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the relationship Bi t =f(Foi) is unusual for relatively 
"thin" bodies (Fig. 4). In this case, an extremum is 

present on the curve Bi I = f(Fot), whose position shifts 

toward larger Fo I as the dimension of the interacting 

plates increases. This feature is due to a and, con- 

sequently to, Bi I. It is apparently explained by "re- 
flection" of the thermal fluxes from an insulated sur- 

face of the plate. This effect becomes particularly 

noticeable for thin plates, as well as for plates with 

high thermal conductivity. 

On the whole the weak dependefice of the Blot num- 

ber on time in almost the entire range of the thermal 

stabilization process is notable. Despite the fact that 

strong radiative interaction is clearly defined in the 

initial stage of thermal stabilization (see Fig. 2), the 

kinetics of change in the Blot number are in the nature 

of a sluggish and prolonged process. Here, the rate of 

decrease in Bi I is less in the initial stage than in the 

later stage. 

The above discussion explains to a certain degree 

why the widely used quasi-stationary methods of cal- 

culating nonstationary heat transfer result in satisfac- 

tory agreement with experiment. 

At the same time the preliminary results presented 

above provide a basis for performing more detailed 

de te rmina t ions  of a(~') when t he r e  is a d is t inc t  t h e r m a l  

in te rac t ion .  

NOTATION 

ai  denotes  the t h e r m a l  diffusivi ty  coeff ic ients ;  1- is  
the t ime ;  E i denotes the r e s u l t i n g  r ad ia t ion  dens i t i e s ,  
i = 1, 2; o'12 = o-21 a re  the r e s u l t i n g  e m i s s i v i t i e s  of the 
plate;  X i denotes the t h e r m a l - c o n d u c t i v i t y  coeff ic ients  
for the plate;  R i denotes  the plate  th ickness ;  T i is the 
in i t ia l  plate  t e m p e r a t u r e ;  ~ is a d i m e n s i o n l e s s  co-  
ord ina te ;  0 i is the d i m e n s i o n l e s s  t e m p e r a t u r e ;  r is 
the d i m e n s i o n l e s s  r e su l t i ng  r ad i a t i on  dens i ty ;  Fo i = 
= (ki/ciPi)('r/R 2) is the Fourier number; Bi i = aiRi/k i 
is the Blot number. 
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The temperature distribution is indicated through directly measurable 
values from consideration of convection equations for the steady-state 
process. The impossibility of stabilization of the interface when the 
extraction rate changes is shown. 

A. V. Stepanov has proposed  a m e t h o d f o r p r o d u c i n g  
a r t i c l e s  d i r e c t l y  f rom a mel t  [1]. 

Var ious  a r t i c l e s  made f rom a n u m b e r  of m a t e r i a l s  
a re  now be ing  produced  with th is  method [2, 3]. Which 
ba s i ca l l y  is as follows. The mel t  co lumn is  given the 
d e s i r e d  shape (see  f igure) ,  and f in ished a r t i c l e  is 
obtained by c r y s t a l l i z a t i o n  of the co lumn.  The i m p o r -  
t ance  of ca lcu la t ion  of the pos i t ion  of the c r y s t a l l i z a -  
t ion  f ront  is  obvious he re .  This  p r o b l e m  is a lso of 
i n t e r e s t  fo r  the Czochra l sk i  method.  

The t h e r m a l  condi t ions  of the p roces s  for a s p e c i -  
fied t r a n s i t i o n - b o u n d a r y  pos i t ion  a re  ca lcu la ted  in 
this a r t i c l e  in an approx imat ion  of a o n e - d i m e n s i o n a l  
t h e r m a l  p r o b l e m  with convect ion .  

The cool ing s chemes  can  va ry  [3]. We a s s u m e  that  
heat  t r a n s f e r  occurs  only due to i n t e r n a l  t h e r m a l  con-  
duct ivi ty .  The coord ina te  s y s t e m  is shown in  the f igure .  

We ignore  change in the phys ica l  c h a r a c t e r i s t i c s  of 
the m a t e r i a l  on e i the r  s ide  of the phase  in te r face .  

The equat ions  of the p r o b l e m  are  [4] 

0 ~'~ a~ 02~1 
O~a-Fu . . . .  O, O ~ < x ~ X ( t ) ,  (1) 
Ot Ox Ox ~ 

0 ~  +uO~--a2 020"~ =0,  X(t)~x. (2) 
Ot Ox Ox ~ 

At the boundary ,  we have 

~,  ( x ,  t) = ~ , ( x ,  t) = To, (3) 

{o o oeq =x=L,,p+Lp dx 
K \Ox  Ox ] d---t' (4) 

#1(0, t) =Tin. 

