
CHAPTER 4

EXPERIMENTAL APPARATUS AND PROCEDURE

EXPERIMENTAL APPARATUS

F i g .  4 . 1  i s  a p h o t o g r a p h  o f  t h e  e x p e r i m e n t a l  a p p a r a t u s .  

The h e a t  t r a n s f e r  p l a t e s  and f r a m e s  w e r e  made by F i s c h e r  Company 

( A u s t r i a )  and t h e  a p p a r a t u s  was  i n s t a l l e d  by P r o c e s s i n g  M a c h i n e r y  

and E q u i p me n t  Co.  L t d .  ( T h a i l a n d ) .  What  f o l l o w s  i s  a t e c h n i c a l  

d e s c r i p t i o n  ( s p e c i f i c a t i o n )  o f  t h e  a p p a r a t u s  and  a d e s c r i p t i o n  o f

e x p e r i m e n t a l  p r o c e d u r e .

P l a t e  He a t  E x c h a n g e r

4 . 1 . 1  D e s c r  i p t  i on

Type ะ c h e v r o n c o r r u g a t  i on a n g l e =  50

d e g r e e s  ; E u r o c a l  5,  a ร p r e s e n t e d

i n  F i g . 4 . 2

P l a t e  M a t e r i a l : AI s 1 304

G a s k e t ะ n i t r i l e r u b b e r

S u r f a c e  p e r  p l a t e ะ 0 . 0 5 ไท2

Wi d t h ะ 0 . 1 1 2 5 ïïl

L e n g t h ะ 0 . 4 4 5 m

T h i c k n e s s : 0 . 0 0 0 6 โท

P l a t e  gap ะ 0 . 0 0 3 1 3 โท
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F i g u r e  4 , 1  P h o t o g r a p h  o f  P l a t e  H e a t  E x c h a n g e r  I n v e s t i g a t e d .

F i g u r e  4 , 2  Type  E u r o c a l  5; C h e v r o n  C o r r u g a t i o n  ( a n g l e  = 50 d e g r e e s ) .
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The p l a t e  h e a t  e x c h a n g e r  u s e d  i n  t h i s  work  i n v e s t i g a t i o n  has  

t h r e e  s e c t i o n s ,  a s  shown i n  F i g .  4 . 3 .

1. R e g e n e r a t i v e  S e c t i o n  ( S e c t i o n  1)

T h i s  s e c t i o n  p r e h e a t s  t h e  i n c o m i n g  p r o d u c t  s t r e a m  by 

t r a n s f e r r i n g  h e a t  f r om t h e  h o t  p r o d u c t  s t r e a m  f r o m t h e  h e a t i n g  

s e c t i o n  t o  t h e  same s t r e a m  f r om t h e  u n h e a t e d  p r o d u c t  t a n k .  I t  has  

37 p l a t e s ,  and a h e a t  t r a n s f e r  a r e a  o f  na  = 0 . 7 5  m 1 and t h e  f l o w

a r r a n g e m e n t  i s  m u l t i p a s s  w i t h  n i n e  p a s s / n i n e  p a s s .

2.  H e a t i n g  S e c t i o n  ( S e c t i o n  2)

The s e c t i o n  h e a t s  up t h e  p r o d u c t  s t r e a m  by t r a n s f e r r i n g  

h e a t  f r om t h e  h o t  w a t e r  s t r e a m  f r om t h e  h o t  w a t e r  t a n k ,  w h i c h  i s  

c o n t r o l l e d  t o  h a v e  a s e t  t e m p e r a t u r e ,  t o  t h e  p r e - h e a t e d  p r o d u c t  s t r e a m  

f r o m  t h e  r e g e n e r a t i v e  s e c t i o n .  I t  h a s  10 p l a t e s  and  a h e a t  

t r a n s f e r  a r e a  o f  na  = 0 . 0 4  m3 . The f l o w  a r r a n g e m e n t  i s

m u l t i p a s s  w i t h  t wo  p a s s / t w o  p a s s .

3.  C o o l i n g  S e c t i o n  ( S e c t i o n  3)

The s e c t i o n  f i n a l l y  c o o l s  down t h e  p r o d u c t  s t r e a m  by 

t r a n s f e r r i n g  h e a t  f rom t h e  p r o d u c t  s t r e a m  f r om t h e  r e g e n e r a t i v e  

s e c t i o n  t o  c o o l i n g  w a t e r  f r om t h e  c o o l i n g  w a t e r  t a n k .  I t  h a s  13 

p l a t e s ,  w i t h  a h e a t  t r a n s f e r  o f  a r e a  na  = 0 . 0 5  ไท- and t h e  f l o w

a r r a n g e m e n t  i s  m u l t i p a s s  w i t h  t h r e e  p a s s / t h r e e  p a s s .
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4 . 1 . 2  Flow Di ag r am o f  P l a t e  He a t  E x c h a n g e r

F i g .  4 . 4  i s  t h e  f l o w d i a g r a m  o f  t h e  e x p e r i m e n t a l  a p p a r a t u s .

The  m e a n i n g s  o f  t h e  symb o l s  shown t h e  F i g u r e  a r e  e x p l a i n e d  i n  t h e

f o l l o w i n g  l i s t .

1.  R e g e n e r a t i v e  s e c t i o n ( S e c t i o n  1 ) .

2 .  H e a t i n g  s e c t i o n < S e c t  i o n  2 ) .

3 .  C o o l i n g  s e c t i o n < S e c t  i o n  3 ) .

A. P r o d u c t  t a n k ,  1 โท3 .

B. S h u t - o f f  v a l v e  ( n o . l )  f o r  u n h e a t e d  p r o d u c t  s t o r a g e  t a n k .

c .  S t a i n l e s s  s t e e l  pump,  1 HP, f o r  p r o d u c t  s t r e a m .

