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Continuous Phase Mixing on Crossflow Extraction Sieve Trays 

R. B. ELDRIDGE, J. L. HUMPHREY, and J .  R. FAIR 

DEPARTMENT OF CHEMICAL ENGINEERING 
THE UNIVERSITY OF TEXAS AT AUSTIN 
AUSTIN, TEXAS 78712 

ABSTRACT 

Axial d i s p e r s i o n  of a c ros s f lowing  cont inuous  phase w a s  
s t u d i e d  i n  a s p e c i a l  exper imenta l  system t h a t  s imula ted  
a "slice" from a l a r g e ,  commercial s c a l e  s i e v e  t r a y  ex- 
t r a c t o r .  The to luene-water  system was used ,  and P e c l e t  
numbers were de termined  as f u n c t i o n s  of phase f low r a t e s  
and t r a y  geometry. It w a s  concluded t h a t  f o r  systems 
w i t h  r e l a t i v e l y  h igh  i n t e r f a c i a l  t e n s i o n ,  which g i v e  
c h a r a c t e r i s t i c a l l y  low p o i n t  e f f i c i e n c i e s ,  a x i a l  mixing 
i s  n o t  a n  impor tan t  i s s u e  i n  t h e  des ign  o f  s i e v e  t r a y  
e x t r a c t o r s .  

INTRODUCTION 

Sepa ra t ions  by l i q u i d - l i q u i d  e x t r a c t i o n  are  r e c e i v i n g  inc reased  
a t t e n t i o n  because  of t h e i r  p o s s i b l e  energy  economies and because  they  
can  permi t  p rocess ing  of t empera tu re - sens i t i ve  materials a t  essen- 
t i a l l y  ambient c o n d i t i o n s .  A h indrance  t o  t h e  s e l e c t i o n  of e x t r a c t i o n  
f o r  new p l a n t  d e s i g n s ,  however, is  t h e  inadequacy of r e l i a b l e  i n f o r -  
mat ion  f o r  s c a l i n g  p i l o t  p l a n t  r e s u l t s  t o  much l a r g e r  commercial 
equipment.  Typ ica l ly ,  tests a re  made a t  t h e  s m a l l  s c a l e  and the 
convers ion  is  made by exper ience-suppor ted  e m p i r i c a l  t echn iques .  
There  are  needs  f o r  more r a t i o n a l  and fundamentally-based approaches ,  
and t h e  work r epor t ed  h e r e  is p a r t  of a n  e f f o r t  t o  deve lop  mechan i s t i c  
models t h a t  might b e t t e r  s e r v e  t h i s  s ca l eup  purpose.  

Rocha e t  a l .  (1) modeled a small ( fou r  i n c h  d i ame te r )  s i e v e  t r a y  
column, and concluded t h a t  f o r  such a sma l l  dev ice  t h e  cont inuous  
phase  i s  e s s e n t i a l l y  well-mixed. Analogy t o  t h e  behavior  of gas- 
l i q u i d  systems i n  s i m i l a r  geometr ies  would l e a d  t o  t h e  e x p e c t a t i o n  
t h a t  under c e r t a i n  f l o w  c o n d i t i o n s  t h e  cont inuous  phase  i n  t h e  ex t r ac -  
t i o n  column would d e p a r t  from a well-mixed c o n d i t i o n  and might indeed 

1121 

Copyright 0 1987 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
1
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1122 ELDRIDGE,  HUMPHREY, AND F A I R  

approach a p lug  f low behavior .  I f  such would be t h e  c a s e ,  t hen  some 
enhancement of t h e  well-mixed ( l o c a l )  e f f i c i e n c y  might be  p o s s i b l e .  
J u d i c i o u s  s e l e c t i o n  of  t h e  t r a y  dimensions,  t o  promote p lug  f low,  
might t hen  b e  prudent .  I n  t u r n ,  t h i s  could improve t h e  economic 
a t t r a c t i v e n e s s  of e x t r a c t i o n  i n  s i e v e  t r a y  u n i t s .  

