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A numer ica l  analysis  is offered of convect ive stabil i ty in a sys tem of two adjacent horizontal  
l ayers  of immisc ib le  liquid. 

Underground cavi t ies  a re  used for  long- te rm s torage of large quantit ies of liquid fuel. The volume 
is init ially filled with e i the r  natural  gas under high p r e s su re  or  a br ine consis t ing of a concentra ted solu-  
tion of common sal t  in water .  

H e a t - t r a n s f e r  p r o c e s s e s  in the sys tem of two adjacent immisc ib le  liquids c rea ted  by filling the cavity 
with fuel a re  quite complex and requ i re  detailed study. In par t icu la r ,  one of the important  problems is the 
study of conditions for  development  of convect ive liquid motion in such a system. 

The study of hydrodynamic stabili ty of liquid motion with natural  convection in such a sys tem must  
commence  with the c l a s s i ca l  formulatior~ of the problem of l aye r s  infinite in the hor izontal  plane, bounded 
by rigid hor izonta l  sur faces .  The problem is formulated as a conjugate one, in the sense of [1]. 

1. We will  cons ider  a sys tem of two hor izonta l  liquid l ayers  with a division between them (the liquids 
do not mix),  with the layer  of l ighter  liquid located above. The externa l  boundaries  are  rigid sur faces  
maintained at constant  t empera tu re s ,  the t empera tu re  of the lower lamina T01 being h igher  than that of 
the upper  T02 (6T 0 = T01 -T02 > 0). We choose a ve r t i ca l  axis d i rec ted  upward as the z axis,  with origin 
at the lower boundary.  Under these conditions,  each layer  will have its own constant  t empera tu re  gradient ,  
d i rec ted  downward. Consequently,  at ce r t a in  t empera tu re  di f ferent ia ls  5T 0 mechanical  liquid equil ibrium 
may prove unstable with r e spec t  to some per turbat ion,  the development  of which over  t ime may lead to 
convection. 

We will cons ider  the stabil i ty of equi l ibr ium with r e fe rence  to smal l  per turbat ions  ( l inear-s tabi l i ty-  
theory approximation).  In this approximation smal l  per turbat ions  of velocity-~j {uj, vj, wj} and t e m p e r a -  
ture  T sat isfy the following l inear  equations ([2], Chap. 1): 

a ~ _  1 
\ /pj -:- v] -= jr, 

Ot 90j 

OT i . dT~ : ajATi,  (1) 
Ot -~- ~ j " de 

div ~j = O, 

where  the index j takes on the values 1, 2, and quantit ies with indices 1, 2 r e f e r  to the lower and upper 
l ayers ,  respec t ive ly ; -~  is a unit vec to r  d i rec ted  upward along z. 

We will  wr i te  boundary conditions for  sys tem (1). At the solid boundaries for  z = 0, H 

u j - - v j = w j = 0 ;  T j = 0  ( ] -  t. 2). (2) 
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At the d iv is ion  between the liquids 

~i=~2=0; Ui=tz2; Pi=~2; 

Ou~ Ou~ Ov~ Ov 2 
(a) 

T I = T " ;  ~1 oT1 --X= OT~ 
" o z  T 

The condition for  wj (j = 1, 2) follows f rom the r equ i r emen t  of impe rmeab i l i t y  of the liquid in te r face ,  and 
the conditions fo r  the components  uj, vj (j = 1, 2) f rom the r e q u i r e m e n t  of equality of tangent veloci ty  c o m -  
ponents and s t r e s s e s  at  the in ter face .  

