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EXPERIMENTAL STUDIES ON THE INTERACTION BETWEEN THE INITIAL LIQUID 
DISTRIBUTION AND THE PERFORMANCE OF STRUCTURED PACKINGS 

2. Olujid and J. de Graauw 

Delf t  University of Technology 
Laboratory f o r  Process Equipment 
Leeghwaterstraat 44 ,  2628 CA Delft  
The Netherlands 

ABSTRACT 

D i s t i l l a t i o n  and hydraulic test da t a  are reported which 
give in s igh t  i n t o  the e f f e c t  of the qua l i t y  of i n i t i a l  
l i q u i d  d i s t r i b u t i o n  on the  performance of two corrugated 
sheet  metal s t ructured packings, d i f f e r i n g  considerably 
i n  surface area and texture .  A s  expected, the packing 
with the l a r g e r  surface (Montz-Pak BS-450) is more 
s e n s i t i v e  t o  i n i t i a l  l i q u i d  maldistribution. From the  
packing with smaller surface (Ralu-Pak 250 YC) a good 
performance may be expected even with only 40 d r i p  
points /sq m .  

INTRODUCTION 

D i s t i l l a t i o n  is  one of the  most extensively used as w e l l  as 
one of the  most energy intensive separation processes. From an 
energy a u d i t  summarized i n  the  art icle by Mix e t  a1 (1) it has 
become evident t h a t  d i s t i l l a t i o n  is a major consumer of energy i n  
the  U.S. petroleum, na tu ra l  gas, and chemical i ndus t r i e s .  They 
a l s o  suggested rough criteria f o r  choosing among many energy 
conservation options f o r  d i s t i l l a t i o n .  In  a recent  study sponsored 
by the U.S. Department of Energy ( 2 )  the  d i s t i l l a t i o n  i n  
conjunction with high eff ic iency mass t r a n s f e r  devices is 
considered t o  have a considerable po ten t i a l  f o r  energy savings. 

Notwithstanding t h a t  the use of large diameter packed columns 
i s  a recent  development i n d u s t r i a l  appl icat ions have proven t h a t  
d i s t i l l a t i o n  columns equipped with s t ructured packings may enable 
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17 24 OLUJIC AND DE GRAAUW 

energy sav ings  r e s u l t i n g  i n  some cases ( l a r g e  vacuum 
f r a c t i o n a t o r s )  i n  d r a s t i c a l l y  reduced opera t ing  c o s t s .  However, 
some malperformances of  l a r g e  diameter columns cont r ibu ted  t o  t h e  
f a c t  t h a t  production companies have no t  a f i rm t r u s t  i n  t h e  use of  
s t r u c t u r e d  packings. This  mis t rus t  was o f t e n  even enlarged by t h e  
f a c t  t h a t  a l l  improvements made i n  l i q u i d  d i s t r i b u t i o n  and 
r e d i s t r i b u t i o n  were no t  s u f f i c i e n t  t o  ensure expected performance. 
Most probably, t h e  "improvements" mentioned above were based on 
own i n d u s t r i a l  experience and t h e  experimental  work with random 
packings. 

