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S T R U C T U R E  O F  UNIDIMENSIONAL T E M P E R A T U R E  S T R E S S E S  

A.  G.  S h a s h k o v  a n d  S. Y u .  Y a n o v s k i i  UDC 539.32 

Using the s t ruc tu ra l  approach ,  the t e m p e r a t u r e  s t r e s s e s  a re  examined in a semiinf ini te  rod,  
insulated on the la te ra l  faces  and r igidly fixed at the end. A compara t ive  analysis  is made 
for  th ree  h e a t - t r a n s f e r  models .  

Shashkov and Abramenko  [1] p roposed  a new, or ig inal  method for descr ibing physica l  phenomena.  The 
p rob l ems  of unidimensional  heat conduction were  examined for  t h ree  h e a t - t r a n s f e r  models  using the s t ruc tu ra l  
approach.  The s t ruc tu r a l  descr ip t ion  does not r equ i re  the solution of the initial de termining equations. Within 
the scope of Laplace  r ep resen ta t ions ,  it makes  it poss ib le  to ve ry  graphica l ly  t r a ce  the fo rmat ion  of the phys i -  
cal  fields and to i so la te  the observed  coordina tes .  

The p resen t  work uses  the s t r u c t u r a l  method to desc r ibe  the t e m p e r a t u r e  s t r e s s e s  in a semiinf ini te  
e las t ic  rod insulated on the l a te ra l  su r faces  and r igidly  fixed at the end. S t r e s se s  develop in the rod as a 
resu l t  of the heat flux going into the fixed end. The heat t r a n s f e r  is descr ibed  by the c l a s s i c  Four ie r  equation, 
by the hyperbolic equation based on the modified re la t ionship  of V e r n o t t e - L y k o v  between the heat flux and the 
t e m p e r a t u r e  gradient ,  and by the l inear ized  Nunziato heat-conduct ion equation, which takes the t h e r m a l  
" m e m o r y "  effects  into account.  A compara t i ve  s t ruc tu ra l  analysis  is subsequently made.  

The the rmoe la s t i c  s ta te  of a thin i so t ropic  rod is descr ibed by the equation 

O ~ x  (x, t) a2u (x, l) 
_ = p ( 1 )  

Ox at~ 

and the re la t ionship  

~. (x, t) = E (OUc)x(X, t) arT (x, t) ). (2) 

El iminat ing Crxx s t r e s s e s  f rom (1) and (2), we obtain 

a2u (x, t) 1 a2u (x, t) aT (x, t) 
Ox~ c~ at 2 - ~t Ox ' 

where c 0 = (E/p)i/2 is the veloci ty  of e las t ic  v ibra t ions  in the rod. 

The ini t ial  and the boundary conditions for the d isp lacements  have the fo rm 

u (x, O) _ au at(X' t) i ~=o = 0, 

u(O, t) = 0; lira u(x, t) < oo. 

(3) 

(4) 

(5) 

I. Let us show the s t r u c t u r e  of t e m p e r a t u r e  s t r e s s e s  in a rod when the h e a t - t r a n s f e r  p roces s  is descr ibed  
by the c l a s s i c  heat-conduct ion equation. The t e m p e r a t u r e  field is found f rom Four ie r  equation 
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0 ~)(x,  t) 

Ot 

under  the fol lowing ini t ial  and boundary  condi t ions :  

whe re  

Xo(x, t) 
- -  --- a - -  ( 6 )  

Ox 2 

O(x, 0) = 0; lim O(x, t) < oo. (7) 

0 ~ ( x ,  t) 
- -  ~ - - - - -  ~ = q (t) n (t) ,  ( 8 )  

Ox i ~= o 

@(x,t) = T(x, t / - -0 ;  0 == const; ,l(t) = l !  t ~ 0 ;  
' { 0  t < 0 .  