In studying no rma l  pe r tu rba t ions  (~e ~ and per iodic  in the hor izonta l  plane),  one usually e l imina tes  
p r e s s u r e  p and components  u, v f rom Eq. (1), obtaining one four th--order  equation in the component  w. 
F o r  the exis tence  of solutions allowing separa t ion  of the va r i ab l e s  obtained in a s y s t e m  of equations in T 
and w, it is n e c e s s a r y  that the condition All + k2f = 0 be sa t i s f ied ,  where  ~l is the Lapiac ian  in the plane 
(x, y), and f is the t e m p e r a t u r e ,  or  the ve r t i c a l  veloci ty  component ,  k 2 = k~ + k 2. We note that in this case  
the conditions do not introduce into the boundary p rob lem sepa ra t e  wave numbers  k~ and k~, defining the 
per iodic i ty  of the pe r tu rba t ions  along the hor izonta l  axes  x and y. F o r  this r ea son  the e igennumbers  of 
the p rob lem,  and a lso  the c r i t i ca l  Rayieigh number ,  a re  de te rmined  by the p a r a m e t e r  k 2, and the ra t io  
between k~ and k~ r e m a i n s  a r b i t r a r y .  Thus,  to one and the s a m e  c r i t i c a l  Rayleigh number  there  c o r r e -  
sponds an infinite se t  of per turba t ions .  In pa r t i cu la r ,  there  will  exis t  two-dimens ional  (planar) mot ions  
in the fo rm of convect ive swel ls  with axes  p a r a l l e l , f o r  example ,  to the y axis (k~ = 0, k~ = k2). It is this 
l a t t e r  type of pe r tu rba t ion  that we will cons ide r  fur ther .  Considera t ion  of no rma l  pe r tu rba t ions  of the 
two-d imens iona l  convect ive  swell  type, while not des t roy ing  the genera l i ty  of the r e su l t s  re la t ive  to c r i t i -  
ca l  p a r a m e t e r s ,  p e r m i t s  reduction of Eq. (1) to equations for  t e m p e r a t u r e  and cu r r en t  function in the 
plane (x, y), s ince for  the per tu rba t ions  cons idered  veloci ty  components  v wilt  be absent  f rom the mot ion 
equation. 

If we introduce the change in va r i ab les  u = -Or  w = 0 r  and e l iminate  p r e s s u r e  in the motion 
equations (1), then in d imens ion less  fo rm the equations for  pe r tu rba t ions  gj, Tj (j = 1, 2) will be wr i t t en  
in the fo rm 

1 O A~ 1 = A2~1 _L P,10T1 
pq  ~ ' OX ' 

07" 1 dT~l 0% _ AT1; (4) 
& i dz Ox 

1 O aTe. 
5% = v2~A~p2 + J321R1 - -  

Ph Oz Ox 

or~ , d r  ~ 0,~ _ a r o .  (s) 
aT ; dz Ox 

H e r e  we introduce the notation 

R1 g~16T~ Prl vl vo ~ as - -  ; = - -  ; v2t = ~ ;  ~ i =  ; a2 t=  - - "  
al%~ 1 a 1 u ~1 ~1 

As c h a r a c t e r i s t i c  units H, Ha~at ,  a , / H ,  6To a re  chosen for  length, t ime,  veloci ty ,  and t e m p e r a t u r e ,  
r e spec t ive ly ;  d T ~ / d z  (j = 1, 2) is the gradient  of the unper turbed t e m p e r a t u r e  dis t r ibut ion,  defined f rom 

the equation d2T~/dz 2 = 0 (j = 1, 2), with the following boundary and conjugate conditions at the in terface:  

dT~ )~21 dT~ 1 
; ( s )  dz 1 -~ lH(i~2x __ 1) dz 1 @ l H (~'"~I-- 1)" 

We w r i t e b o u n d a r y c o n d i t i o n s  fo r  Eqs. (4), (5). At the r igid boundar ies  

0~1 _ 8 %  - 0 ,  8 %  _ 8 %  - 0 ,  

Oz Ox Oz Ox 

T ~ = 0  at  z = 0 ;  T 2 = 0  at z =  1, 

(7) 
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and at  the liquid in te r face  for  z = / L ,  

ar ar - -  O; 0r 0~2 " 02r a~r 
c)x - -  Ox az - -  Oz ' c)z2 - -  ~2 :  Oz--- Y -  ; 

OT 2 
T 1 = T~; OT: ~21 " ~[%21 = ~22/~t1' ~'21 "-- ~2/~1" 

az ~ z  ' 

If the solution is taken periodic in x in the form 

Cj = i~ j (z ,  "0exp(ikx), Tj =Bj(z, ~c)exp(ikx)(] = 1, 2), 

then for  the ampli tude qj (z, ~-), 0j (z, T) f rom Eqs. (4)-(8) we obtain 

1 c) 
Pr: O~ 

00: 

D 

D T :  = D2Wl+kRlOp  

d r  o 
- - - - k ~  T : = D O : ,  

0 2 
k2; 

az 2 

1 0 
Pr~ 0-~ 

00~ 
a~ 

DW~ = v21D2Xlr~ + ~J21kR~02, 

T O d 
- -  - -  k ~ ~2 : a21D02 

and boundary conditions on the rigid boundar ies ,  

W~-- ~ - - ~ - - 0 ,  0~=0 at z=O;  
Oz 

W 2 -  OT2 - - 0 ,  0 2 = 0  at z = l ;  
Oz 

and at the in ter face  for  z = / L ,  

O W  1 0~I~ 2 . 021~t 1 32/t~ 2 . 

