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SEPARATION S C I E N C E  AND TECHNOLOGY, 16(9), pp.  1217-1245, 1981 

Drop-Size Distribution and Dispersed Phase Hold-up in 
a Large Rotating Disc Contactor 

G .  V. JEFFREYS, K. K. M. AL-ASWAD, and C. J .  MUMFORD 
DEPARTMENT OF CHEMICAL ENGINEERING 
UNIVERSITY OF ASTON 
BIRMINGHAM, UNITED KINGDOM 

ABSTRACT 

The e f f e c t  o f  drop  s i z e  and s i z e  d i s t r i b u t i o n  and t h e  
d ispersed-phase  hold-up on  t h e  performance of  a n  e x t r a c t i o n  
column a r e  t h e  most impor tan t  hydrodynamic c h a r a c t e r i s t i c s ,  
because under s t e a d y  o p e r a t i n g  c o n d i t i o n s ,  drop s i z e  and 
hold-up are p r o p o r t i o n a l  to  t h e  i n t e r f a c i a l  area. Corres- 
pondingly ,  t h e  e f f i c i e n c y  o f  mass t r a n s f e r  i s  a f u n c t i o n  o f  
drop  s i z e  a s  w e l l  as hold-up. 

A number of exper imenta l  i n v e s t i g a t i o n s  us ing  t h e  
r o t a t i n g  d i s c  c o n t a c t o r  ( R D C )  have r e p o r t e d  t h e  measurement 
of d i spersed-phase  hold-up, drop s i z e ,  and s i z e  d i s t r i b u t i o n .  
However, most o f  t h e  p u b l i s h e d  d a t a  a r e  f o r  very s m a l l  RDCs 
of C7.5-cm diameter .  A l l  t h e  c o r r e l a t i o n s  in t roduced  t o  
d e s c r i b e  t h e  column hydrodynamics g i v e  u n r e l i a b l e  r e s u l t s  
when a p p l i e d  t o  l a r g e - s c a l e  RDC o p e r a t i o n  and w i t h  d i f f e r e n t  
systems t o  t h o s e  s t u d i e d .  Therefore ,  RDC hydrodynamics i n  
t h e  absence  of m a s s  t r a n s f e r  have been s t u d i e d  on a 450-mm- 
diam column, 4.3-m h i g h ,  and t h e  r e s u l t s  o b t a i n e d  have been 
compared w i t h  t h o s e  r e p o r t e d  p r e v i o u s l y  from smal l  e x t r a c t i o n  
columns. Wide d ivergences  have been found. The r e s u l t s  of  
t h i s  s t u d y  have been c o r r e l a t e d  t o  p r e d i c t  t h e  drop  s i z e  i n  
each compartment. 
exper imenta l  d a t a .  
s t u d i e s  a r e  ana lyzed  t o g e t h e r  by i n c l u d i n g  t h e  column 
d imens ions ,  t h e  agreement between p r e d i c t e d  and exper imenta l  
r e s u l t s  i s  g e n e r a l l y  w i t h i n  15%.  

Agreement has  been w i t h i n  1 0 %  o f  t h e  
When t h e  r e s u l t s  o f  t h i s  and p r e v i o u s  

Intrduct ion 

The Rotating Disc Contactor (RDC) is a mechanically agitated extraction 

mlumn widely used i n  oi l  refining, the processing of nuclear fuels and the 
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1218 JEFFREYS, AL-ASWAD, AND MUMFORD 

manufacture of  chemicals and f a d s t u f f s  (1). As i n  o t h e r  a g i t a t e d  columns, 

e.y. t h e  Oldshue-Rushton and Schiebel  c o l m ,  mechanical energy is appl ied  

to achieve a high mass t r a n s f e r  e f f i c i e n c y .  

colunns f o r  a s p e c i f i c  duty is i n p o r t a n t  both to minimize energy conscorrption 

and to  enable t h e  optimum so1vent:feed ratio to be used, hence reducing t h e  

s i g n i f i c a n t  energy costs g e n e r a l l y  assoc ia ted  with so lvent  and s o l u t e  recovery. 

The c o r r e c t  des ign  of such 

The RIX c o n s i s t s  of a number of ccullpartiwnts formed by a series of stator 

rings with a r o t a t i n g  d i s c  centered  i n  each coinpartment and s u p p r t e d  o n  a 

r o t a t i n y  s h a f t .  

vary with rotor speed. 

d i s t r i b u t i o n  and dispersed phase h o l b u p  on the performance of  an e x t r a c t i o n  

colunn are t h e  most important hydrodynamic c h a r a c t e r i s t i c s .  I n  mst 

opera t ing  condi t ions,  i n t e r f a c i a l  a r e a  is inverse ly  proportional to t h e  

drop  s i z e  so t h a t  correspondingly t h e  e f f i c i e n c y  of mass t r a n s f e r  is a 

func t ion  of drop s i z e  as w e l l  as t h e  p r e v a i l i n g  d ispersed  phase h o l b u p .  

