
Our calculat ions and cons idera t ions  show that  a s imp le  exper imen t  on uniaxial  c o m p r e s s i o n  turns  out to 
be  r a t h e r  compl ica ted  f r o m  the point of view of analys is .  The s t r e s s e d  s ta te  of a s amp le  is essent ia l ly  non- 
un i form,  and the f r a c t u r e  conditions a r e  sa t i s f i ed  f i r s t  in the nonuniform region of the pa t t e rn  near  the  p r e s -  
s u r e  p la tes  of the tes t ing  machine.  As a r e s u l t  the uniaxial  c o m p r e s s i v e  s t rength  is a convenient technical  
s t r eng th  c h a r a c t e r i s t i c  of a s t ruc tu ra l  s am p l e  r a t h e r  than a c h a r a c t e r i s t i c  of the ma te r i a l .  
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C O N V E C T I V E  EFFECTS I N  L I Q U I D  I N C L U S I O N S  D R I F T I N G  

I N  N O N U N I F O R M L Y  H E A T E D  S O L I D S  

Y u .  K.  B r a t u k h i n  UDC548.5:536.2 

w We will  cons ider  a l iquid-f i l led spher i ca l  cavi ty  in an infinite solid mass .  The liquid d isso lves  the 
surrounding m a t e r i a l  and under  equi l ib r ium conditions is a sa tu ra ted  solution of concentra t ion  C 0. At infinity 
let  t he r e  be  a constant  hor izonta l  t e m p e r a t u r e  gradient  VTe = A. Under these  conditions in the gravi ta t ional  
field g f r ee  convect ive  mot ion develops  in the liquid. 

We a s s u m e  that  the mot ion is slow and steady; solid phase  can c r y s t a l l i z e  out of the supe r sa tu ra t ed  solu-  
t ion only at the in te r face  between the inclusion and the mat r ix ;  the d issolving of the solid in the liquid does not 
lead to a change in the volume of the la t te r ;  the t h e r m a l  diffusion and diffusion heat -conduct ion effects  a r e  
negligible [1]. All the p a r a m e t e r s  (kinematic and dynamic  v i scos i ty  coeff ic ients  v and ~, t h e r m a l  conductivity 
~ ,  t h e r m a l  diffusivi ty y~ and diffusion coeff ic ient  D) of  the liquid and the solid a r e  constant .  The solubil i ty C O 
and the liquid densi ty  p depend l inear ly  on t e m p e r a t u r e  T. We a s s u m e  that  the densi ty  also depends on the con-  
cen t ra t ion  C, defined as the ra t io  of the m a s s  of solid m a t e r i a l  pe r  unit volume of solution to the m a s s  of that 

volume: 

p(T, C) ---- p(To, Co)J1 + a ( C  - -  Co)  - -  ~ ( r  - -  r , ) l ,  

Co(T) = C . ( r 0 ) +  (dC.,'dT)(T- TQ). 

The nonuniform heat ing of the wal ls  of the cavi ty  leads  to the d issolving of the hot te r  pa r t s  of the solid 
and subsequent  diffusive and convect ive  m a s s  t r a n s f e r  to the cooler  reg ions ,  w h e r e t h e  so lu t ion is  supe r sa tu ra t ed  
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and part of the matrix materiM is precipitated on the cavity walls. The inclusion begins to migrate through 
the solid. The drift velocity u and the change in the shape of the inclusion must be deterngAned in the course 
of obtaining the solutiolL 

The motion of liquid inclusions in crystals in the presence of a temperature gradient was s•died quan- 
titatively in [1-3 I. The theoretical estimates of the drift velocity given in those studies do not take convective 
effects into account. 

Let the motion already be steady at the initial instant t = 0. Then in the reference system associated with 
the solid, the distribution of velocities v, pressures p, temperatures T, and concentrations C in the liquid and 
temperatures T e in the solid is given by the convection equations in the Boussinesq approximation: 

av/Ot + (vv)v = --vp/9 + vAv + ga(C -- Co) -- g~(7 - -  r0), 

div v = 0, aC/Ot + vV C = DAC, (1.1) 

aT/Ot + v v T  = gA7, 8T,18t = x,AT,, 

he r e  and in what follows the s u b s c r i p t  "e" denotes  that  the quanti ty r e l a t e s  to the sol id;  functions without a sub-  
s c r i p t  r e l a t e  to the liquid; g is  the a c c e l e r a t i o n  of g rav i ty .  