Though cons iderable  progress  has been made i n  i n d u s t r i a l  
app l i ca t ions  and performance eva lua t ions  of s t r u c t u r e d  packings 
r e l a t i v e l y  l i t t l e  experimental  e f f o r t  has been devoted t o  t h e  
understanding of sources and ex ten t  of  ma ld i s t r ibu t ion  of l i q u i d  
and gas  as they flow through t h e  bed ( 3 ) .  A d e t a i l e d  review of t h e  
experimental  work devoted i n  t h e  p a s t  t o  so lv ing  ma ld i s t r ibu t ion  
problems r e l a t e d  t o  random and s t ruc tu red  packings may be found 
elsewhere ( 4 , 5 ) .  It is  a genera l  b e l i e f  t h a t  an uniform l i q u i d  
d i s t r i b u t i o n  ovek s t ruc tu red  packing is imperative f o r  developing 
t h e  f u l l  e f f i c i e n c y  of t h e  packing. This  is  even more so for 
s t r u c t u r e d  than f o r  random packings ( 6 ) .  s i n c e  t h e  inhe ren t  f i xed  
geometry of s t ruc tu red  packings should make i t  p r a c t i c a l l y  
impossible t o  c o r r e c t  uneven l i q u i d  flow. Resul t s  of  most r ecen t  
i nves t iga t ions  (4 ,7 )  have proven t h a t  l i q u i d  d i s t r i b u t i o n  
s t a b i l i z e s  a f t e r  approximately th ree  l a y e r s  of packing, and i s  no t  
influenced s t rong ly  by the  gas  flow, unless  t h e  loading  range is  
reached. As a measure of  t he  dev ia t ion  from t h e  normal l i q u i d  
d i s t r i b u t i o n  t h e  so-ca l led  ma ld i s t r ibu t ion  f a c t o r  (4 ,8)  may 
i n d i c a t e  d i f f e rences  i n  l i q u i d  d i s t r i b u t i o n  p rope r t i e s  of 
s t r u c t u r e d  packings,  which a l s o  became obvious. Taking i n t o  
account d i v e r s i t i e s  i n  s t ruc tu red  packing des igns  t h e r e  should 
e x i s t  f o r  each packing type an i n i t i a l  d i s t r i b u t i o n  which w i l l  
minimize t h e  depth of packing requi red  f o r  t h e  flow t o  reach 
( n a t u r a l )  uniformity.  The l e v e l  of flow uniformity should depend 
mostly on the  q u a l i t y  of  i r i i t i a l  l i q u i d  d i s t r i b u t i o n .  The 
impl ica t ion  of t h i s  cons idera t ion  f o r  a des igner  i s  usua l ly  the  
ques t ion :  what degree of i n i t i a l  l i q u i d  d i s t r i b u t i o n  uniformity is 
requi red  f o r  commercial columns with s t r u c t u r e d  packings to 
perform s a t i s f a c t o r i l y ?  An answer suggested i n  the  recent  
l i t e r a t u r e  (3-9) t h a t  t h e r e  seems t o  be l i t t l e  sense  t o  apply more 
d r i p  (pour)  po in t s  then the  na tu re  of  t he  packing r equ i r e s  is  an 
academical one. 

The choice of d i s t r i b u t o r  type and design which w i l l  c o r r e l a t e  
wi th  packing performance is commonly based on p ropr i e t a ry  
knowledge. Based on t h e i r  own experience t h e  manufacturers of 
packings,  such as Northon Co. (10) for  example, have developed 
p ropr i e t a ry  l i q u i d  d i s t r i b u t o r  r a t i n g  systems. Consequently, t h e  
design of  columns equipped wi th  s t ruc tu red  packing may s t i l l  be 
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MALDISTRIBUTION I N  STRUCTURED PACKINGS 1 7 2 5  

considered as a p r i v i l e g e  (mainly) of  packing manufacturers,  which 
a l s o  employ s p e c i a l  f a c i l i t i e s  f o r  f u l l  s i z e  t e s t i n g  of  i n d u s t r i a l  
d i s t r i b u t o r s ,  us ing  water as test  l i q u i d .  

However, t h e  matching of d i s t r i b u t o r  design (number of  d r i p  
po in t s  and loca t ion  of d r i p  po in t s  over t he  column c r o s s  s e c t i o n ,  
d i s t ance  from t h e  packing, turndown, e t c . )  with t h e  packing and 
t h e  s t u d i e s  of s t r u c t u r e d  packing r e d i s t r i b u t i o n  p r o p e r t i e s  are 
st i l l  c a r r i e d  ou t  i n  small diameter columns. Our i n t e n t i o n  is  t o  
do t h i s  f o r  a number of s t ruc tu red  packings and t o  make p u b l i c a l l y  
a v a i l a b l e  t h e  r e s u l t s  which could he lp  t o  inc rease  i n d u s t r i a l  
confidence i n  t h e  r e a l i b i l i t y  of t he  design of columns equipped 
wi th  s t r u c t u r e d  packings. I n  t h i s  paper t h e  r e s u l t s  of such an 
experimental  i n v e s t i g a t i o n  a r e  repor ted ,  in t roducing  hydraul ic  and 
sepa ra t ion  e f f i c i e n c y  s t u d i e s  on t h e  e f f e c t  of i n i t i a l  l i q u i d  
d i s t r i b u t i o n  q u a l i t y  on the  performance of two less known types of  
s t r u c t u r e d  packings. 

