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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.  
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Data have recently been obtained indicating that 
heat transfer to liquid helium increases considerably 
for large specific heat loads (~1 W/cm2), even in the 

steady-state mode, and becomes comparable withheat 
transfer to the backing [4]. As will be shown below, 
allowance for the effect of helium makes a consider- 

able contribution to the thermal balance of the pulsed 
system. 

w Consider the thermal balance for a specimen in 
the form of a film on a dielectric backing and bathed 

in liquid helium. If the passage of a current pulse 

through the film liberates a quantity of heat qt and 
heats the film to some temperature T, the temperature 

in the surrounding space will rise simultaneously; 
here the dimension a of the heated region gradually 
increases. This increase during time t is given by 

at ~ (X I t) 1/2 in a backing with thermal diffusivity ~ i and 

by a 2 ~ (x2t)//2 i n h e l i u m .  Since Xi >> X2, then a s > a 2 
i . e . ,  the volume of he l ium heated by the t h e r m a l  pu lse  
is l ess  than the volume of the backing heated within 
the s ame  t ime .  However,  the specif ic  heat of he l ium 
is ve ry  high in c o m p a r i s o n  with that  of the backings  
used [5]; the re fo re ,  the amount  of heat  given off to the 
he l ium dur ing  the t ime  t is a lso cons ide rab le .  If du r -  
ing the t ime  the pulse acts  the region  a is much s m a l l e r  
than the f i lm width d (a << d), we can use the solut ion 
to the o n e - d i m e n s i o n a l  p rob lem of heat propagat ion  
f rom a source  with the power q at  the boundary  a = 0 
into a medium with thermal conductivity z (without 
allowing for the specific heat of the specimen and the 

thermal resistance at the boundaries) [6] : 

•  t ) =  

d~. (1) 
= 1 ~ (t - -  ~) q (z) exp 4 Z (t - -  ~) 

0 

At the boundary  (of the f i lm),  the t e m p e r a t u r e  (for q = 
= const)  is g iven by 

T(0, t ) =  
t 

- ~ -  ~ - - : ~ ( t  0 V~• VY: (2) 
0 

If at the t ime  t = t o, the f i lm t e m p e r a t u r e  T(0, t)  = 
= T0(0,t0); this  means  that the pa r t  ql of heat is ab-  
sorbed by the backing and the pa r t  q2 is given off to 
the l iquid he l ium,  and 

/- • Cp,, P2 (3) q~ _ _  ]/" 
q l  XI t?P 1 ~)1 

If we compare  the heat t r a n s f e r  to l iquid he l ium 
with the heat  t r a n s f e r  f rom the spec imen  to the glass  
backing for  t e m p e r a t u r e s  of 4 .2 -2 .19  ~ K, we will 
always have q2 > ql, i . e . ,  heat  t r a n s f e r  ma in ly  occurs  
to the hel ium.  Thus,  for a t e m p e r a t u r e  of 3.5 ~ K the 
heat  t r a n s f e r  to l iquid he l ium is five t i m e s  g r e a t e r  
than the heat  t r a n s f e r  to the g lass  backing.  Allowance 
for t h e r m a l  r e s i s t a n c e  at the f i lm-back ing  and f i l m-  
he l ium boundar i e s  na tu r a l l y  leads  to a c e r t a i n  change 
in r e l a t i on  (3); however ,  at p r e sen t ,  it  is difficult  to 
p e r f o r m  an exact  quant i ta t ive  ca lcu la t ion  s ince  the re  

a re  no data on the coeff ic ient  of heat  t r a n s f e r t o  he l ium 
in the pulsed  mode and on this  coef f ic ien t ' s  dependence 
on the specific t h e r m a l  power.  Never the le s s ,  on the 
bas i s  of the data of [4], we can  expec t tha t (3 )wi l l  apply 
for f i lms  deposi ted on a glass  backing and for  specif ic  
t h e r m a l  loads q > 1 W/era 2 (when the t h e r m a l  r e s i s t -  
ance of the f i l m - h e l i u m  and f i l m - b a c k i n g  boundar ies  
a re  comparab le ) ;  however,  the f i lm wi l lbe  much hot ter  
[6]. 

In making  a p r e c i s e  ca lcu la t ion  of t h e r m a l  ba lance  
we should allow for the specif ic  heat  of the f i lm,  the 
heat of evapora t ion  of he l ium,  and the high he l ium 
densi ty  nea r  the f i lm [7]. If this  is done, we see that, 
in the pulsed  mode,  spec imens  i m m e r s e d  in l iquid 
he l ium are  cooled much more  in tense ly  but that heat 
t r a n s f e r  depends on t e m p e r a t u r e .  