Background 

The geometry of a n  e x t r a c t o r  s i e v e  t r a y  resembles  t h a t  of a d i s -  
t i l l a t i o n  s i e v e  t r a y .  A s  i n d i c a t e d  i n  F igu re  1, cont inuous  phase 
e n t e r s  t h e  t r y  through a downcomer (o r  upcomer) and passes  a c r o s s  t h e  
f i e l d  of moving d i s p e r s e d  phase drops .  
of t r a y  n i s  convenient'-y expressed  a s  a Murphree e f f i c i e n c y :  

The mass t r a n s f e r  e f f i c i e n c y  

'n - 'n-1 

n n-1 Emci - Y* - Y 

where t h e  Y v a l u e s  r e f e r  t o  s o l u t e  mole f r a c t i o n s  i n  t h e  d i s p e r s e d  
phase and t h e  Y* term r e f e r s  t o  an  equ i l ib r ium c o n c e n t r a t i o n  wi th  
r e s p e c t  t o  t h e  cont inuous  phase l e a v i n g  t h e  t r a y :  

Y * = m  X ( 2 )  n dc n 

The d i r e c t  ana logy  t o  vapor - l iqu id  equ i l ib r ium on d i s t i l l a t i o n  t r a y s  
i s  appa ren t .  

PHASE) 

Figure 1. Crossflow sieve tray f o r  extraction 
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CONTINUOUS PHASE M I X I N G  ON S I E V E  TRAYS 1123 

Depending on phase  mixing, t h e  v a l u e  of &,,d w i l l  be  equa l  t o  o r  
g r e a t e r  t han  t h e  l o c a l  e f f i c i e n c y ,  which a p p l i e s  t o  a po in t  on t h e  
t r a y  and which can va ry  w i t h  l o c a t i o n .  For t h e  c a s e  of complete 
cont inuous  phase mixing, &,,d = Epd. 
cont inuous  phase ,  

For t h e  c a s e  of  p lug  f low of 

exp[E A ]  -1 

Emd - A 
(3) 

where E = po in t  e f f i c i e n c y ,  based on d i s p e r s e d  phase  
pd c o n c e n t r a t i o n s  

A = e x t r a c t i o n  f a c t o r ,  m F / F  

F / D  

m dc 

dc d c 
= molar  r a t i o  of d i s p e r s e d  t o  cont inuous  f lows  

= s l o p e  of t h e  equ i l ib r ium curve  based on molar 

d c  

c o n c e n t r a t i o n s ,  d i s p e r s e d  phase  on o r d i n a t e  s c a l e  

For c a s e s  t h a t  are i n t e r m e d i a t e  between complete mixing and 
p lug  f low,  measures of d e p a r t u r e  from i d e a l  f low are necessa ry .  The 
p e r t i n e n t  background work l e a d i n g  t o  such measures has  been done 
l a r g e l y  w i t h  homogeneous sys tems of wi th  gas - l iqu id  sys tems,  and i t  
is  p o s s i b l e  t o  u t i l i z e  such  work, by d i r e c t  ana logy ,  f o r  l i q u i d -  
l i q u i d  systems. 

A u s e f u l  method f o r  expres s ing  a x i a l  mixing e f f e c t s  i s  through 
t h e  u s e  of t h e  d i f f u s i v e  backmixing model, which u t i l i z e s  an  eddy 
d i f f u s i o n  c o e f f i c i e n t  DE. With r e f e r e n c e  t o  F igu re  2 ,  and cons ide r ing  
a d i f f e r e n t i a l  s l i c e  of two-phase mix tu re  on t h e  t r a y ,  a m a t e r i a l  
ba l ance  y i e l d s :  

( 4 )  
Fc dX 'n-1 - 'n Fd 

(-) = 0 d2X 

dZ2 ( A i ) d Z +  A p m  Zt 
DE ~ - 

where DE = eddy d i f f u s i o n  c o e f f i c i e n t  

X = mole f r a c t i o n  s o l u t e  i n  cont inuous  phase 

Y = mole f r a c t i o n  s o l u t e  i n  d i s p e r s e d  phase 

Z = d i s t a n c e  i n  d i r e c t i o n  of c ros s f low 
(Z, = total  t r a y  l e n g t h )  

