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A b s t r a c t :  

The f a t t o r s  w h i c h  a f f e c t  t h e  c r i t i c a l  f low v e l o c i t y  ( V c )  o f  p a r t i c l e s  of 

b a r i u m  s u l p h a t e ,  b i s m u t h  s u b c a r b o n a t e ,  k a o l i n ,  s u l p h a d i a z i n e  and  l a t e x  p a r t i c l e s  

h a s  b e e n  d e t e r m i n e d  i n  a h o r i z o n t a l  t u b e .  T h e s e  f a c t o r s  were p a r t i c l e  s i z e ,  

p a r t i c l e  d e n s i t y ,  f l u i d  v i s c o s i t y  a n d  t u b e  d i a m e t e r .  V c  was  f o u n d  t o  i n c r e a s e  

w i t h  i n c r e a s i n g  p a r t i c l e  d i a m e t e r ,  p a r t i c l e  d e n s i t y  a n d  t u b e  d i a m e t e r  b u t  d e c r e a s e s  

a s  v i s c o s i t y  o f  t h e  f l o w i n g  f l u i d  . 
m o d e l s  o f  Wicks .  Durand  a n d  Wasp f o r  t h e  flow c o n d i t i o n s  o f  s e t t l e d  b e d s  . 

T h e  r e s u l t s  o b t a i n e d  were f o u n d  t o  f i t  t h e  

*To whom i n q u i r e s  s h o u l d  b e  d i r e c t c d .  
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636 NAJIB, MANSOUR, AND AMIDON 

In t roduct ion  

When a powder i s  i n j e c t e d  i n t o  a tube through which a f l u i d  i s  

flowing, one of t h e  fol lowing s i t u a t i o n s  p r e v a i l s :  (1 ,Z) .  (See Fig .  1). 

a)  

b)  

The p a r t i c l e s  migra te  to the  tube w a l l  and remain s t a t i o n a r y .  

The p a r t i c l e s  migra te  t o  the tube w a l l  and s l i d e  o r  r o l l  a long 

t h e  tube. This  tybe of flow i s  r e f e r r e d  t o  a s  s l i d i n g  bed. 

c )  The p a r t i c l e s  flow a t  approximately t h e  same ra te  as the  f l u i d .  

This  i s  r e f e r r e d  t o  a s  heterogeneous flow. 

The p a r t i c l e s  remain suspended and f low a t  t h e  same r a t e  as t h e  

f l u i d .  This  i s  r e f e r r e d  t o  as  homogeneous flow. 

d) 

S i t u a t i o n  ' d '  i s  r a r e l y  encountered i n  p r a c t i c e ,  bu t  s i t u a t i o n  'b' 

and ' c '  a r e  common. Each system occurs  

The flow r a t e  a t  which movement of t h e  p a r t i c l e s  occurs  i s  r e f e r r e d  t o  

as  t h e  c r i t i c a l  v e l o c i t y .  In  t h i s  study, type 'b' only i s  i n v e s t i g a t e d .  

Other f a c t o r o  which a l s o  determine t h e  type of f low repiinci o c c u r r i n g  

inc lude  bouyancy, l i f t  and drag. Wherc a s  t h e  bouyancy e f f e c t  i s  cons tan t  

f o r  a given powder, t h e  drag and l i f t  e f f e c t s  v a r y  w i t h  t h e  flow 

condi t ions .  For  cxaniple, a t  low flow r a t e s  drag  and l i f t  e f f e c t s  a r e  too 

small  t o  overcome the  bouyancy c r r e c t .  ' f l rerefore ,  Uie p a r t i c l e s  migra te  

t o  t h e  tube w a l l  and remain t h c r c .  A t  moderately high flow r a t e s ,  t h e  

drag and l i f t  e f f e c t s  become s i g n i f i c a n t  and t h e  p a r t i c l e s  become 

suspended i n  t h e  f l u i d ,  and maintained by turbulence .  A t  r e l a t i v e l y  high 

speed,  t h e  p a r t i c l e s  ~ C C O I I I C  r u l l y  su:;pcndctl ; ~ r d  I I ~ I I I O ~ ~ I I W J U S  r low CIIEUL'L;. 

a t  a g iven  flow r a t e  of t h c  f l u i d .  

