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A m e t h o d  fo r  d e t e r m i n a t i o n  of  d i f f u s i v i t y  of l iquid  m e t a l s  in a h e m i s p h e r i c a l  v o l u m e  is  d e -  
s c r i b e d  and e x p e r i m e n t a l  r e s u l t s  a r e  p r e s e n t e d .  

Many  s t u d i e s  h a v e  been  d e d i c a t e d  to i n v e s t i g a t i o n  of t h e r m a l  and e l e c t r i c a l  p r o p e r t i e s  of m e t a l s  in 
t he  l iqu id  s t a t e  (cf. ,  for  e x a m p l e ,  [1]). N e v e r t h e l e s s ,  con f l i c t s  in a v a i l a b l e  da t a  and the  l i m i t e d  t e m p e r a -  
t u r e  r a n g e  of t h e s e  s t u d i e s  m a k e s  d e v e l o p m e n t  of new e x p e r i m e n t a l  m e t h o d s  d e s i r a b l e  fo r  s tudy  of con-  
duc t i v i t y  and d i f f u s i v i t y  at  h igh t e m p e r a t u r e s .  I m p u l s e  h e a t i n g  o r  t e m p e r a t u r e  wave  m e t h o d s  [1] e m p l o y e d  
fo r  t h e s e  p u r p o s e s  u s u a l l y  r e q u i r e  the  u s e  of m e t a l l i c  c o n t a i n e r s  wi th  l iqu id  m e t a l s ,  which  c r e a t e s  d i f f i -  
c u l t i e s  wi th  r e s p e c t  to  c o r r o s i v e  m e t a l s  a t  h igh t e m p e r a t u r e s .  

In connec t ion  with  th is  p r o b l e m ,  we have  d e v e l o p e d  a m e t h o d  of d i f f u s i v i t y  m e a s u r e m e n t  in s o l i d  and 
l iqu id  m e t a l s  in which the  g e o m e t r i c a l  p a r a m e t e r  e n t e r i n g  into the  f o r m u l a  was  independen t  of the  f o r m  of 
t he  v e s s e l  con t a in ing  the  m e l t e d  m e t a l .  The  b a s i c  i dea  of th i s  m e t h o d  is the  c r e a t i o n  of a h e a t  p u l s e  in the  
c e n t e r  of a h e m i s p h e r i c a l  c r u c i b l e  wi th  the  m e t a l ,  in which  is  p l a c e d  a t e m p e r a t u r e  s e n s o r  (for e x a m p l e ,  
a t h e r m o c o u p l e )  a t  a de f in i t e  d i s t a n c e  f r o m  the  c e n t e r .  M e a s u r e m e n t  of the  t e m p e r a t u r e  p u l s e  d e l a y  t i m e  
g i v e s  i n f o r m a t i o n  on the  m e t a l ' s  d i f fu s iv i t y .  

S ince  the  t h e o r e t i c a l  s o l u t i o n  of the  t h e r m a l  c onduc t i v i t y  equa t ion  fo r  a h e m i s p h e r e  in t he  g e n e r a l  
c a s e  is  qu i te  c o m p l e x ,  in t he  f i r s t  a p p r o x i m a t i o n  we wi l l  c o n s i d e r  the  t h e o r y  of the  m e t h o d  fo r  a t h e r m a l l y  
i n s u l a t e d  h e m i s p h e r e .  In a h e m i s p h e r e  0 < r - R a t  m o m e n t  r = 0 at  a po in t  with c o o r d i n a t e s  (0, 0, 0) l e t  
t h e r e  o c c u r  an i n s t a n t a n e o u s  l i b e r a t i o n  of an amoun t  of hea t  Q. Then  the  conduc t iv i t y  equa t ion  wi l l  have  
the  f o r m  

O[rT (r, T)] c) ~ [rT (r, ~)] 
::: a (1) 

wi th  i n i t i a l  cond i t ions  r = 0; T(0, r)  = 0 and b o u n d a r y  cond i t ions  0 T / a r l  r = 0 = 0; 8 T / a r l  r =R = 0 (the con-  
d t t ion  fo r  t h e r m a l  i n s u l a t i o n  of the  l a t e r a l  s u r f a c e ) ;  OT/O0t 0 = rr/2 = 0 ( absence  of t h e r m a l  f lux  on p l a n e  
s u r f a c e ) .  ' The  s o l u t i o n  of  Eq.  (1) in d i m e n s i o n l e s s  c o o r d i n a t e s  wi l l  be  

s 0 = -~1 . . . . .  ~-~ I - -  u~ sin (u,,7)exp, I - -  .u~ Fo) " , (2) 
r p ,, 2 

