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A ma thema t i ca l  ana lys is  appl icable  f rom the s t a r t  of mel t ing  to "blow-through" is given. The 
vary ing  liquid t e m p e r a t u r e  and the growth kinetic and mel t ing  of the cas t  i ron l ayer  on s c r a p  
m e t a l s u r f a c e s  a r e  a s s e s s e d .  

In s tee l  con ve r t e rm e l t i ng ,  liquid pig i ron is often poured onto cold me ta l  s c r ap  which absorbs  heat  at 
a high ra t e  f rom the i ron.  As a r e su l t  the t e m p e r a t u r e  of the iron is lowered  and a solid l aye r  may  be 
fo rmed on the su r f ace  of the s c r a p  [1, 2]. As the s c r a p  is heated the growth of the c a s t  i ron c rus t  s lows 
and finally s tops when t h e r m a l  equi l ibr ium is r eached  at i ts  inner  and outer  boundar ies .  A gradual  r e m e l t -  
ing of this l ayer  then begins .  

The c rys ta l l i za t ion  of a me l t  when a p la te  is i m m e r s e d  in it has been analyzed [3:5]. Solidification 
and subsequent  mel t ing  of l aye r  on the s u r f ace  of such s c r a p  in a conve r t e r  is a lso r epor t ed  [1, 2] for  con- 
s tant  liquid t e m p e r a t u r e .  

In p r ac t i ce  the liquid t e m p e r a t u r e  does not r ema in  constant  because  m a s s  of the cold s c r a p  is often 
an apprec iab le  f rac t ion  (25%) of the i ron.  It is t h e r e f o r e  of in te res t  to study the sol idif icat ion of the liquid 
i ron under  conditions of changing t e m p e r a t u r e .  Fur ther ,  for  operat ional  r easons  it is impor tan t  to e s t ima te  
quanti tat ively the cooling effect  of the s c r a p  on the liquid. 

The authors  invest igated the c rys ta l l i za t ion  in a me l t  by cooling the liquid bath and made  e s t ima te s  of 
i ts  t e m p e r a t u r e  which allowed the cooling effect  of s c r a p  to be de te rmined  f rom the f i r s t  s tage  of conve r t e r  
operat ion.  

The heat  t r a n s f e r  during this per iod is s i m i l a r  to that  in heating an infinite s tee l  plate  under  a l aye r  
of liquid i ron (Fig. 1). 

The following assumpt ions  w e r e  made:  1) the solidifying i ron l ayer  is taken to be a "fine" body of 
t e m p e r a t u r e  ts ;  2) at the t ime  of contact of the liquid iron with the s c r ap  m a t e r i a l  the su r f ace  t e m p e r a t u r e  
r i s e s  continuously to t s and r em a i ns  constant  at this value during the l i fe t ime of the solidified iron layer ;  
3) all  heat  emit ted by the i ron is taken up by the s c r a p  (the bath was well insulated f rom the surroundings) ;  
4) at any t ime  the liquid t e m p e r a t u r e  is kept constant  throughout the liquid by intense circulat ion;  5) the 
t ime  of cooling the me l t  is divided into s tages  during which the liquid t e m p e r a t u r e  r e m a i n s  constant  and at 
the end of which it drops  ins tantaneously  ("step" t e m p e r a t u r e  changes in liquid iron); 6) all  the s c r a p  for  
mel t ing  is made  up of p ieces  (plates) in s i m i l a r  contact with the liquid; 7) the t he rmophys i ca l  data a r e  
constant .  

The ma thema t i c  r ep re sen ta t i on  of these  conditions of h e a t - t r a n s f e r  is 
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and  t h e  t h e r m a l  e q u i l i b r i u m  e q u a t i o n  f o r  t h e  t i m e  d r  
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w h e r e  q i s  t h e  h e a t  a b s o r b e d  by t h e  p l a t e .  
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T h i s  m o d e l  was  t r e a t e d  u s i n g  a f i n i t e  d i f f e r e n c e s  m e t h o d .  

t e r v a l  w e r e  e x p r e s s e d  by  t h e  f i n i t e  d i f f e r e n c e  a s  f o l l o w s  
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Fig. 2 

Fig. I .  To calculation of solidification of cast iron layer on 
plate surface. 

Fig. 2. Variation of liquid cast iron temperature within the period 
of crust existence for different initial heights of cast iron layer over 
plate (a) and dynamics of freezing up and melting of cast iron crust 
on plate surface (b). 

The equations (i) and (2) for any time in- 
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H e r e a  k = h  0 -  ~ A ~ i .  

Using the above model  calculations were  made by computer  of the solidification kinetics and of the 
remel t ing of the iron layer ,  of the heating of the plate and the cooling of the liquid added to a height h 0 and 
the heat  t r ans fe r  coefficients.  These p a r a m e t e r s  r e f e r  to the melting of steel in a 100 ton conver ter  with 
s c r ap  mater ia l  of var ious s izes  and constitute a total of some 25% of the liquid iron mass .  

Calculations were  made using the c leared d i f fe renceprocedure .  Values of Ax and AT (corresponding 
to the accuracy  requirements)  were  taken to be 0.01 m and 1 sec (the maximum allowable AT value with 
this Ax was 13 sec) .  

The calculations resu l t s  a re  given in Fig. 2a, b and in Table 1. 

Calculations show that the in ter ference  between the phases is i r r egu la r .  There  is a uniform in- 
c r ease  in solid layer  thickness up to a maximum (it var ied  f rom run to run) value until the layer  remel ts  
(Fig. 2b). 

Calculated t empera tu res  were obtained for liquid iron at the end of the f i rs t  stage and agree  with the 
experimental  data which were obtained by measurements  in the liquid bath with a thermocouple  [6]. 
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N O T A T I O N  

~s the melt ing point of iron cast;  
a re  the initial and instantaneous t empera tu re  of plate; 
is the half - thickness  of plate; 
~s the instantaneous t empera tu re  of liquid iron cast;  
~s the time; 
~s the dis tance along plate thickness;  
is the heat  t r a n s f e r  coefficient; 
is the thermal  diffusivity; 
are  the initial and instantaneous hight of liquid i ron cast  over  plate; 
is the instantaneous thickness of solidified iron cast  layer;  
is the latent heat of iron cast  melting; 
is the thermal  conductivity of plate; 
a re  the heat  capacity of liquid iron cast  and plate; 
a re  the density of liquid i ron cast  and plate. 
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