~ = ~2 = O; Oz Oz OP ~t2~ Oz 2 

0 , = 0 2 ;  a~ - ~ 1 - ~ 1 7 6  
" Oz az 

F o r  purely computat ional  reasons  [3] we replace  the f i r s t  fou r th -o rde r  equation (10), (11) by an 
equivalent sys tem of two second--order equations, introducing the auxil iary turbulence function 

. . . . .  k ~ ~tr(~, z). oo(~, z ) =  Oz 2 

Utilizing Eq. (14), it will  be convenient  to wri te  Eqs.  (10), (11) in ma t r ix  form: 

A.v~ j - - B  aX~ = O, .~  = .~(~j, r Oj) (] = I, 2), 
az 

I _  'i- I ~ i~176176 A, ] 0 D kR~ �9 A ~ =  0 v.,_~D ~z, kR~ - B =  0 1 0 . 
= ' ' P h  

dT~ dT~ 0 a~.lD 
k ~  0 D k ,  dz 0 0 1 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 
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F r o m  the boundary  condi t ions  (13) it is  s imp le  to Obtain the conjuga te  condi t ions  for  the funct ion 
(14) in the f o r m  

% = ~ta% at z = IL. (16) 

If we take the t ime dependence  in Eq. (15) in the f o r m  exp grr), we obtain the p rob l em of finding the 
e igenva lues ,  

Ay,~ 5 -  aB.~ j=  0 (] -= I, 2) (17) 

with boundary  condi t ions  (12), (13), and (16), white  the componen t s  of the v e c t o r  X in this equat ion wil t  be 
funct ions  onty of  the coo rd ina t e  z. 

2. The  p rob l e m  of de t e rmin ing  the e igenva lues  of  Eq. (17) with boundary  condi t ions  (12), (t3), and 
(16) wil l  be solved n u m e r i c a l l y ,  us ing the e s t a b l i s h m e n t  method in d e t e r m i n i n g  e i g e n v e c t o r s  f r o m  Eq. (15), 
a c c o r d i n g  to [3]. 

We wr i t e  the f i n i t e -d i f f e r ence  p rob l em a p p r o x i m a t i n g  gq.  (15) in the f o r m  

~.~ + A,#~ -: ~_~ = B,~, '-~ (iS) 
( l = 1 ,  2; i :-=t,  2, 3 . . . . .  N - - l ;  ] = 1 ,  2, 3 . . . .  ); 

r - -  i 

i - ( 2 ~  h'~u '-) - h  ~ o 

I o 
A, = 1 pr~X7 k'~R 

kh ~ 0 ~ { 2 + h 2 U - ~  - 

r- __ (2 -~,- h2k ~) - -  h ~ 0 -[ 

A2 0 - -  2 } h2k 2-' . . . .  . 

= Pr ATv2, v~t ; 

kh 2 dT ~ ( . , h' ) 
a2t dz 0 ~ 2 -!- hak ~ -~- ~va~ 1 

OOOol [oo Co 1 
B1 = 0 _h~/PrAl: ; B~ = 0 --h~/Pr A~v, t �9 

0 0 - -  h2/k'c 0 0 - -  h~/A"ca.,.1 

H e r e  h is the coo rd ina t e  i nc r emen t ;  Ar  is the t ime i n c r e m e n t ;  the index i ind ica tes  change  in coord ina t e ,  
and the index j ind ica tes  change  in t ime.  

In obtaining the f i n i t e -d i f f e r ence  equat ion (18) with s e c o n d - o r d e r  app rox ima t ion  of  the d i f fe ren t ia [  
o p e r a t o r s  a f o u r - p o i n t  mode l ,  t w o - l a y e r e d  in t ime,  was  employed .  