/z~0 

w h e r e  ~ = (T/Q) Ocp~R a is  the  r e l a t i v e  t e m p e r a t u r e ;  /~n a r e  the  p o s i t i v e  r o o t s  of t he  c h a r a c t e r i s t i c  e q u a -  
t ion  

u,~ ctg~t,, - -  1 = 0. (3) 

F i g u r e  1 shows  the  t e m p e r a t u r e  d i s t r i b u t i o n  as  a funct ion  of r fo r  ~" = 0.5, 0.55, and 0.75. By m e a -  
s u r i n g  the  t i m e  i n t e r v a l  o v e r  which  the  t e m p e r a t u r e  s i g n a l  a t  po in t  ~ r e a c h e s  ha l f  of i t s  m a x i m u m  va lue ,  
the  c u r v e s  of F ig .  1 can  be  u s e d  to  d e t e r m i n e  the  d i f f u s i v i t y  c o e f f i c i e n t  of the  m a t e r i a l .  The  m e t h o d  is  
m o s t  e a s i l y  r e a l i z e d  not  wi th  a h e a t  s o u r c e  (for which  a l a s e r  o r  a w e l l - f o c u s s e d  f l a sh  l a m p  is  n e c e s s a r y ) ,  
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F ig .  1. R e l a t i v e  t e m p e r a t u r e  ~ and ~ ' d i s t r i b u t i o n  as  a func t ion  of  Fo  
fo r  i n s t a n t a n e o u s  s o u r c e  {solid c u r v e  (~), po in t  s o u r c e ;  d a s h e d  c u r v e  
(~'),  h e m i s p h e r i c a l  s o u r c e ) ;  r e l a t i v e  r a d i u s  of h e m i s p h e r i c a l  s o u r c e ~ '  
= 0.16. N u m b e r s  on c u r v e s  a r e  v a l u e s  of ~. 

F ig .  2. A p p a r a t u s  u s e d .  

but  with a h e a t  d i s c h a r g e ,  which  can  e a s i l y  b e  c r e a t e d  by bo i l i ng  o r  m e l t i n g  s o m e  s u b s t a n c e  in the  c e n t e r  
of t he  c r u c i b l e .  In th i s  c a s e  t he  i n s t a n t a n e o u s  h e a t  d i s c h a r g e  wi l l  have  f in i t e  d i m e n s i o n s  and i t  is  conven -  
ien t  to  conf ine  it to the  s h a p e  of a h e m i s p h e r e  with r < R.  The  so lu t i on  of Eq. (1) in d i m e n s i o n l e s s  c o o r -  
d i n a t e s  in th i s  c a s e  wi l l  be  

I, ~ - ~  t - b ~  t2 3 
~" = - - 7 " ' ~  ~ I-~,~- '~ s in(p,r)  s in ( l . t , , p )exp( - -~Fo)  ~ 2 (4) 

t ~ 0  

The  t e m p e r a t u r e  ~ '  d i s t r i b u t i o n  as  a funct ion of c o o r d i n a t e  and t i m e  i s  a l s o  p r e s e n t e d  in F ig .  1. 