Let  us seek  the solut ion with the aid of  Lap lace  t r a n s f o r m .  The follow, ring des igna t ion  for  the t r a n s f o r m e d  
value is used:  

L {[ (t)} ~ I f (t) exp (-- pt) de --- ] (p). (9) 
'0 

The solut ion for  the r e p r e se n t a t i on  of t e m p e r a t u r e  and d i sp lacemen t  is ,  r e spec t i ve ly ,  

-- exp (-- x]/p/a), (10) 
bVF 

u(x,  p) ,= atq-(O' p) Iexp(-- x ' p i ' a } - e x p ( - p x ; c ~  (11) 
"~. p (p/c o - -  1/a) 

The s i ze  of the heat flux q ( x ,  p)  in c r o s s  sec t ion  x is 

q(x, p) = --~. O-~(x, p) ==-q(0, p ) e x p ( - - x  1 P~). (12) 
Ox 

The s i ze  of de fo rma t ion  ~(x,  p) in c r o s s  sec t ion  x i s  de t e rmined  f r o m  

' 

- - ]  _~_ ] / / / ~ _ - - '  " {~p(p,% 1/a)}. (13) 

The s t r e s s e s  developing in c r o s s  sec t ion  x of the rod can be wr i t ten  in the f o r m  

~(x, p) --- E [~(x, p ) -  a,-iI(x, p)]. (14) 

At the fixed end of the rod  the fol lowing s t r e s s e s  will develop:  

~(0, p) = - - % E ~  (0, p). (15) 

Using Eqs.  (10)-(15), a s t r u c t u r a l  cha r t  d i sc los ing  the s t r u c t u r e  of the t e m p e r a t u r e  s t r e s s e s  (Fig. la) 
can be cons t ruc ted .  R cons i s t s  of  two chains  and has one inlet and five out le ts .  

The s t r u c t u r a l  cha r t  p e r m i t s  the solut ion of the following s e r i e s  of d i rec t  and i nve r se  p r o b l e m s  impor tan t  
in p r a c t i c a l  appl icat ions  : 

1. given any dependence  of heat flux on t ime ,  to find the t e m p e r a t u r e  field,  the field of  d i sp l aceme n t s ,  
de fo rma t ions ,  and s t r e s s e s ;  

2. to find the p r inc ip le  of the heat flux change q(t) which would ensu re  the des i r ed  va r i a t ion  of s t r e s s e s  
in the rod,  in pa r t i cu l a r  of s t r e s s e s  in the fixed end of  the rod ;  

3. keeping t r a c k  of  the t e m p e r a t u r e  changes ,  to d e t e r m i n e  the d i s p l a c e m e n t s ,  o r  f r o m  the expe r imen ta l l y  
de t e rmined  d i sp l acemen t s  to d e t e r m i n e  the resu l t an t  s t r e s s e s ;  

4. to de t e rmine  the t h e r m o p h y s i c a l  c h a r a c t e r i s t i c s  and e las t ic  cons tan ts  of  the m a t e r i a l  f r o m  e x p e r i -  
menta l ly  de t e rmined  fields of t e m p e r a t u r e ,  d i sp l acemen t s ,  and s t r e s s e s .  

Fo r  obta ining the e x p r e s s i o n  ~(p), the method of  heat  supply to the su r f ace  of the end of the rod should be 
indicated,  and subsequent ly  the ana ly t ica l  dependence  of the heat flux on the s u r f a c e  t e m p e r a t u r e  of  the end of 
the rod should be fo rmula ted ,  taking the m e c h a n i s m  of heat t r a n s f e r  to the s u r f a c e  into account .  

II. Let us show the s t r u c t u r e  of the t e m p e r a t u r e  s t r e s s e s  in a rod when the hea t -conduc t ion  p r o c e s s  in 
the rod is de sc r ibed  by the hyperbo l ic  hea t - conduc t ion  equation [2] 
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a 

_ _ _  ~ ( o r  

i ~ [ rad~(x,p) c~ 

+ 

' _ 

~co, p~ I ' " , _  , _  l 

~ r #  -~(o,p) 
d 

I ~rQd~r(x, pl _ _ _  _ 

9raa ~(O,p) 
Fig. 1. Structure of temperature stresses in a semiinf ini te elastic rod insulated on the laterals ides 
and r ig id ly  f ixed at the end: a) heat t ransfer  described by the classic heat-conduction equation; b) 
by a hype rbo l i c  equat ion;  c) by a l i n e a r i z e d  hea t - conduc t i on  equat ion tak ing  the t h e r m a l  " m e m o r y "  
of the m a t e r i a l  into account ;  d) g e n e r a l  s t r u c t u r e  (71 = ~1P/a; 72 = 4'p(p/c~ + l / a ) ;  T3 = ~ X1 = X; h2 = 
h/TrP + 1; h 3 = pk). In Fig. l b  ~/p[(p/c2a) + (l /a)]  m e m b e r s  should r e a d - , / p [ ( p / c ~ )  + ( l /a ) ] ,  and in Fig. l c ,  
~/(G/~) should r e a d  ~ -" 
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1 OZ~ (x, t) 1 0r  (x, t) 0 ~  ix, t) 
C2 - -  -4- = q Ot ~ a Ot Ox ~ 

The t e m p e r a t u r e  and the hea t -up  r a t e  at the ini t ia l  m o m e n t  a re  equal  to z e r o :  

~(x, O) - O~ot(x, t) I t=0 = 0. 