Operating e f f i c i e n c y  and volumetr ic  cclpacity of  this e x t r a c t o r  

Hwever t h e  e f f e c t s  of drop  s i z e ,  d r o p  s i z e  

I n  many continuous counter-current  colunns, t h e  phase which is to  

be d ispersed  is invar iab ly  introduced i n t o  t h e  continuous phase v i a  a d i s t r i b u t o r  

p l a t e  i n  an attempt to o b t a i n  a uniform i n i t i a l  d rop  s i z e  d i s t r i b u t i o n .  

However i n  an a g i t a t e d  system, drop s i z e  d i s t r i b u t i o n  r e s u l t s  from coalescence 

and red ispers ion  of  the  drops a r i s i n g  f r a n  t h e  a p p l i c a t i o n  of e x t e r n a l  energy, 

and considerable  work has  been done to descr ibe  e x t r a c t o r  performance i n  

t e rn  of fundamental d r o p l e t  behaviour; i.e. d r o p  s i z e ,  d rop  s i z e  d i s t r i b u t i o n  

and dispersed phase hold-up. 

s p e c i f i c  systems and soall scale columns. 

here  was to develop d inore realistic model of t h e  hydrodynamics of  a n  RDC 

i n  the  absence of  mass t r a n s f e r  using d a t a  collected from a 4% m diameter, 

4.30 m high column together  with publ ished d a t a  and hence to improve the 

des ign  procedure. 

However inost of t h i s  work has  been l i m i t e d  to 

The purpose of  t h e  work descr ibed 
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ROTATING DISC CONTRACTOR 

i) Drop Size  and Drop Size  D i s t r i b u t i o n  

1219 

Hinze ( 2 )  proposed an equat ion f o r  maximum s t a b l e  drop s i z e  based on the 

Kolnqorov (3)  theory of  i s o t r o p i c  turbulence where t h e  microscale o f  turbulence 

is smal le r  than t h e  drop s i z e .  

3 / 5  ' - 2 / 5  hX = C 1  (--) . E 
PC 

where C 1  = 0.72 based on an a n a l y s i s  of the  r o t a t i n g  cy l inder  d a t a  of Clay ( 4 ) .  

Strand e t  a l .  (5 )  suyyested t h a t  t h e  c o e f f i c i e n t  C 1  can be adjus ted  to match 

s p e c i f i c  condi t ions  accompanying mass t r a n s f e r ,  and t h e  tendency of drops  to 

coalesce and break-up. 

equat ion  f o r  drop break-up i n  an R E  has  &en provided by experimental work 

( 5 )  i n  a 6 inches diameter R E  where, f o r  a dispersed organic  phase, t h e  

range of C 1  var ied  between 0.4 to  0.6. Again from t h e  work of Kolmagorov ( 3 )  

and later Levich (67) ,  J e f f r e y s  and Mmford ( 7 )  suggested that the s t a b l e  

d r o p  r a d i u s  can tx represented by 

An i l l u s t r a t i o n  of  the appl ica t ion  of  t h e  Hinze 

where Kf  is the Kolmajorov cons tan t  = 0.5. 

I t  was proposed t h a t  equat ion ( 2 )  can be appl ied to an RIX provided t h e  d i s c s  

were non-wetted by t h e  d ispersed  phase. 

is t h e  maximUm i n  the turbulen t  system so t h a t  an empir ical  r e l a t i o n s h i p  has  

to be applied to f ind  a representa t ive  size. 

H m v e r  t h e  drop s i z e  thus  ca lcu la ted  

Misek (8 ,9)  s tudied  t h e  break-u? of drops i n  an RlK and d is t inguished  

t h r e e  regions of  opera t ion  depending on t h e  Reynolds NLnber (Re) .  

c o r r e l a t i o n s  proposed f o r  each region are i n  Table  1. 

(10) have also proposed a correlation f o r  es t imat ing  t h e  drop s i z e  i n  any 

The 

Mumford and A l - H e m i r i  
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1220 JEFFREYS, AL-ASWAD, AND MUMFORD 

Table  1 
Correlations f o r  Drop Size- Absence of S o l u t e  T r a n s f e r  

I 
I 

Author and Ref 

S t r a n d  e t  al. (5 )  

J e f f r e y s  and Munford 
(7) 

C o r r e l a t i o n  

where E = 4P/(nwtiD3 

where Kf = Kolmocjorov c o n s t a n t  
= 0 . 5  

V = v e l o c i t y  canponent i 
t h e  v i c i n i t y  of rotc 
d i s c .  

i )  do i p . 4 6  
= 16.3 (--) 

Dc u exp(0.0887aD) 

Dc-0, 
where AD = --- 

2 

i i )  do N ~ D ~ ~ ~ c  
= 1 . 3 4 5 ~ 1 0 - ~  ( 

:01 umn 
i a n e t e r  

u n  

15.24 

10.16 

5.0 

Reriiarks 

El-constdnt 
dependent s o l v e n t  
d i s p e r s e d ,  v a l u e  
ranyr 5.4 - 0.6. 
n = n w h r  o f  colnpart 
l e n t .  