A s i m i l a r  s i t u a t i o n  may ex i s t  when a drug is given o r a l l y  i n  a s o l i d  

dosage form. A f t e r  d i s i n t e g r a t i n g  i n  t h e  stomach, t h e  p a r t i c l e s  e n t e r  t h e  

i n t e s t i n e ,  t h e  r a t e  a t  which they t r a v e l  a long  t h e  i n t e s t i n e  depends on 

f a c t o r s  such as t h e  i n t e s t i n a l  m o b i l i t y ,  t h e  , p a r t i c l e  d i a m e t e r ,  shape ,  

d e n s i t y  and v i s c o s i t y  of t h e  f l u i d  f lowing through t h e  i n t e s t i n e .  I n  a 
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GASTROINTESTINAL TRANSIT TIME 63 7 

- i-1- HOMOGENEOUS F L O W  

- t iETEROCIEkEOCIS  FLOVL 

--. SALATION FLOW 

FLOW WITH A 
STATIONARY BED 

F i g .  1 R e p r e s e n t a t i v e  p l o t  of s l u r r y  f low modes 

p r e v i o u s  work ( 3 ) ,  t h e  e f f e c t  oE t h e s e  f a c t o r s  on t h e  mean r e l a t i v e  r e s i d e n c e  

t i m e  of  p a r t i c l e s  f l o w i n g  i n  a h o r i z o n t a l  t u b e  was i n v e s t i g a t e d .  The p u r p o s e  

of t h i s  work i s  t o  s t u d y  how t h e  above f a c t o r s  i n E l u e n c e  t h e  

c r i t i c a l  f low v e l o c i t y  (Vc) oE p n r L i c l c s  moving i n  a h o r i z o n t a l  t ube .  

The u s e E u l l n e s s  and l i m i t a t i o n s  t o  t h i s  model as a r e p r e s e n t a t i v e  or D 

h o r i z o n t a l  segment of t h e  i n t e s t i n e  have been d i s c u s s e d  e l s e w h e r e  ( 3 ) .  

Theory: 

C r i t i c a l  v e l o c i t y  of s l u r r i e s ,  Vc, i s  d e f i n e d  as t h e  v e l o c i t y  below 

which a s t a t i o n a r y  d e p o s i t  of s o l i d s  forms i n  t h e  p i p e ,  t h u s  i t  r e p r e s e n t s  

t h e  lowes t  v e l o c i t y  a t  which t h e  sys t em can b e  o p e r a t e d  s u c h  t h a t  s t a b l e  

f low c o n d i t i o n s  p r e v a i l .  For  e s t i n i a t i n g  Vc, D u r a n d  ( 4 )  p r e s e n t e d  t h e  

e m p i r i c a l  e q u a t i o n :  

vc  = P L m )  . . . . (1) 

i n  which FL i s  e i v e n  g r a p h i c a l l y  a s  a f u n c t i o n  o f  p a r t i c l e  d i an ic t c r  and 

s o l i d s  c o n c e n t r a t i o n .  Durand found t h a t  w i t h  p a r t i c l e  above Inn, FL i s  

e s s e n t i a l l y  independen t  of p a r t i c l e  s i z e  and s o l i d s  c o n c e n t r a t i o n .  

E q u a t i o n  (1 )  can be r e a r r a n g e d  i n t o  t h e  f o l l o w i n g  form: 

V C  1 
F L =  - - J 2 g D '  Js-1 

. . . * ( 2 )  
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6 38 N A J I B ,  MANSOUR, AND AMIDON 

The term FL i s  i n  f a c t  a mod i f i ed  Proudc  Number a t  d e p o s i t i o n .  S p e l l s  (5) 

c o r r e l a t e d  d a t a  f rom t h e  l i t e r a t u r e  for Vc w i t h  a combina t ion  of F roude  

and Reynolds n u m b e r s . S p e l l s ' s  c o r r e l a t i o n  h a s  the form: 

