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This a r t i c l e  de sc r ibe s  the r e su l t s  of exper imenta l  r e s e a r c h  on the effect ive t he rma l  con-  
ductivi t ies of a l aye r  of furnace  charge  consis t ing of s tee l  pe l le ts ,  smal l  cy l inders ,  and pe l -  
le t ized iron o res  at t e m p e r a t u r e s  up to 800~ obtained by a s t e ady - s t a t e  method in a plane 
l aye r .  

The :main p rob lem of p r e s e n t - d a y  opera t ion is to de te rmine  the effect ive t he rma l  conductivi t ies (Aef) 
for  a charge  whose p ieces  a r e  l a r g e r  than 15 m m ,  and to de te rmine  the re la t ionship  between the magnitude 
of this conductivity and the t e m p e r a t u r e  and dimensions  of the p ieces .  

The effect ive t he rm a l  conductivi t ies  of the charge  in [1] we re  found on a smal l  appara tus .  The 
magnitudes Aef fo r  the var ious  t e m p e r a t u r e s  w e r e  found by means  of plotting cu rves  along the height of the 
l aye r  and de te rmin ing  the t e m p e r a t u r e  gradients  in the different  pa r t s  of the l aye r  according  to the angle 
of inclination of the tangents to the t e m p e r a t u r e  cu rve s .  With this type of method cons iderable  e r r o r s  
a r e  poss ib le .  
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Fig.  1. D i a g r a m  of the exper imenta l  instal lat ion:  1) 
r e f r a c t o r y  tube; 2) lightweight r e f r a c t o r y  br ick ;  3) 
l a t e ra l  compensa t ion  h e a t e r s ;  4) shee ts  made f r o m  
s ta in less  s tee l ;  5) cen t ra l  hea te r ;  6) bot tom c o m -  
pensat ion hea te r ;  7) rad ia l  compensat ion  hea te r ;  8) 
coo le r ;  9) c lamping sc rew,  10) hand l eve r .  
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Fig.  2. Var ia t ion of the t e m p e r a t u r e  along the height of the l aye r  of 
charge  No. 3: 1) along the axis of the charge  l aye r ;  2) at 35 m m  f r o m  
the wall .  

Fig.  3. Relat ionship between the effect ive t he rma l  conductivi t ies of 
the charges  and the t e m p e r a t u r e  (1"6, numbers  of the charge):  1) 1, 
2) 2, 3)3, 4)4, 5)5, 6 )6 .  

We have chosen a s t eady - s t a t e  method in a plane l aye r .  A charge  l aye r  of cyl indr ical  shape,  d ia-  
m e t e r  400 m m  height 210 ram, was invest igated.  

The genera l  appearhace  of the appara tus  is shown in Fig.  1. 

In the appara tus  compensat ion is provided for  heat  loss  f r o m  the cent ra l  hea te r  in the bot tom and 
rad ia l  d i rect ions  and also in the radia l  d i rect ion along the height of the invest igated charge  l aye r .  

The t e s t s  we re  c a r r i e d  out in s teady  conditions and the t e m p e r a t u r e  drops  in the l aye r  did not exceed 
240~ for  the metal l ic  charge  and 385~ for  iron ore  pel le ts .  The n e c e s s a r y  t e m p e r a t u r e  drop in the l aye r  
was reached by varying the th ickness  of the l aye r  of insulation which was located between the charge  and 
the cooler .  

Five to eight basic exper imen t s  we re  ca r r i ed  out for  each charge  at different  t e m p e r a t u r e s  beginning 
with the lowest .  

In addition, repea ted  exper iments  we re  :made immedia te ly  a f t e r  cooling of the appara tus  without 
previous  unloading of the charge .  A total  of 66 exper iments  was c a r r i e d  out, that  is,  an ave r age  of 11 
exper iments  for  each charge .  

In o rde r  to avoid the influence of convection, the exper iments  were  ca r r i ed  out with the t he rma l  c u r -  
ren t  d i rected downwards.  