D. R e c i r c u l a t i o n  v a l v e  ( n o . 2) f o r  p r o d u c t  s t r e a m .

E.  Flow r e g u l a t i n g  v a l v e  ( n o . 3) f o r  p r o d u c t  s t r e a m  i n t o  

r e g e n e r a t i v e  s e c t i o n .

F.  P r o d u c t  f l o w  m e t e r ( r o t a m e t e r ) ,  s c a l e  1 - 7 . 5  LPM.

G. T h e r m o c o u p l e  s e t  n o . l  f o r  p r o d u c t  t e m p e r a t u r e  m e a s u r e m e n t  a t

i n l e t  o f  t h e  r e g e n e r a t i v e  s e c t i o n .

H. T h e r m o c o u p l e  s e t  n o . 2 f o r  p r o d u c t  t e m p e r a t u r e  m e a s u r e m e n t  a t

o u t l e t  o f  t h e  r e g e n e r a t i v e  s e c t i o n  ( i n l e t  o f  h e a t i n g  s e c t i o n ) .

I .  T h e r m o c o u p l e  s e t  n o . 3 f o r  p r o d u c t  t e m p e r a t u r e  m e a s u r e m e n t  a t

o u t l e t  o f  h e a t i n g  s e c t i o n  ( i n l e t  o f  r e g e n e r a t i v e  s e c t i o n ) .

ช.  T h e r m o c o u p l e  s e t  no .  4 f o r  p r o d u c t  t e m p e r a t u r e  m e a s u r e m e n t  a t

o u t l e t  o f  r e g e n e r a t i v e  s e c t i o n  ( i n l e t  o f  c o o l i n g  s e c t i o n ) .

K. T h e r m o c o u p l e  s e t  no .  5 f o r  p r o d u c t  t e m p e r a t u r e  m e a s u r e m e n t  a t

o u t l e t  o f  c o o l i n g  s e c t i o n .

L. E l e c t r i c  h e a t e r ,  12 KW 1 w i t h  t e m p e r a t u r e  c o n t r o l l e r  t o  p r o d u c e  

h o t  w a t e r  i n  t h e  s t o r a g e  t a n k .

M. Hot  w a t e r  pump,  0 . 6  HP.
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N. R e c i r c u l a t i o n  v a l v e  ( n o .  4) f o r  h o t  w a t e r  s t r e a m .

O. Flow r e g u l a t i n g  v a l v e  ( n o . 5) f o r  h o t  w a t e r  s t r e a m  i n t o  h e a t i n g

s e c t  i on.

p.  Flow m e t e r  ( r o t a m e t e r )  f o r  h o t  w a t e r ,  s c a l e  0 . 1 8 - 0 . 9 6  m / h r .

Q. T h e r m o c o u p l e  s e t  no .  6 f o r  h o t  w a t e r  t e m p e r a t u r e  m e a s u r e m e n t  

a t  i n l e t  o f  h e a t i n g  s e c t i o n .

R. T h e r m o c o u p l e  s e t  n o .  7 f o r  h o t  w a t e r  m e a s u r e m e n t  a t  o u t l e t  o f  

h e a t i n g  s e c t i o n .

ร.  Pump f o r  c o o l i n g  w a t e r  ( t a p  w a t e r ) ,  0 . 6  HP.

T.  R e c i r c u l a t i o n  v a l v e  ( n o . 6) f o r  c o o l i n g  w a t e r  s t r e a m .

บ. Flow r e g u l a t i n g  v a l v e  ( n o .  7)  f o r  c o o l i n g  w a t e r  i n t o  c o o l i n g

s e c t  i on .

V. C o o l i n g  w a t e r  f l o w  m e t e r  ( r o t a m e t e r ) ,  s c a l e  1 . 8 - 1 8  LPM.

พ. T h e r m o c o u p l e  s e t  no .  8 f o r  c o o l i n g  w a t e r  t e m p e r a t u r e  m e a s u r e m e n t

a t  i n l e t  o f  c o o l i n g  s e c t i o n .

X. T h e r m o c o u p l e  s e t  no .  9 f o r  c o o l i n g  w a t e r  t e m p e r a t u r e  m e a s u r e m e n t

a t  o u t l e t  c o o l i n g  s e c t i o n .

Y. T h e r m o c o u p l e  s e t  n o .  10 f o r  h o t  w a t e r  t e m p e r a t u r e  t e m p e r a t u r e  

m e a s u r e m e n t  i n  s t o r a g e  t a n k .

z .  S h u t - o f f  v a l v e  ( n o .  8) f o r  w a t e r  s u p p l y  t o  p r o d u c t  t a n k  a n d / o r  

h o t  w a t e r  t a n k .

AA. S h u t - o f f  v a l v e  ( n o .  9) f o r  w a t e r  s u p p l y  t o  p r o d u c t  t a n k .

AB. S h u t - o f f  v a l v e  ( n o .  10) f o r  w a t e r  s u p p l y  t o  h o t  w a t e r  t a n k .

AC. D r a i n  v a l v e  ( n o .  11) f o r  h o t  w a t e r  t a n k .

AD. E l e c t i c a l  p a n e l  ( s w i t c h b o a r d )  o f  p l a t e  h e a t  e x c h a n g e r .
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Ex p e r  i m e n t a  1 P r o c e d u r e

4 . 2  G e n e r a l  E x p e r i m e n t a l  P r o c e d u r e

1. Open t h e  ma i n b r e a k e r .

2. Check l e v e l o f  w a t e r i n t h e  h o t w a t e r t a n k  t o make  s u r e t h a t i t

i ร f u l l .  I f  n o t , i t  c a n be f i l l e d by c l o s i n g v a l v e  ( n o . 7) and

o p e n i n g  v a l v e  ( n o .  8) and v a l v e  ( n o .  1 0 ) .