1.225 Dp . 7 7 5  
vc  0.0251 gd ( S - 1 )  ( - ) . . . . ( 3 )  

P P 

llughmark ( 6 ) ,  Gregory  (7) , Thomas (81, wasp ct a1 (9) a n d  Zand i  ( 1 0 )  

deve loped  c o r r e l a t i o n s  of t h e  s m c  n a t u r e .  Us ing  d a t a  on  f i n e  and c o a r s e  

sand  s l u r r i e s  , ~ ~ ; , p l ~ > , ~  and S t c l s o n  ( 1  1 )  found t h a t  tlic c o r r e l a t i o n s  of 

Durand, Hughmark and Zandi  y i e l d e d  a p p r o x i m a t e l y  t h e  same d e g r e e  of 

acrccmcnt .  S p e l l s . c q u a t i o n  y i e l d e d  poor  r e s u l t s ,  b u t  the p a r t i c l e  s i z e s  

O C  t h e  s o l i d s  used i n  t h c  e x p e r i m e n t s  were  l a r g e r  t h a n  t h o s e  used  by  

s p c l l s .  

Wasp c t  n l  (9 )  used  d a t a  f rom Durand ( 4 ) ,  S i n c l a i r  (12) , Yotsukura  

(13) and Clicks ( 1 4 )  t o g e t h e r  w i t h  t h e  c o r r e l a t i o n  g i v e n  by Bq. (1). 

Wasp c t  n l  (9) r e a s o n e d  t h a t  an e q u a t i o n  of t h c  form 

v c  = llL J2fiD(S-1)( + )"6 .... ( 4 )  

may p rove  t o  b e  a p o s s i b l e  c o r r e l a t i o n  t o o l ,  i n  which  F L  i s  g i v e n  

g r a p h i c a l l y  as a f u n c t i o n  o f  s o l i d s  c o n c e n t r a t i o n  o n l y .  Wicks (14 )  

deve loped  a m a t h e m a t i c a l  model  wh ich  i n t e r r e l a t e s  v a r i o u s  f a c t o r s  s u c h  

as f l o w  rate, p i p e  d i a m e t e r ,  f l u i d  v i s c o s i t y  and d e n s i t y  d i f f e r e n c e  

be tween t h e  p a r t i c l e s  and  t l u i d .  Ile o b t a i n e d  t h e  f o l l o w i n g  r e l a c i o n s h i p :  

where t h e  f u n c t i o n s  and  S arc d c f i n c d  ;is Lol lowu:  

. . . . (5)  

. . . . ( 6 )  

. . . . ( 7 )  
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GASTROINTESTINAL TRANSIT TIME 639  

When Eqs. ( S ) ,  (6), and (7) a r e  rear ranged  one can o b t a i n  an e x p l i c i t  

express ion  f o r  t h e  c r i t i c a l  v e l o c i t y  i n  t h e  f o l l o w i n g  form: 

P d  v c  = 0.1 gD (s-1) - 
v . . . . ( B )  

where: 

P =  

P =  P 
s =  

d =  
P 

D =  

D =  
e q  

g =  

I I =  

v c  = 

- 3  
f l u i d  d e n s i t y ,  g cm 

p a r t i c l e  o r  s o l i d  d e n s i t y ,  g cin 

p p / p  , d i m c n s i m l c s s  

p a r t i c l e  d i a m e t e r ,  cm 

p i p e  d i a m e t e r ,  cm 

e q u i v a l e n t  d iameter  of t h e  f low reg ion  above t h e  bed, cm = D-d 

g r a v i t a t i o n a l  a c c e l e r a t i o n ,  cm s e c  

v i s c o s i t y  of t h e  f l u i d ,  g cm s e c  

c r i t i c a l  v e l o c i t y ,  cm s c c  . 

- 3  

P 
-2  

-1 -1 

-1 

For the  purpose of comparison, t h r e e  c o r r e l a t i o n s  s i m i l a r  t o  those  

of Durand, Wasp a n d  Wicks, a r e  presented  i n  t h i s  work. In our exper iments ,  

s i n c e  t h e  bed depth  was one p a r t i c l e  t h i c k ,  i . e .  dp << D ,  t h e  h e i g h t  of 

t h e  bed was considered n e g l i g i b l e  compared t o  t h e  tube  d iameter  and hence 

Deq i s  e q u i v a l e n t  t o  D. 