To so lve  Eq. (18) with c o r r e s p o n d i n g  f i n i t e -d i f f e r ence  boundary  condi t ions  we use the m a t r i x  funct ion 

(19) 
( i = 1 ,  2, 3 . . . . .  N - - I ;  ] = 1 ,  2, 3 . . . .  ). 

R e c u r r e n c e  r e l a t ionsh ips  fo r  the d r ive  m a t r i c e s  Pi  and vec tors -Q{ (i = 1, 2, 3 N a r e  
wr i t t en  in the f o r m  

e ,  = - - ( B ,  , -1. - _ -  p , ( < 2 7 '  ~ i - , )  -,- P*-i)  , O~ 

(/=1, 2; i = I ,  2, a . . . . .  N - - l ;  ] = 1 ,  2, 3 . . . .  ). 
(20) 

T o . c o m m e n c e  computa t ion  with the r e c u r r e n c e  f o r m u l a s  (20) it is n e c e s s a r y  to d e t e r m i n e  the values  
P0 and-QJ0 f r o m  the boundary  condi t ions  (12) at  z = 0. M o r e o v e r ,  b e c a u s e  of  the p r e s e n c e  of a coef f ic ien t  
disco~_.q_nuity s u r f a c e ,  to e s t ab l i sh  cont inuous  d r ive  it  is n e c e s s a r y  to use Eq. 03)  at z = 1L to d e t e r m i n e  
the quant i t ies  Pn and-QJn, which  wil l  s e r v e  as  ini t ia l  va lues  fo r  the upper  l ayer .  

F o r  r e v e r s e  d r ive  with r e c u r r e n c e  f o r m u l a  (19) it is n e c e s s a r y  to d e t e r m i n e  = X(0, ~ , 0) at  the 
point  i = N - 1  f r o m  Eq. (19,) fo r  z ; 1 and Eq. (19). 
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It should be noted that in t ransforming to finite=difference equations for the boundary conditions (12)- 
(13) the following complications ar ise .  The conditions a r e  such that it  is impossible to direct ly determine 

f rom them. The �9 values at boundary points are determined approximately during computation, using 
Eq. (14) and ,I, values at nodes c losest  to the boundaries,  following [4]. 

F rom the f ini te-difference approximation of the .boundary conditions in increment  h we obtain the 
ma t r ix  P0, the vector--~O~, and the vector  component {b!. in the following form: IN 

l_ 0 0 0 t 
Po=  3/h 2 --0.5 0 ; 

0 0 0 

Qo = ~o(o, o, o); 

t + o .sp~_,  - V -  y~ - '  

From the conjugate condition (13) and the definition 
o rder  approximation in h we obtain the relationship of the 
in the form 

Of the turbulence function (14) in their  second- 
matr ix  Pn and vector--QJn at the liquid interface 

.b 

1 

3 1 / a,  l 

=-D- 

- 0 0 0 - i  
1 

h 2 b~ bl 6 2 ~"-n b 

alh ~- at6 2)~o~a_ t 

�9 , q,~, q]); 

t2 9o i 1 P~-1  p7,:-i 1 
D = a b ~ - - a ~ b ;  a =  3 h ~ ' 6 / ~a~l ~ 3 ; 

13 23 3 ~ 3q 

Pn-lh ~ @ ~ ," a , = - -  2,t%IpT? 1; b 1 = A 1 X~,A~-- 2p;?-~; 

A 1 = 2 + kO'h 2 @ he/AT; A 2 =: 2 + k2h ~ h2/a2tAT; 

q-~ ~ -  - - ~  q~-I - ~  q . - l - - 2 b q ~ - I -  Ar a21/ ' 

a~ ah"- '~'-~ t ' - ' }  
ae~ ! 