3.  F i l l  p r o d u c t  i n t o  t h e  p r o d u c t  t a n k .

4.  Open v a l v e ( n o . l )  and s w i t c h  on t h e  p r o d u c t  pump.  A d j u s t  t h e  

f l o w  r a t e  o f  t h e  p r o d u c t  by m a n i p u l a t i n g  v a l v e s  ( n o .  2 and no .  3 ) ,  

and  r e a d  t h e  f l o w  r a t e  w i t h  t h e  f l o w  m e t e r  F.

5.  S w i t c h  on t h e  h o t  w a t e r  pump and a d j u s t  t h e  f l o w  r a t e  o f  ho t

w a t e r  by m a n i p u l a t i n g  v a l v e s ( n o .  4 and n o .  5 ) .  S e t  t h e  d e s i r e d

t e m p e r a t u r e  o f  t h e  h o t  w a t e r  on t h e  t e m p e r a t u r e  c o n t r o l l e r  and 

s w i t c h  on t h e  h e a t e r .

5.  T e m p e r a t u r e  o f  t h e  h o t  w a t e r  w i l l  i n c r e a s e  u n t i l  i t  r e a c h e s  t h e

s e t  t e m p e r a t u r e .  The t e m p e r a t u r e  c o n t r o l l e r  w i l l  t u r n  t h e  h e a t e r

on o r  o f f  t o  k e e p  t h e  h o t  w a t e r  t e m p e r a t u r e  a t  t h e  s e t  v a l u e .

7 .  S w i t c h  on t h e  c o o l i n g  w a t e r  pump and a d j u s t  i t s  f l o w  r a t e  by 

m a n i p u l a t i n g  v a l v e s  ( n o .  6 and n o .  7 ) .

8.  Read and r e c o r d  t h e  t e m p e r a t u r e s  i n d i c a t e d  by t h e r m o c o u p l e  s e t  

n o .  1 t o  no .  9 a f t e r  t h e y  ha s  r e a c h e d  s t e a d y - s t a t e  v a l u e s .

9 .  S w i t c h  o f f  and pumps and m a i n  t h e  b r e a k e r  when t h e  e x p e r i m e n t  

h a s  e n d e d .

At f i r s t ,  t h e  r o t a m e t e r s  u s e d  t o  m e a s u r e  t h e  f l o w  r a t e s  o f  t h e

p r o d u c t ,  h o t  w a t e r  and c o o l i n g  w a t e r  s t r e a m s  w e r e  c a l i b r a t e d  f o r
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e a c h  t y p e  o f  l i q u i d  a t  room t e m p e r a t u r e .

4 . 3  E x p e r i m e n t a l  C o n d i t i o n s  I n v e s t i g a t e d

T h r e e  t y p e s  o f  p r o d u c t s <w a t e r , s u c r o s e  s o l u t i o n  and g l y c e r i n e  

s o l u t i o n )  h a v e  b e e n  i n v e s t i g a t e d  u n d e r  s i m i l a r  e x p e r i m e n t a l  

c o n d i t i o n s ;  t h e  t e m p e r a t u r e s  o f  t h e  h e a t i n g  w a t e r  i s  v a r i e d  t o  be 75,  

85 ,  and 98 ° c  and t h e  f l o w  r a t e s  o f  t h e  p r o d u c t s ,  h e a t i n g  waoer  

and c o o l i n g  w a t e r  s t r e a m s  a r e  as  f o l l o w s .

4 . 3 . 1  Ca s e  I :  P r o d u c t  i s  w a t e r

In t h i s  c a s e  w a t e r  i s  t a k e n  t o  be t h e  p r o d u c t  t o  be 

p r e h e a t e d ,  h e a t e d  and c o o l e d  by t h e  r e s p e c t i v e  s e c t i o n s  o f  t h e  

p l a t e  h e a t  e x c h a n g e r .

4 . 3 . 1 . 1  Ca s e  I — 1Î Equ a l  f l o w  r a t e s

In c a s e  1 - 1 ,  t h e  f l o w  r a t e s  o f  t h e  p r o d u c t ( w a t e r ) , h e a t i n g  

w a t e r  and c o o l i n g  w a t e r  s t r e a m s  a r e  a l w a y s  e s s e n t i a l l y  t h e  same.

4 . 3 . 1 . 1 . 1  Cas e  I - l ( a ) :  Hot  w a t e r  a t  75 c

The e x p e r i m e n t a l  p r o c e d u r e  i s  a s  f o l l o w s :

( i )  . A d j u s t  t h e  f l o w  r a t e s  o f  t h e  p r o d u c t  s t r e a m ,  ho t  

w a t e r  s t r e a m  and c o o l i n g  w a t e r  s t r e a m  t o  be  2 LPM.

( i i )  . Re c o r d  t h e  t e m p e r a t u r e s  i n d i c a t e d  by 

t h e r m o c o u p l e s  n o .  1-  n o .  9 a t  s t e a d y  s t a t e .
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( i i i ) .  R e p e a t  s t e p s  ( i )  and ( i i ) ,  b u t  

r a t e s  o f  t h e  p r o d u c t ,  t h e  h o t  w a t e r  and t h e  

s t r e a m s  t o  be 3,  4 ,  5,  6,  7 and 7 . 5  LPM, r e s p e c t i v e l y .

