
CHAPTER IV

PRESENTATION OF RESULTS AND DISCUSSION

4 .1  General
The mixing system used  was an a g i t a t e d  batch  mixer .  F u l l y  

t u r b u l e n t  mixing which i s  commonly used in i n d u s t r i a l  mixing of  low 
v i s c o s i t y  l i q u i d  was d e v e lo p e d  f o r  th e  whole range of  speed  o f  th e  
a g i t a t o r .  The Renoulds number of  mixing system are 1 . 6 x 1 0 s , 2 .4x 10%  
and 3 . 2 x 1 0 s f o r  speed of  a g i t a t o r  o f  200,  300,  and 400 rpm
r e s p e c t i v e l y .

A s e t  of  108 exper iments  was conducted u s i n g  th e  r a d i o a c t i v e  
t r a c e r  method and another  s e t  of  36 exper im ents  was conducted  u s in g  
th e  c o n d u c t i v i t y  method. The exper im ents  were conducted  t o  
determined  th e  r e q u ir e d  mixing t ime in an a g i t a t e d  batch  mixer fo r  
t h e  f o l l o w i n g  c o n d i t i o n s

1. p o s i t i o n  of i m p e l l e r  ะ 2 p o s i t i o n s  of  i m p e l l e r ,  8 cm and 
12 cm above bottom of  th e  tank .

2. ty p e  of  im p e l l e r  ะ 3 ty p e s  of  i m p e l l e r ,  6 b la d ed  
open t u r b i n e ,  6 b laded d i s c  t u r b i n e ,  and 6 b laded  45 d e g r e e  p i t c h  
t u r b i n e .

3.  sp eed  of i m p e l l e r  ะ 3 speeds o f  i m p e l l e r ,  200,  300,  
and 400 rpm.

4. b a f f l e s  ะ w i th ,  and w ithout  b a f f l e s  i n s t a l l a t i o n s
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The exper im ents  were r e s t r i c t e d  t o  t h e  r o t a t i o n a l  speed  of  

i m p e l l e r  at  400 rpm, because  a v o r t e x  was formed when th e  i m p e l l e r  
was s e t  at  12 cm above th e  bottom of  th e  tank and when t h e r e  was no 
b a f f l e s .  I f  th e  sp eed  of  i m p e l l e r  was h ig h e r  than 400 rpm t h e  v o r t e x  
would reach th e  im p e l l e r  and bubb les  of  a i r  would be formed which  
would i n t e r f e r e  wi th  th e  c o n t r o l i n g  o f  th e  i m p e l l e r  r o t a t i o n a l  speed  
and would t h e r e f o r e  a f f e c t  th e  mixing e f f i c i e n c y .

4 .2  Determ inat ion  of  Required Mixing Time Us ing Tracer Technique
In order t o  o b ta in  th e  c o r r e c t  d a ta  from e x p er im en ta l  

i n f o r m a t io n s  th e  number of counts  o b ta in e d  from r a d i o a c t i v e  t r a c e r  
a f t e r  background s u b s t r u c t i o n  have t o  be c o r r e c t e d  by decay  
c o r r e c t i o n  t o  br ing  them back t o  th e  same r e f e r e n c e  t im e .  In t h i s  
s tu dy  th e  r e f e r e n c e  t ime used was t h e  t ime o f  i n j e c t i o n .  (The number 
of counts  o b t a in e d  from background r a d i a t i o n  need not  be c o r r e c t e d  by 
decay c o r r e c t i o n . )

In th e  c a l i b r a t i o n  procedure i t  was found t h a t  th e  v a r i a t i o n  
of  homogeneous s o l u t i o n  show t h e i r  v a r i a t i o n  from t h e i r  mean w i t h i n  

