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We consider  the spher ica l ly  s y m m e t r i c  Stefan p rob lem with a boundary condition of the second kind. 
For  the t e m p e r a t u r e  distr ibution in the region under considerat ion we obtain a nonlinear in t eg ro -d i f f e r -  
ential  equation which can be solved by the method of success ive  approximat ions .  The determinat ion of the 
t ime taken for  the requ i red  boundary to r each  a given posit ion is reduced to quadra tures .  

The p r o b l e m  with a r equ i r ed  boundary for the equation of heat  conduction finds wide applicat ion in 
the technology of foundry work,  in the t h e r m a l  t r e a t m e n t  of meta l s  and in c ry s t a l  growing. The solution 
of the p r o b l e m  in a sufficiently genera l  formulat ion involves g rea t  ma themat i ca l  diff icult ies.  Var ious  ap-  
p roaches  a re  known to the solution of the p rob l em.  In [1, 2] the solution of the Stefan p r o b l e m  is reduced  to 
the solution of a flmctional s y s t e m  of equations;  in [3] the applicat ion of the two-s ided  L a p l a c e - C a r s o n  t r a n s -  
f o r m  with r e s p e c t  to a space  va r i ab l e  to the solution of the Stefan p rob l em is d iscussed ,  as a r e su l t  of which 
the functional s y s t e m  of equations b e c o m e s  ident ical  to the s y s t e m  obtained in [4] by the method of con- 
tinuing the initial  conditions. Very  effect ive in the solution of the Stefan p r o b l e m  is the method of expanding 
in a s e r i e s  in the " ins tantaneous"  or  " local"  eingenfunctions of the p r o b l e m  [5-7]. In [8] the method of suc-  
ce s s ive  app rox ima t ions  was used  to solve the p lane  s ing le -phase  Stefan p rob lem,  as is done below for  the 
solution of the spher ica l ly  s y m m e t r i c  s ing le -phase  f reez ing  p rob l em with a boundary condition of the second 

�9 kind. 

The mathemat ica l  formula t ion  of the p rob lem takes  the following f o r m  af te r  the introduction of ap-  
propriately chosen dimensionless variables: 
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The p rob l em  (1)-(5) co r r e sponds  to the externa l  icing of a sphere  f r o m  the sur face  of which there  
is a constant  heat flux, while the t e m p e r a t u r e  of the surrounding medium at the initial moment  of t ime  is 
equal to the phase change t e m p e r a t u r e .  A r e s u l t  of solving the p rob lem is the determinat ion of the d imen-  
s ionless  t e m p e r a t u r e  of the medium u(x, t) in the f rozen l aye r  and the de terminat ion  for  each  moment  of 
t ime  t of the posit ion of the phase change boundary x =A(t) as a function of the d imens ionless  heat  of phase 
change ~ .  

We integrate  (1) with r e s p e c t  to x f r o m  1 to x and take account of the 'boundary condition (2): 
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We wri te  the resul t ing equation for  x =A(t) and note the condition on the requ i red  boundary (4). Taking 
A =A(t) as the independent var iab le ,  we obtain 

, ~*u "1-1 
d-T = .A,_  = "~'~'d=] (7) 
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Integrat ing (7) and taking note of the initial condition (5), we obtain an express ion  for  the t ime  taken 
for  the requ i red  boundary to r e a c h  a given posit ion in space  

o i i ~  
t = ' ~  (A"-- t ) "  x2 ~-dxdA (8) 
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Integrat ing (6) with r e s p e c t  to x f r o m  A to x, noting the condition on the requ i red  boundary (3), and 
using (7), we obtain the following functional equation: 
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which can be solved by the method of success ive  approximat ions ,  as  follows: 
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The z e r o - o r d e r  approximat ion for  u(x, A) co r responds  to the l imit ing case  of an infinitely smal l  spe -  
cific heat of the medium,  which can be obtained using Leibenzon 's  method for  the approximate  solution of 
the Stefan p rob lem [9], the application of which to the solution of the p rob lem of the solidification of a sphere  
was d iscussed  by Kovner  [10]. Substituting Uk(X , A) in (8), we obtain the approximat ion  for  tk=tk(A).  

The nature  of the convergence of the i terat ion p roce s s  (10) is eas i ly  seen in Fig. 1 where  for  ~ =0.05, 
0.50, and 1.0 the resu l t s  a r e  given of calculat ing the z e r o - o r d e r  (1), f i r s t - o r d e r  (2), and s econd -o rde r  (3) 
approximat ions  for  the posit ion of the phase change boundary.  Figure  2 shows the r e su l t s  of calculat ing 
the second approximat ion  for  the requ i red  boundary for  va r ious  values  of the nondimensional  heat of phase 
change ~.  
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