4 . 3 . 1 . 1 . 2  Ca s e  i - l ( b ) :  Hot  w a t e r  a t  85 c

4 . 3 . 1 . 1 . 3  Cas e  l - l ( c ) :  Hot  w a t e r  a t  98 c

c h a n g e  t h e  f l o w 

c o o l i n g  w a t e r

The e x p e r i m e n t a l  p r o c e d u r e  o f  c a s e s  I - l ( b )  and I - l ( c )  a r e  

t h e  same a s  t h a t  o f  c a s e  I - l ( a ) .

4 . 3 . 1 . 2  Cas e  1- 2 :  Un e q u a l  f l o w  r a t e s .

4 . 3 . 1 . 2 . 1  Case  I — 2< a ) ะ Hot  w a t e r  a t  75 c

( i )  . S e t  t h e  f l o w  r a t e s  o f  b o t h  t h e  h o t  w a t e r  and  c o o l i n g  

w a t e r  s t r e a m s  t o  3 LPM, b u t  s e t  t h e  f l o w  r a t e  o f  t h e  p r o d u c t  s t r e a m  

t o  2 LPM.

( i i )  . Read and r e c o r d  t h e  t e m p e r a t u r e  d a t a  a t  s t e a d y  s t a t e .

( i i i )  . Keep c o n s t a n t  t h e  h o t  w a t e r  and t h e  c o o l i n g  w a t e r

f l o w  r a t e s  w h i l e  v a r y i n g  t h e  f l o w  r a t e  o f  t h e  p r o d u c t  s t r e a m  t o  4,  5,

5,  7,  and 7 . 5  LPM, r e s p e c t i v e l y .  R e p e a t  s t e p  ( i i )  f o r  e a c h  p r o d u c t

f l o w  r a t e  m e n t i o n e d  h e r e .

( i v ) . Nex t  r e p e a t  s t e p s  ( i ) - ( i i i )  by v a r y i n g  t h e  f l o w  

r a t e s  o f  b o t h  t h e  h o t  w a t e r  and  t h e  c o o l i n g  w a t e r  s t r e a m s  t o  4,  5,

6,  7,  7 . 5 ,  9, .  and  12 L P M , r e s p e c t i v e l y . Fo r  e a c h  c o n d i t i o n  o f  e q u a l

f l o w  r a t e s ,  t h e  p r o d u c t  f l o w  r a t e  i s  a d j u s t e d  f r o m  2 t o  7 . 5  LPM.

a s  m e n t i o n e d  a b o v e .

4 . 3 . 1 . 2 . 2  Ca s e  I — 2 ( b ) ะ Hot  w a t e r  a t  85 c

4 . 3 . 1 . 2 . 3  Ca s e  I - 2 ( c ) :  Hot  w a t e r  a t  98 C

พ
 J
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The e x p e r i m e n t a l  p r o c e d u r e  f o r  c a s e s  I - 2 ( b )  and ( c l  i s  t h e  

same a s  t h a t  o f  c a s e  i - l ( a l .

4 . 3 . 2  Cas e  I I :  P r o d u c t  i s  s y r u p  ( s u c r o s e  s o l u t i o n

I n  c a s e  I I ,  t h e  p r o d u c t  i s  a s y r u p  o f  v a r i o u s  f i x e d  

c o n c e n t r a t i o n s  w h i l e  t h e  o t h e r  two s t r e a m s  a r e  w a t e r .

4 . 3 . 2 . 1  Cas e  I I — 1 Î 20 wt% s y r u p

4 . 3 . 2 . 2 Case 11 - 2 : 30 wt% s y r u p

4 . 3 . 2 . 3 Case I 1- 3: 40 wt s s y r u p

C a s e s  I I - 1 , I 1-2 and I ]; - 3 a l l  ha v e t h e same e x p e r  i m e n o a 1

p r o c e d u r e  a s  t h a t o f Case i - 1 . Of c o u r s e , t h e f  1 ow r a t e s  o f  a l l

s t r e a m s  a r e  e s s e n t i a l l y  t h e  same d u r i n g  e a c h  r u n .

4 . 3 . 3  Ca s e  I I I :  P r o d u c t  i s  g l y c e r i n e  ( i n  w a t e r )

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

s t r e a m s  a r e  w a t e r .

4 . 3 . 3 .  1 Cas e I 11 - 1  : 40 V O  1% g l y c e r i n e

4 . 3 . 3 . 2 Case 1 1 1- 2 : 50 vol% g l y c e r i n e

4 . 3 . 3 . 3 Cas e 11 1- 3 : 60 V O  1 % g l y c e r i n e

C a s e s I I I - 1 , I I 1-2 and 111 - 3  a l l  ha v e  t h e  same e x p e r i m e n t a l

p r o c e d u r e  a s  t h a t  o f  Cas e  1 - 1 .  I n  a d d i t i o n ,  a l l  f l o w  r a t e s  a r e  

e s s e n t i a l l y  e q u a l  d u r i n g  e a c h  r u n .

4 . 4  Summary o f  E x p e r i m e n t a l  C o n d i t i o n s

T a b l e s  4 . 1  and 4 . 2  s u m m a r i z e  t h e  e x p e r i m e n t a l  c o n d i t i o n s



Table 4.1 Summary of experiments  f o r  equal  flow r a t e s .

H o t w a t e r  f l o w  r a t e  (H ) = C o o l  w a t e r  f l o w  r a t e  (C ) = P r o d u c t  w a t e r  f l o w  r a t e  ( P ) ,  LPM. 

E a c h  r u n  n u m b e r  c o n s i s t s  o f  t h r e e  c a s e s ,  n a m e l y ,  T 10  = 9 8 ,  8 5 ,  a n d  75  c,  r e s p e c t i v e l y .

