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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) 
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+ L2~. ~7- T' ' (4) 

The flows a re  r e f e r r e d  to a unit  a r e a  of phase  i n t e r -  
face. We a s s u m e  that flow is pos i t ive  when it  is d i -  
r ec ted  toward  the second (h igh - t empera tu re )  phase.  

As is usual  El2 = L21. 
When the phase p r e s s u r e s  are  not equal  even at 

equ i l ib r ium,  the following s i tua t ions  can occur :  a) sma l l  
drops of l iquid su r rounded  by vapor ,  o r  vapor  bubbles  
in the l iquid;  b) a sol id  phase,  sub jec ted  to addi t ional  
c o m p r e s s i o n ,  but f r ee ly  m i s c i b l e  with the gas or  l iquid 
phase.  We ignore  r e l a t ed  cases  and a s s u m e  that  p '  = 
= p" = p. Then U" = U" + pV" = H". 

We cons ide r  s e v e r a l  examples  of the way in which 
re la t ionsh ips  (3) and (4) can  be used,  a s s u m i n g  that 
the devia t ions  f rom e q u i l i b r i u m  are  minor  and that  
I A T ! / T  << 1, I A p l / p  << 1. To be specif ic ,  we cons ide r  
a l i qu id -vapor  sys tem.  

1) T ' =  T " =  T ~ T s, p = p s ;  

L~ ( , , _  , ) ,  & _  L.~ (, ,__~,).  

T T 
J 1  ~ -  - -  - -  

We have 

J~ _ L~ = Q * ~ - h " = l + h ' .  (5) 
J~ Ln 

Allowing for the fact that #"(Ts, Ps) -- P' (Ts, Ps), we 
can represent the difference in chemical potentials as 

' T  O~" ~"(T, p~)--~ ( , p~)--~ AT -- 
OT 

0~' AT--  l AT. 
OT T 

For  the mas  s flow we have 

J1= Ln IA T, (6) 
T 2 

For  a given deviat ion in t e m p e r a t u r e  f rom the equi l ib -  
r i u m  value,  the m a s s  flow of the evapora t ing  mo l e -  
cules  is  p ropor t iona l  to the heat of phase t r a n s i t i o n  
and to the t e r m  L l i / T  2. 

2) T '  = T ~ = T s, p ~ Ps. As in  the p reced ing  case ,  
we expand # about the equ i l i b r i um point  in powers  of 

Ap and l imi t  ou r se lves  to the f i r s t  degree  in the ex-  
pans ion;  we then obta in  

J , =  Ln (v:'-- v~ ) A p. (7) 
T 

Here  the m a s s  flow for  given Ap is p ropor t iona l  to the 
d i f ference  in specif ic  volumes  of the phases  and to 

LI I /T .  
3) T ' =  T " =  T ~ T s, p ~ Ps" This  case  is  a c o m -  

binat ion of the two p reced ing  ones : 

Lu [ AT (v:'--v:)Ap] (8) 
s , =  T l T - 

When the re  is no m a s s  flow it is n e c e s s a r y  that  

h p  l (9) 
AT T(v~'--~) 

This  is the wel l -known C l a p e y r o n - C l a u s i u s  equat ion 
and appl ies  to the p h a s e - e q u i l i b r i u m  l ine .  

4) T '  ~ T ' =  Ts ,  p = p s .  

j l=__Ll l (  ~t~" ~t' ) ( 1 1 ) 
' T~ T - - z -  +LJ2 T'  . (10) Ts 

If we subs t i tu te  LI2 = L I I ( / +  h') into (10) and expand 
~' in s e r i e s ,  we obtain e x p r e s s i o n  (6) a f te r  m i n o r  changes .  

In all  of the cases  cons ide red ,  the m a s s  f i o w c o r r e -  
sponds to s y s t e m  "conduct ivi ty,"  which de c r ea se s  as 
the c r i t i c a l  point  is approached and becomes  zero  when 
v~ = v~ = Vk, l = 0. The re fo re ,  the t ime  r e q u i r e d  to 
r e s t o r e  phase  e qu i l i b r i um for  comparab le  expe r imen ta l  
condi t ions  mus t  i n c r e a s e  g rea t ly  n e a r  the c r i t i c a l  point .  