Initial  heating and regulat ion of the s t eady - s t a t e  sy s t em for  the f i r s t  t e m p e r a t u r e  level  was attained 
a f t e r  48-56 hours .  An exper iment  was then c a r r i e d  out which took 1.5 to 2.0 hours ,  a f te r  which heating to 
the next t e m p e r a t u r e  level  was ca r r i ed  out for  24 to 40 hours ,  followed by another  exper iment ,  and so on. 

The s t eady - s t a t e  s y s t em  was cons idered  to have been attained if the t e m p e r a t u r e  of the charge  did not 
v a r y  for 1.5 to 2.0 hours .  

The c h a r a c t e r i s t i c s  of the invest igated charges  a re  given in Tal~le 1. 

The magnitudes of the the rma l  conductivit ies for : the mate r i a l  of the s teel  charge  in the range of 
t e m p e r a t u r e s  observed  in the exper iments ,  can be considered as 25-50 W / m . d e g .  

The the rma l  conductivity of the mate r i a l  of calcined pel le t ized ores  according to the invest igat ions 
of S. G. Bratchikov [2] va r i e s  in the range 0.64 to 1.16 W / m  .deg in a t e m p e r a t u r e  range f r o m  200 to 800~ 
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T A B L E  1 

Material and shape of 
charge 

1 Charge 15 (spherical 
2 The same 
3 H ,, 

4 " 

5 Iron ore pellets 
6 Smel 3 (cylinders) 

[CI ~ " 

1 , 9 l  
2 , 8 5  

2 84 
-~:46 
1 , 7 4  
1,64 

- -  3,64 1122 
- -  1 2 , 1 0  122 

- -  1 2 , 0 0  122 
--  46,43 122 
--  2,75 56,4 

3,51 7,40 106 

Surface condi- 
"~ tions 

40" " !Polished 
40 Unpolished 
40 ,1 Polished 

[ Polished 
4037 / Polished 
46 ~ Unpolished 

The  magn i tude  of the  e f f e c t i v e  t h e r m a l  c o n d u c t i v i t y  was  c a l c u l a t e d  a c c o r d i n g  to  t he  f o r m u l a  

Q: 
~ef = - 

FAt 
(i) 

The  t h e r m a l  f lux Q was  d e t e r m i n e d  by two m e t h o d s :  by  m e a s u r i n g  the  d i s c h a r g e  of hea t  f r o m  the  
c e n t r a l  e l e c t r i c  h e a t e r  and f r o m  the  quan t i t y  of hea t  d e t e r m i n e d  f r o m  the  he a t i ng  of w a t e r  in the  c o o l e r .  
In s o m e  e x p e r i m e n t s  qu i t e  a l a r g e  d i f f e r e n c e  was  ob t a ined  be tween  t h e s e  m a g n i t u d e s .  Th is  d i f f e r e n c e  is 
e x p l a i n e d  by  l o s s  of hea t  a long  the  r e f r a c t o r y  tube  1 (F ig .  1). The  a v e r a g e  t h e r m a l  f lux  c a l c u l a t e d  as  
the  a r i t h m e t i c a l  mean  be tween  both m e a s u r e d  f lows w a s  s u b s t i t u t e d  into Equa t ion  (1). F o r  a l l  the  c h a r g e s  
b e s i d e s  the  s p h e r i c a l  c h a r g e  No.  3 wi th  d = 28.4 m m ,  the  m a x i m u m  d i f f e r e n c e  be tween  the  a v e r a g e  va lue  
and  the  m e a s u r e d  va lues  did  not  e x c e e d  7.4% of i t s  m a g n i t u d e .  F o r  c h a r g e s  N o s .  5 and 6 (Tab le  1) it  was  
l e s s  than  2 . 7 - 4 . 5 % .  F o r  c h a r g e  No.  3 th i s  d i s t a n c e  was  h i g h e r  in i nd iv idua l  m e a s u r e m e n t s .  

M e a s u r e m e n t  of the  t e m p e r a t u r e  f o r  a l l  c h a r g e s  was  c a r r i e d  out a long  the  ax i s  of t he  l a y e r .  