To (1.1) and the condit ions at infini ty fo rmula ted  above i t  is  n e c e s s a r y  to add the boundary  condit ions at  
the su r f ace  of the inclusion.  Since, by assumpt ion ,  the volume of the d rop le t  does not change,  the ve loc i ty  of 
the l iquid at the  i n t e r f ace  with the so l id  is equal to the d r i f t  ve loc i ty  u. The usual  condit ions of equal i ty  of t e m -  
p e r a t u r e s  and heat  and m a s s  fluxes a r e  a l so  imposed.  The concen t ra t ion  is equal to the so lub i l i ty  C O at the 
c o r r e s p o n d i n g  s u r f a c e  t e m p e r a t u r e .  

We now go over  to the r e f e r e n c e  s y s t e m  a s s o c i a t e d  with the dr i f t ing  cavi ty.  We d i r e c t  the po la r  axis z of 
the s p h e r i c a l  coo rd ina t e  s y s t e m  (r, ~, ~) upward,  and make  the coord ina te  o r i g in  coinc ide  with the cen te r  of 
m a s s  of the drople t .  The angle  r is  r eckoned  f r o m  the x axis  of the C a r t e s i a n  coord ina te  s y s t e m  (x, y ,  z), the 
d i r e c t i o n  of the unit  vec to r s  i,  J, k being de t e rm i ne d  by the d i r e c t i o n  of the t e m p e r a t u r e  g rad ien t  A = AJ and the 
a c c e l e r a t i o n  of g rav i ty  g = - g k .  The t e m p e r a t u r e  and concen t ra t ion  a r e  r eckoned  f r o m  the undis turbed  values  
of the functions at the point at which the cen t e r  of m a s s  of the d rop le t  is  loca ted  at  the t i m e  t in quest ion.  Then 
the new "p r imed"  functions a r e  r e l a t e d  with the old ones as follows: 

t ~ t 

v = v + u, T = Aut -r T , (1.2) 

Te A u t '  " ( dC~ ut) C~. 
= -;-Te, C = C  o t + ~ - ~ A  -l- 

We now go over  to d i m e n s i o n l e s s  quan t i t i e s ,  for  which pu rpose  we s e l e c t  as units  of length,  ve loc i ty ,  
t e m p e r a t u r e ,  concen t ra t ion ,  p r e s s u r e ,  and t ime  the mean  rad ius  of the inc lus ion  a,  gf la3A/v ,  aA, fiaA/c~, 
gfia3Ap, a2/v, r e s p e c t i v e l y .  Denoting the d i m e n s i o n l e s s  v a r i a b l e s  by the s a m e  l e t t e r s  but without p r i m e s ,  us ing 
(1.1) and (1.2) we obtain equations for  the d i m e n s i o n l e s s  quant i t ies  in the r e f e r e n c e  s y s t e m  a s s o c i a t e d  with the 
cen t e r  of m a s s  of the  drople t :  

8v/Ot+ Gr(vv)v = - - V p - - [  h v +  ( T - - C ) k ,  

Sc OC/Ot + ScGr(Kuj + vvC ) = AC, divv = 0, (1.3) 

Pr aT~at + PrGr(uj + vv T) = AT, 

a OT,/~t + oGr(uj - -  uvTe) = AT,, 

w h e r e  P r  = v/• and a = V/Xe a r e  the P rand t l  numbers ;  Sc = v / D  is the Schmidt  number .  The l iquid p a r a m e t e r  
K = ~ (dC0/dT)/ f l  c h a r a c t e r i z e s  the r e l a t i o n  between so lubi l i ty  and t e m p e r a t u r e .  Gr = gfia4A/v 2 is the Grashof  
number .  

The p r e s e n c e  in the  lef t  s ides  of (1.3) of t e r m s  p ropor t iona l  to the dr i f t  ve loc i ty  u is a s s o c i a t e d  with the 
choice  of r e f e r e n c e  t e m p e r a t u r e  and concent ra t ion .  Allowing for  these  t e r m s  leads  to the growth of the inc lu -  
sion. Since e x p e r i m e n t s  have shown [4] that  the volume of the inc lus ion  r e m a i n s  constant ,  t hese  t e r m s  can be 
neglec ted .  