3 t im es  of  t h e i r  standard  d e v i a t i o n .  This  may be caused by two 
main r e a s o n s .  F i r s t l y ,  th e  nature  of  r a d i a t i o n  i t s e l f  i s  randomly 
e m i t t e d  from th e  r a d i o a c t i v e  s u b s t a n c e  so t h e  r a d i a t i o n  d e t e c t e d  i s  
never  o b t a in e d  a t  th e  same v a l u e .  S e c o n d ly ,  th e  q u a l i t y  or 
e f f i c i e n c y  of d e t e c t i o n  system in g e t t i n g  a l l  r a d i a t i o n  e m i t t e d  from 
t h e  r a d i o a c t i v e  m a t e r ia l  must be c o n s i d e r e d .  Al though t h e s e  
phenomena were p r e s e n t  th e  l i n e a r  r e l a t i o n  of  t h e  a c t i v i t y  and count  
r a t e  was o b t a in e d  as shown in F igure  4 . 1 .
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In t h e  d e t e r m in a t io n  o f  r e q u ir e d  mixing t im e  on ly  one datum 
was o b ta in e d  at each measuring i n t e r v a l .  I t  was ob served  in a l l  
exper im ents  t h a t  t h e  homogeneous s o l u t i o n  was o b t a i n e d  a f t e r  th e  t ime  
of  i n j e c t i o n  of  50 se c o n d s .  This  was done by u s i n g  th e  moving 
average  method and comparison w ith  th e  s tandard  d e v i a t i o n  of  each s e t  
of  100 d a t a .  T he ir  standard  d i v i a t i o n  i s  s i g n i f i c a n t l y  c o n s t a n t .  So 
a s e t  of  100 r a d i a t i o n  d ata  a f t e r  th e  t ime of  i n j e c t i o n  was s e l e c t e d  
t o  r e p r e s e n t  th e  c o n d i t i o n  of  a homogeneous s o l u t i o n .  The a c c e p t a b l e  
v a r i a t i o n  l i m i t  of count r a t e  was determined and ex te n d e d  back t o  the  
t ime of  i n j e c t i o n .  To determine  r e q u ir e d  mixing t i m e ,  3 p o s i t i o n s  of  
d e t e c t i o n ,  8,  12, and 16 cm. above th e  tank bottom, were used .  The 
r e q u ir e d  mixing t ime  as d e f i n e d  in  2 .6  was d e term ined  by th e  
s h o r t e s t  t im e  in which t h e  v a r i a t i o n  of  count r a t e s  at  t h e  t h r e e  
d e t e c t i o n  p o s i t i o n s  are w i t h in  t h o s e  l i m i t s .  The r e s u l t s  of  the  
exper im ents  are summarized in Table 4 .1  and some of  them are  shown in  
F igure  4 .3  t o  F igu re  4 . 1 1 .

Another way t o  determine  th e  r e q u ir e d  mixing t ime  was done by 
p l o t t i n g  th e  st an d ard  d e v i a t i o n  of  each s e t  of  100 d a ta  a g a i n s t  t im e .  
The f a i r l y  c o n s t a n t  of  standard  d e v i a t i o n  was d e f i n e d  as a c c e p t a b l e  
s tandard  d e v i a t i o n  and th e  req u ir e d  mixing t ime was d e term ined  as the  
s h o r t e s t  t ime where standard  d e v i a t i o n  o f  th e  3 p o s i t i o n s  of  
d e t e c t i o n  do not  exceed  th e  a c c e p t a b l e  l e v e l .  The r e q u ir e d  mixing  
t ime de termined  here by both 2 methods are  t h e  same as shown in
F igu re  4 . 1 2 .
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4 .3  Determ inat ion  of Required Mixing Time Us ing C o n d u c t i v i t y  Method

The c a l i b r a t i o n  of c o n c e n t r a t i o n  and e l e c t r i c a l  s t r e n g t h  show 
a l i n e a r  r e l a t i o n s h i p  as shown in Figure  4 . 2 .  The r e q u ir e d  mixing  
t ime us ing  c o n d u c t i v i t y  method was o b t a in e d  when t h e  r ea d in g  was 
c o n s t a n t .  The r e s u l t s  are summarized in Table  4 . 1  and some of  them 
are shown in F ig u r e  4 .1 3  t o  F igu re  4 . 2 1 .