EXPERIMENTAL WORK 

Experiments were performed on systems as descr ibed  concise ly  
i n  following paragraphs.  

Packings Tested 

Raschig's  Ralu-pak 250 YC i s  a shee t  metal s t r u c t u r e d  packing 
which c o n s i s t s  of  crosswise folded s p e c i a l l y  pe r fo ra t ed  lamellae 
which l a y  countercourse i n  such a way t h a t  they c r e a t e  channels 
c ros s ing  each o t h e r  a t  an angle  of 45' with column a x i s .  The 
he igh t  of  an element (packing l a y e r )  is 0.21 m .  t he  s u r f a c e  a rea  
is 250 m z / m 3  and t h e  po ros i ty  above 96%. The main f e a t u r e  o f  Ralu- 
pak, described i n  some d e t a i l s  elsewhere ( 1 1 , 1 2 ) ,  when compared t o  
similar s t r u c t u r e d  packings such as Su lze r  Mellapak 250 Y and 
Montz Montz-pak Bl-250, is a s l i g h t l y  higher capac i ty  l i m i t .  

Montz-pak BS is  a new J .  Montz development which a l s o  uses  t h e  
a l ready  w e l l  known and proven geometry c o n s i s t i n g  of  countercourse 
corrugated s h e e t s .  However, its d i s t i n c t i v e  q u a l i t y  should be a 
s p e c i a l l y  designed su r face  with pe r fo ra t ions  and a t e x t u r e  which 
extends i t s  su r face  a r e a  up t o  500 mz / m a .  

These two packings were evaluated i n  a 0.45 m diameter 
d i s t i l l a t i o n  column under t o t a l  r e f l u x  condi t ions  and i n  a 0 .5  m 
diameter column designed s p e c i a l l y  f o r  gas  and l i q u i d  d i s t r i b u t i o n  
measurements. 

T e s t  Columns and Di s t r ibu to r s  

D i s t i l l a t i o n  column shown schemat ica l ly  i n  f i g u r e  1, made of 
s t a i n l e s s  s t e e l ,  may handle packing he igh t s  up t o  2 .6  m .  Auxi l ia ry  
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OLUJIC AND DE GRAAUW 1726 

S.P. = Sample point 
T = Thcrmomcter 
P = P r e s s u r e  

API type  1327 d.p./m') 
rl 

Raschlg type  1182/364 d.p./m'l 

Montz type  (100 d.p./m'I 

S t e a m  2 L Stcam condcnrate  U 

Fig . l  Simplified schematic of the set-up 
for total  re f lux  distillation test .  

Flg.2 Prlnclpal deslgn characterlstlcs of  the 
llquld dlstrlbutors used In this study 

equipment inc ludes  a steam heated r e b o i l e r ,  a water cooled 
condenser. and a buf fe r  ves se l  which is used t o  r egu la t e  t h e  
l i q u i d  l e v e l  of  t h e  test mixture i n  t h e  r e b o i l e r .  The tests were 
c a r r i e d  o u t  with a methanol/ethanol mixture a t  atmospheric 
pressure .  During each run column p res su re  and a number of 
temperatures and flows were recorded. The l i q u i d  samples were 
taken a f t e r  s t a b i l i z a t i o n  of process condi t ions  and then analyzed 
by means of  a r e f r a c t i v e  index meter (ABBE 60) .  The r e l i a b i l i t y  of 
t h i s  very simple method has been proved v i a  gas / l i qu id  
chromatography. The methanol concent ra t ions  i n  r e f l u x  and bottom 
have been transformed i n t o  HETP va lues  by means of Fenske 
equation. HEW (Height Equivalent t o  a Theore t ica l  P l a t e )  va lues  
ca l cu la t ed  v i a  HTU (Heigt of a Transfer  Unit)  have been 
p r a c t i c a l l y  equal t o  those  es t imated  by Fenske equation. 