Fc = cont inuous  phase molar f low rate  

Fd = d i s p e r s e d  phase molar f low rate  

A = c r o s s  s e c t i o n a l  area a v a i l a b l e  f o r  f low 

pm = mean molar  d e n s i t y  of t r a y  mix tu re  

If t h e  p o i n t  e f f i c i e n c y  i s  cons t an t  and t h e  equ i l ib r ium r e l a t i o n s h i p  
can  be approximated a s  l i n e a r ,  Equat ion  4 becomes: 
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dZ 
'nFd 'z 
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I 1  dX 
I I  
I I 

F ~ ( x )  Fc (X + ;~ i ;  d Z )  

t 
Z- d Z  I ' n - l F d 7  

Figure 2 .  Material balance a c r o s s  t r a y  element 

- ( y ) - - - A E  1 d2X dX ( X - X : )  
Pe dw dw pd 

(5) 

where Pe = dimensionless  P e c l e t  number = (F Z ) / ( A  p D ) c T  m E  
w = dZfZ 

X* = mole f r a c t i o n  of s o l u t e  i n  eont inuous phase when i n  
equ i l ib r ium wi th  t h e  d i s p e r s e d  phase e n t e r i n g  t h e  t r a y  

For uniform concen t r a t ion  of d i spe r sed  phase e n t e r i n g  t h e  t r a y  (from 
t h e  coalesced l a y e r  below t h e  t r a y ) ,  i t  may be  shown t h a t :  

dw EmdfEpd xn - x; 
0 

Applying the fo l lowing  boundary cond i t ions  t o  Equation 5 ,  

X = X and dXfdW = 0 a t  w = 1 .n 

and combining wi th  Equation 6 ,  

Pe where = 1 [h  + 4 A  E /Pe - 11 
Pd 
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CONTINUOUS PHASE MIXING ON S I E V E  TRAYS 1125 

3.0 

2.8 

2.6 

2.4 

Etnd 

Epd 

- 2.2 

2.0 

1 .8 

1.6 

1.4 

1.2 

1 .o 
0 1 .o 2.0 3.0 

Epd 

F i g u r e  3 .  E f f e c t  of P e c l e t  number on p o i n t  e f f i c i e n c y  
enhancement (2)  . 

This  i s  a gene ra l  expres s ion  r e l a t i n g  t r a y  e f f i c i e n c y  E,,,d, p o i n t  
e f f i c i e n c y  Epd, e x t r a c t i o n  f a c t o r  
Pe. It i s  shown g r a p h i c a l l y  i n  F igu re  3 ,  taken from t h e  work of  
G e r s t e r  e t  a1 ( 2 ) .  More d e t a i l s  on t h e  development of Equation 7 
are g iven  i n  t h e  same re fe rence .  

(= mdc Fd/Fc) and P e c l e t  number 

An a l t e r n a t e  model f o r  t r a y  mixing is  t h e  s t a g e  model, where 
t h e  phase i n  c ros s f low is  presumed t o  flow through one o r  more w e l l -  
mixed s t a g e s .  Th i s  model, o r i g i n a l l y  a p p l i e d  t o  d i s t i l l a t i o n  t r a y s  
by Gautreaux and O'Connell ( 3 ) ,  a l s o  relates p o i n t  and t r a y  e f f i -  
c i e n c i e s :  

E s  

( l + * ) - l  (9) 

Pd 
Emd'Epd = X E  

where s = number of mixing s t a g e s  on t h e  t r a y  
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1 1 2 6  ELDRIDGE, HUMPHREY, AND F A I R  

When s = 1, t h e  cont inuous  phase i s  comple te ly  mixed, and p o i n t  
e f f i c i e n c y  e q u a l s  t r a y  e f f i c i e n c y .  For pu re  p lug  f low of con t inuous  
phase ,  s = . For i n t e r m e d i a t e  c a s e s ,  a b l end ing  of t h e  d i f f u s i o n  
and s t a g e  models i s  p o s s i b l e ,  and: 

s q, (Pe + 2)/2 (10) 

, t hus  becomes a key d imens ionless  Fc 'T The P e c l e t  number, Pe = - 
*P"?E 

parameter  i n  a s s e s s i n g  t h e  e f f e c t s  of geometry on a x i a l  mixing and 
p o i n t  e f f i c i e n c y  enhancement. 