The s i m p l e s t  case  of the s t ab i l i za t ion  p r o b l e m  
c ons i s t s ,  with s t e a d y - s t a t e  ex t r ac t ion  and the re fo re  
with a fixed in t e r f ace ,  of m a i n t a i n i n g  the pos i t ion  of 
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the bounda ry  by p r o p e r  s e l e c t i o n  of the t e m p e r a t u r e  
in the  coo l ing  zone when the  e x t r a c t i o n  r a t e  v a r i e s .  
However ,  it  is  e a s y  to s e e  that  th is  r e q u i r e m e n t  is  
not f e a s i b l e  in such a r i g i d  f o r m .  

X 

k _ _  

g 

D i a g r a m  of p roduc t ion  f r o m  a me l t .  

Let  us make  the subs t i tu t ion  ~ = ~ 2 -  To, Y = x - X. 
By the subs t i tu t ion  

e~ : e x p  ~( u12a 2 x--  4a ~u~ t) s(x, t) 

we t r a n s f o r m  Eq. (2) into the  hea t - conduc t ion  equat ion 

as 0% 
- -  ~ a  2 , 

at o f  

(u I is  the  new e x t r a c t i o n  r a t e )  with the  add i t iona l  con-  
d i t ions  

as = ,  (t). ~(y, tL= o = o , ~  ~=o 

Here  r is  a c e r t a i n  known funct ion tha t  i n c r e a s e s  in 
t not m o r e  r a p i d l y  than exp (u~t /4a2) .  The in i t i a l  con-  
d i t ions  a r e  un impor t an t  fo r  us now, and we l e t  s(x,  0) = 

~ 0 .  
We w r i t e  the  L a p l a c e - t r a n s f o r m  equat ion for  s(x ,  t) 

#S_a2ps=O. 
0 7  

With  our  bounda ry  condi t ion ,  i t s  so lu t ion  wi l l  be  

s ' =  ~(P) sh ya Vp. 

Inasmuch  as  ~(p)  does  not a p p r o a c h  z e r o  as  [o[ ~ oo, 
we see  that  for  s(p) a p r e i m a g e  which i n c r e a s e s  l e s s  
r a p i d l y  than exp (u~ t / 4 a  2) does  not ex i s t .  

T h e r e f o r e ,  r i g i d  s t a b i l i z a t i o n  is  i m p o s s i b l e .  This  
r e s u l t  i nd i ca t e s  the  a p p r o p r i a t e n e s s  of ou r  i n t r o d u c -  
ing, fo r  s t a b i l i z a t i o n  p u r p o s e s ,  f e e d b a c k  be tween  the  
t e m p e r a t u r e  in the  cool ing  zone and the i n t e r f a c e  p o s i -  
t ion.  

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 the  s t e a d y  s t a t e  
as  a funct ion of the  i n t e r f a c e  p o s i t i o n  i s  g iven  by  the  
equat ions  

a ~ 0 ~ ~i 0 ~i - - - - - u  = 0  ( i =  1, 2) c) x 2 ,~ x 

with bounda ry  cond i t i (~s  (3), (4), and dX/d t  - O. The 
r e s u l t  f r o m  so lu t ion  of t h e s e  equa t ions  is  

T O - -  T m - - +  

(") 
exp ~ - X  - - 1  

~ _  uX 
~ 2 = T 0 - -  exp ( - - - ~ - )  + 

+ To - -  Tm exp ~ -  ) + 

exp ( ~ -  X - -  1 

T O - -  T m ) ux 
+ 7 - U x -  exp ( - ~ - )  . 

e x p ( ~  ) - - 1  

(5) 

(6) 

As is  appa ren t ,  the  l a t t e r  equat ion  r e l a t e s  the  m e l t  
t e m p e r a t u r e ,  as  wel l  as  the  height  and t e m p e r a t u r e  
of the  c r y s t a l l i z a t i o n  f ron t ,  to  the  t e m p e r a t u r e  of any 
point  in the  s o l i d  p h a s e  up to  the  coo l ing  zone.  

A p r e l i m i n a r y  check  of the  a p p l i c a b i l i t y  of  th is  
equat ion  was m a d e  fo r  e x t r a c t i o n  with  f o r c e d  a i r  c o o l -  
ing of a s t r i p  of t e c h n i c a l - g r a d e  p u r e  a luminum.  The 
t e m p e r a t u r e  at  the  b a s e  of the  me l t  co lumn and in the  

Resu l t  of E x p e r i m e n t a l  Check of F o r m u l a  (6) 

100-10 - s  

L70~10 -a 394 

k45- l0 -3 

U, 
m/see T•' Xmeas, Xcalc 

m ffl 

645 1.87-I0 -a 2.00-10 -31 

652 1.74-10 -3 1.76.10 -3 

W/m- deg I L K ,  a-*, 
k J i ' kg  m2/see 

673 588 

670 615 

689 599 645 2.35.10 -s2.50"10 -a 

238 8.9-10 -5 2.5.10 a 

D, 
k g / m  a 
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c r y s t a l l i z a t i o n  zone was m e a s u r e d  with a m i c r o t h e r m o -  

couple.  Then the the rmoeoup te  was frozen into the 
s t r ip  and the t e m p e r a t u r e  d i s t r i bu t ion  of the sol id phase 
dur ing  c r y s t a l l i z a t i o n  was r eco rded .  M e a s u r e m e n t  of 
the p h a s e - t r a n s i t i o n  t e m p e r a t u r e  is n e c e s s a r y ,  due to 
the p r e s e n c e  of supercool ing ,  which differs  for var ious  
c r y s t a l l i z a t i o n  r a t e s .  