?or d i s c s  nopwettd 
~y d i s p e r s e d  phase. 

ie 6.0 x lo4 

D ~ ~ N P ~  
Re = ----_^-- 

VC 

l= d i s t a n c e  
between column 
wal l  and a g i t a t o r  

do = mean drop  s i z e  

when R e  6 . 0 ~ 1 0 ~  

when R e  is very  l o  

N ' = R o t ~ r  speed rpn 
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ROTATING DISC CONTRACTOR 

Property of Dispersions 

Table 2 

Normal Distribution 

1221  

Proportion of snaller drople t s  
(by volume) 

Mean mass t ransfer  coef f ic ien t  

In t e r f ac i a l  area 

Se t t l i ng  rate 

Tendency to flood co lm 

I L R E K  

Higher because mre 
drops are c i rcu la t i rx  

Lower 

Higher 

Imer 

i 
Log-Normal Distribution 

Higher 

bwer - more stagnant 
drops 

Higher 

Lower 

Higher 

ccanpartment as a result of t h e i r  s tud ies  using a loo m diameter R.D.C. 

and very recent ly  Blaze] e t  al .  (17) have proposed cor re la t ions  f o r  drop 

s i z e  under mass t r ans fe r  conditions f o r  water-acetonetoluene system i n  a 65 m 

diameter colm. In  a l l  these s tud ies  there  has been considerable disagreement 

over the  shape of the  drop s i z e  d i s t r ibu t ion  curve i n  the ag i ta ted  system. 

Sane investigations reported a normal d i s t r ibu t ion  (17,18,19,20) while 

o thers  found the  d is t r ibu t ion  to be log-normal (21,22,23,24,25). This 

is of p rac t i ca l  significance i n  the  ana lys i s  of the  performance of an  

ex t rac t ion  column. 

of the  two types of dispersion is given i n  Table 2 (26). 

Table 2 shows t h a t  a normal d i s t r ibu t ion ,  mere the m3de is e q u d  to the  mean, 

r e s u l t s  i n  mre drops being nearer to the  mean s i z e  would be preferab le  to a 

log-normal d i s t r ibu t ion  f o r  predicting the  charac te r i s t ics  of an RDt. 

Chartres and Korchinsky (24) have c o n f i m d  Olney's (23) conclusion t h a t  the  

drop s i z e  d i s t r ibu t ion  i n  an ROC obeys the upper l i m i t  d i s t r ibu t ion  proposed 

by Mugele and Evans (27) 

Thus f o r  a fixed volumetric throughput, a ocmparison 

However 

a 'd  
where r = I n  [----I 

(4n-d 
(4)  
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1222 JEFFREYS, AL-ASWAD, AND MUMFORD 

The upper limit d i s t r i b u t i o n  is a modified log-normal d i s t r i b u t i o n  which may be 

compared with the standard fonn of  t h e  log-normal d i s t r i b u t i o n  

d 
where r = i n  - 

dvg 
( 6 )  

Char t res  and Korchinsky (24)  have shown t h a t o l n e y ' s  (25)  d a t a  are accura te ly  

represented by the upper l i m i t  d i s t r i b u t i o n  rather than t h e  log-normal 

d i s t r i b u t i o n .  In addi t ion  Korchinsky and Azimzadeh-Khateylo (25) found 

that t h e  upper limit d i s t r i b u t i o n  accura te ly  represented the drop s i z e  d a t a  

i n  anOldshueRushton  column. They emphasised the importance of  applying 

drop s i z e  d i s t r i b u t i o n  i n  t h e  mass t r a n s f e r  c a l c u l a t i o n  ins tead  of using the 

Sauter  mean diameter. Olney (23)  has  also shown t h a t  d32 may not  be the 

proper mean drop s i z e  to represent  t h e  t r a n s f e r  rate f o r  the total d r o p  

populat ion and concluded t h a t  t h e  upper l i m i t  d i s t r i b u t i o n  w e l l  r epresents  

t h e  drop s i z e  d i s t r i b u t i o n  i n  a n  R E .  

parameters a' and 6 was emphasised. 

Char t res  and Korchinsky (281 s t a t e d  t h a t  t h e  s i z e  of sample of drops  used to 

represent  a d ispers ion  is also extremely i m p r t a n t .  

marked e f f e c t  of inlet drop s i z e  on column drop s i z e  and measured e x t r a c t i o n  

e f f ic iency .  