Measurements of P e c l e t  numbers (o r  eddy d i f f u s i o n  c o e f f i c i e n t s )  
f o r  cont inuous  phase  f low on s i e v e  t r a y s  have n o t  been r epor t ed  
p r e v i o u s l y .  Angelo and L igh t foo t  ( 4 )  cons idered  l i q u i d - l i q u i d  system 
mixing i n  such  a geometry,  bu t  l i m i t e d  t h e i r  work t o  t h e  comple te ly  
mixed r e g i o n .  For o t h e r  e x t r a c t i o n  d e v i c e s ,  however, some a x i a l  
mixing s t u d i e s  have been r e p o r t e d ,  f o r  example t h e  n o t a b l e  work of 
Miyauchi and Vermeulen (5) f o r  packed e x t r a c t o r s .  It is  beyond t h e  
scope  of t h e  p r e s e n t  paper  t o  rev iew mixing s t u d i e s  i n  t h e  v a r i o u s  
a v a i l a b l e  e x t r a c t i o n  d e v i c e s ,  s i n c e  t h e  purpose h e r e  i s  t o  d e a l  w i th  
mixing on c r o s s f l o w  s i e v e  t r a y  dev ices .  

Experimental  Equipment 

A f low diagram of t h e  exper imenta l  equipment i s  shown i n  F igu re  
4 .  The c o n t a c t i n g  u n i t  was des igned  t o  s i m u l a t e  a s l i c e  from a 
l a r g e  s c a l e  s i e v e  t r a y  e x t r a c t o r  and t o  p rov ide  f o r  maximum oppor- 
t u n i t y  f o r  viewing f lows  of t h e  phases .  The des ign  a l s o  p rov ides  a 
broad range  of phase f low r a t e s ,  t r a y  spac ings ,  downcomer (o r  up- 
comer) dimensions and t r a y  h o l e  p a t t e r n s .  Dimensions of t h e  c o n t a c t i n g  
u n i t s  a r e  shown i n  F igu re  5. 

Phase i n t e r f a c e s  are main ta ined  by ad jus tment  of t h e  e l e v a t i o n  
of t h e  a tmospher ic  head t anks .  Mesh pads a i d  i n  drop  coa lescence .  
The i n j e c t i o n  p o i n t  f o r  a dye t r a c e r  i s  i n  t h e  i n l e t  downcomer. A 
sampling dev ice  withdraws f l u i d  from t h e  e x i t  downcomer and f e e d s  t h e  
sample t o  a Beckman spec t rophotometer  f o r  a n a l y s i s .  
v a t i o n  and measurement of mixing e f f e c t s ,  a p u l s e  t e s t i n g  approach 
is used ,  w i th  t h e  ou tpu t  from t h e  spectrophotomer be ing  shown on a 
s t r i p  c h a r t  r e c o r d e r .  The exper imenta l  u n i t  is a l s o  equipped f o r  
t h e  photographic  de t e rmina t ion  of  d rop  s i z e  d i s t r i b u t i o n .  

Data Ana lys i s  

For t h e  obser -  

The uns teady  s t a t e  u n i d i r e c t i o n a l  a x i a l  d i s p e r s i o n  r e l a t i o n s h i p ,  
a p p r o p r i a t e  f o r  t h e  tes t  method used ,  is :  

2 ac ac 
+ v Z  = D~ % + [ sou rce  term] 

az 
where C = c o n c e n t r a t i o n  of tracer 

t = t i m e  

V z  = v e l o c i t y  i n  t h e  a x i a l  d i r e c t i o n  

DE = eddy d i f f u s i o n  c o e f f i c i e n t  
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- 
HEAD TANK FLEXIBLE TUBING 

I 

Lwi 

v HEAVY PHASE TANK 

I / 

ROTAMETERS ._; 
L I G H T  PHASE TANK 

F i g u r e  4 .  Flow diagram o f  experimental  equipment 

A "source  term" i s  shown i n  Equat ion  11 t o  a l low f o r  t h e  i n j e c t i o n  
of t r a c e r  i n  t h e  test  s e c t i o n  i t s e l f .  I n  t h e  p re sen t  work, an  impulse 
sou rce  term w a s  used i n  t h e  expe r imen ta t ion ;  t h i s  term approximated 
a p e r f e c t  d e l t a  f u n c t i o n .  