The m a x i m u m  dec rea se  in heat t r a n s f e r  to he l ium 
and, consequent ly ,  the g r ea t e s t  degree  of overhea t ing  
of the spec imens  should be expected in the 2.5 ~ K t e m -  
p e r a t u r e  range .  

w Since overhea t ing  of the spec imens  is accom-  
panied by heat ing of the he l ium l aye r  nea r  the spec i -  
men,  " the rmal  waves" appear  [6] and sound is gen-  
e ra ted  [9]; this  occurs  because  of the high expansion 
coeff ic ient  of he l ium under  the ac t ion  of t h e r m a l s h o c k  
[8]. For  the high specif ic  t h e r m a l  loads assoc ia ted  
with the new h e a t - t r a n s f e r  m e c h a n i s m s  and accom-  
panied by mass  t r a n s p o r t  [4], we can expect in tense  
bathing of the spec imen  su r face  by cold l aye r s  of 
he l ium even dur ing  the t ime  the t h e r m a l  pulse  acts .  
With the ex is tence  of a shock wave and boi l ing of the 
hel ium this  can lead to a decl ine in the he l ium t e m -  
p e r a t u r e  nea r  the f i lm.  At the end of the pulse ,  the 
t e m p e r a t u r e  of the he l ium layer ,  and of the spec imen  
as well,  can even be lower than the bath t e m p e r a t u r e .  

The r e l axa t ion  p r oc e s se s  in  this case ,  as for ove r -  
heating,  are  de t e rmined  by the p rope r t i e s  of the he l ium 
s ince  q2 > ql and X2 << ~1- Evident ly,  it is jus t  the type 
of re laxa t ion  p r o c e s s e s  in he l ium that affect the m e a -  
s u r e m e n t  of c r i t i c a l  c u r r e n t s  when we study the b r e a k -  
down of superconduc t iv i ty  in f i lm spec imens  b y c u r r e n t  
pulses  of different  shape and dura t ion  [9-11] .  The most  
p ronounced  effect of heat t r a n s f e r  to he l ium will be 
observed  in the he l ium k - t r a n s i t i o n  region.  Upon a 
fu r the r  drop in t e m p e r a t u r e ,  heat t r a n s f e r  to he l ium 
is cons ide rab ly  reduced  owing to the Kapi tsa  t e m p e r a -  
tu re  d i scont inu i ty  [6]. We can expect that  the p rocess  
cons ide red  of heat  t r a n s f e r  to l iquid he l ium will also 
affect the na tu re  of t h e r m a l  ins t ab i l i ty  when m e a s u r -  
ing c r i t i c a l  c u r r e n t s  by the a t tenuat ion in a coil" [12]. 

w Expe r imen t s  on t in  f i lms in l iquid he l ium con-  
f i rm  that this method of ana lyz ing  heat t r a n s f e r  to a 
f luid in  the pulse  mode is justified*. The change in 
s p e c i m e n  t e m p e r a t u r e  is nonmonotonic ,  depending 
on the pulse  t h e r m a l  power.  

When heat t r a n s f e r  takes  place p r i m a r i l y  f rom the 
spec imen  to the he l ium,  the he l ium boi ls ;  this  can be 

*A detailed treatment of the experimental results 
will be published in a separate article. 



JOURNAL OF ENGINEERING PHYSICS 155 

seen with a microscope. For the range studied of 
pulse powers, the heat liberation (up to 15 W/cm 2) 

observed when ~he helium boils fixes the configura- 

tion of the temperature field at the end of the pulse. 

The helium boils on the entire surface of the specimen 

even when the total amount of heat liberated in the 
pulse is 30 erg/cm 2. This fact can be used in studying 
the kinetics of processes accompaniedbytheliberation 

of heat over almost any time range (current pulses of 

nanosecond duration were used in the experiments), 
if the object to be studied is bathed with the liquid. 

This method can be recommended for revealing in- 
homogenities of current distribution in metals and 
semiconductors, for studying the intermediate state 

during the breakdown of superconductivityby a current, 
for tracing the kinetics of heat liberation during metal 
and alloy deformation, etc. 

With this method, high resolution in determining 

temperature and heat liberation distributions is 
achieved since the size of the bubbles of boiling liquid 
is a few microns. 

NOTATION 

T is the temperature; t is the time; q is the specific 
power; a is the dimension of the heated area; d is the 
film width; ?( is the thermal diffusivity of the medium; 

is the thermal conductivity of the medium; Cp is the 

specific heat of the medium;p is the density of the 
medium. The subscript 1 denotes the backing param- 
eters and the subscript 2 liquid helium. 
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