The r e s u l t s  a re  g iven in the table .  
We note that Eq. (6) c a n b e  u sed to  d e t e r m i n e  s u p e r -  

cooling,  and this is of c o n s i d e r a b l e  i n t e r e s t .  

NOTATION 

u is the ex t rac t ion  ra te ;  T m is  the mel t  t e m p e r a t u r e ;  
T o is the p h a s e - t r a n s i t i o n  t e m p e r a t u r e ;  d 1 is the l iquid 
phase t e m p e r a t u r e ;  d 2 is the so l id  phase  t e m p e r a t u r e ,  
X is the in t e r f ace  coord ina te ;  K is the t h e r m a l  con-  
duct ivi ty coefficient; a 2 is the thermal diffusivity coef- 

ficient; L is the specific heat of fusion; p is the den- 

airy; Xcalc is the ca lcu la ted  value of the in te r face  

coord ina te ;  Xmeas  is  the m e a s u r e d  value of the in -  
t e r f ace  coord ina te .  
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The nonequilibrium-thermodynamms method is used to examine the 
kinetics of the liquid-vapor phase transition of a pure substance. It is 

shown that there is a sharp increase in the pressure-relaxation time in 
an isothermic system near the critical point. 

For  a phase t r a n s i t i o n  of the f i r s t  kind to take place 
at a f ini te  r a t e  it is n e c e s s a r y  to change the condi t ions  
for phase equ i l i b r i um,  for example ,  to change the 
p r e s s u r e  while we hold the t e m p e r a t u r e  cons tan t  or  
to m a i n t a i n  a c e r t a i n  t e m p e r a t u r e  d i f fe rence  be tween 
phases .  However,  this  s i tua t ion  is often not apparen t  
because  heat  t r a n s f e r  and hydrodynamic  or diffusion 
p r o c e s s e s  a s soc ia t ed  with phase t r a n s i t i o n  p r e d o m i -  
note. 

It has long been  known [1] that  at low t e m p e r a t u r e s  
the r e l a t ionsh ip  be tween  the evapora t ion  r a t e  and the 
p r e s s u r e  d i f fe rence  Ps - P is given by 

t 

i = a (2x mkT)  -7 (P5 - -  P). (1) 

In this  case ,  the evapora t ion  ra te  is low because  of 
low vapor densi ty ,  and heat  t r a n s f e r  is  not a l imi t ing  
factor .  Re ta rda t ion  of phase  t r a n s i t i o n  nea r  the c r i t i c a l  
point is  due to some other factor .  Here  the evapo ra -  
t ion r a t e  drops because  the d i f fe rence  between coex i s t -  
lag phases  becomes  negl ig ib le .  

S. L. Rivkin et al. [2, 3] obse rved  the p ro t r ae t ed  
change (up to 8 - 1 0  hours)  in wa te r  p r e s s u r e  in a two- 
phase reg ion  under  i s o t h e r m a l  condi t ions  when Tcr  - 

- T -~ 1-2 ~ C. If we do not expect equilibrium to be 

established, the condensation lines on the p- and v- 

diagrams will be inclined. The authors of [3] notethat 

this slope is not caused by impurities. 

Consider a one-component isolated system con- 

sisting of two isotropic coexisting phases. In the gen- 

eral case, we consider that the phase temperatures 

and pressures differ and are not equal to their values 

in an equilibrium system. We assume that internal 

equilibrium in the phases is established much more 

rapidly than equilibrium between phases, [. e., a quasi- 

steady state exists for the discontinuous system. We 

apply the fundamental equation of thermodynamics to 
each phase: 

TdS  = dU + pdV - -  ~ dM. (2) 

With (2) and the condi t ions  that  the m a s s ,  volume, and 
i n t e rna l  ene rgy  of the en t i r e  s y s t e m  be cons tan t ,  we 
find the ra t e  of i n c r e a s e  in en t ropy  by a d i rec t  method:  

1 1 (]" 

T r' ~ �9 

There fo re ,  the m a s s  and energy  flows have the fo rm 

Jr -~ M" = __ L,r ( pL" Ix' ) 
r" ~ +  

') 
+ LI~ T '  ' (3) 