Equation 12  is  t h e  d imens ionless  s o l u t i o n  of Equation 11, s u b j e c t  
t o  p lug  f low boundary c o n d i t i o n s  ( i . e . ,  no d i f f u s i o n  i n  t h e  t r a y  i n l e t  
and e x i t ) :  

where CN = normalized c o n c e n t r a t i o n  t i m e  ( t ime  -1) 

tr = mean r e s i d e n c e  t i m e  

Pe = P e c l e t  number 
2 2 

Pe + 4 a  

4 Pe 
n A =  

a 4 P e a  

2 2 t a n  a = 
4 a n - p e  
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1128 ELDRIDGE, HUMPHREY, AND F A I R  

LIGHT PHASE OUTLEl 

TEST TRAY: 
Active Area 14 x 49.5 cm 
Holes 3.2 rnrn 

PitchlHole Diameter 2.6 

Metal Thickness 1.6 rnm 

15.2 or 30.5 cm 

T HEAVY PHASE OUTLET 

F i g u r e  5 .  Dimens ions  of contacting u n i t  

Th i s  s o l u t i o n  has  been t aken  from Himmelblau and Bischof ( 6 ) .  

P o i n t s  were ob ta ined  from exper imenta l  t r a c e s  of  dye concent ra -  
t i o n ,  a n  example of which is  shown i n  F igu re  6. These p o i n t s  were 
f i t t e d  t o  Equat ion  1 2  through a n o n l i n e a r  e r r o r  minimiza t ion  tech-  
n ique .  
r e s i d e n c e  t i m e  which minimized t h e  e r r o r  between t h e  exper imenta l  
and c a l c u l a t e d  c o n c e n t r a t i o n  p r o f i l e s ;  t h e  example shown i n  F igu re  
7 is  a companion t o  t h e  r a w  d a t a  of F igu re  6.  The P e c l e t  number so 
ob ta ined  was  combined w i t h  t h e  t r a y  l e n g t h  and t h e  cont inuous  phase 
f l o w  r a t e  to y i e l d  a v a l u e  of t h e  eddy d i f f u s i o n  c o e f f i c i e n t .  

Th i s  d a t a  r e g r e s s i o n  y i e lded  a P e c l e t  number and a mean 
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0.4 

0.3 - 

CN 

NORMALIZED " * -  
CONCENTRATION 

.1 
(TIME) 

0.1 - 

o *  

100 

W V 
z 
t- + 
a 
I 

5 80 
a 
(r 
b- 

s 

60 

SYSTEM: TOLUENE. WATER A .  EXPERIMENTAL POINTS 

o .  CALCULATED POINTS 

PARAMETERS 

V,Nd ~ 2.253 

PECLET NO. = 1.831 

1,=3.982 min. 
A 

/IQ\ 8 
\o 

I I I I I 

A \ u ; A A  r * 4  

TIME 

F i g u r e  6 .  T y p i c a l  p l o t  of l i g h t  t r a n s m i t t a n c e  v s .  t i m e  
Vc /Vd  = 2.253; P e  = 1 . 8 3 ;  t = 3.98 min. 
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R e s u l t s  

Axial mixing r e s u l t s  were ob ta ined  for o p e r a t i n g  s i e v e  t r a y s  
spaced a t  6 and 12 inches ,  u s ing  t h e  geometry shown i n  F igu re  6 .  The 
immisc ib le  phases  were to luene  and water  a t  room tempera ture .  Th i s  
system h a s  a n  i n t e r f a c i a l  t e n s i o n  of about 35 dynes/cm and wi th  modest 
amounts of a t r a n s f e r r i n g  s o l u t e  would be  termed a " d i f f i c u l t "  system 
wi th  r ega rd  t o  mass t r a n s f e r  e f f i c i e n c y ,  i . e . ,  one w i t h  c h a r a c t e r i s -  
t i c a l l y  low t r a y  e f f i c i e n c i e s .  The r e l a t i v e l y  h igh  i n t e r f a c i a l  t e n s i o n  
l e a d s  t o  l a r g e r  drop  s i z e s  and thus  lower i n t e r f a c i a l  areas. 