4 .4  D i s c u s s i o n  on R e s u l t s  o b t a i n e d  from 2 Method
The r e q u i r e d  mixing t im e s  determined  by t h e  c o n d u c t i v i t y  

method were s l i g h l y  s h o r t e r  than t h o s e  o b t a in e d  from th e  r a d i o a c t i v e  
t r a c e r  t e c h n iq u e  ( e x c e p t  f o r  t h e  s h o r t  r e q u ir e d  mixing  t i m e ) .  The 
p o s s i b i l i t y  of  t h e s e  r e s u l t s  may be caused  by two main r e a s o n s .  
F i r s t l y ,  th e  promotion of mass t r a n s f e r  by d i f f u s i o n  in  u s in g  high  
c o n c e n t r a t i o n  of  sodium c h l o r i d e  s o l u t i o n  in t h e  c o n d u c t i v i t y  method 
as mentioned in 2 . 1 . 2  and s e c o n d l y ,  th e  l i m i t a t i o n  o f  s e n s i t i v i t y  
of measuring i n s tr u m e n t ,  e l e c t r o d e  probes ,  and c o n d u c t im e t e r .  In 
a d d i t i o n ,  in t h e  c o n d u c t i v i t y  method, i t  was d i f f i c u l t  t o  d i s t i n g u i s h  
t r a c e r  re sp o n se  when a homogeneous s o l u t i o n  i s  o b t a in e d  and which  
i n d i c a t e s  t h a t  t h e  r e q u ir e d  mixing t ime has been o b t a i n e d .

4 .5  E f f e c t  of R o t a t i o n a l  Speed o f  Im p e l ler
For t h e  same type  o f  i m p e l l e r  and tank  c o n f i g u r a t i o n ,  the  

req u ir e d  mixing t ime was s h o r t e r  as r o t a t i o n a l  sp eed  o f  i m p e l l e r  was 
i n c r e a s e d  as shown in  Table 4 . 1 .  This  i s  caused  by more c o n v e c t i v e  
mass t r a n f e r  o c c u r r i n g  when t h e  r o t a t i o n a l  sp eed  of  i m p e l l e r  i s
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i n c r e a s e d .

4 .6  E f f e c t  of Type of  I m p e l ler
There i s  no d i s t i n c t  r e l a t i o n s h i p  between t h e  r e q u ir e d  mixing  

t ime and t y p e s  of  i m p e l l e r .  However i t  can be n o t i c e d  t h a t  in many 
c a s e s  fo r  th e  d i s c  and open ty p e  t u r b i n e  i m p e l l e r s  which g e n e r a t e  
r a d i a l  f lo w  th e  r e q u ir e d  mixing t im e  was s h o r t e r  than when t h e  p i t c h  
ty p e  which g e n e r a t e  a x i a l  f lo w  was used .

4 .7  E f f e c t  of  I m p e l l e r  P o s i t i o n
In a lmost  a l l  exper im ents  th e  r e q u ir e d  mixing t ime  of  th e  

i m p e l l e r  p o s i t i o n  s e t  at  8 cm ( 1 / 3  of  tank d ia m e te r )  above tank  
bottom was s h o r t t e r  than th e  t ime  of  i m p e l l e r  p o s i t i o n  s e t  at  12 cm 
( 1 / 2  tank d iam eter)  as shown in  Table 4 . 1 .  I t  may p o s s i b l y  t h a t  
i m p e l l e r  at  th e  f i r s t  p o s i t i o n  co u ld  g e n e r a t e  b e t t e r  c o n v e c t i v e  mass 
t r a n f e r  than t h e  o t h e r  p o s i t i o n .