Eigenvectors  are found on the basis of a completely stabilized multistep exponential method. The 
process  of determining successive approximations in t ime,  using the method employed for solution of 
Eq. (19), will be denoted by the opera tor  A, so that 

~ i = m ; ~ i - ,  ( j = l ,  2, 3 . . . .  ). (21) 

To find the f i r s t  three eigenvalues of the finite--difference problem corresponding to Eq. (17) an 
invariant  subspace is constructed,  extended over the sys tem of three corresponding eigenvectors (see 
[3], p. 3). Brief ly,  the essence of this construction is as follows. Selecting for initial values three arM- 
t r a ry  (it is desirable  that they be l inearly independent) vectors-N ~ (i = 1, 2, 3), each with 3(N. + 1) dimen-  
sions,  we construct ,  according to Eq. (21), a sys tem of three mutually orthogonai vectors-X~ (i = 1, 2, 3; 

j = 1, 2, 3 . . . .  ). Orthogonalization and normalizat ion of the vectors  in the computation process is pe r -  
formed with the equation 

N 

g 0 ~ - -  ~o f-~r 'v. (zOa&(zO-~ ] 
(22) 

( N - - l / h ;  n, r e = l ,  2, 3). 

The sequence of vectors  thus constructed a t j - - ~  has l imits X'~ = 1, 2, 3), which lie in the invariant sub- 
space noted above. 
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If these l imit ing vec t o r s  a r e  used as a ba se  for  the subspace ,  the induction ope ra to r  m a t r i x  L{o~m,n}, 
whose e igenvalues  define the sought fo r  e igennumbers  of the p rob lem,  may  be cons t ruc ted  as 

a,n ~ = A()~, /~m) (n, m = 1, 2, 3). (23) 

It is na tura l  that in n u m e r i c a l  computa t ions ,  accord ing  to E q .  (23), as X n (n = 1, 2, 3) the a p p r o x i m a -  
t i o n s X  J a r e  taken, with the condition requi red  for  s tabi l izat ion of the i te ra t ion  p roce s s  (21). 

The e igenvalues  of the m a t r i x  L coincide with the e igenvalues  of the p a r a m e t e r  qi (i = 1, 2, 3) of Eq. 
(18), which a r e  re la ted  to the des i red  e igenvalues  (~i (i = 1, 2, 3) of the finite--difference p rob lem c o r r e -  
sponding to Eq. (17) by the re la t ionship  

a l -  q i - -1  (i : 1, 2, 3). (24) 
qiA'~ 

The accuracy  of e igenvec tor  de te rmina t ion  is con t ra l l ed  by the unbinding ra te  5 i (i = 1, 2, 3) of the 
following and preced ing  t ime approx imat ions  of these vec to r s :  

( i = I ,  2, 3; i = l ,  2, 3 . . . .  ), 

where-U~ a re  the e igenvec to r s  of the p rob lem which a r e  l inear ly  independent combinat ions  of the app rox i -  

mations-X~, with the cons tants  in these combinat ions  being components  of the cor responding  vec to r s  of 
m a t r i x  L. 

N u m e r i c a l  solution using the above a lgor i thm was p e r f o r m e d  on a Minsk-22 M e lec t ron ic  computer .  

3. The n u m e r i c a l - a n a l y s i s  method based on the solution a lgor i thm presented  above cons i s t s  of the 
following. F o r  a given ra t io  of p a r a m e t e r s  and fixed ra t io  of liquid l ayer  th icknesses ,  the neut ra l  cu rve  
1~ = f(k) is calculated.  F o r  a given k and a number  of R values we define,  accord ing  to Eq. (21), three  
e igenvec to r s  and cor responding  e igennumbers  (24). Calculat ions show that the f i r s t  e igennumber  J1 is 
l inear ly  dependent on R over  a suff icient ly wide range.  Thus,  the neu t ra l  R value for  a given k is found 
by l inear  interpolat ion to a t = 0. By quadrat ic  interpolat ion of the n e u t r a l - c u r v e  resu l t s  the c r i t i c a l  values  
R* and k* a re  de te rmined  (Table 1). 

The p rob lem formula ted ,  Eqs. (10)-(14), contains  a se t  of pa r t i cu l a r  cases  because  there  en te r  into 
the equations,  as ide  f rom R and k, six m o r e  a r b i t r a r y  p a r a m e t e r s  - the ra t ios  of the physica l  p r o p e r t i e s  
of the liquids in the sys t em.  

This  p re sen t  study will  o f fe r  r e su l t s  of ana lys i s  of a br ine  (common sa l t  solution) - k e r o s e n e  s y s t e m  
with the following p a r a m e t e r s :  P r  = 10; ?~21 = 0.2; P21 = 0.8; P21 = 1.17; a21 = 0 . 4 8 ;  /321 = 3. 