The exper imenta l  d a t a  a r e  shown i n  Table 1 and a r e  p l o t t e d  as 
P e c l e t  number v e r s u s  phase f low r a t i o  i n  F igu re  8.  A s  expec ted ,  t h e  
s m a l l e r  t r a y  spac ing  l e a d s  t o  a l a r g e r  p lug  flow component (h ighe r  
P e c l e t  number, lower eddy d i f f u s i o n  c o e f f i c i e n t ) .  While on ly  one 
t r a y  l e n g t h  w a s  i n v e s t i g a t e d ,  by d e f i n i t i o n  and by analogy t o  gas- 
l i q u i d  t r a y  mixing r e s u l t s ,  one would expec t  l a r g e r  P e c l e t  numbers 
f o r  l onge r  f low p a t h s  of cont inuous  phase.  

The s c a t t e r  of t h e  d a t a  p o i n t s  i n  F igu re  8 is  i n  p a r t  c h a r a c t e r -  
i s t i c  of t h e  measurement and r educ t ion  techniques  used i n  t h e  s t u d y ,  
bu t  may a l s o  i n d i c a t e  a need f o r  a d d i t i o n a l  c o r r e l a t i n g  v a r i a b l e s .  
However, t h e  magnitude of t h e  P e c l e t  number as a f u n c t i o n  of t r a y  
spac ing  i s  w e l l  d e f i n e d .  

Summary and Conclus ions  

An exper imenta l  s tudy  has  been made of t h e  a x i a l  mixing or t h e  
cont inuous  phase f lowing  a c r o s s  a s i e v e  t r a y  t h a t  i s  a c t i v e  w i t h  a 
r i s i n g  f i e l d  of l i g h t  phase drops .  P e c l e t  numbers as h igh  as 5 w e r e  
ob ta ined  f o r  a t r a y  spac ing  of 6 inches .  Th i s  i n d i c a t e s  a s i g n i f i c a n t  
amount of backmixing, even a t  h igh  f low r a t i o s  of cont inuous  t o  d i s -  
persed  phase.  

Under mass t r a n s f e r  c o n d i t i o n s ,  and f o r  t y p i c a l  e x t r a c t i o n  f a c t o r  
v a l u e s  i n  t h e  range  of 1 t o  3, a " d i f f i c u l t "  system i s  c h a r a c t e r i z e d  
by s i e v e  t r a y  p o i n t  e f f i c i e n c i e s  i n  t h e  range  of 10 t o  20 pe rcen t  
(1). Reference  t o  F igu re  3 l e a d s  t o  t h e  conc lus ion  t h a t  even w i t h  
pure  p lug  f low ( i n f i n i t e  v a l u e  of P e c l e t  number) t h e r e  is r e l a t i v e l y  
l i t t l e  enhancement of p o i n t  e f f i c i e n c y .  Thus ,  f o r  t h e  h ighe r  i n t e r -  
f a c i a l  t e n s i o n  sys tems,  t r a y  mixing is  no t  l i k e l y  t o  be  a p o i n t  of 
i s s u e .  