The column was o r i g i n a l l y  a t r a y  column, designed fBr an 
atmospheric opera t ion  and F- fac tors  up to 2 m / s  (kg/m3) *5 .  This  
is a l i m i t a t i o n  with respec t  t o  f looding  limits of s t r u c t u r e d  
packings,  so t h a t  only t h e  sepa ra t ing  e f f i c i e n c y  wi th in  s tandard  
ope ra t ing  range may be eva lua ted .  However, t h i s  f a c t  was n o t  
considered as a de f i c i ency ,  because t h e  loading  range behaviour of 
s t r u c t u r e d  packings was not  t h e  sub jec t  of t h i s  s tudy ,  which is 
concerned with t h e  e f f e c t  of i n i t i a l  l i q u i d  d i s t r i b u t i o n  q u a l i t y .  
For t h i s  purpose th ree  d i f f e r e n t  l i q u i d  d i s t r i b u t o r s  were 
employed. As can be seen from f i g u r e  2 t he  employed d i s t r i b u t o r s  
d i f f e r  i n  t h e  des igns  and the  number of  d i s t r i b u t i o n  ( d r i p ,  pour) 
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MALDISTRIBUTION IN STRUCTURED PACKINGS 1727 

points. Out-of-column tests indicated that the distribution was 
within acceptable limits of uniformity. The Montz-type distributor 
proved to be the most suitable for the purpose of diverse 
maldistribution tests, and was, therefore, used also in 
conjunction with the hydraulic tests. Types of initial liquid 
maldistribution applied in this study are illustrated in figure 3 .  

A B 

m4-y 
..000 ..oo 

Fig.3 Configurations o f  initial liquid 
distribution as applied in hydrau- 
lic ( A )  and separating efficiency 
studies (8) : denotes blanked holes, 

The experimental set up for liquid distribution tests is shown 
schematically in figure 4. This installation was designed 

lnltlnl dostrlbutor 

pncked column 

coollng i n t e r  

nlr cooler  

Fig.4 Schematic of  equipment for hydraulic t e s t s  
with enlarged representation of  bottom 
section 
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1 7 2 8  OLUJIC AND DE GRAAUW 

s p e c i a l l y  f o r  t h e  purpose of  a packing m a l d i s t r i b u t i o n  
i n v e s t i g a t i o n  d e s c r i b e d  i n  d e t a i l  i n  t h e  most r e c e n t l y  publ i shed  
PhD T h e s i s  by R .  St ikkelman ( 4 ) .  which a lso c o n t a i n s  a 
comprehensive d e s c r i p t i o n  of  employed equipment. The g e n e r a l  
f e a t u r e s  are as f o l l o w s .  The column is b u i l t  from perspex  f langed  
u n i t s  wi th  a h e i g h t  o f  one metre. The l i q u i d  f low ranges  up t o  
s u p e r f i c i a l  v e l o c i t i e s  o f  0.015 m / s ,  and t h e  condi t ioned  (once  
through)  a i r  flow may be r e g u l a t e d  between 0 and 3.4 m/s. The most 
i n t e r e s t i n g  p a r t  o f  t h i s  i n s t a l l a t i o n  is t h e  s u p p o r t  g r i d  which 
u t i l i z e s  gas and l i q u i d  s e p a r a t i o n  and flow measurement. T h i s  g r i d  
d i v i d e s  t h e  cross s e c t i o n  o f  t h e  column i n t o  332 modules o f  25x25 
mm2, a l lowing  t h e  c o l l e c t i o n  o f  t h e  l i q u i d  and t h e  i n s e r t i o n  o f  
g a s  a t  t h e  reasonable  small scale wi thout  i n t e r f e r e n c e  o f  t h e  
c o u n t e r c u r r e n t  f lows.  

The l i q u i d  d i s t r i b u t o r  is a l s o  a s p e c i a l  d e s i g n  and c o n t a i n s  
149 d r i p  p o i n t s  (760 d . p . / m 2 ) .  Gas f lows a t  t h e  bottom and t o p  o f  
t h e  column are measured by means o f  small NTC (Negat ive  
Temperature C o e f f i c i e n t )  r e s i s t o r s ,  and t h e  f l u i d  f lows a t  t h e  
bottom are measured v i a  l e v e l  s e n s o r s  i n s e r t e d  i n  l i q u i d  
c o l l e c t i n g  U-pipes. All t h e s e  s e n s o r s  are connected w i t h  a d a t a  
a c q u i s i t i o n  system which e n a b l e s  a three-dimensional  g r a p h i c  
r e p r e s e n t a t i o n  of  r e s u l t s .  Pre l iminary  tests have proved t h a t  both 
g a s  and l i q u i d  i n i t i a l  m a l d i s t r i b u t i o n s  can be n e g l e c t e d ,  so t h a t  
t h e r e  is  no n e g a t i v e  i n f l u e n c e  on t h e  measurements o f  
m a l d i s t r i b u t i o n  f a c t o r  (Mf) of  packings .  To q u a n t i f y  t h e  l i q u i d  
m a l d i s t r i b u t i o n  i n  t h e  bulk  o f  packing t h e  fo l lowing  d e f i n i t i o n  of  
m a l d i s t r i b u t i o n  f a c t o r  is used ( 4 ) :  