T y p e  o f  P r o d u c t W a te r S y r u p l w t x ) G l y c e r i n e ( v o l X )

C o n c e n t r a t i o n - 20 30 40 40 50 60

Run No. H = c = p H=c = p H = c = p H-C=p H = c = p H -C ^P H=C=P

1 2 2 2 2 2 2 2
2 3 3 3 3 3 3 3

3 4 4 4 4 4 4 4

4 5 5 5 5 5 5 5

5 6 6 6 - 6 6 -

ช

7 7 . 5 - - - - - -



Table 4.2 Summary of  exper  imerita 1 c o n d i t i o n s  fo r  unequal w a te r /w a te r  flow r a t e s  ( 1. P M ) .

E a c h  r u n  n u m b e r  c o n s i s t s  o f  t h r e e  c a s e s ,  n a m e ly ,  T 10 = 9 8 ,  8 5 ,  a n d  75  °c, r e s p e c t i v e l y .

S e t  Ho. 1 2 3 4 5 6 7 8

Run Ho. H c p H c p tl c p II c p II c p II c p II c p II c p

1 3 3 7 , 5 4 4 7 . 5 5 5 7 , 5 6 6 7 . 5 7 7 7 . 5 7 . 5 7 . 5 7 9 9 7 12 12 7
2 3 3 7 4 4 7 5 5 7 6 6 7 7 7 6 7 . 5 7 , 5 6 9 9 6 12 12 5
3 3 3 6 4 4 6 5 5 6 5 6 5 7 7 5 7 . 5 7 . 5 5 9 9 5 12 12 5
4 3 3 5 4 4 5 5 5 4 6 6 4 7 7 4 7 , 5 7 . 5 4 9 9 4 12 12 4
5 3 3 4 4 4 3 5 5 3 6 6 3 7 7 3 7 . 5 7 . 5 . 3 9 9 3 12 12 3
6 3 3 2 4 4 2 5 5 2 6 6 2 7 7 2 7 . 5 7.5 2 9 9 2 12 12 2
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u s e d  i n  t h e  p r e s e n t  s t u d y .

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

c a s e s  o f  e q u a l  1 i q u i d / 1 i q u i d f l o w  r a t e s .  T a b l e  4 . 2  s u m m a r i z e s  t h e  

e x p e r i m e n t a l  c o n d i t i o n s  f o r  t h e  c a s e s  o f  u n e q u a l  w a t e r / w a t e r  f l o w  

r a t e s .

The c o r r e s p o n d i n g  e x p e r i m e n t a l  v a l u e s  o f  t h e  R e y n o l d s  and 

P r a n d t l  n u m b e r s  o f  e a c h  s t r e a m  i n  e a c h  s e c t i o n  o f  t h e  p l a t e  

e x c h a n g e r  a r e  p r e s e n t e d  i n  T a b l e s  4 . 3 - 4 . 1 7 .  The p i  l o - j - s c a  l e  p l a t e

h e a t  e x c h a n g e r  s t u d i e d  ha s  c h e v r o n  c o r r u g a t i o n s  and  t h e  t r a n s i t i o n

r e g i m e  r a n g e s  f r om Re a p p r o x i m a t e l y  10 t o  150.  More s p e c i f i c a l l y ,  

T a b l e  4 . 3  l i s t s  t h e  v a l u e s  o f  Re and P r  u s e d  i n  ไ,he

e x p e r i m e n t s  f a r  t h e  c a s e  o f  e q u a l  w a t e r / w a t e r  f l o w  r a t e s .  Her e  t h e  Re 

r a n g e s  b e t w e e n  379 and 3 , 1 8 4  ( t u r b u l e n t  r e g i o n ) .  T a b l e s  4 . 4 - 4 . 1 1  

l i s t  t h e  v a l u e s  o f  Re and Pr  u s e d  i n  t h e  e x p e r i m e n t s  f o r  t h e  c a s e s  

o f  u n e q u a l  w a t e r / w a t e r  f l o w  r a t e s .  He r e  t h e  f l o w  r a t e s  o f  t h e  h o t  

w a t e r ( H )  and c o a l i n g  w a t e r ( C )  s t r e a m s  a r e  b o t h  s e t  a t  3,  4,  5,  6,  7,  

7 . 5 ,  9,  and 12 LPM, r e s p e c t i v e l y .  Fo r  e a c h  s e t  o f  c o n d i t i o n  f o r  t h e

h o t  and c o o l i n g  w a t e r  f l o w  r a t e s ,  t h e  p r o d u c t  f l o w  r a t e  i s  v a r i e d

f r o m 2 t o  7 . 5  LPM. The c o r r e s p o n d i n g  v a l u e  o f  p r o d u c t  Re t h u s  r a n g e s

b e t w e e n  584 and 4 , 9 6 1 ( t u r b u l e n t  r e g i o n ) .

T a b l e s  4 . 1 2 - 4 . 1 4  l i s t  t h e  v a l u e s  o f  Re and Pr  u s e d  i n  t h e  

e x p e r i m e n t s  f o r  t h e  c a s e s  o f  e q u a l  s y r u p / s y r u p  f l o w  r a t e s  w i t h  s y r u p  

c o n c e n t r a t i o n  b e i n g  20 ,  30 ,  and 40 wt%, r e s p e c t i v e l y .  He r e  t h e

v a l u e s  o f  Re f a l l  b e t w e e n  150 and 1 , 260  ( t u r b u l e n t  r e g i o n ) .

T a b l e s  4 . 1 5 - 4 . 1 6  l i s t  t h e  v a l u e s  o f  Re and Pr  u s e d  i n  t h e  

e x p e r i m e n t s  f o r  t h e  c a s e s  o f  e q u a l  g l y c e r i n e / g l y c e r i n e  f l o w  r a t e s

w i t h  g l y c e r i n e  c o n c e n t r a t i o n o f 40, 50 ,  and 60 vo l %,

r e s p e c t i v e l y .  Her e  t h e  v a l u e s o f Re f a l l b e t w e e n  85 and 754 .