In  a d d i t i o n ,  i t  must be noted t h a t  t h e  exper imenta l  d e t e r m i n a t i o n  of  

V c  i s  s u b j e c t  t o  d i f f e r e n c e  i n  technique ,  s u b j e c t i v e  judgement of t h e  

observer  and t o  exper imenta l  e r r o r ,  and i t  can b e  seen  from t h e  dimensional  

a n a l y s i s  presented  i n  t h e  Appendices 

Durand, Wasp and Wicks a r e  supported by t h e i r  exper imenta l  f i n d i n g s .  

t h a t  t h e  d i f f e r e n t  approaches of 

M a t e r i a l s  and Methods 

M a t e r i a l s :  

The m a t e r i a l s  used a r o  d e s c r i b e d  elsewhere (3). Sulphadiaz ine  was 

obta ined  from Sigma Chemical Co., S t .  Louis ,  U.S.A. 
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6 4 0  NAJIB, MANSOUR, AND AMIDON 

Methods : 

Tygon tubing  50 cm i n  l e n g t h  was connected t o  a M a s t e r f l i x  p e r i s t a l i t i c  

pump. Liquid was then pumped through t h e  tube.  The pump was s topped and 

0 .5  m l  of  a 104 suspens ion  was i n j e c t e d .  The pump was then r e s t a r t e d  

immediately a f t e r  i n j e c t i o n  and t h e  f low r a t e  was a d j u s t e d  till p a r t i c l e s  

from d i f f e r e n t  r e g i o n s  of t h e  bed were seen t o  s l i d e  along t h e  tube.  The 

f lowing l i q u i d  was then c o l l e c t e d  by means of a f r a c t i o n  c o l l e c t o r  and 

t h e  c r i t i c a l  v e l o c i t y  (Vc) was  c a l c u l a t e d .  

E f f e c t  of p a r t i c l e  S i z e  on Vc:- 104 W / W  suspens ions  of d i f f e r e n t  

s i z e  f r a c t i o n s  of barium s u l p h a t e  and bismuth subcarbonate  were prepared .  

0.5 m19 W/V of each suspension w a s  i n j e c t e d  i n t o  t h e  tube  and t h e  flow 

r a t e  was a d j u s t e d  t i l l  t h e  p a r t i c l e s  were seen  t o  s l i d e  a long  the  tube.  

The flow r a t e  a t  t h i s  speed was determined from which Vc was c a l c u l a t e d  

for  every p a r t i c l e  s i z e  f r a c t i o n .  A p l o t  was then made f o r  p a r t i c l e  

s i z e  versus  Vc. 

E f f e c t  of P a r t i c l e  Densi ty  on Vc:: 10: \ J / V  suspens ions  of barium 

su lpha te .  bismuth subcarbonate ,  magnesium c a r b o n a t e ,  t a l c  and s u l p h a d i a z i n c  

p a r t i c l e  s i z e  f r a c t i o n  128  Iim were prepared .  0 .5  nil of  each suspension 

was i n j e c t e d  i n t o  t h e  tube s e p a r a t e l y  and Vc was c a l c u l a t e d  as p r e v i o u s l y  

descr ibed.  A p l o t  was then made o r  d e n s i t y  a g a i n s t  V c .  

E f f e c t  of V i s c o s i t y  on Vc:- I n  order  t o  s t u d y  t h e  e f f e c t  of v i s c o s i t y  

on Vc, a s e r i e s  of s o l u t i o n s  c o n t a i n i n g  d i f f e r e n t  c o n c e n t r a t i o n s  of 

methocel were prepared .  The v i s c o s i t i e s  of t h e s e  s o l u t i o n s  were measured 

us ing  a n  Ostwald v iscometer .  The v i s c o s i t i e s  were found t o  range from 