The s i g n i f i c a n c e  of  t h e  d i s t r i b u t i o n  

F i n a l l y  i n  a very r e c e n t  s tudy 

They also pointed o u t  the 

Only the average va lues  of  the dispersed  phase hold-up have been determined 

i n  this work and i n  many other s t u d i e s  (1,11,12,13,14,15). 

determined p i n t  va lues  of t h e  hold-up by withdrawing t w o  phase samples throuyh 

probes loca ted  a t  var ious  p o i n t s  along t h e  c o l m  length  (lO.5). 

more important inves t iga t ions  reported i n  t h e  l i t e r a t u r e  r e l a t i n g  to t h e  

average hold-up i n  an RDC a r e  smrised i n  Table  3. 

have used t h e  simultaneous shut-off method (12,13,14,15) i n  which a l l  t h e  

inlet and o u t l e t  va lves  were shut -of f  s imultaneously a f t e r  s teady  s t a t e  had 

A few s t u d i e s  have 

Some of t h e  

Most of  the  researchers  
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ROTATING DISC CONTRACTOR 1223 

been a t t a i n e d  i n  the column a f t e r  which the s h i f t  i n  the i n t e r f a c e  l e v e l  was 

determined. Laddha e t  al .  (1) used t h e  displacement method i n  which a l l  the 

incoming and outgoing flows were shut-off simultaneously and a f t e r  the phases 

had separated t h e  continuous phase was restarted u n t i l  t h e  l e v e l  of  the 

i n t e r f a c e  returned to its o r i g i n a l  pos i t ion .  The m u n t  of  the d ispersed  phase 

d isp laced  fram the column represented the measured hold-up. 

Beckmann (11) used a radic-isotope technique. 

of the dispersed  phase i n  an KIX: have been made on t h e  basis o f  P r a t t ' s  (16) 

c h a r a c t e r i s t i c  v e l o c i t y  approach (1,11,12). Thus the correlation of  hold-up 

with the c h a r a c t e r i s t i c  v e l o c i t y  achieved f o r  spray c o l m s  and packed columns 

appears  to have been applied without  ques t ion  to the RDC i n  which the 

v e l o c i t i e s  of  d r o p l e t  t r a v e l  are a func t ion  of  the external energy input .  

Kasatkin et  al. (14) and r e c e n t l y  Murakami e t  al. (15) have proposed 

c o r r e l a t i o n s  f o r  hold-up based on dimensional ana lys i s ,  bu t  the Kasatkin (14)  

c o r r e l a t i o n  presents  d i f f i c u l t i e s  i n  t h e  method of  t r e a t i n g  t h e  dimensionless  

groups which are based on the f looding flw rates estimated f o r  a n  RDC. 

Murakami's (15)  c o r r e l a t i o n  is more realistic f o r  es t imat ing  the hold-up i n  

a n  RDC, b u t  t h e  exponents of  the dimensionless groups were est imated by 

p l o t t i n g  the var ious  groups and then es t imat ing  the slope of the l i n e  to 

o b t a i n  the exponent of  the dimensionless term. 

Kung and 

Most of the analyses  of  hold-up 

E q u i p n t  and Liquid-Liquid System 

A pilot scale RDC w i t h  14 canpartments was designed and constructed as 

i l l u s t r a t e d  i n  F i g u r e  1. T h e  f l o w  d i a g r a m  i s  r e p r o d u c e d  as  F i g u r e  2 .  

The p r i n c i p a l  dimensions were:- 

Colm i n t e r n a l  diameter ,  nun 450 

Column working he ight ,  mn 4 m  

D i s c  diameter, nun 225 

Compartment he ight ,  mn 225 

S t a t o r  opening, nun 337.5 
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Kasatkin et al. (14) 

L 

JEFFREYS. AL-ASWAD, AND MUMFORD 

Table 3 

Velocity in an KC 
Correlations of Dispersed Phase Hold-up and Characteristic 

Author and Reference 

kqsdail et  al. (12) 

K m g  and BeclaMn (11) 

Strand et al. (5) 

Misek (8,9) 

R[x: 
diameter Correlation 

DC" 
Hold-up correlation 

- +  'd c = v  ( 1 - X )  1.62 x 1-x N 

! 
) = VN (1 - X) 15.24 % + k  (- vc 

1 - x  

D - D  1 I 

V i 

kl = 1.0 for  L-L D, 'a 1 
1 

15.24, 

106.68 

50.0 

0.5 O o 5  2 = 1 . 5 2 ~ 1 6 ~  [~(s) Dcpc u ] 

5.4 
[ $ J 0*245 [&rg6 

Ilpmarks 

~ ~ 

VN is constant for 
all flowrates of 
V andV for  any 
g q m  &or speed 
below f lo3ding. 

c =&- 

constriction factor 
dependent on the 

R 

column gEfxlEtIy. 

z = coalescence 
correlation factor 

correlation factor 

3o = man drop size. 

u = ba*ing 

Dc = effect ive 
colwm d i m t e r .  