To (1.3) we add the boundary condit ions at infini ty Te = r s i n # s i n ~  and at the su r f ace  of the cavi ty  r = 
R(~, ~) 

v = 0 ,  T = T e, C = F ~ 7 ,  (1.4) 
OT/On = uOTJOn == yun, OC/On ----- pun, 
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w h e r e  n is  t he  uni t  v e c t o r  of  the  s u r f a c e  n o r m a l  R(~,  @; T = AHgf la3Pe/vv~  i s  t he  d i m e n s i o n l e s s  s p e c i f i c  hea t  
of  s o l u t i o n  AH (7 > 0 c o r r e s p o n d s  to t he  r e l e a s e  of  heat ) ;  t he  p a r a m e t e r  p = Oega3a /pDu  r e l a t e s  t he  d i f fu s ion  
m a s s  t r a n s f e r  a t  t he  b o u n d a r y  wi th  the  d r i f t  ve loc i t y ;  o~ = X e / n  i s  the  t h e r m a l - c o n d u c t i v i t y  r a t i o .  

We  w i l l  s e e k  the  s t a t i o n a r y  ( 0 / 0 t  = 0) s o l u t i o n  of  p r o b l e m  (1.3), (1.4) in  the  f o r m  of  an  e x p a n s i o n  in 
p o w e r s  of  the  s m a l l  p a r a m e t e r  G r  [5] (in e x p e r i m e n t s  [2] on the  m i g r a t i o n  of  w a t e r  " d r o p l e t s "  in  KC1 c r y s t a l s  
the  G r a s h o f  n u m b e r  w a s  of t he  o r d e r  of  10 -6) 

T = T o +  Gr T z + . . . ,  T~ = Oo-~-~Gr0I:~- . . . ,  

C = C0+  GrCz+  . . . .  u =: u o ' -  G r u l +  . . . ,  (1.5) 

v = v  0 ~  . . . .  R(O, ( p ) = i + G r h ~ ( O ,  ( p ) + . . .  

S u b s t i t u t i n g  (1.5) in  (1.3), {1.4), w e  ob t a in  

v0:= [a(t - -  ,~f)/20 ](r 3 -  r)r X v(sin 0 .cos (p), 

To = ar sin (~. sin(p, Oo = (r ,-- b/r ~) sin t}. sin % 

Co = t f a r s in~ . s i n rp ;  u0--=- (ah'/p)j,  a = 3 z %  

b = (• - -  I -',- "df/@P, ~ -~  = 2• -~. I - -  .~,E/,o, 

T ,  = (er 4- (p/28)r 5 -  (p/lO)r3)cos6, p = Pra~(t  - - E ) i 2 6 .  (1.6) 

C 1 = (dr ~ (s/28)r 5 -  (s/tO)r3)cos #, s = ScKa-~ - -  B')/20, 

e = (~b/t40)[17p + 9p(2• - -  E?/p) - -  8sT/p l, 

d = (~p/140)[8I~'p ' - -9p(2•  ,'-- t) - -  t7sR, l /p  1, 

s v ] 2 ,  eosO u ~ = [ K p - - s ( 2 •  
(}t ~--- P - -  p ] 35 r - - Y - '  

The func t ion  hi(S,  ~0) in  the  e x p a n s i o n  of R(& @ is a l s o  d e t e r m i n e d  in the  c o u r s e  of ob t a in ing  the  s o l u t i o n  and 
p r o v e s  to  be  equa l  to  z e r o .  

w W e  wi l l  c o n s i d e r  p r o b l e m  (1.3), (1.4) w i th  t he  m o d i f i e d  cond i t i on  a t  in f in i ty  T e  = - r  cos  ~ (heat ing 
f r o m  be low,  A = - A k ) .  We wi l l  s e e k  the  s t a t i o n a r y  ( ~ / 0 t  = 0) s o l u t i o n  of s y s t e m  of equa t ions  (1.3), d i s c a r d i n g ,  
as  in Sec.  1, the  t e r m s  p r o p o r t i o n a l  to  u in the  l e f t  s i d e s  of  the  equa t ions .  Us ing  b o u n d a r y  cond i t ions  (1.4) and 

the  new cond i t i on  at  in f in i ty ,  w e  ob t a in  

v = 0, T = - - a r  cos ~,  C = - - E a r  cos ~,  (2.1) 

T e =  ( - - r  ~ b/r ~) cos ~,  u = [u0ik. 