So t h e  t r a n s i t i o n  r e g i o n  o c c u r s  o n l y  i n  c a s e  o f  60 vc l % g l y c e r i n e
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c o n c e n t r a t i o n  and 2 LPM f l a w  r a t e .  The r e s t  i s  i n  o n e  t u r b u l e n t

f l o w  r e g i o n .
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Table 4.3 Espensentai conditions for equal sater/water flow rates.

P roduct 15 w ater : n o  = 9 3 ° c

S ection
Equai flow ra ie s

7•J 1 2
H = c  = P

«a t e r Water H ater H ater H ater H ater
( LPH)

Re Pr Re Pr Se Pr Re Pr Re Pr Re .Pr
2 4 0 6 4 .9 3 4 1 2 4 . 8 5 613 3 . 1 3 6 6 3 2 . 3 7 90 4 2 . 0 4 7 8 9 1 . 7 5
7 5 9 7 5 .0 4 609 4 . 9 3 9 0 6 3 . 1 3 9 8 4 2 . 9 0 1341 2 . 0 7 1 1 7 0 1 . 9 7
4 7 8 3 5 .0 3 3 0 4 4 . 9 3 1 1 89 3 . 2 4 1 2 9 3 2 . 9 4 1 7 6 6 2 . 0 9 1 5 5 1 1 . 9 0
5 9 7 5 5 .1 5 1 0 0 0 ว ิ.  01 1474 3 . 2 7 1 6 1 6 2 . 9 4 2 1 9 5 2 . 1 1 1 9 2 2 2 . 0 0
6 1 1 8 2 5 .0 9 1 2 0 6 4 . 9 9 1 7 55 3 . 3 0 1 9 1 0 2 . 9 9 2 5 8 7 2 . 1 4 2 2 7 4 2 . 0 3
7 1 3 5 0 5 .2 1 1 3 7 3 5 .0 9 19 99 3 . 3 0 2 9 6 3 3 . 0 4 2 9 6 3 2 . 1 3 2 6 2 2 2 . 0 6

7 . 5 1 4 2 5 5.3 1 1 4 62 ว ิ. 15 21 51 3 . 3 7 2 3 5 2 3 . 0 4 3 1 8 5 2 . 1 8 2 8 1 8 2 . 0 5

Product IS  w ater : n o  = 8 5 ° c

S ec tio n
Equai flow ra ie s

2
H -  c  = P

water H ater H ater H ater H ater H ater
; LPH)

Re Pr Re Pr Re Pr Re Pr Re Pr Re p r

■า
L 3 8 0 5 .3 1 3 8 8 5 .1 8 546 3 . 5 4 587 3 . 2 8 775 2 . 4 1 6 7 6 2 . 3 0

56 7 5 .3 4 579 5 .2 1 31 9 3 . 5 4 88 1 3 . 2 8 11 70 2 . 3 9 1 0 1 3 2 . 3 0
4 7 5 6 ว ิ.  34 7 7 2 ว ิ.  21 1 0 38 3 . 5 6 1 1 70 3 .  ท ) 1 5 5 0 2 .4 1 1 3 3 4 ๆ 7 7

cว 9 4 5 5 .3 4 9 6 5 5 .2 1 13 48 3 . 5 9 1451 3 . 3 3 1 9 1 2 2 . 4 4 1 6 6 7 2 . 3 3
6 1 1 2 8 5 .3 8 1 1 5 2 ว ิ. 24 1 6 0 4 3 . 6 2 1 7 34 3 . 3 4 2 2 7 9 2 . 4 6 1 9 9 4 2 . 3 4
7 1 2 9 5 5 .4 8 1 3 2 3 ว ิ. 34 1 8 4 8 3 . 6 6 1 9 9 9 3 . 3 8 2 6 3 3 2 . 4 8 2 3 0 5 2 . 3 6

7 . 5 1 3 8 8 5 ,4 8 1 4 1 7 ว ิ. 34 1 9 72 3 . 6 8 2 1 2 5 3 .4 1 2 7 9 2 2 . 5 1 2 4 3 7 2 . 3 9

P ro d u c t IS  w ater : n o  = 7 5 ° c

S e c t i o n

1
H = C = P

$ d te r H ater H ater H ater H ater H ater
(LPH)

Re P r ท _rte Pr Re Pr Re P r Re Pr Re P r
•ๆ 4 1 0 4 . 3 8 414 4 . 8 2 539 3 . 5 9 567 3 . 4 1 715 2 . 6 4 6 1 6 2 . 5 3
3 6 1 2 4 .8 2 62 1 4 . 3 2 30 2 3 . 6 2 8 5 0 3 . 4 1 1 0 65 2 . 6 6 9 2 8 2 . 5 2
4 8 1 2 4 .3 3 8 2 4 4 . 8 5 1 0 65 3 , 6 3 1 1 2 9 3 , 4 3 1 4 1 0 2 . 6 8 1 2 2 0 2 . 5 6
5 1 0 2 5 4 .8 8 10 35 4 .3 2 1314 3 . 6 8 1 4 0 5 3 . 4 4 1 7 50 2 . 7 0 1 5 3 0 2 . 5 5
6 . 1 1 9 4 วิ . 04 1 2 1 8 4 . 9 3 1 5 64 3 , 7 2 1 6 59 3 . 5 0 2 0 7 1 2 . 7 5 1 8 1 2 2 . 5 9
7 1 3 9 3 ว ิ.  04 14 14 4 ,9 6 13 25 3 . 7 2 19 27 3 . 5 1 2 4 0 7 2 . 7 6 2 0 9 2 2 . 6 2