Wi th  a view to c h e c k i n g  the  t e m p e r a t u r e  d i s t r i b u t i o n  a long  the  h o r i z o n t a l  c r o s s  s e c t i o n  of the  l a y e r ,  
e x p e r i m e n t s  w e r e  c a r r i e d  out  wi th  m e a s u r e m e n t  of the  t e m p e r a t u r e s  a long  the  ax i s  of t he  l a y e r  and at  a 
d i s t a n c e  of 35 m m  f r o m  i t s  edge .  The  r e s u l t s  of the  e x p e r i m e n t s  a r e  shown in F i g .  2, f r o m  which  i t  is  
s een  tha t  t h e r e  w e r e  no s i g n i f i c a n t  t e m p e r a t u r e  d r o p s  o v e r  the  c r o s s  s e c t i o n s .  T e m p e r a t u r e  d i s t r i b u t i o n  
c u r v e s  a long  the he igh t  of the  l a y e r  fo r  s t e a d y - s t a t e  s y s t e m s  a r e  shown in th i s  d i a g r a m  for  c h a r g e  No. 3. 
S i m i l a r  c u r v e s  a r e  ob ta ined  f o r  the  r e m a i n i n g  c h a r g e s .  As is s e e n  f r o m  the  d i a g r a m ,  the  d i s t r i b u t i o n  of 
t e m p e r a t u r e s  a long the  he igh t  of the  c h a r g e  l a y e r  is  c l o s e  to l i n e a r ,  which  g i v e s  a founda t ion  fo r  r e l a t i n g  
the  ob t a ined  m a g n i t u d e s  of the  t h e r m a l  c o n d u c t i v i t i e s  to t he  t e m p e r a t u r e  of the  l a y e r  c a l c u l a t e d  as  the  
a r i t h m e t i c a l  m e a n  be tween  the  t e m p e r a t u r e s  on i t s  e d g e s .  

T r a n s f e r  of h e a t  ha the  s p a c e s  be tween  p i e c e s  of c h a r g e  t a k e s  p l a c e  by  m e a n s  of t h e r m a l  conduc t i v i t y ,  
c o n v e c t i o n ,  and r a d i a t i o n .  I t  is  e a s y  to a s c e r t a i n  by  c a l c u l a t i o n  tha t  the  p a r t  p l a y e d  by  t h e r m a l  c o n d u c t i v i t y  
at  t e m p e r a t u r e s  h i g h e r  than  300~ is i n s i g n i f i c a n t  in c o : m p a r i s o n w i t h  r a d i a t i o n .  

In the  f i r s t  p l a c e  the  d i r e c t i o n  of the  t h e r m a l  f lux,  f r o m  above  to below o r  be low to above ,  i n f luences  
t he  magn i tude  of the  c o n v e c t i v e  h e a t  t r a n s f e r .  In the  f i r s t  c a s e  the  c onve c t i ve  hea t  t r a n s f e r  Will  be n e g -  
l i g i b l e  b e c a u s e  in t h i s  c a s e  the  d e n s i t y  of the  m e d i u m  d e c r e a s e s  in an upw a rds  d i r e c t i o n .  Th is  was  the  
c a s e  in our  m a i n  e x p e r i m e n t s  and t a k e s  p l a c e  in o p e n - h e a r t h  f u r n a c e s  and in a n u m b e r  of o t h e r  t h e r m o -  

t e c h n i c a l  un i t s .  

E x p e r i m e n t s  w e r e  c a r r i e d  out both wi th  h e a t i n g  f r o m  above  and wi th  he a t i ng  f r o m  be low fo r  the  
f u r n a c e  c h a r g e  No. 1. The  m a g n i t u d e s  of the  e f f ec t ive  t h e r m a l  c o n d u c t i v i t i e s  ob t a ined  d i f f e r e d  v e r y  l i t t l e .  
C o n s e q u e n t l y  the  p a r t  p l a y e d  by  convec t ion  in our  e x p e r i m e n t s  was  s m a l l .  

