longi tudinal  coordinate  (0 at the 
location of specimen) ;  r is  the r ad ia l  coordinate;  A = 
= r j p ;  ~? = p / R ;  ~ is  the t h e r m a l  conduct ivi ty  of the 
medium f i l l ing  the tube, J / c m -  s e c .  deg; A is  the t h e r -  
mal  conductivi ty of the thermoeouple  ma t e r i a l ,  J / c m -  
� 9  deg; h* is the t h e r m a l  conduct ivi ty  of the s p e c i -  
men  ma t e r i a l ,  J / c m .  s ec -  deg; t(x, r) is  the t e m p e r a -  
tu re  field in the r eac t i on  volume;  c~ is  the rad ia t ion  
factor  of the spec imen  ma te r i a l ;  a = 5.67 �9 10 -~ e r g /  
cm 2. sec" deg 4 is the un ive r sa l  Stefan constant ;  Jn(Z), 
Kn(z), In(z) is the convent ional  ne ta t ion  for  o rd ina ry  
and modified cy l ind r i ca l  funct ions  of o rder  n; 7 = 
= 1.78107 is the Eu le r  constant ;  G = 0.91597 is  the 
Catalan constant .  
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