We now cons t ruc t  the kinet ic  equat ion for p r e s s u r e  
r e l axa t ion  in a l iqu id -vapor  sy s t e m.  I so the rmic  con-  
di t ions will be used (this was done in  R ivk in ' s  expe r i -  
ments ) .  

A sma l l  change in  the specif ic  vapor  volume dv" 
r e su l t s  f rom a p r e s s u r e  change dp = (0p/by) T dv". This  
means  that 

, , b  
b = ~ ~ - .  (11) 

Making use of the condi t ion that  the s y s t e m  m a s s  

- -  V "  - -  1 - -  v" M" M" 

be constant ,  we subs t i t u t e  e x p r e s s i o n  (7) for the m a s s  
flow into (11) and a s sume  that v'  - v~, v" ~ v~; then 

~t ~ U p )2 
L I I ' ~  ( ~  s 

= (P --Ps) TV" ~ (p --Ps)~. (12) 

In tegra t ing  (12) for  the condi t ions  p = P0, when t = 0 
and p = Ps and as t ~ % we obta in  a r e l axa t ion  equa-  
t ion of the usual  f o r m:  

P - -  P~ = (P0 - -  Ps) exp [--  r t]. (13) 

The re laxa t ion  t ime  

T Y" = r -- &,v"(~ - v :  )2 (14) 

depends upon the d i f fe rence  in specif ic  vo lumes  of the 
phases  and on the e l a s t i c i ty  coeff ic ient  T". As T ~ T c r  
the r e l axa t ion  t i m e  i n c r e a s e s  e x t r e m e l y  rap id ly  be -  
cause  both t e r m s  approach zero.  Thus,  the o b s e r v a -  
t ions of Rivkin  et al can be expla ined qual i ta t ive ly  
within the f r a m e w o r k  of o r d i n a r y  t he r modynamic  con-  
cepts .  

Quanti ta t ive e s t i ma t e s  of ~ a re  compl ica ted  by the 
fact  that  the kinet ic  coeff ic ient  Lll i s  unknown. How- 
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ever ,  for r e l a t ive  e s t ima t e s  over  a sma l l  i n t e rva l  of 
t e m p e r a t u r e s  and p r e s s u r e s  we can let  L~I = const .  
For  water ,  the r e q u i r e d  e x p e r i m e n t a l  data  n e a r  the 
c r i t i c a l  point  a re  given in [4, 3]. We choose t h r ee  values  

for  the t e m p e r a t u r e :  T 1 = 365 ~ C, T 2 = 372 ~ C, and 
T a = 373 ~ C (Tc r  = 374.15 ~ C). F r o m  (14) we obtain 
Ta/~- 2 = 2.8, Ta/T 1 = 27, without Mlowingfor  d i f fe rences  
in the volume of the vg:por phase.  F r o m  [3], we have 
~'a -~ 1.5 hr ;  t he re fo re ,  ~-i -~ 3 min.  The l a s t  quant i ty  
is l e s s  than the t ime  r e q u i r e d  to ver i fy  that  the t e m -  
p e r a t u r e  is cons tan t  and to m e a s u r e  the p r e s s u r e  with 
a p i s ton  m a n o m e t e r .  

In this  type of expe r imen t  it  is quite impor t an t  that  
the subs tance  be pure .  I m p u r i t i e s  not only change the 
slope of the condensa t ion  l ine but, n e a r  the c r i t i c a l  
point ,  they wil l  also r e su l t  in a slow drop in p r e s s u r e  
to the equ i l i b r i um value with a d i f fe rent  and probably  
much g r e a t e r  r e l axa t ion  t i m e  than for  the pure  sub-  
s tance .  This is due to ve ry  s t rong  r e t a r d a t i o n  in the 
diffusion i m p u r i t y  molecu le  nea r  the c r i t i c a l  point  [5, 6]. 