D e = D  - D  s r  
iI =total colwn 
%eight. 
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Table 3 (continued) 

Correlations of Dispersed Phase Hold-up and Characteristic 
Velocity in an RDC 

1225 

1 Author and Reference 

W&d et al. (15) 

Icgsdail et al. (12) 

Kung and BecloMnn (11 

Iaddha et al. (1) 

Correlation 

Characteristic Velocity Correlatia 

- 0.9 1.0 + = 0.012 14 [ 2 ] 
[;] [;I [:I 

D2 

2.3 0.9 2.1 

0.9 1.0 

2.3 0.9 2.6 

3 

7.9 , 
10.5 , 
30.0 

2.3 

1.62 

2.3 

15.24 

1.62 

10.0 

&marks 

k = 0.0225 for 
D -D s r , L  Dc ' 24 

k = 0.012 for 
D -D s , L  
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E l e c t r i c  m t o r  
C-800 r.p.m. 

Upper p las t i c  dis t r ibutor  
(for aqueous dispersed) 

1 4  mnpartroents, each 450 mn 
dimneter x 225 mn hirJh. 

Lower S.S. dis t r ibutor  
(for organic dispersed) 

FIGURE 1. G e n e r a l  Arrangement  of R o t a t i n g  D i s c  Contactor. 
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1228 JEFFREYS, AL-ASWAD, AND MUMFORD 

The column w a s  assembled from Q.V.F. g l a s s  sec t ions  and the  in te rna ls  and 

end flanges were made of stainless steel. 

watt motor whose speed was controlled by a year box over the  range 

0--800 r.p.m. The speed of ro t a t ion  was measured by an e lec t ronic  tachometer 

i n  association with a photo-electric probe focussed onto a mark on the  sha f t  

a t  the top of the colmn. 

i n s t a l l ed  as feed and solvent reservoirs and the  l iquid-liquid 

system studied was Clairsol-350 and water. 

Clairsol 350, a paraf f in ic  hydrocarbon solvent with a d i s t i l l a t i o n  ranye 

of 205 to 230% are: 

The rotor was driven by a 105 

Four 2.0 metre3 stainless steel tanks were 

The physical properites of 

density - 0.783 g d c c  

kinematic v i scos i ty  - 2.112 cs 

in t e r f ac i a l  tension - 39.2 dyne/an 

The water was f i l t e r e d  Birmingham tap  water. 

In  the experiments r e p r t e d  here water consti tuted the continuous phase, so that 

the  ro tors  were non-wetted with respect to the dispersed phase (10). 

Experimental Methad 

i )  Drop Size and Drop Size Distribution 

The phases were mutually saturated p r io r  to each run by extended r ec i r cu la t io  

through the  equipnent. 

by other workers (8,10,29), drop s i z e  and drop s i z e  d i s t r ibu t ion  were grea t ly  

affected by continuous phase flcw rate. 

of the drople t  phencmena and drop s i z e  i n  the absence of mass t ransfer  were 

car r ied  ou t  with a constant continuous phase flcw rate. 

still camera together with appropriate l igh t ing  by a 1003 watt quartz-iodine 

lamp and I l fo rd  403 ASA fi lms were employed to photograph the  dispersed phase; 

the  aperture opening, shut te r  sped and focal length were adjusted according 

to the lenscmeter reading. 

suf f ic ien t .  

corrp>artment, a f t e r  steady state operation had been attained. The c r i t e r i o n  

Preliminary observations confirmed tha t ,  as reported 

Therefore observation and photqraphy 

A Nikkarmat 35 m 

In mst cases a shu t t e r  sped of 1/1030 sec was 

For each experiment two or three photographs were taken f o r  each 
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ROTATING D I S C  CONTRACTOR 1229 

f o r  s teady  state w a s  taken to be a s teady i n t e r f a c e  i n  t h e  top  phase separa t ion  

s e c t i o n ,  i n d i c a t i v e  of  a cons tan t  r a t e  of  a r r i v a l  of drops wi th in  a g iven  

d i s t r i b u t i o n :  t h i s  was usua l ly  a t t a i n e d  wi th in  10 minutes a f t e r  any change i n  

t h e  opera t ing  condi t ions.  

Drop s i z e  measurements were made f r a n  photographic p r i n t s  with approxiinately 

a 2x magnif icat ion using a Carl-Zeiss P a r t i c l e  S ize  Analyser TG.Z.3 when 200 

drops  were counted i n  each photograph. 

ii) D i s p e r s e d  Phase Hold-Up 

The average value of t h e  dispersed phase hol+up was determined by opera t ing  

t h e  colmn a t  t h e  des i red  condi t ions  u n t i l  s teady  s t a t e  had been reached; then 

t h e  inlet and outlet valves  were simultaneously closed (8,12,14,15) and the 

a g i t a t o r  stopped and complete phase separa t ion  was allowed to take  place. 

average h o l b u p  was then determined from the change i n  t h e  p o s i t i o n  of t h e  

in te r face .  