The  c o n s t a n t s  of i n t e g r a t i o n  a ,  b,  and u 0 w e r e  w r i t t e n  out  in  (1.6). 

D i f fus ion  s o l u t i o n  (2.1) w i l l  be  u n s t a b l e  at  a c e r t a i n  G r ,  [ the G r a s h o f  n u m b e r  can  be  bo th  p o s i t i v e  (bea t ing  
f r o m  below) and n e g a t i v e  (hea t ing  f r o m  above)] .  To d e t e r m i n e  the  c r i t i c a l  G r a s h o f  n u m b e r  G r .  w e  u s e  the  
s t a n d a r d  p r o c e d u r e  of [5]. L i n e a r i z i n g  Eqs .  (1.3) w i th  r e s p e c t  to s m a l l  p e r t u r b a t i o n s  of v e l o c i t y  v, p r e s s u r e  p, 
t e m p e r a t u r e s  T and r e ,  and c o n c e n t r a t i o n  c ,  and a s s u m i n g  tha t  a l i  t he  q u a m i t i e s  d e p e n d  on t i m e  t i n a c e o r d a n c e  

wi th  the  law exp ( -Xt) ,  w e  o b t a i n  

- - X v  = - - V P  + h v  + (~ - -  c)k,  

div v = 0, )~o% - -  ATe, (2.2) 

- - ~ P r ~ + P r G r v  V T =  A~, 

~X Scc + Sc Gr v V C = Ae. 

T o  (2.2) w e  add the  b o u n d a r y  cond i t i ons  at  the  s u r f a c e  of  the  i n c l u s i o n  r = 1, 

O~ 0~,  7 0 c  
v = 0 ,  ~ = % ,  Or ~-g-; = ' - ~ " ~ 7 '  c = K z  (2.3) 

and  at  in f in i ty  T e = 0. 

W e  s e e k  the  s o l u t i o n s  of Eqs .  (2.2) in  the  f o r m  

v ~-- ] ( r ) r •  P = q(r,~}) sin 9, 
sin kr cos kr 

c---~ ~ J ( r )  s in~ . s in (p ,  l ( r )  = (kr), - -  - k ;  .... 

(2.4) 

Subs t i t u t ing  (2.4) in  (2.2) and e l i m i n a t i n g ,  as  in [6], the  p r e s s u r e ,  w e  ob t a in  a h o m o g e n e o u s  a l g e b r a i c  
s y s t e m  of  equa t ions  for  the  p e r t u r b a t i o n  a m p l i t u d e s .  Equa t ing  the  d e t e r m i n a n t  of t h i s  s y s t e m  to z e r o ,  w e  f ind 
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the  equa t ion  for  the  c h a r a c t e r i s t i c  d e c r e m e n t s  it: 

~2 Pr  Sc - -  ~ k  2 (Pr -~- Sc -~- Pr So) + ~k ~ [1 + Pr  + Sc + BaSe(K--  t)] _ 2 k ,  kz[  k 4 -  =2-Ra (1 - - - ~ r e ) ]  = ()' (2.5) 

w h e r e  R a  = a P r  Gr  is  the  R a y l e i g h  n u m b e r .  

The  d e c r e m e n t  it m a y  be  c o m p l e x  )t = 6 + ico; 6 i n d i c a t e s  the  d e c a y  (6 > 0) o.r g r o w t h  (5 < 0) of the p e r -  
t u r ba t i on ;  :o de f ines  t h e i r  f r equency .  The  n e u t r a l  l i ne  5 = 0 c o r r e s p o n d s  to the  b o u n d a r y  of  mono ton ic  (co = 0) 
o r  o s c i l l a t o r y  (co ;~ 0) i n s t a b i l i t y .  

We  w i l l  d e t e r m i n e  the b o u n d a r y  of  mono ton ic  i n s t a b i l i t y ,  s u b s t i t u t i n g  it = 0 in (2.5): 

k l=  0, k~.,3= • k, 2k 4= Ra,( i  - - K  Sc/Pr). 