To v e r i f y  the  e f f e c t i v e n e s s  of the  m e t h o d  we conduc ted  a s tudy  of the  d i f fu s iv i t y  a of p u r e  t in  (0.001% 
i m p u r i t i e s ) .  The  s p e c i m e n  was m e l t e d  in a p o r c e l a i n  c r u c i b l e  of r a d i u s  R = 25 m m  (see  F ig .  2). The  h e a t  
d i s c h a r g e  was  c r e a t e d  by a d rop  of w a t e r  f a i l ing  into a th in  w a l l e d  s t e e l  h e m i s p h e r e  with r a d i u s  4 m m .  
C h r o m e l - - a l u m e l  t h e r m o c o u p l e s  w e r e  l o c a t e d  at  v a r i o u s  d i s t a n c e s  f r o m  t h e  c e n t e r .  The  cons t an t  t e m p e r -  
a t u r e  componen t  was  c o m p e n s a t e d  with  an  R-306  p e t e n t i o m e t e r ,  with which  the  r e f e r e n c e  t e m p e r a t u r e  was  
d e t e r m i n e d .  The  v a r i a b l e  componen t  was  a m p l i f i e d  by an I37 a m p l i f i e r  and r e c o r d e d  on a high s p e e d  r e -  
c o r d i n g m i l l i a m m e t e r ,  t y p e  N320. D r o p l e t  bo i l ing  t i m e  in the  e x p e r i m e n t s  was  a p p r o x i m a t e l y  0.1 s ec ;  s i g -  
na l  a m p l i t u d e  was  10 ~ and d e l a y  t i m e  to t h e  ha l f  l e v e l  about  0.9 s e c .  T h e s e  cond i t ions  a r e  not  o p t i m a l ,  
and the  c o r r e s p o n d i n g  u n c e r t a i n t i e s  can  be  e v a l u a t e d  as  f o l l o w s .  

1. Unde r  t h e s e  cond i t ions  the  p u l s e  d u r a t i o n  is  not  i n f in i t e ly  s m a l l .  A m o r e  e x a c t  so lu t i on  of the  
conduc t iv i t y  equa t ion  in th i s  c a s e  can  be  a c h i e v e d  in the  f o r m  of the  d i f f e r e n c e  of s o l u t i o n s  fo r  two con t inu-  
ous po in t  s o u r c e s  of cons t an t  power ,  ac t ing  a t  m o m e n t s  T = 0 and r = t '  r e s p e c t i v e l y ,  a t  t he  po in t  r = 0 (t' 
i s  t he  p u l s e  du ra t i on ) .  The  c o r r e s p o n d i n g  so lu t i on  fo r  a con t inuous  s o u r c e  i s  con ta ined  in [2, 3]. A c o m -  
p a r i s o n  of th i s  r e f i n e d  so lu t i on  with the  so lu t i on  for  an  i n s t a n t a n e o u s  s o u r c e  which  we u s e d  shows  tha t  the  
l a t t e r  l e a d s  to  a s y s t e m i c  e r r o r  of 5%. 

2. The  v a l u e  of the  B i  c r i t e r i o n  at  our  t e m p e r a t u r e s  d id  not  exceed  0.02. A c o a r s e  e s t i m a t e  of the  
i n f l uence  of hea t  exchange  on the  s u r f a c e  [2, 3] showed  tha t  i t s  c o n t r i b u t i o n  does  not  e x c e e d  2% of t he  t o t a l  
t h e r m a l  flux,  which  p r o d u c e s  a p p r o x i m a t e l y  the  s a m e  c o n t r i b u t i o n  to a .  

3. The  e r r o r  due to  t h e r m o c o u p l e  i n e r t i a  was  e v a l u a t e d  in a c c o r d a n c e  with  t he  d a t a  of [1], and d id  
not  e x c e e d  1%. 

4. Random m e a s u r e m e n t  e r r o r  connec t ed  with  u n c e r t a i n t y  of d e t e r m i n i n g  t h e r m o c o u p l e  p o s i t i o n  and 
d i m e n s i o n s ,  was  a p p r o x i m a t e l y  1 .5-2%. 

5. S c a t t e r i n g  of d i f fu s iv i t y  v a l u e s  at  one t e m p e r a t u r e ,  due p r i m a r i l y  to  i n a c c u r a c y  in d e t e r m i n i n g  
t e m p e r a t u r e  p u l s e  d e l a y  t i m e  w e r e  wi th in  the  l i m i t s  of 2%. 

Thus ,  in t h e s e  p r e l i m i n a r y  e x p e r i m e n t s  the  t o t a l  u n c e r t a i n t y  was about  10%. 
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1~g. 3. Tin d i f fusiv i ty :  1) data 
of [1]; 2) our data; thermal  con- 
duct iv i ty  of tin; 3) our data;  4) 
[1]; 5) ca lcu la t ions  with use  of 
our  d i f fus ivi ty  data ,  data  of [1] 
on hea t  capac i ty ,  and data  of [5] 
on t in densi ty;  a �9 104, m2/sec ;  
k, W / m . d e g ;  T, ~ 

The r e s u l t s  of m e a s u r i n g  tin diffusivi ty  in the t e m p e r a t u r e  

r ange  450-750~ a r e  p r e s e n t e d  in F ig .  3. The ave raged  data of [1] 
a r e  a l so  p re sen t ed .  It is evident that  our data d i f fe rs  f rom the r e -  
su l t s  of [1] by not m o r e  than 10%. 