0 .2  litres/sec to 2.0 litres/sec with a cons tan t  continuous f lowra te  of 

0 .5  litres/sec and a g i t a t o r  speeds C-333 r.p.m. and t h e  results obtained are 

sumnarised below. 

The 

Experiments were perfomed a t  dispersed phase f lowra tes  i n  t h e  range 

Resul t s  and Discussion 

i) Drop S i z e  and Size  Dis t r ibu t ion  

Typical  experimental results of  t h e  v a r i a t i o n  of  drop s i z e  along t h e  

co lm a t  d i f f e r e n t  rotor speeds are presented i n  Figure 3 ( these  are i n  tenns 

of  d32 def ined i n  equat ion ( 2 ) .  

changed r a p i d l y  i n  t h e  f i r s t  four  c q a r t m e n t s  and a stable drop s i z e  

was n o t  a t t a i n e d  a f t e r  fourteen compartments when t h e  a g i t a t o r  s p e d  w a s  

303 r.p.m. All t h e  drop s i z e  r e s u l t s  obtained from t h i s  s tudy have been 

c o r r e l a t e d  by equat ion 7 obtained by regress ion  of a dimensional a n a l y s i s ,  

They d e m n s t r a t e  t h a t  the drop s i z e  
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ROTATING D I S C  CONTRACTOR 1231 

The r e s u l t s  obtained are shown i n  Figure 4 where it was found t h a t  the average 

percentage error was 8% with the experimental r e s u l t s  and 68% of  t h e  results 

were wi th in  f 10% o f  equat ion 7 and 87% wi th in  f 15%. 

The results obtained from t h i s  s tudy  were also compared W i t h  those  

reported previously frcm s t u d i e s  on snall e x t r a c t i o n  columns (23,28) of  up to 

10.0 cm diameter ,  and large d i f f e r e n c e s  have been observed. 

t h e  dimensional a n a l y s i s  i n  equat ion 7 to include the column dimensions t h e  

fol lowing c o r r e l a t i o n  was obtained,  

However by extendiny 

. -0.23 ;o . 0 4  0.44 4 . 5 7  

d3.2 I- = 1-48 kz] [ N2Dr3p --;----1 [;;-?I [ ?] D r  

-0.24 -0.07 

[&] [:] 
Equation 8 was appl ied to a l l  t h e  r e s u l t s  a v a i l a b l e  and it was found that t h e  

average percentage error between t h e  experimental d rop  s ize  and those pred ic ted  

by equat ion 8 was 17%. 

w i t h i n  2 25% as shown i n  Figure 5. 

Further  64% of  the r e s u l t s  were wi th in  f 15% and 78% 

The drop s i z e  c m u l a t i v e  volume curve f o r  compartment No.14 f o r  two rotor 

speeds, v i z  200 r.p.m. and 300 r.p.m., is given i n  Figure 6. These were chosen 

a r b i t r a r i l y  f r m  a l l  of the d a t a  f o r  a l l  the ccarp?artments and a t  many d i f f e r e n t  

rotor speeds to check t h e  d r o p s i z e  d i s t r i b u t i o n s .  

and dg0 were determined and the upper l i m i t  d i s t r i b u t i o n  parameters d,, a' and 

6 were ca lcu la ted  by applying the equat ions (27)  proposed by Mugele and Evans 

and these are plotted i n  Figures  7 and 8. 

From t h i s  graph d10:dw 
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8 1 2  3 4 5 6 7 8 9 18 
x10-' klwperinental value of dj2  

Correlation of Experimental d 3 2  Data with 
Equation 7. 

FIGURE 4. 

These distributions are in excellent agreement with the experimental volume 

drop size and the upper limit density distributions with the parmeters, for 
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9: 
- 

x10-'  

/ 

1233 

-I / 

"$ 'x 

/ 

0 1 2 3 4 5 6 7 8 9  
Expxirrental  value of d3* x1 e- '  

FIGURE 5.  C o r r e l a t i o n  of E x p e r i m e n t a l  d32 Data w i t h  
E q u a t i o n  8. 

t h e  chosen samples of the data .  

d32 for t h e  d a t a  ca lcu la ted  from equat ion 12 

This  agreement is car i f id  by ccmparing 

8 

and d32 from t h e  upper limit d i s t r i b u t i o n  which is ca lcu la ted  (27)  frcm 

equat ion 13  by Mugelle and Evans 
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Cumulative Volume % 

FIGURE 6. Drop Size Distribution for Compartment 14 at 
Different Rotor Speeds. 
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0.7 

0.6 

0.5 

0.4 

c 

'E 
E 

0.3 
61% 

0.2 

0.1 

0.0 

Compartment No. 14 

Rotor Speed = 300 R.P.M. 