4 .8  E f f e c t  of B a f f l e
In a l l  exper im ents  th e  req u ired  mixing t ime  of  tank  with  

b a f f l e s  was s h o r t e r  than th e  t ime of th e  tank  w i th o u t  b a f f l e s  as 
shown in  Table 4 . 1 .  I t  was because  more eddy c u r r e n t s  were g e n e r a t e d  
in th e  mixer and t h o s e  promoted mass c o n v e c t i o n  of  th e  t r a c e r  in  
th e  mixer.  The r e s u l t  corresponds  with f i n d i n g  from p r e v io u s  
exper im ents  c i t e d  in th e  l i t e r a t u r e s . c3 ' A' 1 7 ' 1S 3
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4 . 9  D i s c u s s i o n  on A d d i t i o n a l  Work

The c o n t in u o u s  s t i r r e d  tank  and tu b u l a r  v e s s e l  exp er im en ts  were  
conducted t o  apply r a d i o a c t i v e  t r a c e r  t e c h n iq u e  in  i n v e s t i g a t i n g  on 
r e s i d e n c e  t ime of th e  t r a c e r  in  th e  v e s s e l .  For th e  c o n t in u o u s  
s t i r r e d  mixer,  th e  v o l u m e t r i c  f l o w r a t e  of  water and ty p e  of  i m p e l l e r  
are th e  parameters  of  i n t e r e s t .  For th e  t u b u l a r  v e s s e l ,  the  
v o l u m e t r i c  f l o w r a t e  of water and p ip e  diameter  are th e  param eters  of  
i n t e r e s t .

Those parameters  are l i s t e d  as f o l l o w s

1. v o l u m e t r i c  f l o w r a t e  ะ v a r i e d  from 5 . 4 0 ,  8 . 8 5 ,  1 0 . 7 0 ,
1 1 . 8 0 ,  and 1 4 .10  l i t r e / m i n u t e

2. ty p e  of  i m p e l l e r  ะ 3 ty p e s  of  i m p e l l e r  as used  in
above exp er im en t .

3. p ip e  d iam ete r  ะ 3 nominal  p ip e  d i a m e t e r s ,  3, 4,
and. 6 inch w h i l e  k eep ing  t o t a l  
volume of  a l l  tu b e s  a t  10 .86  
l i t r e .

The r e s u l t s  of th e  c o n t in u o u s  s t i r r e d  tank  are shown in 
Table 4 .2  and t h e  r e s u l t s  of  th e  t u b u la r  v e s s e l  are shown in 
Table 4 . 3 .  Some of them are shown in F igure  4 .2 2  t o  F igu re  4 .2 7

I t  can be n o t i c e d  t h a t  t h e  r e s i d e n c e  t im e  in th e  c o n t in u o u s  
s t i r r e d  tank u s in g  open and d i s c  t u r b i n e  i s  c l o s e  t o  th e  t h e o r e t i c a l  
v a l u e ,  but s h o r t e r  than th e  t h e o r e t i c a l  v a l u e  of  t h e  one u s in g  p i t c h  
t u r b i n e .  These r e s u l t s  are in agreement w i th  t h e  p r e v io u s
e x p e r i m e n t s .
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For t h e  tu b u l a r  v e s s e l ,  t h e  r e s i d e n c e  t im e  o b t a in e d  from t h e  

3 i n .  diameter  p ip e  i s  c l o s e  t o  t h e  t h e o r e t i c a l  v a l u e ,  but s h o r t e r  
f o r  t h e  4 in .  d iam eter  p ip e .  The r e s i d e n c e  t im e  i s  very  much s h o r t e r  
f o r  th e  6 i n .  d iam eter  p ip e .  The t r a c e r  responds  shown in F igure  
4 .2 8  t o  F igu re  4 .3 3  show t h a t  f lo w  p a t t e r n  of  water through th e  3 
i n .  and 4 i n .  d iameter  p i p e s  i s  c l o s e  t o  th e  plug f lo w  and 
c l o s e  t o  th e  c o n t in u o u s  s t i r r e d  tank  f o r  t h e  6 i n .  d iam eter  p i p e .