For t h e  so-ca l led  "easy" m a s s  t r a n s f e r  sys tems,  such  as t h e  
f a m i l i a r  test system methylisobutylketone/acetic a c i d / w a t e r ,  w i t h  
c h a r a c t e r i s t i c  p o i n t  e f f i c i e n c i e s  i n  t h e  range  of  40 percen t  o r  
h ighe r ,  i t  may be  p o s s i b l e  f o r  s i g n i f i c a n t  enhancement of p o i n t  
e f f i c i e n c y  t o  occur .  It remains t o  be  seen  whether t h e  smaller d rop  
s i z e s  of such  sys tems would a f f e c t  s i g n i f i c a n t l y  t h e  a x i a l  mixing 
of t h e  cont inuous  phase,  bu t  i f  d rop  momentum is  an  impor tan t  f a c t o r ,  
then  f o r  t h e  same volume of d i s p e r s e d  phase f low (producing a l a y g e r  
popu la t ion  of d r o p s ) ,  t h e  P e c l e t  number d a t a  shown i n  F igu re  8 sLiould 
s t i l 1 , a p p l y .  Planned work w i t h  lower i n t e r f a c i a l  t e n s i o n  systems 
should shed l i g h t  on t h i s  i s s u e .  
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Run 
No. 

6-1 

6-2 
6-3 
6-4 
6-5 
6-6 
6-7 
6-8 

6-9 
6-10 

6-11 
6-12 

6-13 
6-14 
6-15 
12-1 

12-2 
12-3 
12-4 
12-5 

12-6 

12-7 
12-8 

12-9 

12-10 
12-11 
12-12 
12-13 

Table 1 

Experimental Data 

Rates Supfl. Vel. 
~isp. Cont. Phase 

Phase 
Tray Cont. 

Spacing Qc Qd VC 
cm M3/s-(104) M3/s.(104) M/s*(102) 

15.2 

15.2 
15.2 
15.2 
15.2 

15.2 
15.2 

15.2 
15.2 
15.2 

15.2 
15.2 

15.2 
15.2 

15.2 

1.20 

1.20 
1.77 
2.40 

1.20 
1.77 
1.77 
1.77 
2.40 
2.40 

1.58 

1.90 
2.40 
2.97 
1.07 

1.14 

0.82 
0.82 
0.82 

1.20 
1.64 
2.02 
1.20 
1.64 
1.20 
0.51 

0.51 
0.44 
0.51 

2.02 

0.46 

0.50 
0.75 

1.00 

0.46 
0.79 

0.88 

0.75 
1.18 
1.18 

0.59 

0.73 
1.12 
1.47 
0.45 

30.4 1.20 0.82 0.22 
30.4 1.77 1.20 0.35 
30.4 1.77 0.82 0.33 
30.4 1.20 0.82 0.22 
30.4 2.40 0.82 0.47 
30.4 1.77 1.64 0.37 
30.4 1.20 1.64 0.22 
30.4 1.58 0.51 0.28 
30.4 1.90 0.51 0.38 
30.4 2.40 0.44 0.49 
30.4 1.51 0.82 0.27 
30.4 0.69 1.64 0.14 
30.4 1.77 0.63 0.36 

Phase Peclet 

4.04 2.64 

6.18 2.46 
9.26 2.62 

12.34 6.78 

3.77 1.96 
4.92 2.23 
4.41 2.79 
6.20 2.66 

7.31 2.55 
9.69 4.71 

11.95 4.55 
14.70 4.36 
25.52 5.61 
29.63 3.46 

2.25 1.83 

2.69 1.05 
2.88 0.91 
4.07 1.12 

2.76 1.29 
5.73 1.28 

2.26 0.59 
1.39 0.81 
5.70 1.22 

7.50 0.99 

10.70 1.32 
3.36 0.82 

0.86 0.62 
5.47 1.03 

Diff. 
Coef f . 