0.01-0.08 cP. 104 \J/V suspens ions  of barium s u l p h a t e  and t a l c  ( p a r t i c l e  

s i z e  f r a c t i o n  1 2 8  pm)  were prepared i n  a l l  s o l u t i o n s .  0.5 m l  of each 

suspension was i n j e c t e d  s e p a r a t e l y  i n t o  the tube and Vc was c a l c u l a t e d  

as  prev ious ly  descr ibed .  A p l o t  was then made of v i s c o s i t y  a g a i n s t  Vc. 
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GASTROINTESTINAL TRANSIT TIME 64 1 

E f f e c t  of  Tube Diameter on Vc:- I n  o r d e r  t o  s tudy  t h e  e f f e c t  of 

tube diameter  on Vc, f i v e  tubes  were used w i t h  d iameters  ranging  from 

0.07-0.3 c m .  101 W / V  suspens ions  of barium s u l p h a t e  and t a l c  of p a r t i c l e  

s i z e  128 pm were prepared .  0 .5  ml of  each  suspens ion  was s e p a r a t e l y  

i n j e c t e d  i n  each tube and Vc was determined as previous ly  d e s c r i b e d .  

A p l o t  was then  made of tube diameter  a g a i n s t  Vc. 

ZSULTS AND DISCUSSION 

Fig.  2 shows t h e  e f f e c t  oE p a r t i c l e  s i ze  on Vc. I t  can bc sccn t h a t  

a l i n e a r  r e l a t i o n s h i p  between p a r t i c l e  s i z e  and Vc e x i s t s  Tor both barium 

s u l p h a t e  and bismuth subcarbonate .  The f i g u r e  a l s o  i n d i c a t e s  t h a t  t h e  

i n c r e a s e  i n  Vc w i t h  i n c r e a s i n g  p a r t i c l e  s i z e  i s  n o t  very pronounced. The 

graph a l s o  shows t h a t  € o r  any one p a r t i c l e  s i z e ,  a g r e a t e r  Vc was 

obta ined  f o r  bismuth subcarbonate  than barium s u l p h a t e ,  t h u s  s i g n i f y i n g  

t h e  e f f e c t  of d e n s i t y .  S i m i l a r  t r e n d s  were o b t a i n e d  when p a r t i c l e s  o f  

t h e  same s i z e  b u t  d i f f e r e n t  d e n s i t i e s  were s t u d i e d  (Fig. 3 ) .  The f i g u r e  

shows t h a t  a l i n e a r  r e l a t i o n s h i p  between d e n s i t y  and V c  e x i s t s .  The 

h igher  t h e  d e n s i t y ,  t h e  g r e a t e r  was Vc. I n  c o n t r a s t ,  i n c r e a s i n g  t h e  

v i s c o s i t y  appeared t o  d e c r e a s e  Vc f a r  a g iven  p a r t i c l e  s i z e  (Fig.  4 ) .  

Fig .  5 i l l u s t r a t e s  t h e  r e l a t i o n s h i p  between t h e  tube d iameter  and 

Vc f o r  barium s u l p h a t e  and t a l c ,  The graph shows t h a t  f o r  bo th  barium 

s u l p h a t e  and t a l c ,  Vc i n c r e a s e d  i n i t i a l l y  w i t h  t u b e  d iameter  and then 

a p l a t e a u  r e g i o n  was obta ined  i n d i c a t i n g  t h a t  i n c r e a s i n g  t h e  tube  

diameter  beyond a 0.22 cm r e s u l t s  in n l i t t l e  change i n  V c .  S i m i l a r  

f i n d i n g s  have been r e p o r t e d  by S i n c l a i r  (12). 

For t h e  purpose of comparison w i t h  t h e  p r e v i o u s l y  publ i shed  

c o r r e l a t i o n s  t h r e e  p l o t s  were made; F ig .  ( 6 )  i s  a Wicks's p l o t  which 

c o r r e l a t e s  the  v a r i o u s  v a r i a b l e s  d iscussed  above t o g e t h e r  by p l o t t i n g  

log  J, v e r s u s  l o g  S .  The graph i n d i c a t e s  t h a t  a n o n l i n e a r  r e l a t i o n s h i p  
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Bismuth Subcarbonote  
p = 6.9 g c ~ n - ~  

P =  4.35 g ~ m - ~  

100 200 300 400 

PARTICLE SIZE p m  

F i g .  2 The e f f e c t  of p a r t i c l e  s i z e  on  tlie c r i t i c a l  v e l o c i t y  ( V c , ) .  