At infinity the t e m p e r a t u r e  is l imited 

(16) 

(17) 

lira x~(x, t) < oo, (18) 

but at the end of the rod the heat  flux is given as 

O ~ ( x , t )  x o a Oq(x , t )  ~-o - -  ?' ~ , = c~ Ot  _ = q ( 0 ,  t )  ~1 ( t ) .  (19) 

Applying Laplace  t r a n s f o r m  to Eq. (16) and the  boundary  condi t ions  (18) and (19), taking the ini t ia l  con -  
dit ion (17) into account ,  we obtain the solut ion for  t e m p e r a t u r e  r e p r e s e n t a t i o n  

~(x,p)=q~(O,p) b Vp-- -exp - x  V + (z0) 

A solut ion fo r  d i sp l acemen t s  fol lows f r o m  (3)-(5) 

u(x 'P)={c~(O'P)(cap+l)[exp[--x l / / -P(-~q + 1 ) 1  

-o,, ( '  .)]}I [' ]) 
The heat flux and de fo rma t ion  ~(x, p) va lues  in the c r o s s  sec t ion  x of the rod wil l  be de t e rmined  as 

follows : 

q (x ,p )=q- (0 ,  p) exp - - x  P c~ ~ -a ' (22) 

~-(x,p) - ~(x'ox p) = {,zd(o, p)(a~.p+i)rp[~o exp ( p ) ~ ( 1 ) - - - - x  - -  p P ' - X 
C O ~ ~' a 

t' 1 1 

The s t r e s s e s  in c r o s s  sec t ion  x and in the end of  the rod a r e  de t e rmined  f r o m  equat ions (14) and (15). 

Using exp re s s i ons  (20)-(23), (14), and (15), a s t r u c t u r a l  cha r t  can be cons t ruc t ed  (Fig. lb).  C o m p a r i s o n  
of the s t r u c t u r a l  cha r t s  in Fig.  l a  and Fig.  l b  shows that  when the f in i teness  of the ve loc i ty  of the heat  p r o p a g a -  
t ion  is taken  into account ,  new m e m b e r s  appea r ,  which a r e  d e s c r i b e d b y o p e r a t o r s  [(a/e~)p+l]t/2 and (l/p) [p(1/c 2 ) -  
(1/c~) - (l/a)]7 t The f i r s t  o p e r a t o r  is also a p a r t  of  the exponent  index of the m e m b e r  in the chain,  which 
c h a r a c t e r i z e s  the  heat p ropaga t ion  in the rod,  and it i m p a r t s  osc i l l a t ing  c h a r a c t e r  to the hea t - conduc t ion  p r o -  
c e s s .  As it is seen  f r o m  the s t r u c t u r a l  cha r t ,  two e las t i c  waves a r e  a l r e ady  being p ropaga ted  in the  rod,  one 
with the speed of sound co= (E/p)l/2, and the  second with the speed of t h e r m a l  d i s t u rbances  Cq = (a/Tr)l/2. 

Genera l ly ,  all fields c h a r a c t e r i z i n g  the t h e r m o e l a s t i c  condit ion of the rod can  be r e p r e s e n t e d  in the f o r m  
of two components  

f(X, p) = Ythe (x, p) +[ela (x, p), (24) 

where  f(x, p) is the  d i sp lacement ,  de fo rma t ion ,  or  s t r e s s .  