Here n denotes  t h e  number o f  samples ,  u ( m / s )  i s  s u p e r f i c i a l  
v e l o c i t y ,  and t h e  m a l d i s t r i b u t i o n  f a c t o r  Mf i s  accord ingly  e q u a l  
t o  t h e  r e l a t i v e  s t a n d a r d  v a r i a t i o n  o f  the f lows i n  t h e  bulk  o f  t h e  
packing.  For  an i d e a l  d i s t r i b u t i o n  i t  h a s  a v a l u e  o f  z e r o .  I n  
o r d e r  t o  q u a n t i f y  t h e  wall p o r t i o n  o f  t h e  flow a wall  flow f a c t o r  
(Wf) i s  used ,  which i s  d e f i n e d  as t h e  r a t i o  between t h e  flow rate 
i n  a n  annulus  n e a r  t h e  w a l l  and t h e  average flow rate. I n  t h e  case 
of  a n  uniform d i s t r i b u t i o n  i t  h a s  a v a l u e  of  one. 

RESULTS AND DISCUSSION 

Figures  5 and 6 show t h e  HETP v a l u e s  o b t a i n e d  w i t h  d i f f e r e n t  
t y p e s  o f  d i s t r i b u t o r s .  I n  a l l  cases t h e  e f f i c i e n c y  i s  p r a c t i c a l l y  
c o n s t a n t  over  t h e  range i n v e s t i g a t e d ,  which expressed  i n  form of 
F - f a c t o r  reaches  v a l u e s  up t o  1 .9 .  T h i s  covers  about  90% o f  t h e  
o p e r a t i n g  range o f  Montz-pak BS-450 and about  50-602 o f  t h e  Ralu- 
pak 250 YC o p e r a t i n g  range. T h i s  means t h a t  t h e  performance of 
both  packings was p r a c t i c a l l y  n o t  a f f e c t e d  by t h e  f a c t  t h a t  
completely d i f f e r e n t  l i q u i d  d i s t r i b u t o r s  were used .  T h i s  a lso 
means t h a t  bo th  packings perform w e l l  w i t h  100 d r i p  p o i n t s  p e r  
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8 so*& "8 8. *.Q .* .*. 

. 

0.8- - 
E -  - 

0.6- 
W 1 -  

T o t a l  r e f l u x :  m e t h a n o l / e t h a n o l ,  1 b a r ,  d =  0.45m. h=  2 .25m 

Liquid d i s t r i b u t o r  t y p e :  o M a n t z ,  o Lab.API. 0 Rasch ig  

*a a m  00 0 

0 0.2 0.6 1 1.4 1.8 2 
F - f a c t o r  ( m / s . m 3 l  

Fig.6 in f luence o f  l iquid d i s t r i b u t o r  t y p e  on s e p a r a t i o n  e f f i c iency  
o f  Ra lu-pak  YC. 

meter s q u a r e  and t h a t  an unleve led  Montz-type d i s t r i b u t o r  must n o t  
a d v e r s e l y  a f f e c t  t h e  performance o f  t h e  packing.  