At low p r e s s u r e s ,  where  (1) is  vMid, we can find 
Ltl and e s t ima te  the r e l axa t i on  t ime  (14). Allowing for  
the fact that  i = J i m  and equat ing the flows in  (1) and 
(7), we obtain 

L~ = ~  ( mr l~J ~ ,, (15) 
\ 2r~k] P. 

For  wa te r  at 100 ~ C we have T = 1.25 �9 10 .2 sec  for 
c~ = 0.5 and V" = 100 cm a. 

NOTATION 

i is the m o l e c u l a r  evapora t ion  ra te ;  p is  the p r e s -  
su re ;  ~ is  the condensa t ion  coeff ic ient ;  m is the mass  
of a molecu le ;  k is the Bo l t zmann  cons tan t ;  M is the 

mass  of the subs tance ;  V is the vo lume;  v is the 
specif ic  volume;  p is  the densi ty ;  T is the t e m p e r a t u r e ;  
U is  the i n t e r n a l  energy ;  # is the chemica l  potent ia l  
per  unit  m a s s ;  Jl  and J2 a re  the m a s s  and energy  flows ; 
U" = C" + [(p,/r,, - p,/W')/(i/T" - I/T')]V"; 

H is the enthalpy; h = H/M; l = h" - h' is the specific 

heat of the phase transition; AT = T - Ts; Ap = p - Ps; 

T = -v(Sp/av)T is the reciprocal of iosthermic com- 

pressibility (the elasticity coefficient); t is the time; 

T is the relaxation time. Quantities with one prime 

pertain to a liquid and those with double primes to a 

vapor. Quantities with the subscript s refer to the 

saturation line. Differentiation with respect to time 

is denoted by a dot. 
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It is shown that for pulsed thermal loads on the boundary between a 
solid and liquid helium most of the heat transfer takes place to the 
liquid helium; consequently, such transfer mainly depends on the 
helium temperature. The phenomena accompanying this process 
are discussed. 

When studying phenomena  o c c u r r i n g  in me ta l s  and 
semiconduc to r s  due to l ow-du ra t i on  c u r r e n t  pu l se s ,  
we encoun te r  a n u m b e r  of c a se s  in which the Joule  
heat l i be ra t ed  d e t e r m i n e s  the k ine t ics  of the p r o c e s s e s  
obse rved ,  p a r t i c u l a r l y  at l i q u i d - h e l i u m  t e m p e r a t u r e s .  
However,  an ana lys i s  of t h e r m a l  ba lance  f o r t h e p u l s e d  
mode with l a rge  specif ic  heat  loads for  p r e c i s e l y  this  
t e m p e r a t u r e  range  was p r ev ious ly  lacking  in the  l i t e r a -  

tu re .  Given such a s ta te  for  f i lm supe rconduc to r s  on 
a d i e l ec t r i c  backing,  the solut ion to the p rob lem e s s e n -  
t i a l ly  reduces  to d e t e r m i n i n g t h e  effective heat t r a n s f e r  
in the s t e a d y - s t a t e  mode by us ing ave rage  va lues  for 
the c o r r e spond i ng  quant i t ies .  Calcula t ions  of such a 
type a lso  lead to the conc lus ion  that  it  is not n e c e s s a r y  
to al low for  heat t r a n s f e r  d i r ec t l y  f rom the f i lm to the 
he l ium s ince  the t h e r m a l  conduct iv i ty  of he l ium is 
much lower than that  of the backings  used [1]. 

In s e v e r a l  a r t i c l e s  [2, 3], o n l y n o n - s t e a d y - s t a t e  p r o -  
c e s s e s  in  a backing a r e  cons ide red ,  and heat t r a n s f e r  
to he l ium is al lowed for  by me a ns  of p a r a m e t e r s  c h a r -  
a c t e r i s t i c  of the s t e a d y - s t a t e  mode at  low t h e r m a l  loads.  