F igure  1 shows the c r i t i c a l  Ray[eigh c r i t e r i on  R* as a function of re la t ive  depth of the lower liquid 
l aye r  lL. It is evident  that with inc rease  i n / L  the R* values i nc rea se  without l imit ,  i .e. ,  with d e c r e a s e  
in re la t ive  ke rosene  depth the hydrodynamic  s tabi l i ty  of the sy s t em (at [east  with r e s p e c t  to infinitely sma l l  
pe r tu rba t ions )  i n c r e a s e s .  With d e c r e a s e  in 1L the c r i t e r i o n  R* asympto t i ca l ly  approaches  a ce r t a in  finite 
value (R* ~ 74). The wave number  k behaves  in approx imate ly  the s ame  m a n n e r  re la t ive  to liquid depth l L. 

The r e su l t s  obtained a re  of undoubted p rac t i ca l  in te res t .  The phys ica l  bas i s  of these r e su l t s  may  
be explained as follows. F r o m  Eq. (6) it  follows that the ra t io  of the undisturbed t empe ra tu r e -d i s t r i b u t i o n  
grad ien t s  in the br ine  layer  and ke rosene  is equal  to (dT1 ~  = ?~21. With the numer i ca l  p a r a m -  
e t e r  values  in the ca se  cons idered  this ra t io  equals  0.2, i .e . ,  in the ke ro sene  layer  the t e m p e r a t u r e  gradient  
is five t imes  h igher  than in the br ine  layer .  T h e r e f o r e ,  for  a given t e m p e r a t u r e  d i f ferent ia l  between the 
ex te rna l  boundar ies ,  conditions for  development  of a volume force  counterac t ing  the force  of v iscous  r e -  
s i s t ance  a r e  m o r e  favorable  in the ke rosene  layer .  Consequently,  it can be expected that pe r tu rba t ions  
de te rmin ing  the deve lopment  of instabi l i ty  in the ent i re  sy s t em will be those a r i s ing  in the ke rosene  layer  
and c h a r a c t e r i z e d  by i ts  p a r a m e t e r s .  

If we define a Rayleigh c r i t e r ion  fo r  the ke rosene  l aye r  as R 2 = gfi2(dT~ -h)4/a2v2,  then Rl 
m a y  be wr i t t en  in the fo rm 

a21v~, 1 - -  [ L ( I - - ~ )  R2, (26) 
Ra = [3~1 (l - -  [L)~ 
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1. k* (1) and R* (2) vs  IL. 

or ,  subst i tut ing �9 numer i ca l  data for  the p a r a m e t e r s  in our  case ,  
we obtain 

1 - -  0 , 8 / L  
RI=0,188  ( I _ / L ) ~  R2. 

F r o m  this it follows that R~ v a r i e s  with l L in a fourth--order  
parabol ic  manne r ,  under the condition, natural ly ,  that 1~ depends 
weakly  on lL,  which, as follows f rom the observa t ions  above,  occurs  
in our  case .  F igure  1 ag r ee s  with this in terpre ta t ion .  

In an analogous m a n n e r  it may  be found that the wave number  
k 1 is re la ted  to the wave number  k 2 c h a r a c t e r i z i n g  the per iodic i ty  
of pe r tu rba t ions  in the ke rosene  l a y e r  by the fo rmula  

k~ 
# 1 - -  tA(L " (27) 

The dependence of k 1 on IL in Fig. 1 a g r e e s  with Eq. (27). 

F o r  the nonl inear  instabi l i ty  p rob lem in the case  of convect ive 
heat  t r a n s f e r  in a hor izonta l  Layer of a homogeneous liquid, a method 
was  developed in [5] giving the l imit ing s table  ampli tude of convect ive 

c u r r e n t s  fo r  a ce r t a in  Rayleigh num ber  in terva l ,  above the c r i t i ca l  value. It was  shown that an infinitely 
sma l l  pe r tu rba t ion ,  co r r e spond ing  in the l inear  theory to the f i r s t  e igennumber  a s > 0 for  the c r i t i ca l  
wave  number  k* and c r i t e r i o n  R > R* a f t e r  init ial  exponential  growth will  tend to an equi l ibr ium p e r t u r b a -  
tion of finite ampli tude.  