The re a so n s  of  th e  s h o r t e r  r e s i d e n c e  t ime  c o u ld  be: F i r s t l y ,  
t h e  f l u c t u a t i o n  of  v o lu m e tr i c  f l o w  r a t e  of  i n l e t  water which could  
a f f e c t  th e  i n l e t  mean f l o w r a t e  t o  be lower than t h e  d e s i r e d  v a l u e .  
Seco n d ly ,  th e  nonuniform d i s t r i b u t i o n  of  r a d i o a c t i v e  t r a c e r  in  th e  
v e s s e l  along  i t s  t r a v e l l i n g  path  may c a u s e s  s h o r t  c i r c u i t  or by 
p a s s i n g  of  t r a c e r  through out th e  v e s s e l .  In i n d u s t r y ,  th e  s h o r t e r  
of  th e  r e s i d e n c e  than t h e o r e t i c a l  v a lu e  i m p l i e s  t h a t  e i t h e r  th e  
nonuniform product  or product  under s p e c i f i c a t i o n  would be o b t a in e d .



T a b l e  4 . 1  E x p e r i m e n t a l  r e s u l t s  f o r  t h e  d e t e m i n a t i o n  o f  r e q u i r e d  m i x i n g  t i m e

T y p e  D e t e c t i o n S p e e d  o f i n p e l l e r  '' r p a . .1

o f l e v e l 2 0 0 3 0 0 4 0 0

i a p e l  1 e r ( c a . p c - s i t i o n  o f i a p e l 1 e r p o s i t i o n  o f i a p e l 1 e r p o s i t i o n  o f i a p e l 1 e r

8 CB 12 c a 8 c:%. 12 c a 8 c a 12 c a

b a f f l e b a f  f i e b a f f l e b a f  f  l e b a f  f  l e b a f f l e

w i t h ■ wi t h o u t w i t h w i t h o u t w i t h w i t h o u t w i t h w i t h o u t w i t h w i t h o u t  w i t h w i t h o u t

8 1 0 . 5 1 5 . 5 9 . 0 1 0 . 0 1 2 . 0 1 6 . 0 9 . 0 1 0 . 5 5 . 5 1 5 . 5 7 . 5 7 . 0

D i s c 12 1 1 . 0 9 . 0 1 5 . 0 1 5 . 0 9 . 5 7 . 5 7 . 0 1 1 . 5 ■ 5.0 6 . 5 7 .  ง 1 0 . 0

16 1 0 . 0 1 1 . 5 1 5 . 0 2 5 . 0 5 . 5 1 0 . 0 9 . 5 2 0 . 0 5 . 5 1 1 . 0 8 . ว 1 2 . 5

R e q u i r e d R a d i o a c t i v e 1 1 . 0 1 5 . 5 1 5 . 0 2 5 . 0 1 2 . 0 1 6 . 0 9 . 5 2 0 . 0 6 . 0 1 5 . 5 8 . 0 1 2 . 5

a i x i n g  t i a e C o n d u c t i v i t y 1 0 . 0 1 4 - 5 1 4 . 0 2 3 . 5 1 1 . 0 1 5 . 0 8 . 5 1 9 . 0 6 .  0 1 4 . 5 7 . 5 1 1 . 5

8 9 . 5 1 3 . 5 1 2 . 0 1 2 . 0 6 . 5 1 2 . 0 4 . 0 8 . 0 4 . 0 6 . 5 4 . 0 1 2 . 0

O p e n 12 1 1 . 0 9 . 0 1 2 . 5 5 . 0 7 . 5 1 2 . 0 9 . 5 1 1 . 0 3 .  5 4 . 5 3 . 5 1 2 . ว