In t h e c l a s s i c  case ,  as it is seen  f r o m  Fig. l a ,  the inlet value,  which is the  heat  flux in the fixed end, and 
f the v a r y  synch ronous ly ,  i .e . ,  v i r tua l ly  at the momen t  of the hea t - f lux  in t roduct ion ,  s t r e s s  is e s tab l i shed  at once  
in the en t i re  rod.  The e las t ic  pa r t  Yela is connec ted  with the  inlet value th rough  an o p e r a t o r  ra t io ,  of  which the 
exp [-px/e0] m e m b e r  is a par t .  T h e r e f o r e ,  it r e p r e s e n t s  an e las t ic  wave which p r o p a g a t e s  in the  rod with the 
speed of sound. For  the hyperbo l i c  hea t -conduc t ion  equation,  f r o m  the s t r u c t u r a l  c h a r t  of Fig.  l b  it is seen  
that  fo r  d i sp l acem e n t s ,  for  example ,  the t h e r m a l  p a r t  and the inlet  va lue  a r e  connected  th rough  an o p e r a t o r  
ra t io  
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) [  :;( )1 a p 1 
~(o ,  p)~ ,  p c7 + 1 exp - ,  1 /  ~ ~ - 

~the (X, p) Cq a = , (25) 
~P P ~ d  - 

of which the m e m b e r  with the  t r a n s f e r  funct ion exp ( - x ] p [ ( p / e ~ ) +  (L/a)] is a pa r t .  Upon t r a n s f o r m a t i o n  it wil l  
y ie ld  an e x p r e s s i o n  p r o p o r t i o n a l  to ~[t-(X/Cq)];  i . e . , t h e t h e r m a l p a r t  of d i s p l a c e m e n t s  will  a l so  have  an 
o se i I l a t i ng  c h a r a c t e r .  

As it is s een  f r o m  Fig.  lb ,  the  o p e r a t o r  connec t ion  be tween  the heat  flux and the  s t r e s s  at the f ixed end 
of the rod  wil l  have  the  f o r m  

c~ (26) ~(o, p) = - E  ~$(o ,  p) b y~- 

Upon c o m p l e t i n g  the r e t r a n s f o r m a t i o n ,  we have the fol lowing function:  
z 

0 

where  

(27) 

(~)= co [ ~ ( T > + ~  j; (28) 
~ L 0~ 

/ 2 \ 

~(,) =~xp ~ - -  N -  ) Zo\ 2-~-) (29) 

K, m t h e c o u r s e o f  e x p e r i m e n t ,  • e  heat  flux at the f ixed end ~.s g iven a_n.d the  t i m e  dependence  of  the  s t r e s s  
in the f ixed end is  ob ta ined ,  then  the ve loc i t y  of heat  p r o p a g a t i o n  can  be found f r o m  (27). K the  ve loc i t y  of  heat  
p r o p a g a t i o n  ts c o n s i d e r e d  to be inf in i te ly  l a r g e ,  then  nit the t r a n s f e r  funct ions in 'the m e m b e r s  of  Fig.  l b  
b e c o m e  iden t ica l  to the m e m b e r s  of  the s t r u c t u r e  of  t e m p e r a t u r e  s t r e s s e s  in the c l a s s i c  e a se .  

1II. Le~ us show the s t r u c t u r e  of  t e m p e r a t u r e  s t r e s s e s  in a rod when the heaz-eo~aduction p r o c e s s  is 
d e s c r i b e d  by a d i f f e r en t i a l  equat ion tak ing  the " t h e r m a l  m e m o r y  ~ ef fec t  into account  [3i. The  m a t h e m a t i c a l  
f o r m u l a t i o n  of the p r o b l e m  can  be e x p r e s s e d  as 

i" 02~(x' t) ~r" ~' " c?2~(x' t~- :;" ,~(O)Oe(x, t) , Ova(x' t--S)ds [e(O} 
8t r . ~ (s/ 8t Ox 2 j 

0 o 

(30) 

e(x, 0) -  de(x, t) I = 
8t !~ o O; l img(x, t ) <  ~ ;  (31) 

Ot~ (x, ~) i O,e(x, ~ - - -s )  
--- k (0) d----x--- i,.=--~ U(s) -c?~c "i ds =: q (0, t) ~ (~). (32) 

0 ]x:-O 

The  equat ions  for" the  field of d i s p l a c e m e n t s  and the boundary  condi t ions  a r e  wr i t t en  as (3), (4), and (5). 