r 
- 
I 

0 01 

E 

9 

I I I 

2 4 6 8 
I 

2 4 6 8 

DENSITY 

Fig .  3 The e f f e c t  of p a r t i c l e  d c n s i t y  on tlie c r i t i c a l  v e l o c i t y  ( V c ) .  
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3.2 

2.4 

- 
I u 
aJ In 

E 
u I .6 

2 

0.8 

I I I I 

2 4 6 8 

VISCOSITY JJ c p  

F ig .  4 The e f f e c t  of  V i s c o s i t y  ( p )  on t h e  c r i t i c a l  v e l o c i t y  (Vc). 

- 3  
0 
a * 
E 
O - 2  

3 

I 

F ig .  

- 0 Barium sulfate 

Talc f 3 - 2  7 g ~ r n - ~  

I 

0. I 0.2 0.3 

TUBE DIAMETER ( c r n )  

5 The r e l a t i o n s h i p  between the  tube d iameter  and t h e  c r i t i c a l  

v e l o c i t y  (Vc) . 
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2 .( 

o c  

2.0 

10 

N A J I B ,  MANSOUR, AND AMIDON 

/ 0 Bar ium Sulphate (viscosity 

Talc (viscosity 

effect) 
effect) 

0 Bar ium Sulphate ( tube diameter e f fecr)  

0 Talc ( tube diameter e f fec t )  

A Sulphadia ine (densi ty  e f f e c t )  

A Magnesium Cardonate (densi ty  e f f e c t )  

Bar ium Sulfate ( p a r t i c l e  size e f fec t )  

0 Bismuth Subcarbono te  ( p a r t i c l e  size e f fec t )  / .  
0 

I I I I I 

-0.6 0.2 1.0 0.8 2.4 

log s x 10-2 

Fig .  6 The IJ icks ' s  p l o t ,  showing t h e  r e l a t i o n s h i p  between l o g  S and $. 

between J, and S e x i s t s  as have been repor ted  by Hicks. 1:igures ( 7 )  i ~ d  

(8) are  Durand's and Wasp's p l o t s  r e s p e c t i v e l y .  

I n  order  t o  s impl i fy  the process  of  comparison Table 1 i s  coristructc'd 

to  i n d i c a t e  the  c o r r e l a t i o n s  obtained i n  the  p r e s e n t  norlc accoiiipaincd 

with those repor ted  by Wicks, Durand and IJasp. 

I t  can be  noted t h a t  the c l o s e t  c o r r e l a t i o n  t h a t  t h e  p r e s e n t  d a t a  

f i t  i s  Nicks 's  ( c o r r e l a t i o n  c o e f f i c i e n t  i s  0 .95  number of  p o i n t s  i s  3 2 ) .  

On the  o ther  hand, t h e r e  e x i s t s  a good agrement between the  d a t a  obta ined  

i n  t h i s  work and those  of Durand and IJasp .  However, Hicks ' s  c o r r e l a t i o n  i s  

more r e l e v a n t  t o  r e p r e s e n t  our d a t a  than those  of Duraxld and Llasp s i n c e  
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4.5 

4.0 

3.5 

3.0 

2.5 

2 

pk 

B 
rn 
H 

0 5 10 15 20 25 30 35 40 45 50 
116 

(d!) v5&3) 
D 

Fig .  8 The Wasp p l o t  showing the r e l a t i o n s h i p  between r‘2gD(s-l) 

and the c r i t i c a l  v e l o c i t y  (Vc).  
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GASTROINTESTINAL TRANSIT TIME 647  

Table 1 - Comparison of Present  Nark w i t h  Previous Publ ished 
Corre la t ions .  

the  v i s c o s i t y  f a c t o r ,  according t o  Fig.  4 ,  i s  a n  important p a r u o c t c r  on 

which Vc depends t o  a l a r g c  e x c c n c  and i s  ij ;norcd in tlic iiiodels o r  I )ur ; lnd  

and Clasp. 