4 

1 .o 1.5 2.0 

d mm 

FIGURE 8. Comparison of Experimental Drop Size Distribution 
at 300 r.p.m. with Density Distribution. 
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11.0 

10.0 

9.0 

8.0 

7.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1 .o 

Constant Vc = 2.99 mrn/sec 

Constant N = 225 r.p.m 

Author's Experimental Data 

Murakami Correlation 

x Kasatkin Correlation 

I Kung and Beckmann equation 

0.0 
1 .o 1.5 2.0 2.5 3.0 3.5 4.0 4.5 

Dispersed Phase Sliperficial Velocity (V,) mrn/sec 

F I G U R E  9 .  Experimental  and P r e d i c t e d  Values of Hold-up. 
( P r e d i c t e d  v a l u e s  by s u b s t i t u t i o n  i n  e q u a t i o n s  - 
Table  3 . )  
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13 

+ 15% 
/ / t  10% 

N k p e r i m n t a l  Value of V 

FIGURE 10. C o r r e l a t i o n  of E x p e r i m e n t a l  VN Data w i t h  
E q u a t i o n  15.  

dm 
d32 = -- 7 )  .25bL 

1 + Ae 

The devia t ion  of d32 frcm t h a t  of  d32 is 5.2% a t  203 r.p.m. and 3.6% a t  

300 r.p.m. 

ii) Dispersed Phase Hold-up 

All the c o r r e l a t i o n s  proposed to c a l c u l a t e  t h e  dispersed phase hold-up i n  

an FCK have been compared with t h e  experimental d a t a  of t h i s  s tudy and g r e a t  

divergences have been found a s  shown i n  Figure 9. 
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The d ispersed  phase hold-up has  i n  t h e  p a s t  been analysed i n  one of two 

ways. 

c h a r a c t e r i s t i c  v e l o c i t y  VN; secondly t h e  hold-up has  been cor re la ted  by 

dimensional ana lys i s .  

I n  t h e  f i r s t  t h e  hold-up is considered to be a func t ion  of t h e  

I n  the f i r s t  mthcd it was assumed t h a t  equat ion 14 (1, 12,  15)  

vd vc -- + = v, (1-X) 
x 1 - x  

is applicable to a n  IUC, and s t u d i e s  were d i r e c t e d  to the prcduct ion of a mre 

accura te  c o r r e l a t i o n  f o r  V, a s  a func t ion  of the physical  properties of the 

system and the column gecmetry. Since all t h e  c o r r e l a t i o n s  previously published 

were based on r e s u l t s  obtained from c o l m s  of  small diameter t h e  va lues  of VN 

obtained f o r  t h e  column used i n  t h i s  s tudy were used to test equat ion 14. 

is t h e  c h a r a c t e r i s t i c  v e l o c i t i e s  were ca lcu la ted  f r a n  t h e  above equat ion f o r  

each measured value of t h e  hold up X a t  set va lues  o f  vd and Vc. 

was c o r r e l a t e d  by equat ion 15 obtained by dimensional ana lys i s .  

That 

Then V, 

Corre la t ion  o f  VN f o r  the  d a t a  of  t h i s  s tudy  shows an average W r c e n t  error of  

on ly  8.8% between t h e  experimental and predicted r e s u l t s ,  and 64.5% o f  t h e  d a t a  

were wi th in  i 10% and 90.3% wi th in  i 15%. 

predic ted  value of VN and t h e  experimental value is presented i n  Figure 10. 

Sane of  t h e  published d a t a  (11,121 f o r  SnaLl RK’s have again been analysed 

toge ther  with the results of  t h i s  work and a c o r r e l a t i o n  produced with a n  

average percent  error equal  to 13.4%. 

The comparison between t h e  

The c o r r e l a t i o n  is 

-0.941 0.205 1.601 0.689 1.786 

Vw C = 6.24x10-~ [ 21 [:] [L] [::I (16)  
U w2 
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8 1 2  3 4 5 6 7 8 9 I 8 1 1  
Experimental value of V N 

FIGURE 11. C o r r e l a t i o n  of E x p e r i m e n t a l  VN Data with 
E q u a t i o n  1 6 .  

33.7% of t h e  d a t a  were cor re la ted  wi th in  * 10% and 81.8% of t h e  d a t a  were 

c o r r e l a t e d  with i 20%. 

wi th in  * 10%. 
t h e  experimental va lue  of V,. 