F i g u r e s  7 and 8 i l l u s t r a t e  t h e  v a r y i n g  e f f e c t  o f  d i f f e r e n t  
t y p e s  o f  m a l d i s t r i b u t i o n .  A s  e x p e c t e d ,  t h e  more s e v e r e  i n i t i a l  
m a l d i s t r i b u t i o n  (one h a l f  o f  t h e  d i s t r i b u t o r  i n a c t i v e )  h a s  a much 
s t r o n g e r  a d v e r s e  e f f e c t  on e f f i c i e n c y  than  b l a n k i n g  t h e  p e r i p h e r y  
h o l e s .  The d e v i a t i o n s  from t h e  s t a n d a r d  s i t u a t i o n  a r e  for  Montz- 
pak BS f a c t o r s  2 . 5  and 1 . 5  r e s p e c t i v e l y .  The d e t e r i o r a t i o n  of t h e  
s e p a r a t i o n  e f f i c i e n c y  o f  t h e  packing wi th  smaller s u r f a c e  (Ralu- 
pak 250 Y C )  i s  much less. It amounts t o  a f a c t o r  o f  around 1 .5  f o r  
more s e v e r e  i n i t i a l  m a l d i s t r i b u t i o n  and i s  p r a c t i c a l l y  n e g l i g i b l e  
when t h e  l i q u i d  is in t roduced  o n l y  through t h e  a r e a  i n  t h e  c e n t e r  
of t h e  packing.  T h i s  means t h a t  Ralu-pak may perform w e l l  w i t h  
o n l y  40 d r i p  poin ts / sq .m.  
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T o t a l  r e f l u x :  methanol /e thanol ,  l b a r .  d = 0 . 4 5 m .  h=1.52m 
o normal  operat ion 
o one hal f  d is t r ibutor  inactive 
0 per iphery  holes b lanked 

O "  8 "0 B 0 00" 
a* " 

O Q J  0 %  CQ odtp 
8* 8 *  

. 

T o t a l  reflux; methanol /e thanol ,  1 b a r ,  d=O.LSm, h = 2 . 2 5 m  
o n o r m a l  operat ion 
o o n e  h a l f  o f  d is t r ibutor  inact ive  o,i .periphery holes  b lanked 

0 0 0 0  
0" " 0 

t- W 
*O 00 0 oo 90. o r 

0. 0 0 0 0  

0 0.2 0.6 1 1.4 1.8 

F ig .8  Influence o f  init ial  liquid maldist r ibut ion on separat ion 
eff iciency o f  Ralu-pak 250 YC. 

F - f a c t o r  WS-I 

A firm confirmation of this observation may be found in the 
results of a hydraulic test performed at flow conditions 
corresponding to that of total reflux tests. As may be seen in 
figure 9, the maldistribution factor of Ralu-pak 250 YC undergoes 
approximately equal changes with respect to quality of initial 
liquid distribution. Figure 1 0  shows that the gas flow does not 
exhibit a strong influence on liquid distribution of Ralu-pak 250 
YC, which is in agreement with the observations from some earlier 
investigations (4,8). Extreme values of maldistribution factors 
belong to minimum values of liquid load, where the liquid 
distribution measurement is less reliable. Figure 11 illustrates 
the effect of liquid load on the maldistribution factor of Ralu- 
pak 250 YC. Obviously, the liquid distribution improves with the 
increase in the liquid load, and slightly with increasing gas- 
load. For an equal liquid load the distribution seems to be 
considerably better with much low number of drip points than that 
(760 dp/sq.m.) which is closer to an "ideal" liquid distribution. 
Figure 11 also illustrates a good reproducibility of hydraulic 
tests. 
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0 - v  0.5 1 

fig. 9 Influence of  the initial iiquz:?%:ution 
on the maldistribution factor: 

o normal operation 
o one half of distr ibutor inactive 

periphery holes blanked 

4 

if 
3 

2 

1 

Ralu-pak 250 Y C  
t Water/Air.  1 bar. d.0.5 m 

UGlm/s) I e1.4 ( T o t a l  rc f lux conditions1 
0 0 . 6 4  
0 1.41 
9 3.18 

0- 0 2 6 - uI (10-3m/s1 

Fig.10 Maldistribution factor as  a function of 
superficial liquid vclot i ty, with the superficial 
gas velocity as a parameter. 