O b s e r v a t i o n s  of c h a r g e s  N o s .  1 -4  showed  tha t  in the  p r o c e s s  of the  e x p e r i m e n t  t hey  w e r e  c o v e r e d  
by  a l a y e r  of s c a l e  0 .12-0 .20  m m  th i ck .  Owing to t h i s  the  a r e a  of c o n t a c t s  be tween  the  ind iv idua l  p i e c e s  
i n c r e a s e d ,  as  a r e s u l t  of which  in the  r e p e a t e d  e x p e r i m e n t  t he  ma gn i tude s  Xef a t  low t e m p e r a t u r e s  w e r e  
ob t a ined  h i g h e r  than  in the  o r i g i n a l  e x p e r i m e n t s .  In the  c a s e  of h i g h e r  t e m p e r a t u r e s  when r a d i a t i o n  p l a y s  
the  ma in  p a r t  in the  h e a t  t r a n s f e r  p r o c e s s ,  the  l a y e r  of s c a l e  can s e r v e  as  an o b s t a c l e  to hea t  t r a n s f e r .  
As a r e s u l t  of t h i s  in the  r e p e a t e d  e x p e r i m e n t s  at  h igh  t e m p e r a t u r e s  l o w e r  va lues  of Xef w e r e  ob ta ined  than 
in the  o r i g i n a l  e x p e r i m e n t s .  

In F i g .  3 is  g iven  a c o m p o s i t e  g r a p h  o f  the  r e l a t i o n s h i p  be tween  the  e f f ec t ive  t h e r m a l  c o n d u c t i v i t y  and 
the  t e m p e r a t u r e  fo r  a l l  the  c h a r g e s  g iven  in T a b l e  1. I t  is  s e e n  f r o m  the  d i a g r a m  tha t  fo r  a l l  m e t a l l i c  
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charges  a rapid inc rease  of her is observed  with inc rease  of the t e m p e r a t u r e  in the l aye r .  This indicates 
the important  par t  played by radiat ion in the total  heat exchange at high t e m p e r a t u r e s .  Compar i son  between 
curve  2 and 3 for  charges  with polished spher ica l  p ieces  and unpolished pieces  and also compar i son  of the 
resu l t s  in the case  of the initial heating of a polished charge  and repea ted  t e s t s ,  indicate that  the nature  of 
the su r face  of the charge  in our exper iments  does not play an essent ia l  pa r t .  This is explained by the fact  
that oxidation of the sur face  of the spher ica l  p ieces  has a l ready  s ta r t ed  at 300-400~ 

The charge  which consis ts  of cyl indr ical  pieces  has somewhat  higher  poros i ty  than the charge  composed 
of spher ica l  p ieces .  Compar i son  of the magnitude ~ef for  this and }or the charge  with p ieces  of the s ame  
value shows that the charge  composed  of cyl indrical  pieces  gives a magni tude of kef which is 14-20% less  
than a charge  composed of spher ica l  p ieces .  This is p robably  explained by the poore r  contacts  between 
the pieces of the cyl indrical  charge  and the p re sence  of different  kinds of shapes  of po re s .  

The values ~ef for  pel let ized ores  which have a low the rma l  conductivity of the ma te r i a l  differ  both 
in thei r  smal l  magnitude in compar i son  with kef for  a metal l ic  charge  and by the nature  of the re la t ionship  
with the t e m p e r a t u r e .  For  pel let ized ores  a cons iderably  lower  inc rease  of kef with t e m p e r a t u r e  inc rease  
is obtained than for  metal l ic  o r e s .  This c i r cums tance  indicates that the influence of radiat ion on the heat  
exchange through the l aye r  is cons iderably  lower than in the case  of a meta l l i c  charge,  but the influence 
of the t he rma l  conductivity of the mate r i a l  i tself  is g r e a t e r .  

N O T A T I O N  

~ef effect ive t h e r m a l  conductivity,  W / m  �9 deg; 
Q t h e r m a l  flux, W; 
l th ickness  of the charge  l aye r ,  m;  
F a r e a  of l aye r  c ro s s  section,  m2; 
At t e m p e r a t u r e  drop on the boundaries  of the l ayer ,  deg; 
d d i ame te r  of the p iece ,  m;  
L dis tance f r o m  the hea te r ,  ram. 
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