7 , ะ 14 84 ว ิ.  07 1 5 0 7 4 .9 ? 1 9 22 3 .8 1 2 0 4 8 3 . 5 4 2 5 3 3 2 . 8 1 2 2 1 3 2 . 6 6
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labié 4,4 Experisentai cendilions for unequal Wdter/water (H = c = 3 and vary P (LPM)

Product is  water : n o  = ?8°c
n=L=ทุ i.L rn j

S ection

3 1 2
P ทน r.r p p p H

(LPM) Water Hater Hater H ater Hater H ater

Re Pr Re Pr Re Pr Re ■Pr Re Pr Re Pr

L 597 5.04 406 4.93 o!8 3.10 671 2 .33 915 2.02 1197 1.92
a*t 597 5.04 816 4.90 1179 3.27 1293 2.94 1740 2.12 .*150 2.01
cว 597 5.04 1020 4.90 i  J C I  7 7 71431 ว.ทุทุ 1586 3.00 2117 2.18 1131 2.04
0 591 5.09 1224 4.90 1700 3.41 1354 3.10 2462 2.26 n i l 2 .08
7 , 579 c 'llว . Z Î 1407 4.99 1935 3.50 2105 3 .20 2783 2.35 1088 2.12

■7 C/ . ว 535 5.15 1507 4.99 2056 3.53 2229 7  ■า4ท ุ.Zn 2944 2 .38 1081 2.14

Product is  w a ter ะ n o  = 35°c

S ection

ไ 2
P น P p p p H

! LPM ! Water Hater Hater H ater Hater H ater

Re Pr Re Pr Re Pr Re Pr Re Pr He Pr

ทุ 597 ว. 04 400 5.01 562 3.44 604 3.18 m ei 7 ว 2 35 รํ :'i ~ ทi นุ ทุ 7 9.23
600 5.01 312 4.93 1088 3.56 1179 3.27 1529 z. 1007 2*.31

a 538 c i nว. ÏZ 1010 4.96 1348 3.59 1445 3.34 1862 2.51 997 2.34
0 585 c 4 cว. ID 1206 4.99 1577 3.68 1693 3.43 2166 2.60 975 2 .39
7 585 5.15 1407 4.99 1317 3.74 1951 3.47 1975 3,43 959 2.43

7 ,5 585 5.15 1507 4.99 1922 3.81 2065 3.51 2597 2.73 956 2.44

P roduct is  water ; T10 ะ 75°c
n -L -ท ุ IL rn )

S ection

3 [ 2

P c p p p p H

(LPM) • la te r Hater Hater H ater Hater H ater

Re Pr Re Pr Re Pr Re Pr Re Pr Re Pr

L 535 z 1 cว. 1 ว 396 5.07 535 3.62 564 3.43 720 2.61 931 2.51
flif 532 5.18 792 5.07 1020 3 .83 1092 7  c Aทุ . D4 1375 2.76 903 2.60
C
J 573 ■ c 'ไกว . Zri 985 5.09 1254 3.91 1337 3.62 1670 2.85 387 2 . 66
6 579 5.21 1182 5.09 1471 4.01 1577 3 .63 1954 2.92 375 2 .70
7 585 5.15 1378 5.09 1693 4.08 1817 3.74 2229 2.99 360 2.76

■7 C/ , ว 567 5.34 1447 5.21 1/98 4.12 1905 3 .35 2343 3.05 350 2.79
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Table 4.5 Experiiental conditions for unequal nater/uater (H - c : 4 and vary ? (LPM)).

- i  /เ PM)
P ro d u c t i s  H ater : n o  - 98 °c

*t '1 Lrnj
S ec tio n

'll

7 1 ทุi.

p C p p P p H

(LPM) Mater Mater Mater Mater Mater Mater
Re Pr Re Pr Re Pr Re Pr Re Pr Re Pr

ๆ 780 c < cว» i  0 400 5.01 611 3.14 668 2.03 912 2.03 1596 1.92
■ j 734 5.12 600 5.01 902 3 .20 977 2.92 1341 2.07 1560 1.97
5 788 5.0? 1015 4.93 1451 3.33 1580 3.01 2130 2.17 1516 2.03
6 780 5.15 1213 4.93 1714 3,38 1868 3.07 2493 - 2.23 1481 2 .08
7 780 5.15 1421 4.93 1983 3.41 2163 3.10 2873 2.26 1472 2.09

7 , 5 300 5.01 1553 4.82 2116 3.43 2299 3.13 3021 2.31 1446 2.13

Product is  H ater : T10 = 35°c
ะ4 (LPM)

S ec tio n
y < 2

ทr ทL, F p p p H

(LPM) Mater Mater Mater Mater Mater M ater

Re Pr Re 1 r Re Pr Re Pr Re Pr Re Pr
•ทุ 780 5.15 398 5.04 567 3.41 608 3 15 805 2.31 1398 2.21
j 776 5.18 591 5.09 333 3.49 892 3.24 1181 7 7. ๆ 137/ ทุ ทุ ç
5 780 5.15 995 5.04 1337 3 ,6  2 1451 3.33 1887 2 . 48 1334 ทุ 7 7i  . 00
6 772 5.21 1188 5.07 1577 3.68 1707 3.40 2204 2.55 1308 ทุ 7ท il .00
7i 764 5.28 1373 5,09 1809 3.77 1951 3.47 2502 2.64 1283 ทุ 4 7i  ,  n o

7 .5 764 5.28 1477 5.09 1922 3.31 2073 3.50 2643 2.68 1279 2.43

Product i s  H ater : n o  = '5 ° c
- 4  / !