+ T o t a l  r e f l u x  ronditlons points h 2 l  

0/0* 3 4 1 0 1 / 1 6 0  

0 Reproducibility t e s t  160 
W a t e r / A i r , l  bar.d= 0 5 m  

I I 0 1 2 3 0 1  

- UG(rn/sl 

Fig.11 The mald is t r ibut ion f a x t o r  of t h e  l iqu id  phase 
f o r  L elements of Ralu-pak 250 YC as a 
funct ion of the super f ic ia l  gas ve loc i ty .  with 
super f ic ia l  liquid ve loc i ty  and t h e  number o f  
dr ip  po ints  as p a r a m e t e r s .  
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From earlier experiments  i t  become e v i d e n t  t h a t  
m a l d i s t r i b u t i o n  f a c t o r  fo l lows  somehow t h e  tendency o f  e f f i c i e n c y  
behaviour  wi th  r e s p e c t  t o  i n c r e a s i n g  F - f a c t o r .  F i g u r e  12 
i l l u s t r a t e s  t h i s  f o r  t h e  packings t e s t e d  and two w e l l  known 
packings w i t h  t h e  performance comparable t o  t h a t  o f  Ralu-pak 250 
YC. Observed n a t u r a l  m a l d i s t r i b u t i o n  remains c o n s t a n t  w i t h i n  t h e  
o p e r a t i n g  range o f  packings.  The q u a l i t y  o f  l i q u i d  d i s t r i b u t i o n  
b e g i n s  t o  d e t e r i o r a t e  i n  t h e  s o - c a l l e d  l o a d i n g  range .  Above a 
c r i t i c a l  v a l u e  of gas v e l o c i t y  t h e  q u a l i t y  of l i q u i d  d i s t r i b u t i o n  
d e t e r i o r a t e s  r a p i d l y .  The f l o o d i n g  l i m i t s  f o r  Mellapak 250 and 
Montz-pak 250 correspond roughly t o  t h a t  observed i n  p r o p r i e t a r y  
e f f i c i e n c y  tests ( 5 ) .  The c a p a c i t y  o f  o u r  equipment was unable  t o  
f l o o d  t h e  Ralu-pak 250. f o r  which t h e  f l o o d i n g  l i m i t s  are 
obvious ly  beyond t h a t  of similar packings ,  and i t  seems t h a t  t h e  
q u a l i t y  o f  l i q u i d  d i s t r i b u t i o n  of  Ralu-pak improves s l i g h t l y  wi th  
i n c r e a s i n g  F - f a c t o r .  An i n t r i g u i n g  f e a t u r e  of t h i s  f i g u r e  is  t h a t  
m a l d i s t r i b u t i o n  f a c t o r  v a l u e s  of Ralu-pak are approximately 3 t o  4 
times h i g h e r  than  t h a t  o f  Montz-pak 250 and Mellapak 250, a l though 
they  a l l  e x h i b i t  approximately e q u a l  HETP v a l u e s  ( 5 ) .  

U,= 0.003L m / s  
Number o f  d r i p  po in ts :  760 m-2 
Number o f  pack ing  e lements :  4 
W a t e r / A i r .  1 bar ,  d= 0.5m 

' /// + " I  
O J  I 
0 1 2 3 

F ig  12 E f f e c t  o f  s u p e r f i c i a l  gas ve loc i ty  o n  t h e  l iquid 
-- U G l m / s l  

d is t r ibu t ion  w i th in  Montz -pak  B S - 4 5 0  I0 1, 
Montz -pak  81-250 ( A I ,Mella-pak 250Y 10 1 
and Ra lu-pak  250 YCI I [St ikkelrnan (198911 

