
CHAPTER I 

INTRODUCTION

Fluid  mixing i s  the most universa l  of a l l  processing  
operat ion  in chemical  process and a l l i e d  i n d u s t r i e s .  I t  i s  of v i t a l  
importance in mixing food,  petroleum, petrochemicals ,  chemica ls,  pulp 
and paper, phamaceuticals  and in municipal and i n d u s t r ia l  waste  
treatment.  Both heat and mass tra n s fer  are g r e a t ly  in f luen ced  by 
mixing.  In f a c t ,  mixing i s  an in teg ra l  part of a l l  chemical  
p rocess ing .  In s p i t e  of t h i s ,  mixing has proved in t r a c t a b l e  to  a 
r ig i d  t h e o r e t i c a l  a n a ly s i s .  Thus in comparison with the more 
t h e o r e t i c a l l y  developed chemical  engineering operat ion ,  mixing i s  
s t i l l  regarded as something of an art .

Q u i l l e n c l )  d e f in es  mixing as the "intermingling of two or 
more d i s s im i la r  portions  of a m ater ia l ,  r e s u l t i n g  in the attainment  
of a des ired  l e v e l  of uniformity e i t h e r  phys ica l  or chemical ,  in the  
f i n a l  product." Gases, confined in a con ta in er ,  mix rapidly  by 
natural  molecular d i f f u s i o n .  In l iq u i d s ,  however, natural  d i f f u s i o n  
i s  usua l ly  a slow process .  To hasten molecular d i f f u s i o n  within  
l i q u i d s ,  the mechanical energy from a rotat in g  a g i t a t o r  i s  u t i l i z e d .

ParkerC2) d e f in es  a g i t a t i o n  as "the crea t ion  of a s t a t e  of 
a c t i v i t y  such as flow or turbulence ,  apart from any mixing 
accompl ished.”
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Required mixing time i s  one of the important parameters in 

a mixing process .  I f  the time of mixing employed i s  much longer than 
the required mixing t ime,  i t  would waste time and energy.  In 
industry ,  i t  means decreas ing production capaci ty  and increas ing  
extra  expenditure .  In many cases  e x c e s s iv e  a g i t a t i o n  can cause  
segregat ion  of the mixing components. On the contrary,  i f  the time 
of mixing i s  i n s u f f i c i e n t  a nonuniform product w i l l  be formed.

Many conventional  methods can be used to  determine the  
required mixing time C3' i;> such as concentration  
o p t i c a l  <03, dye <10' n )  and temperature < 1 Z \  Radioact ive  tracer  
technique i s  an in t e r e s t i n g  technique  which has p o t e n t ia l  in being  
applied  to  determine the required mixing time because of i t s  
advantages over the conventional  techniques .  The advantages are the  
fo l lowing  C7J

1. Measurement of nuclear rad iat ion  can be made with extreme 
s e n s i t i v i t y  which means that  the amount of tracer  required can be 
kept so small that  i t  w i l l  not in t e r f e r e  the process being s tud ied .

2. The measurement i s  ab so lu te ly  s p e c i f i c  and no substance,  
unless  i t  i s  a l s o  r ad ioa c t ive  can f a l s e l y  in d ic a te  the presence  of 
the tracer  or d is turb  the measurement in q u a l i t a t i v e  sense .

3. There i s  a wide choice  of i so top e s  a v a i la b l e  with a wide 
range of rad iat ion  c h a r a c t e r i s t i c s  and h a l f - l i f e .  For every s i n g l e  
case a s u i t a b l e  i so top e  can be chosen to  f i t  the experimental
condi t ion .
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4. I f  a -em it ter  i so top e  i s  used,  measurement of tracer  
concentrations  can be carr ied  out through the  pipe or v e s s e l  w a l l s ,  
which makes cumbersome sampling unnecessary and a lso  guarantees that  
the system stud ied  i s  undisturbed.

5. Radioact ive  materia l  and rad iat ion  d e tec t io n  
instrumentation required for i n d u s t r ia l  trac in g  are, gen era l ly  
speaking,  qu i te  inexpensive .

The purposes of t h i s  study were to  employ the advantages of 
ra d ioa c t ive  tracer  technique in determining the required mixing time  
and to  compare the r e s u l t s  obtained to  those  using conventional  
technique ,  the con du ct iv i ty  method.

The mixing system used in t h i s  study was a standard  
conf igurat ion  f l a t  bottom c y l i n d r i c a l  tank. I t ’ s diameter was 24 cm 
and i t ’ s height was 30 cm. I t  was f i l l e d  with water up to a height  
of 24 cm. The major i n t e r e s t e d  parameters were

types of impel ler  ะ three  types of im pe l ler ,  6 bladed open
turbine ,  6 bladed d i s c  tu rbine ,  and 
6 bladed 45 degree p i tc h  turbine .

p o s i t i o n s  of impeller:  at 8 cm and 12 cm above tank’ s bottom
(1/3  and 1/2 tank’ s diameter 
r e s p e c t iv e ly )

speeds of impel ler  ะ 200, 300 and 400 rpm
b a f f l e s ะ with and without b a f f l e s  i n s t a l l a t i o n .
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Some experiments were conducted to  determine the res idence  
time in steady s t a t e  continuous f low through two systems.  One was 
continuous s t i r r e d  mixer. The other was tubular  v e s s e l .  The var ied  
parameters were ะ

volumetr ic flow rate  ะ 5 .4 0 ,  8 .8 5 ,  10 .70,  11.80,  and 14.10
l i t r e / m in .

For continuous s t i r r e d  mixer,  the mixer which has the same 
dimension as mentioned above with b a f f l e  i n s t a l l a t i o n  and impeller  
loca ted  at 1/3 tank’ s diameter was used by varying the types of 
im pe l ler .  Three types of impel ler  as mentioned above were used.

For tubular  v e s s e l ,  three  s i z e s  of p ipe ,  3, 4 and 6 in .  
norminal pipe diameter with volume equal to  the volume of water
in the tank were used.
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