For  complex  s tudies  of the t h e r m a l  p r o p e r t i e s ,  the conduct iv-  
i ty of the s a m e  t in was m e a s u r e d  by the s m a l l  connec tor  method 
[1, 4], which is a va r i a t i on  of the Kohlrausch  method.  The e s sence  
of the method is the de t e rmina t ion  of the change in r e s i s t a n c e  of a 
thin shor t  connector  when cu r r en t  p a s s e s  through it .  The connector  
g e o m e t r y  is chosen to m i n i m i z e  t h e r m a l  l o s s e s .  Our spec imen  
was me l t ed  me ta l ,  loca ted  in i n t e r i o r  (O = 10 mm) and e x t e r i o r  (q) 
= 30 mm) c r uc i b l e s .  In the bottom of the i n t e r i o r  c ruc ib l e  a hole 
was d r i l l e d  with ~ = 0.1 mm and depth 0.3 mm.  The r e s i s t a n c e  shift ,  
of the o r d e r  of 10-5-10 -6 ~2 for  c u r r e n t s  up to 7 A, was m e a s u r e d  by 
a b r idge  c i r cu i t  with an F -116 /1  m e t e r .  Measu remen t s  we re  made  
in a vacuum of 10 -3 mm Hg. The fo rmula  used for ca lcula t ion  c o r -  
r e sponded  to [5]. The t e m p e r a t u r e  coeff ic ient  appear ing  in the fo r -  
mula  was de t e r m i ne d  expe r imen ta l ly ,  as d e s c r i b e d  in [4]. The 
e r r o r  in de te rmina t ion  of k, s i m i l a r l y  r e l a t e d  e s sen t i a l l y  to e r r o r  
in m e a s u r e m e n t  of ~p/3T was about 10%. The r e s u l t s  of a s tudy of 
k of t in in the sol id  and l iquid s t a tes  a r e  p r e s e n t e d  in Fig .  3. It 

is evident  that  the data obtained by us for  ;, ag r ee s  s a t i s f a c t o r i l y  with the data  of the l i t e r a t u r e ,  and with 
the va lues  ca lcu la ted  with use  of the d i f fus iv i ty  m e a s u r e d  by us toge ther  with the data of [1, 5] on heat  
capac i ty  and dens i ty .  

Thus a method has been developed for  pu lse  m e a s u r e m e n t  of h e m i s p h e r i c a l  spec imens  with an in- 
s tantaneous  head d i s c h a r g e  (source) .  The data on di f fus ivi ty  of t in obtained [)y this  method a g r e e  s a t i s f a c -  
t o r i l y  with the l i t e r a t u r e .  By making c o r r e c t i o n s  for  heat  t r a n s f e r  this  method can be employed for  s tud-  
ies  at h igher  t e m p e r a t u r e s .  

M e a s u r e m e n t  of hea t  conduct ivi ty of so l id  and liquid tin by the " sma l l  conductor" method a l so  showed 
a g r e e m e n t  with the r e s u l t s  of o ther  au thors ,  and with ca lcu la ted  r e s u l t s  based  on the dif fusivi ty  m e a s u r e -  
men t s .  

N O T A T I O N  
r is  the rad ius ;  
R is the h e m i s p h e r e  r ad ius ;  
r '  is the rad ius  of h e m i s p h e r i c a l  source ;  

= r / R ,  ~' = r ' / R  a r e  the  d imens ion l e s s  coord ina tes ;  
r is  the t ime;  
Q is the quanti ty of heat;  
T is  the t e m p e r a t u r e ;  

and ) ' a r e  the d imens ion l e s s  t e m p e r a t u r e s ;  
Fo = ~ r / R  2 is  the F o u r i e r  number ;  
a is  the di f fus ivi ty  coeff icient ;  
k is the t h e r m a l  conduct ivi ty coeff ic ient .  
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