UE 
cm2/sec 

8.7 

10.3 
1 4 . 5  

7.5 

11.8 
18.0 
16.0 
14.3 

23.3 
12.6 

6.6 

8.5 
10.1 
21.5 
12.5 

10.5 
19.5 
14.9 
8 .8 
18.5 

31.3 
14.0 

11.8 

19.2 
18.7 
16.9 
11.2 
17.7 

___ 
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Pe 

SYSTEM: TOLUENE-WATER A 

A 
SPACING 

SPACING 

4 a 12 16 20 

VC/% 

Figure  8.  P e c l e t  number a s  a func t ion  of phase f low r a t i o  

One may conclude from t h i s  work t h a t  f o r  systems w i t h  r e l a t i v e l y  
h igh  i n t e r f a c i a l  t e n s i o n ,  which g i v e  c h a r a c t e r i s t i c a l l y  low p o i n t  
e f f i c i e n c i e s ,  a x i a l  mixing i s  no t  an  impor tan t  i s s u e  i n  t h e  des ign  of 
sieve t r a y  e x t r a c t o r s .  Add i t iona l  work is  requ i r ed  t o  v a l i d a t e  t h e  
e f f e c t s  of  lower i n t e r f a c i a l  t e n s i o n  and a l t e r n a t e  t r a y  geomet r i e s ,  
bu t  t h e  i n d i c a t i o n  i s  t h a t  f o r  t h e  sys tems g i v i n g  t y p i c a l l y  h igh  mass 
t r a n s f e r  e f f i c i e n c i e s ,  a x i a l  mixing could p l ay  a r o l e  i n  t h e  optimum 
des ign  of s i e v e  t r a y  e x t r a c t o r s .  

SYMBOLS 

A c r o s s  s e c t i o n a l  area a v a i l a b l e  f o r  cont inuous  phase f low ( L )  

An 

C c o n c e n t r a t i o n  of tracer (moles/L ) 

v a r i a b l e  de f ined  by Equat ion  13  (d imens ionless )  

3 
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CONTINUOUS PHASE MIXING ON S I E V E  TRAYS 1133 

CN normalized t r a c e r  c o n c e n t r a t i o n  ( I / @ )  

DE eddy d i f f u s i o n  c o e f f i c i e n t  ( L L / B )  

Emd 

E p o i n t  d i s p e r s e d  phase e f f i c i e n c y  ( f r a c t i o n a l )  
Pd 

Fc 

Fd 

m equ i l ib r ium d i s t r i b u t i o n  c o e f f i c i e n t ,  Y * / X  (d imens ionless )  

Pe P e c l e t  number (d imens ionless )  

s number o f  mixing s t a g e s  on t r a y  

t t i m e  (8) 

t r  

Vc 

Vd 

V z  

w d imens ion le s s  t r a y  l e n g t h  dZ/Z (d imens ionless )  

X mole f r a c t i o n  of s o l u t e  i n  cont inuous  phase 

X z  

Y mole f r a c t i o n  of s o l u t e  i n  d i s p e r s e d  t r a y  

Y* mole f r a c t i o n  of s o l u t e  i n  d i s p e r s e d  phase ,  i n  e q u i l i -  

2 d i s t a n c e  in d i r e c t i o n  of con t inuous  phase €low (L) 

ZT 

Ifurphree d i s p e r s e d  phase t r a y  e f f i c i e n c y  ( f r a c t i o n a l )  

cont inuous  phase molar f low rate (moles /@)  

d i s p e r s e d  phase  molar f low rate  (moles /@)  

d c  

mean r e s i d e n c e  t i m e  of t r a c e r  on t r a y  (@) 

s u p e r f i c i a l  v e l o c i t y  of cont inuous  phase based on area 
f o r  c ros s f low (L/B) 

s u p e r f i c i a l  v e l o c i t y  of d i s p e r s e d  phase based on a c t i v e  
t r a y  a r e a  (L/B) 

v e l o c i t y  of con t inuous  phase i n  a x i a l  d i r e c t i o n  (L/B) 

mole f r a c t i o n  of s o l u t e  i n  con t inuous  phase ,  i n  e q u i l i -  
brium w i t h  d i s p e r s e d  phase e n t e r i n g  t h e  t r a y  

brium w i t h  con t inuous  phase mole f r a c t i o n  X 

t o t a l  l e n g t h  of t r a y  (L) 

Greek le t te rs  

a v a r i a b l e  de f ined  by Equat ion  14 (d imens ionless )  

q v a r i a b l e  de f ined  by Equat ion  8 (d imens ionless )  

1 e x t r a c t i o n  f a c t o r ,  mdcFd/Fc (d imens ionless )  

0, 
3 mean molar d e n s i t y  of t r a y  mix tu re  (moles/L ) 

S u b s c r i p t s  

n t r a y  n 

n-l  t r a y  n-1 (below t r a y  n)  
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