The  so lu t ion  fo r  the  t e m p e r a t u r e  and d i s p l a c e m e n t  r e p r e s e n t a t i o n s ,  which s a t i s f i e s  the boundary  condi -  
t ions ,  has 'a f o r m  

q(O, p) 
~'(x, p) -- p a , ~ . l # ~ = e x p ( . - x V p [ ~ ( p ) / k ( p ) ) ,  (33) 

q(x, p) =-q (0, p) exp ( - -  x ] / - ~ p ) ) ,  (34) 

,' = _  ( )] c%$-(0, p) 1 exp ( - -  x l ' /p~ (p)/k(p)) - -  exp - -  -P-P x 
u ( x ,  p) = Co , (35) 

E(p) f -  (p/cg - -  Y(p) /  k (p)) 
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• exp(--x ~/~(p)/-k(p)  ] } :  {k--(p)p2 (p/c~--r (36) 

The s t r e s ses  in cross  section x of the rod and in the fixed end are determined f rom Eqs. (14) and (15). 

Using expressions (33)-(36), (14), and (15), it is possible to construct  a s t ruc tura l  chart  (Fig. lc).  It is 
seen f rom the char t  that the s t ruc ture  that takes " thermal  memory"  into account essential ly depends on the 
fo rm of the nuclei of the integration operators .  If relaxations of the heat flux and the internal energy do not 

take place, i.e., 

k' (t) = O; k (t) = eonst = ~.; 

~' (t) = O; r = const = Oc, 

then the s t ruc ture  is analogous to the c lass ic  case.  The same resul t  can be ar r ived at if the relaxation func- 
tions a re  selected to be monotonically decreasing exponential functions of t ime,  and if the solution is considered 
to apply to large  values of time. Also, in such a case kit) ~ const,  and ~(t) ~ const. 

Comparing the s t ruc tura l  charts  b and c of Fig. 1, one can be satisfied that when the relaxation function 
has a form 

~(p) = ~Ip;. ~( t )=  pc~(t); 

then the s t ruc tura l  char t  of t empera ture  s t r e s ses  taking " thermal  memory"  effects into account takes on the 
form of the s t ruc tura l  chart  that descr ibes  the t empera tu re  s t r e s ses  for the hyperbolic heat-conduction equa- 
tion. Generally speaking, when the " thermal  memory"  effects a re  taken into account, a second wave may a r i se  
in the rod depending on the form of the relaxation nuclei. 

As it is seen f rom Fig. l c ,  if the dependences of s t r e s ses  and fluxes on t ime in the fixed end of the rod, 
and the tempera ture  gradients and the heat fluxes in the c ross  section x of the rod are determined exper i -  
mentaIly, then the relaxation functions of the heat flux and the internal energy can be calculated: I '  k(t) = L -~ q(x, p) }, (37) 

p grad ~-(x, p) 

c~(l)=L_l/__c~t2Ez ~ ( O , p ) g r a d S ( x ,  p) } (38) 
t pZ ~(O,p)  q(x, p) " " 

In general izing the obtained data, let us const ruct  a s t ruc tura l  chart  of t empera tu re  s t r e s ses  in an e las-  
tic rod (Fig. ld). As it is seen, the chain that shows the formation of the t empera tu re  field and the thermal  
par t  of the tempera ture  s t r e s ses ,  deformations,  and displacements includes the value Yi(P), which cha rac t e r -  
izes the hea t - t ransfer  model, in the t r ans fe r  functions Of the members .  The chain that charac te r izes  the 
origination of the elastic displacement component also includes the value Ti(P) in the t r ans fe r  functions of the 
members ,  since the equation for  displacements  is associa ted with the t empera tu re  gradient.  If rods made 
of viscoelast ic  mater ia ls  were  examined, then this chain would include pa rame te r s  which, when changed, 
would yield various models of viscoelast ic  behavior.  

The s t ruc ture  of tempera ture  s t r e s ses  permits  a graphic tracking of the formation of the s t r e s sed  state 
in the rod. The heat flux upon entering the fixed end heats it up and forms a tempera ture  gradient grad ~(0, p). 
Compress ion  of the subsurface layer  and a further  propagation of the elast ic wave take place with a velocity c 0. 
This is indicated by the member  with the t rans fe r  function exp [-p(x/c0)] in the chain, which shows the forma-  
tion of the elastic displacement components.  The thermal -d isp lacement  components tithe, as it is seen f rom 
the s t ructure ,  are  proport ional  to the t empera tu re  gradient in the c ross  section x of the rod. The formation of 
grad $(x, p) depends on pa ramete r  Ti(P), i.e.,  on the hea t - t rans fe r  model. In the c lass ic  case yi = ~-~" and the 
t empera tu re  gradient grad $(x, p) is established simultaneously with the supply of heat to the fixed end, i.e., 
the thermal  components have a diffusional charac te r .  For  the other two cases ,  the formation of grad 3(x, p) is 
re tarded,  i.e., the thermal  components a re  formed in the form of a disturbance which is being propagated with 
a cer tain velocity charac ter iz ing  the propagation of thermal  disturbances.  
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NOTATION 