Summary and Conclusions 

While t h e  r e p o r t e d  r e s u l t s  p e r t a i n  t o  an in v i t r o  system s e v e r a l  

conclusions of s i g n i f i c a n c e  t o  the  m o b i l i t y  o f  p a r t i c l e s  i n  t h e  g a s t r o i n -  

t e s t i n a l  t r a c t  may be s t a t e d : -  

For p a r t i c l e e  s e t t l i n g  i n  a tube through which a f l u i d  i e  f lowing t (J  

move t h e  flow r a t e  o f  t h e  f l u i d  m u s t  excccd a c e r t a i n  c r i t i c a l  

v a l u e  known as  t h e  c r i t i c a l  v e l o c i t y  (Vc). 

A l i n e a r  r e l a t i o n s h i p  was found t o  e x i s t  between t h e  c r i t i ca l  

v e l o c i t y  and t h e  p a r t i c l e  d iameter ,  i n c r e a s i n g  t h e  p a r t i c l e  d iameter  

r e s u l t s  i n  an i n c r e a s e  i n  t h e  c r i t i c a l  v e l o c i t y .  

A l i n e a r  r e l a t i o n s h i p  was found t o  e x i s t  between t h e  c r i t i c a l  v e l o c i t y  

and  t h e  d e n s i t y  of t h e  s e t t l e d  p a r t i c l e s ,  i n c r e a s i n g  t h e  d e n s i t y  

r e s u l t s  i n  an i n c r e a s e  i n  t h e  c r i t i c a l  v e l o c i t y ,  In  c o n t r a s t  a 

hyperbol ic  r e l a t i o n s h i p  between t h e  c r i t i c a l  v e l o c i t y  and t h e  
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648 NAJIB,  MANSOUR, AND AMIDON 

v i s c o s i t y  of the f lowing  f l u i d  was n o t e d ,  I n c r e a s i n g  t h e  v i s c o s i t y  

r e s u l t e d  i n  a d e c r e a s e  i n  t h e  c r i t i c a l  v e l o c i t y .  

4) I n c r e a s i n g  t h e  tube  d iameter  from 0-0.22 c m  r e s u l t e d  i n  an i n c r e a s e  

i n  t h e  c r i t i c a l  v e l o c i t y ,  i n c r e a s i n g  t h e  t u b e  d iameter  beyond 

0 . 2 2  cm however, resul to-d i n  no change i n  t h e  c r i t i c a l  v e l o c i t y .  

5 )  The d a t a  obta ined  i n  t h i s  work were found t o  f i t  t h e  models o f  Wicks, 

Durand and Wasp f o r  t h e  f low c o n d i t i o n s  of s e t t l e d  beds. 

6) It should be  noted t h a t  t h e  model used i n  t h i s  s tudy  i s  a s i m p l i f i e d  

one which t a k e s  i n t o  c o n s i d e r a t i o n  c e r t a i n  compl ica t ions  of g a s t r o i n -  

t e s t i n a l  t r a c t ,  Therefore  i t s  a p p l i c a t i o n s  would be w i t h i n  t h e  

c o n d i t i o n s  of t h e  experiment .  L i m i t a t i o n s  t o  t h e  model have been 

d iscussed  elsewhere ( 3 ) ,  
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APPENDIX A 

Dimensional Analysis  of Ihrand  C o r r e l a t i o n  

Tlw important  f a c t o r s  c o n t r o l l i n g  the  s l u r r y  flow accord ing  t o  Durand 

assumptions a r e  p a r t i c l e  d i a m e t e r ,  tube d i a m e t e r ,  f l u i d  d e n s i t y ,  s o l i d  

d e n s i t y ,  and g r a v i t y  r o r c c s  excrtccl on p a r t i c l e s ,  Hence one can w r i t e :  

Vc = f ( g  A P ,  d p ,  D ,  P) b-1) 

These f i v e  v a r i a b l e s  accord ing  t o  Buckingham of dimensional  a n a l y s i s  

( (16) ) can be grouped i n  a s  fo l lows:  

Taking n a s  a product  of t h e  above v a r i a b l e s ,  each r a i s e d  t o  an unknown 

power, Equat ion (A-1) becomes as:  

n - ( g A p I a  (dpIb (DIC b l d  

Taking mass, P I ,  l e n g t h ,  L ,  and t ime,  t ,  as t h e  b a s i c  dimensions,  