Using  (2.4), (2.6) w e  ob t a in  the  g e n e r a l  s o l u t i o n  of (2.2) s a t i s f y i n g  the  cond i t i on  at  in f in i ty :  

(2.6) 

v = [clJ(r) + c~g(r) ]rov(sin f i x  cos q~), 

:= [--(Ita,/k2)(clf  - -  c~g) - -  car ] s inO.s in  % T e = c4/r ~, 
c = [ - - ( R a , / f  Sc/k 2 P r ) ( c l ] -  c~g) @ car]sinO.sin % 

sh kr ch kr 
g (r) = (kr)~ kr 

(2.7) 

Subs t i t u t i ng  (2.7) in  b o u n d a r y  cond i t i ons  (2.3) and equa t ing  to  z e r o  the  d e t e r m i n a n t  f o r m e d  f r o m  the c o e f -  
f i c i e n t s  of c i  (i = 1, . . . ,  4), we  ob t a in  

- 2 (K-- t) (p P r - -  yKSc) = = X @ L 4 ( l _ k c t h k ) ( i _ k c t g k ) - - I  . (2.8) 

Equa t ion  (2.8), t o g e t h e r  w i th  the  equa t ion  fo r  k in  (2.6), d e t e r m i n e s  the  b o u n d a r y  of  mono ton ic  i n s t a b i l i t y  R a , .  

As  o,t ~ ~ the  equa t ion  for  R a .  t a k e s  the  f o r m  

t l a .  (z --, 00) = SiS/(l  - -  KSc/Pr) .  (2.9) 

It is  known [6] tha t  i n s t a b i l i t y  of  the  d i f f u s i o n  hea t  t r a n s f e r  t h r o u g h  a s p h e r i c a l  c a v i t y  wi th  a f ixed  s u r f a c e  
t e m p e r a t u r e  d e v e l o p s  at  the  c r i t i c a l  R a y l e i g h  n u m b e r  R a .  = 815. The  change  by a f a c t o r  (1 - K S c / P r )  in the  
p r e s e n t  p r o b l e m  c a n  be  e x p l a i n e d  as  fo l lows .  

Le t  us c o n s i d e r  the  v i r t u a l  d i s p l a c e m e n t  of a v o l u m e  AV in a l iqu id  hea t ed  f r o m  below.  An upward  d i s -  
p l a c e m e n t  b r i n g s  the  e l e m e n t  AV into a r e g i o n  w h o s e  t e m p e r a t u r e  is  AT l o w e r  and w h e r e  the  c o n c e n t r a t i o n  of 
the  heavy  c o m p o n e n t  is  AC ~ KAT l e s s .  D i f fus ion  s o l u t i o n  (2.1) is  u n s t a b l e  if  e x c e s s  heavy  c o m p o n e n t  d i f fu se s  
f r o m  the  v o l u m e  AV ( c h a r a c t e r i s t i c  t i m e  Tg ~ AC / D ~ KAT / D) but  the  v o l u m e  is  unab le  to  coo l  ( c h a r a c t e r -  
i s t i c  coo l i ng  t i m e  T T ~ A T / x ) .  Hea t ing  f r o m  be low is  u n s t a b l e  if  T g / T  T ~ K S c / P r  < 1 and the  c r i t i c a l  R a y -  
l e igh  n u m b e r  [cf. (2.9)] d i f f e r s  f r o m  815 by a f a c t o r  (1 - K S c / P r ) .  

In o r d e r  to  d e t e r m i n e  the  b o u n d a r y  of  o s c i l l a t o r y  i n s t a b i l i t y ,  w e  s u b s t i t u t e  X = ic0 in  (2.5t and e l i m i n a t e  

k l =  O, k : =  k, k s =  ik, 

- '  Sc -~ \ l q - P r  Sc ]" 

(2. lo) 

Using  (2.10) and (2.4), w e  w r i t e  the  g e n e r a l  s o l u t i o n  of s y s t e m  (2.2), s a t i s f y i n g  the  cond i t i on  v e = 0 at  in f in i ty ,  
in the  f o r m  

v = ( q f  § c._g § c3r)r • V (sin ~- cos qo), 

- 1 ~ a (  ~ i  ~,g . ~.,r) 
\ i (oPr--k  z ~ i ~ P r T k "  -~ i~-Pr s i n ~ . s i n %  

(2.11) 
Ra I; Sc [ cII c~g c3r ) . 

c = Pr UcoSc--k ~ " ~coSc-wk~ + t~-Sc s ln~ . s inq) ,  

~e = c, exp [ ( i -  1) j, -~- r j  [ ~  -t- a--~-/r~)sin~.sin ep. 

