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C R O W N  

The r e l i a b i l i t y  of the  o p e r a t i o n  of b l a s t  f u r n a c e  s t o v e s  to s o m e  ex ten t  depends  on the  p r o p e r  c a l c u l a -  
t ion  of the t e m p e r a t u r e  e x p a n s i o n  of the  s t r u c t u r e .  The t e m p e r a t u r e  e x p a n s i o n  of r e f r a c t o r y  s t r u c t u r e s  is  
a f f ec t ed  by  many  f a c t o r s ,  inc lud ing  the  p r o p e r t i e s  of the  r e f r a c t o r i e s ,  the  t e m p e r a t u r e  of the  b r i c k w o r k ,  
e tc .  It is  p o s s i b l e  by c a l c u l a t i o n  to  d e t e r m i n e  only the  a p p r o x i m a t e  va lue  of  the  t h e r m a l  e xpa ns ion .  

The t h e r m a l  e x p a n s i o n  AH of the  s t r u c t u r e  has  been  c a l c u l a t e d  f r o m  the equa t ion  

AH = I]Htmean, 

w h e r e  fl is  the  coe f f i c i en t  of l i n e a r  e x p a n s i o n  of the s t r u c t u r e ;  H is  the  he igh t  of the  s t a t e d  s e c t i o n  of the  
s t r u c t u r e ;  and t m e a n  is the  m e a n  t e m p e r a t u r e  o v e r  the  he igh t  of the  s e c t i o n  of the s t r u c t u r e .  

F i g u r e  1 shows the r e s u l t s  of c a l c u l a t i n g  the  t e m p e r a t u r e  e x p a n s i o n  of the  i n t e r n a l  l a y e r  of the  s t r u c -  
t u r e  of the  w a l l s  and hous ing  a c r o s s  the he igh t  of the  s t o v e s  of a b l a s t  f u r n a c e  with  a v o l u m e  of 2000 m 3. 
The c a l c u l a t i o n s  w e r e  made  fo r  the  fo l lowing  cond i t i ons :  

The t e m p e r a t u r e  of the  s t r u c t u r e  o v e r  the  he igh t  a l t e r s  r e c t i l i n e a r l y  f r o m  300 to 1400~ 

The t e m p e r a t u r e  of the i n t e r n a l  s u r f a c e  of the  s t r u c t u r e  was  u s e d  for  the  c a l c u l a t i o n s .  

The a f t e r - c o n t r a c t i o n  of the  r e f r a c t o r i e s  d u r i n g  w a r m i n g  up of the  s t r u c t u r e  was  i g n o r e d .  

The t e m p e r a t u r e  of the  hous ing  was  u n i f o r m  o v e r  the  he igh t ,  and equal  to 100~ 
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F ig .  1. T h e r m a l  e x p a n s i o n  of the  
, s t ruc tu re  of the  w a l l s  (1) and 
h o u s i n g  (2) o v e r  the  he igh t  of the  
s t ove .  I) F i r e b r i c k ;  II) h i g h -  
a l u m i n a  VGO-62;  t e m p e r a t u r e  at  
~Lhe b o t t o m  of the  c h e c k e r s  300~ 
at  the  top 1400~ 

The c o e f f i c i e n t  of l i n e a r  e x p a n s i o n  of the  hous ing  [1] was  11.7 
�9 10 -6, f i r e b r i c k  s t r u c t u r e  in the  r a n g e  20-900~ 7 �9 10 -6, and h i g h -  
a l u m i n a  m a t e r i a l  in the  r a n g e  900-1400~ 10 �9 10 -6 deg  -1. As  we 
s e e  f r o m  Fig .  1 the  t e m p e r a t u r e  e x p a n s i o n  of the  s t r u c t u r e  r e l a t i v e  
to the hous ing  o v e r  the  he igh t  of the  s t o v e  r e a c h e s  300 ram.  
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Fig. 2 Fig. 3 

Fig. 2. Change in the the rma l  expansion of the s t ruc tu re  of the 
cupola re la t ive  to the housing of the stove.  1) Lining of the cupola; 
2) metal l ic  supports ;  3) metal l ic  pipe d i ame te r  50 m m  with scale;  
4) r e f r a c t o r y  plug; 5) aper tu res  for  the thermocouples ;  6) housing 
of the s tove.  

Fig. 3. Measur ing the t he rma l  expansion of the s t ruc tu re  of the hot-  
b las t  s tove re la t ive  to the height and radius at +25 m; 1) VGO-62 
h igh-a lumina  br ick;  2) l ight-weight  diatomite;  3) diatomite  br ick;  
4) ho t -b las t  s tove housing; 5) 6 m m  d iame te r  metal  sh im (scale); 
6) f r iable  diatomite .  

In comparison to the calculations, experiments were made to determine the thermal expansion of the 

structure of the walls and the cupola (crown) of the stoves relative to the housing. 

Figure 2 shows the scheme for measuring the thermal expansion of the structure of the cupola AH 

relative to the housing, and Fig. 3 the scheme for measuring the thermal expansion of the structure of the 

walls over the height Ah and radius AR relative to the housing of the stove at the mark +25 m. Measure- 

ments were made during drying and warming up of the stove. The drying and warming up of the stove com- 

menced on February 3. The results of the measurements are given in Table I. 

Calculations for the temperature at the bottom of the checker indicated 390~ and the cupola I130~ 

giving: AH = 210 mm, Ah = 60 ram, and AR = 23 mm. 

The noncorrespondence between the actual expansion of the refractories and the calculated values can 

be partially explained by the shrinkage of the structure made with refractory mortar. Thus, chamotte and 

high-alumina plasticized mortars with a mositure content of up to 4% give a shrinkage of up to 4%. Con- 

sidering that the moisture content of the mortar is several times higher, it can be expected that its shrink- 

age will also be greater, and the more so the higher the temperature. 

After completion of drying and warming up during operation of the stoves in a period of one month, 

at a cupola temperature of 1300~ repeat measurements were carried out on these values. The values AH, 

Ah, and AR were practically unaltered despite the increase in the cupola temperature from I130~ to 1300~ 

This can be explained by the fact that with a further rise in the temperature of the cupola, the expansion of 
the structure was compensated by the shrinkage of the refractories. The measurements at the commence- 

ment and termination of the heating period gave the same results. With a cupola temperature of 1300~ the 

calculated values of the factors under investigation equaled: AH = 250 ram, Ah = 75 mm, and AR = 28 ram. 

The temperature expansion of the structure across the radius, if no compensation is specified, causes 
additional stresses in the housing, and may be the cause of its rupture. 

CONCLUSIONS 

During the heating of b las t  furnace s toves  the s t ruc tu re  shows an expansion.  The actual magnitude 
of the t he rma l  expansion of the r e f r a c t o r y  s t ruc tu re  in the s toves  re la t ive  to its housing ac ros s  the height 
and radius is less  than the calculated value. 
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The d i sc repancy  between the calculated and exper imenta l  data in t e r m s  of t he rma l  expansion of these 
s t ruc tu r e s  r equ i res  the ca r ry ing  out of wider  expe r imen t s .  
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