(A-2) 

Equat ion (A-2) becomes a s :  

(A-3 )  
-2 -2 a - 3  d 

II = L t-l = (ML t ) (L)b (L)' (ML ) 

By comparing u n i t s  on both  s i d e s  of Equat ion (A-3) one o b t a i n s  

L :  1 = 2 a + b + c - 3 d  

M : O = a + d  

t : -l= - 2 a  

Thus a = 1 ,  d = - 4  and fo r  c = :, b = o and hence Equat ion (A-2) 

becomes as 
I I  

vc  = Constant  (gAp)j D' , I - '  

Vc = Constant  (gD -) ( A - 4 )  AP ! 
P 

and s i n c e  t h e  f u n c t i o n  under t h e  square  r o o t  i s  s t i l l  undetermined, i t  

can be m u l t i p l i e d  by 2 t o  bc  c o n s i s t e n t  w i t h  t h e  exper imenta l  r e s u l t s .  

Hence Equat ion ( A - 4 )  becomes: 
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GASTROINTESTINAL TRANSIT TIME 

v c  = P,> JZgD(s-1) 
where F,, = Durand ' s  c o n s t a n t  

s = l p  

and Ap = ps-p 

65 1 

(A -5 )  

APPENDIX u 
Dimensional  A n a l y s i s  01' Wasp C o r r e l a t i o n  

According t o  Wasp's assumptions t h e  d in i ens iona l  e q u a t i o n  is  

Vc = f (gAP,  dp,  D ,  P )  (B-1) 

I n  form of  p r o d u c t  f u n c t i o n s  E q u a t i o n  (B-1) becomes: 

03-21 b 
Vc = ( ~ A P ) "  (dp)  b I d  

S u b s t i t u t i n g  t h e  dinlensions of d i l l c r c n t  v a r i a b l c s  i n t o  E q u a t i o n  ( U - 2 )  

one  o b t a i n s :  

(U-3) -1 -2 -2 a - 3  d 
'TI = L t = (ML t ) (L)b  (L)' (ML ) 

Comparison of  u n i t s  on b o t h  s i d e s  of E q u a t i o n  (B-3)  y i e l d s  

L :  1 = 2 a + b + c - 3 d  

M : O = a + d  

t : -1= -2a 

Thus a = 1 ,  d = 1 
1 1 3 ,  b = -  6 For c = - 

Thus E q u a t i o n  ( B - 2 )  becomes: 

where : 

F; = ~ a s p l s  c o n s t a n t  

s = p s  /P 

AP = P,-P 
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6 5 2  N A J I B ,  MANSOUR, AND AMIDON 

Al’l’EHDIX C 

Dimensional  A n a l y s i s  of Wicks C o r r e l a t i o n  

According t o  Wicks’s  assuri ip~: ion t h c  f o l l o w i n g  e q u a t i o n  is  w r i t t c n :  

From Equa t ion  (C-2), n -equa t ion  can  b e  w r i t t e n  as 

n = L t-’ = (ML-2t-2)a (IIL-3)c (i4L-1t-1)d (Lie (C-3) 

Comparing u n i t s  on b o t h  s i d e s ,  one o b t a i n s :  

L : 1 = -2a + b -3c - d + e 

M : O = a + c + d  

t : -1= 2a + d 

I f  we l e t  a = 1 we o b t a i n  d = -1 and c = CJ 

For b = 1, ci = 1 and t h u s  Eq, (C-?) Lccorncs: 

1 1 -1 
Vc = c o n s t a n t  (gAp) ( U )  p 

S e t t i n g  Ap = p,-p , 
, m u l t i p l y i n g  by (e) and 

0 s = P , J P  

r e a r r a n g i n g  E q u a t i o n  (C-4), y i e l d s  

Vc = Fw gD(s-1) @ 
I] 

where 

Fw p \ .licks’s c o n s t a n t  

= 0.1 f o r  S < 40 a s  i n  i:quation ( 8 )  

(C-4) 

(C-5) 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