k(t), heat flux re laxa t ion  function; c~(t), in ternal  energy re laxa t ion  function; T, rod t e m p e r a t u r e ;  0, 
ambient  t e m p e r a t u r e ;  t ,  t ime ;  x, coordinate  along the rod; exx(X, t), s t r e s s ;  u(x, t), d i sp lacement ;  e(x, t), 
deformat ion;  Co = (E/p)l /2,  speed of sound in the rod under i so the rma l  condit ions;  E, e las t ic i ty  modulus;  p, 
densi ty of the m a t e r i a l ;  c~ t, coefficient  of t h e r m a l  expansion; X, the rma l -conduc t iv i ty  coefficient;  a,  t h e r m a l -  
diffusivity coeff icient ;  b, t h e r m a l - a c t i v i t y  coeff icient ;  Cq = (a/Tr)l /2,  veloci ty  of heat propagat ion;  ~-r, heat flux 
re laxa t ion  t ime;  ~(t), unique Heavis ide  function. 
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HYDRODYNAMICS AND HEAT 

IN A SOLIDIFYING MELT 

AND MASS TRANSFER 

P .  F .  Z a v g o r o d n i i ,  F .  V.  N e d o p e k i n ,  
a n d  I .  L .  P o v k h  

UDC 669.18.065:532.5:536.25 

The effect  of na tura l  t h e r m a l  convect ion in a solidifying mel t  on the dis tr ibut ion of an admix ture  
in the liquid and solid phases  as a function of the Lewis and Schmidt numbers  is studied n u m e r -  
ically.  

It is known [1-3] that the hydrodynamics  of the mel t  has an impor tan t  influence on the p r o c e s s e s  of heat 
and mass  t r a n s f e r  in a c rys ta l l i z ing  ingot. The re fo re ,  in an analysis  of the conditions of format ion  of c h e m i -  
cal  nonuniformity  of ingots it is impor tan t  to know the laws of the development  of the convect ive  cu r ren t s  and 
the d is t r ibut ion of the veloci ty  fields in the volume of unsotidified metal .  

The re  a r e  s e v e r a l  na tura l  causes  producing the mixing of the liquid me ta l  during its c rys ta l l i za t ion :  

1) na tura l  t h e r m a l  convect ion of the mel t  owing to its t e m p e r a t u r e  nonuniformity;  

2) shr inkage  of the meta l  during sol idif icat ion caused by the di f ference in densi t ies  of the liquid and 
solid phases  ; 

3) concent ra t ion  convect ion due to the nonuniformity of the concentra t ion of the admix tu re  in the mel t ;  

4) the fo rmat ion  of nuclei  of the solid phase  at the c rys ta l l i za t ion  front and the i r  d e s c e n t a l o n g t h e c r y s t a l -  
l izat ion boundary.  

One of the main  causes  of mixing of the mel t  in the p roces s  of its c rys ta l l i za t ion  is na tura l  t h e r m a l  con-  
vect ion [1], the invest igat ion of which is a complex and impor tan t  p rob lem.  

The p r o b l e m  of the dis t r ibut ion of an admix ture  in a solidifying mel t  is solved for the mos t  par t  in a one-  
d imensional  formula t ion  and without a l lowance for  t h e r m a l  convection, which is evidently connected with the 
absence  of analyt ical  methods for solving nonsteady nonlinear  d i f ferent ia l  equations of t r a n s f e r  of  an admixture  
in regions  with moving boundaries  under conditions of convect ive motion of the solidifying melt .  In this con-  
nection the influence of na tura l  t h e r m a l  convect ion on the distr ibution of an admix ture  in a solidifying mel t  has 
been studied insuff icient ly and requ i res  addit ional r e s e a r c h .  

A rec tangu la r  region,  semi inf in i te  along the horizontal  coordinate  no rma l  to the plane of the c ro s s  s e c -  
tion, is analyzed for  a study of t h e r m a l  convection and its influence on the p r o c e s s e s  of t r a n s f e r  of an admix-  
tu re  in a solidifying melt .  The region is filled with a mel t  (of low-carbon  steel) with an init ial  t e m p e r a t u r e  
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