Subs t i t u t i ng  (2.11) in  (2.3),  we  ob t a in  a s y s t e m  of  h o m o g e n e o u s  a l g e b r a i c  equa t ions .  In the  g e n e r a l  c a s e  
the  c o n d i t i o n  of c o m p a t i b i l i t y  of t h e s e  equa t ions  l e a d s  to  c l u m s y  e x p r e s s i o n s .  In the  p a r t i c u l a r  c a s e  as  ~ ~ ~o 
the  s y s t e m  is  c o m p a t i b l e  i f  2k 4 = 815. Th is  r e l a t i o n ,  t o g e t h e r  wi th  (2.10), (2.5), g ives  the  b o u n d a r y  of o s c i l -  
l a t o r y  i n s t a b i l i t y  R a  and the  f r e q u e n c y  ~0. 
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83. In o rde r  to study the effect of the t e rms  proport ional  to the drift  velocity u in (1.3), we will consider  
the following model problem. Let there  be a liquid-filled ver t ica l  sl i t  in the solid. The dimensions of the slit 
in the direct ions of the x and z axes a re  infinitely large.  Lateral  heating produces convective motion in the 
cavity. As a resu l t  of the solution effects descr ibed  above the boundaries of the cavity should drift  in the d i r ec -  
tion of the t empera tu re  gradient  at infinity A (A is di rected along the y axis of the Car tes ian  coordinate system; 
see Sec. 1). We denote the drif t  velociW of the left (colder) boundary by u_ and that of the right (hotter) bound- 
ary by u+. A t t  = 0 let the width of the cavity be equal to 2a0; then at t ime t the width will be equal to 2a = 2a 0 - 
u_t + u+t. The center  of the cavity (y = 0) migra tes  at the velocity u = (u= § u_) / 2. 

In this problem the dis tr ibut ion Of velocit ies,  t empera tu res ,  and concentrat ions is descr ibed by convec-  
tion equations (1.3) (here, as the unit of length it is necessa ry  to take the half-width of the slit  a, the other 
units being the same as in Sec. 1). The boundary conditions take the fo rm 

Te= Y a t  y = ----i-oo, 

v = 0 ,  T =  Te, C - - K T ,  (3.1) 

OT/Oy - -  uOT,/Oy = "r OC/ay ---- pu__ at y ~---  -r 

P rob lem (1.3), (3.1) has the exact solution (O/0t = 0) 

T = c1+ c . , y -  (l/2)Gr Pr uy:, 

C = c3+ c,y  -+- ( i /2 )GrSc t t ' uy  ~, 

T , (g  > O) ------ y + c.~ exp (--aGr uy) + c~, Te(y < O) = g, 

y= ya Gr u (Pr --  K Sc) y~ --  c- -3 csg. v~ = (cl --  c3)-5- + (c~ -- c~) 6 : 2~ ' 

The constants of integrat ion are  determined f rom (3.1). We will wr i te  down some of them: 

The drif t  velocity 

Cl = --(1 + Gr Pr u/2) + (?u_-~ • -~ Gr uPr), c.,.='Tu_+ • -~ GruPr, 

(I .= A'ScGr) 
P 

/(% u = •  --"~-- Gr Pr + ' ;K  Gr Sc i p /" 

Clearly,  the right (hotter) wall moves fas te r  than the left: The cavity grows wider with time. However, 
the ra te  of this p rocess  is KSc G r / p  t imes  less  than the drif t  ra te  u. 

In a closed volume, as a resu l t  of the incompressibi l i ty  of the liquid, these effects will general ly cause 
s t r e s s e s  in the c rys ta l ;  the cavity will not expand. 

We will now compare  the resul ts  obtained with the experimental  data. It follows f rom (1.6), {2.1) that at 
small  Gr the drif t  of the liquid inclusions is determined by diffusion within the inclusion and that the drift  
velocity does not depend on the dimensions of the cavity. In the case  of la tera l  heating the cor rec t ion  to the 
drif t  velocity ul is d i rected upward and, hence, has pract ica l ly  no effect on the velocity in the direct ion of the 
t empera tu re  gradient  A. Accordingly,  in the experiments  [1] it is observed that the drif t  velocity does not de-  
pend on the orientat ion of the t empera tu re  gradient  at infinity. 