The average percent  error of the  d a t a  of this work was 

Figure 10 gives  a comparison between the predic ted  va lue  and 

I n  the second method h o l b u p  was c o r r e l a t e d  as a funct ion of t h e  

physical  p r o p e r t i e s  of the system, the column geometry and t h e  p e r  input  to 

t h e  rotors and equat ion 17 h a s  been der ived by dimensional a n a l y s i s  (14,151 
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d e  

k;] [ D Z ]  i 

Mul t i l inear  least square c-uter regress ion  was appl ied to e s t i i m t e  the va lues  

of  t h e  exponents usiny the  d a t a  of this work a s  w e l l  as previous r e w r t e d  da ta .  

The r e s u l t i n g  c o r r e l a t i o n  is represented by equat ion 18 f o r  which the averaye 

percent  error w a s  found to be 14.0%. 

0.521 -0.775 4 . 1 8 7  4 . 8 7 3  3 . 2 0 1  

[ 21 [--,-;---I [ Ed [ 4 
4.843 1.082 0.892 -2.367 

D , ~ - D , ~  
X = 1 . 0 5 ~ 1 0 ~ ~  [ 

72.1% of the d a t a  were c o r r e l a t e d  wi th in  15% and 81.7% wi th in  20%. The 

average percent  error of  the d a t a  of t h i s  work only is 9.0% and a w i n p r i s o n  

between t h e  predicted values  of X and the experimental va lues  is s h w n  i n  

Figure 12. 

Conclusions 

i )  m p  S i z e  and Drop Size  Dis t r ibu t ion  

A l l  t h e  previously p r o p s e d  equat ions  and c o r r e l a t i o n s  to estimte drop  

s i z e  i n  small RDc's l ead  to wide divergences when appl ied to  l a r g e  

diameter  contac tors .  

o f  c o r r e l a t i o n s  f o r  drop  s i z e  up to i n d u s t r i a l  scale co lms .  

t h e  drop  s i z e  p r o f i l e  can be est imated by applying t h e  c o r r e l a t i o n s  presented. 

The e f f e c t  of  rotor speed upon the drop s i z e  and upon the drop  s i z e  d i s t r i b u t i o n  

are c l e a r l y  shown by Figures  3 ,  6, 7 and 8 and t h e  experimental d rop  s i z e  

The equat ions proposed f r a n  t h i s  s tudy extend the range 

I n  a d d i t i o n  
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x10-2 

451 + 20% 

50 

Expximental Value of x x10-2 
FIGURE 12. Correlation of Experimental Hold-up Data 

with Equation 18, 

distributions are in excellent agreement with the upper lunit log-normal 

distributions which should be used in preference to other functions. 

11) Dispersed Phase Hold-up 

Comparison of the predicted values of the dispersed phase holbup and the 

experimental Values gave unsatisfactory results as shown in Figure 9 because 
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ROTATING DISC CONTRACTOR 1243 

most of the cor re la t ions  proposed are derived from data obtained i n  d l  scale 

co lms .  

ve loc i ty ,  equations 15 a d  16, give very good results i r respec t ive  

of c o l m  s ize .  

However the  hold-up i n  any RDc is mre accurately correlated by the dimensional 

ana lys i s  cor re la t ion ,  equation 18. 

The cor re la t ions  proposed by t h i s  study to correlate the cha rac t e r i s t i c  

I n  conclusion the cor re la t ions  presented should, when used as pa r t  of an 

established design procedure ( 3 0 ) ,  r e s u l t  i n  more prec ise  design of columns 

f o r  m e r c i a l  dut ies .  

Nanenclature 

= d i s t r ibu t ion  parameter (skewness parameter) 

= corre la t ion  constant 

= drop diameter 

= maximum drop s i z e  

= geanetric mean drop diameter 

= v o l m s u r f a c e ,  or Sauter mean drop diameter 

= column diameter 

= disc  diameter 

= stator r ing  opening 

= power input per un i t  mass 

= acce lera t ion  due to gravi ty  

= compartment height 

= cha rac t e r i s t i c  dimension of turbulence 

= compartment number or number of drops 

= rotor speed 

= total number of compartments 

= p e r  input 

= rad ius  of a stable drop 

= volume of f rac t ion  of drops 

= super f ic ia l  ve loc i ty  
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1244 JEFFREYS, AL-ASWAD, AND MUMFORD 

= c h a r a c t e r i s t i c  ve loc i ty ;  i.e. the mean v e r t i c a l  d r o p l e t  v e l o c i t y  a t  
s u b s t a n t i a l l y  zero  f lowra tes  (Vc = 0, vd + O )  and rotor speed N. 

"N 

X = f r a c t i o n a l  hold-up of the  d i s p x s e d  phase 

Greek L e t t e r s  

Y = sur face  tens ion  

6 = uniformity d i s t r i b u t i o n  parameter 

VC 

p c  

(I = i n t e r f a c i a l  tension 

= v i s c o s i t y  of  continuous phase 

= d e n s i t y  of continuous phase 

Subscr ip ts  

C = continuous phase 

d = dispersed  phase 

i = f r a c t i o n  of drops of  s i z e  d i  
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