18 3 . 5 7 . 0 8 . 0 2 0 . 5 7 . 5 1 0 . 5 7 . 5 1 3 . 5 6 . 0 4 . 0 6 . 0 1 2 . 5

R e q u i r e d R a d i o a c t i v e 1 1 . 0 3 3 . 5 1 2 . 5 2 0 . 5 7 . 5 1 2 . 0 9 . 5 1 3 . 5 6 . 0 6 . 5 6 . 0 1 2 . 5

a i x i n g  t i a e C o n d u c t i v i t y 1 0 . 0 ท . 5 1 1 . 5 1 9 . 0 7 . 0 1 1 . ง 8 . 5 1 2 . 5 6 . 0 6 . 5 6 . 0 1 1 . 5

8 9 . 0 1 7 . 0 9 . 0 9 . 0 4 . 0 1 6 . 0 4 . 0 1 0 . 0 6 . 0 1 2 . 5 4 . 5 1 1 . 5

p i t c h 12 9 . 5 5 . 0 1 6 . 5 1 5 . 5 7 . 5 1 5 . 5 9 . 5 8 . 0 7 . 5 1 3 . 5 3 . 5 1 2 . 5

16 1 0 . 0 ! . 5 1 1 . 5 2 0 . 5 7 . 0 6 . 0 5 . 0 1 4 . 0 7 . 0 9 . 0 9 . 5 1 2 . 5

R e q u  i r e d R a d i o a c t  i v e 1 0 .  Ü 1 7 . 0 1 6 . 5 2 0 . 5 7 . 5 1 6 . 0 3 . 5 1 4 . ว 7 . 5 1 3 . 5 9 . 5 1 2 . 5

s i x i n g  L i s e C o n d u c t  i v  i t y 9 . 5 1 6 . 0 1 5 . 5 1 9 . 0 7 . 0 1 5 . 0 8 . 5 1 3 . 0 7 . 0 1 2 . 5 3 . 5 1 1 . 5
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Table 4 .2  R e t e n t i o n  t ime in Continuous s t i r r e d  Tank

Volum etr ic  T h e o r e t i c a l  R es idence  t ime  (second)
f l o w r a t e  r e s i d e n c e  t im e  _______________________________

V/Q Type of  i m p e l l e r
( l i t r e / m i n u t e )  (s econd)  P i t c h  D i s c  Open

5.40 120.69 103.51 120 .40 121 .87
8 .85 7 3 .64 72 .79 73 .8 7 73 .51

10.70 60 .91 51 .20 60 .7 0 6 1 .0 8
11.80 55 .23 45 .63 5 1 .5 4 57 .28
14.10 46 .22 42 .48 44 .31 47 .38

Table 4 .3  R es id en ce  t ime in  Tubular V e s s e l

Volumetric T h e o r e t i c a l R es idence  t ime (second)
f l o w r a t e r e s i d e n c e  t ime

V/Q Nominal p ip e  d iam eter  ( in c h )
( l i t r e / m i n u t e ) (second) 3 4 6

5.40 120,69 120.97 114 .89 101 .50
8.85 7 3 .64 73 .42 7 0 .6 0 69 .10

10.70 60 .91 60 .8 0 6 0 .7 4 67 .2 2
11.80 55 .23 56 .1 2 5 7 .37 61 .2 7
14.10 46 .22 46 .97 4 8 .1 2 49 .41
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Figure  4.12  R e l a t i o n  กโ s ta n d a rd  d e v i a t i o n  of r a d i a t i o n  i n t e n s i t y  nnd 
t ime of mixing of p i t c h  6 bladed  t u r b i n e  at  8 cm , 
speed of  200 rpm , and wi th  b a f f l e s  u s in g  r a d i o a c t i v e  
t r a c e r  t e c h n iq u e
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