At small  Gr the convective effects change the di rect ion of the drif t  velocity: The tangent of the angle be-  
tween u and A is equal to Gr I u 1 [ / I  u0 I, where  u 0 and u 1 have been wri t ten out in (1.6). The effect of convection 
on mass  t r ans fe r  and the drif t  of the inclusions has not been studied in this form. The drif t  velocity calculated 
f rom (1.6) and the data of [2] on the proper t ies  of an aqueous solution of potass ium chloride is equal to 1.1 �9 10 -G 
c m / s e c  (for a spher ical  inclusion in the field of a t empera tu re  gradient  of 22 d e g / c m ) ,  which is within the ex- 

per imental  bracket  [2]. 

Our cr i t ical  Rayteigh number cor responds  to instability of diffusion mass  t rans fe r  for a vert ical ly heated 
spher ical  inclusion. On the basis of the data of [2] for an aqueous KC1 solution, Ra,  = - 2 ,  which corresponds 
to heating f rom above. No experiments  of this kind have been conducted. 
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I N V E S T I G A T I O N  O F  T H E  C O N N E C T I O N  B E T W E E N  S O I L  

A N D  G R O U N D  W A T E R S  W I T H  I R R I G A T I O N  

S. T .  R y b a k o v a  a n d  V. I .  S a b i n i n  UDC 532.546 

With a c lose  o c c u r r e n c e  of the level  of the ground w a t e r s ,  cap i l l a ry  influx f r o m  below can be a s ignif icant  
s o u r c e  of r ep len i shment  of the m o i s t u r e  r e s e r v e s  of the roo t - inhabi ted  layer .  The value of this influx depends 
on the depth of the o c c u r r e n c e  of the level  of the ground wa t e r s ,  the wa te r  and physica l  p r o p e r t i e s  of the soi ls  
of the ae ra t ion  zone, the f o r m  of agr icu l tu ra l  cul t ivat ions ,  and the meteoro log ica l  conditions. 

De te rmina t ion  of the r a t e  of the cap i l l a ry  influx is requ i red ,  in the f i r s t  p lace ,  for  ca lcula t ion of i r r i g a -  
tion no rms  and the i r r iga t ion  cu rve  and, in the second p lace ,  to find the opt imal  depth of the o c c u r r e n c e  of the 
ground w a t e r s ,  with the a im  of p revent ing  p r o c e s s e s  of secondary  sal inizat ion,  occur r ing  in the case  of min -  
e ra l i zed  ground w a t e r s  and sa l ine  soft  w a t e r s  of the ae ra t ion  zone [1]. 

w 1. We cons ider  one -d imens imml  no t - fu l ly -es t ab l i shed  f i l t ra t ion in a ve r t i ca l  d i rec t ion  in a th ickness  
of soil  (taking account of i ts  inhomogeneous l i thological  makeup) f r o m  the su r f ace  of the ground to the level  of 
the ground wa te r s .  

F r o m  the solut ion of the d i f ferent ia l  equation desc r ib ing  the motion of the wa te r  in the unsa tura ted  zone 

a-7 = ' ~ f  

with the initial and boundary conditions 

~p(z, 0) = $~ 0 ~ z ~ l, t = 0; (1.2) 

- -k(0C/Oz - -  i )  = R( t ) ,  z = 0 ,  t > 0; (1 .3)  

= 0 ,  z = l ,  t ~ 0  (1.4) 

and conditions of conjugation in the f o r m  of the equality of the p r e s s u r e s  at the in te r face  between the l ay e r s ,  
a de te rmina t ion  is made  of the p r e s s u r e  r t) and, consequent ly,  of the m o i s t u r e  content 8(z, t), if, for  each 
l i thological  l aye r  of the soi l  th ickness  under  invest igat ion,  we know the main  hydrophys ica l  c h a r a c t e r i s t i c s  
0(r and k(O) [or k($)], which a r e  h e r e  a s s um ed  to be s ingle-valued.  

The function f(8, z, t) in Eq. (1.1) t akes  account of the absorp t ion  of m o i s t u r e  by the roots  of plants in the 
reg ion  0 _< z _< zr( t) ,  w h e r e z r ( t ) i s  t he th i ekness  of the  roo t  zone. F o r  z > Zr, we a s s u m e  that  f - 0 .  

The r a t e  of cap i l l a ry  influx f r o m  the ground w a t e r s  into the ae ra t ion  zone v is found f r o m  the balance  
equation 

z~ 

v (t) = aw t" --K - -  R + /d z ,  (1.5) 
0 
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