The h y d r a u l i c  tests performed w i t h  Montz-pak BS-450 confirmed 
t h a t  u s u a l l y  t h r e e  packing e lements  are enough t o  smooth o u t  t h e  
l i q u i d  d i s t r i b u t i o n  (see f i g u r e  1 3 ) .  T h i s  a g r e e s  w e l l  wi th  r e s u l t s  
o b t a i n e d  wi th  packings with smaller s u r f a c e  ( 4 , 5 , 7 ) ,  which proved 
t h a t  f o r  an " i d e a l "  i n i t i a l  l i q u i d  d i s t r i b u t i o n  t h e  n a t u r a l  f low 
o f  t h e  l i q u i d  w i t h i n  t h e  packing w i l l  be e s t a b l i s h e d  a f t e r  t h e  
t h i r d  element  o f  packing.  F igure  13 i n d i c a t e s  t h a t  t h e  same o c c u r s  
even w i t h  an ex t remely  s e v e r e  i n i t i a l  m a l d i s t r i b u t i o n ,  and t h a t  
t h e  l e v e l  o f  s t a b i l i z a t i o n ,  expressed  h e r e  v i a  m a l d i s t r i b u t i o n  
f a c t o r  v a l u e s ,  depends on t h e  q u a l i t y  of i n i t i a l  m a l d i s t r i b u t i o n .  
However, i f  compared wi th  t h e  HETP behaviour  shown i n  f i g u r e  5 ,  
m a l d i s t r i b u t i o n  test gave no pronounced d i f f e r e n c e  i n  t h e  response  
of t h e  packing t o  d i f f e r e n t  t y p e s  of i n i t i a l  m a l d i s t r i b u t i o n .  T h i s  
o b s e r v a t i o n  may rise some doubts  wi th  r e s p e c t  to  a p p r o p r i a t e n e s s  
o f  m a l d i s t r i b u t i o n  f a c t o r  as a measure o f  t h e  d e v i a t i o n  o f  a 
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2 
M f  

t 

1 

0 

Montz-pak B S - 4 5 0  
Liquid d ist r ibutor  with 107 drip 
points per  square  meter  
U,= 0.0028 m/s,Up= 1 . 3 5 m / s  
W a t e r / A i r ,  1 bar ,  d= 0.5 

0 

I I I 

2 4 6 - Number o f  packing elements 
Fig.13 Liquid distribution as  a function o f  packing height 

f o r  d i f ferent  types o f  init ial  liquid maldistribution: 
o - one hal f  of  d is t r ibutor  inactive. 
0 -  periphery holes blanked 
0 -  normal operation 

packing from normal opera t ion .  A s  a s ta t is t ical  va lue ,  i . e .  t h e  
square  of r e l a t i v e  s tandard  dev ia t ion  of t h e  flows wi th in  t h e  bulk 
of  a packing, t h e  ma ld i s t r ibu t ion  f a c t o r  i s  not capable to  
desc r ibe  t h e  flow p a t t e r n .  Figure 1 4 .  which r ep resen t s  a 
v i s u a l i s a t i o n  of the  diagram shown i n  f i g u r e  13, i l l u s t r a t e s  
d i f f e r e n c e s  i n  flow p a t t e r n s  observed a t  approximately equal  
va lues  of  ma ld i s t r ibu t ion  f a c t o r s  f o r  Montz-pak BS-450. 

CONCLUSIONS 

The main conclusion of t h i s  paper i s  t h a t  t he  e f f i c i e n c y  of 
t h e  packing wi th  l a r g e r  su r face  (Montz-pak BS-450) i s  more 
s e n s i t i v e  t o  i n i t i a l  ma ld i s t r ibu t ion  of t he  l i q u i d .  Even severe  
i n i t i a l  ma ld i s t r ibu t ion  is smoothed ou t  wi th in  t h r e e  elements of 
s t r u c t u r e d  packings. however, it remains cons tan t  a t  a 
ma ld i s t r ibu t ion  f a c t o r  value which is considerably h igher  than  
t h a t  for  normal opera t ion .  
Blanking peryphery ho le s  has no t  in f luenced  nega t ive ly  t h e  
performance of Ralu-pak 250 YC. This may mean t h a t  such packings 
can perform w e l l  even with a very low number of symmetrically 
arranged d r i p  po in t s  (around 40 pe r  sq.m. ) . 

Fur ther  work i s  needed t o  improve t h e  understanding of  t he  
r e l a t i o n s h i p  between t h e  ma ld i s t r ibu t ion  ( f a c t o r )  and t h e  
sepa ra t ing  e f f i c i e n c y .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1734 OLUJId AND DE GRAAUW 

O n e  hal f  o f  the  d ist r ibutor  
holes  blanked Number o f  packing 

Per iphery  holes  blanked 

elements: 

M I  = 0.818 

3. 

..I 

L .  

-11 

Fig.?& Three  dimensional presentat ion o f  liquid velocity 
Drof i les  leaving the bot tom of the  Montz-BS 4 5 0  
packing bed consisting o f  one t o  four  packing 
e lements ,  for  t w o  d i f f e r e n t  t y p e s  of  init ial  
liquid maidistribution. 
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