It  then follows that in our  case  finite pe r tu rba t ions  which migh tbe  es tab l i shed  in the sy s t em c o n -  
s idered  will  coincide in f o r m  with the f i r s t  e igenvec to r  of the co r respond ing  l inear  theory problem.  In 

~,.~o" / . ~ \  o. Io 2 
I 1 ~ .  

t / ' 

8 ;  / i  / i 
I I 1 I 
I1 I 

i t t  I i  
4 1 1 ! /I/,I 

/tt/I //I 

-o ~ i .  ~ 

~ . fO 2 

8 

/ 
t 

s - - i  11 

e - - - t - - r .  t 
/ I /  
I / !  

0.I0 2 

A 8 

/ 

Fig. 2. Cur ren t  function ampli tude (solid Lines) and t e m p e r a -  
ture  (dashed) for  va r ious  IL: 1) lL = 0.1; 2) 0.2; 3) 0.3; 4) 0.4; 

5 )  0.5; 6) 0.6; 7) 0.7; 8) 0.8. 

1562 



T A B L E  1. N e u t r a l  C u r v e s  fo r  V a r i o u s  I n t e r f a c e  P o s i t i o n s  l L 

k R 

IL=O,I 

3 138,9 
4 107,3 
5 104,9 
5,5 109,6 
6 116,8 
6,5 126,4 

l L ~ 0,2 

4 142,5 
5 129,4 
5,1 129,3 
5,2 129,4 
6 135,4 

l L = 0 , 3  

3 312,6 
4 206,6 
5 173,7 
5,6 169,3 
5,7 169,2 
5,8 169,3 
5,9 169,5 
7 181,0 

I L = 0,4 

6,2 236,8 
6,5 I 235,7 
6,6 1 236,2 
6,7 [ " 236,2 

R 

9,9 605,0 
I0 605,5 
I0 5 610,I 
II 619,6 

IL=O,7 

l L = 0,5 I 1 I262 
l1,5 123812 

7,5 358,4 12 1223,3 
7,6 358,0 12,5 1214,7 
7,7 : 357,7 t3 1212,5 
7,8 357,7 13,5 1215,9 
7,9 357,8 
8,0 358, ] IL '= 0,8 
8, t 358,5 
8,2 359,2 17 3437 
8,3 360,0 18 3375,6 

18,5 3358,8 
IL = 0,6 19 3348,9 

19,5 3347,3 
8,5 620,6 20 3352,0 
9 610,0 20,5 3363,0 
9,5 605, I 21 3379,9 
9,6 604,7 
9,7 604,6 
9,8 604,7 

k R 

25 
25,4 
25,5 
25,6 
25,7 
25,8 
26 
27 

38,6 
38,8 
39,0 
39,2 
39,4 
40,0 
41,0 

t L = 0,85 

7062,4 
7053,4 
7052,1 
7051,41 
7050, 
7050,0 
7050,3 
7070,3 

l L ~ 0,9 

38 20808 
38,4 20799 

20797 
20796 
20797 
20800 
20804 
20828 
20897 

F i g .  2a,  b c u r v e s  of  the  a m p l i t u d e  of  the  c u r r e n t  func t ion  and t e m p e r a t u r e  a s  func t ions  of  the  v e r t i c a l  
c o o r d i n a t e  a r e  shown for  v a r i o u s  i n t e r f a c e  p o s i t i o n s .  I t  i s  e v i d e n t  that  the m a i n  p e r t u r b a t i o n  t u r b u l e n c e  
( r e l a t i v e  to h igh  i n t ens i t y )  i s  l o c a l i z e d  in  the  k e r o s e n e  l a y e r ,  wh i l e  the t u r b u l e n c e  of  o p p o s i t e  r o t a t i o n  
and s i g n i f i c a n t l y  l ower  i n t e n s i t y  in the b r i n e  l a y e r  l o c a l i z e d  in the  r e g i o n  n e a r  the k e r o s e n e  as  l a y e r  t h i c k -  
n e s s  i n c r e a s e s .  Th i s  a l s o  s u p p o r t s  the  i n t e r p r e t a t i o n  of  F i g .  I g iven  above .  

i .  
2. 

3. 
4. 

5. 
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