S ec tio n

3 1 2
p c P p P p H

1 LPM) Mater w ater Mater Mater Mater M ater
ท _He Pr Re Pr Re Pr Re Pr Re Pr Re Pr

ทุ 760 5.31 386 5.21 526 3.68 557 3.47 720 2.61 1250 2 .4 ?
764 ะ: ทุ.ทุว . i d 57? c  •ทุ i ว . i l l 775 3.77 329 3 , 50 1065 2.66 122? 2.54

ทุ 756 5.34 965 5.21 1248 7  นิ 7  ง ่ .  7 0 1337 3.62 1695 2.80 1187 2 .65
6 748 5.41 1158 5.21 1434 3.97 1577 3.68 1983 2.38 1171 2 .69
7 756 5.34 1350 5.21 1701 4.06 1825 7  ๆทุ 227? 2.92 1158 2 . 7 2

 ๆ c
! . ว 756 C 7 3

ว , ง ่4 1447 5.21 1806 4.10 1933 0.77 2406 2*97 1154 ทุ 7 7
i . i  ô
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îanle 4.0  Experiaental conditions for unequal nater/Hâter (H = c = -5 and vary P (LPM)).

P roduct is  d a te r  : Î10 = 98°c
H=1=J (Lrn)

Section
7•J 1 กุ

p C P P P P H

[ I 'm D ater D ater D ater D ater D ater D ater

Re Pr Re Pr Re Pr Re Pr Re Pr Re Pr
ทุ 975 5.15 402 4.99 618 3.10 680 2.79 931 1.98 1917 2.01

970 5.18 597 5.04 923 3.11 1002 2 .85 1380 2.01 2000 1.92
A 985 5.09 800 5.01 1217 7  1 cJ .  10 1312 2.90 1804 2 .05 1972 1.95
6 985 5.09 1206 4.99 1776 3.26 1925 2.97 2618 2.12 1917 2.01
ๆ 985 5.09 1407 4.99 2040 3.31 'ๆ)ทุ^ 2.99 3009 2 .15 1900 2.03

7 . 5 930 5.12 1507 4.99 2185 3.31 2379 3.00 3214 2.15 1895 2.03

Produc t  15 H ater ะ 110 = :!5°c
ก=1=ว i Lin J

S ection
3 1 กุ

P C P P P P H

(LPM) sa t e r D ater D ater D ater D ater D ater

Re Pr Re Pr Re Pr Re Pr Re Pr Re Pr
2 965 5.21 402 4.99 571 3.38 618 3.10 811 2.30 1764 2.18
7. m e  7 / J 5.15 597 5.04 367 3.34 909 3.17 1227 2.27 1732 2 .23
Ai 975 5.15 796 5.04 1101 3.51 1193 3.21 1570 กุ 7  ทL . ง์ช 1710 2.26
6 965 5.21 1194 5.04 1625 3.57 1741 3.33 2264 2 .48 1657 2.35
7 975 5.15 1393 5.04 1343 3.66 1999 3.33 2571 2.55 1646 2.36

7 .5 975 5.15 1492 5.04 1955 3.72 2125 3.41 2717 2.59 1614 2.41

P roduct i s  H ater : 110 = 75 °c
i l —U ~ J  ( L r  n  J

S ection
7 1 Lๆ

P C P P P P H

(LPM) D ater Sriter D ater D ater D ater D ater

Re Fr Re Pr Re Pr Re Pr n _K B Pr Rç Pr
9 9 e' 5 5.23 390 5.15 530 3.64 567 3.41 ๆ n e 2.59 1572 2.48

905 c •■ เก ■ J,i: ง 582 5.18 792 3.66 336 3.47 1072 2.64 1551 2.51
4 955 5 . 28 776 5.18 1020 3.83 1097 3.53 1395 2.71 1530 2.55
6 945 5.34 1152 5.24 1491 3.95 1597 3.63 2012 2.83 147? 2 . 66
7 940 5.38 1336 5.28 1709 4.03 1840 3 .68 2305 2.89 1453 2.70

7^5 935 5.41 1432 5.28 1822 4.06 1955 3.72 2442 2.92 1443 ■7 ๆ  TL .  / • j
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Table 4,7 Experisentdl conditions for unequal *ater/nater (H = c = ๐ and vary p (LPHii,

P roduct 15 H ater : n o  = 93°c
ri=L=o i I rn )

S ec tio n
7

p c P ทr p p H

(LPH) Water Water Water Water Water Water

Re Pr Re Pr Re Pr Re Pr Re Pr Re Pr

2 1146 c nnJ l i O 393 5.04 613 3.13 671 2.00 920 2.01 2434 1.39
3 1153 5.21 591 5.09 906 3.13 991 2.88 1364 2.03 2337 1.93
4 1153 5.21 792 5.07 1198 3.21 1302 2.92 1788 2.07 2353 1.96
c■J 1163 5.18 990 5.07 1457 3.31 1593 2.98 2175 2.12 2300 2.01
7/ 1169 5.15 1393 5.04 1999 3.38 2195 3.04 2945 2 .20 2241 2.06

7  c/ , ว 1169 5.15 1507 4.99 2125 3.41 2343 3.05 3126 2.22 2235 2.07

P roduct i s  H ater : T10 ะ: 5 ° c

ri-L-0 \ Lr n /
S ec tio n

7 2
p P nr p ทr H

(LPH) Water Water Water Water Water Water

Re Pr Re Pr Se Pr Re Pr Re Pr Re Pr
•ๆ 1132 5.09 402 4.99 569 3.40 613 7  i 7■ 3.  i 803 2 . 32 2104 2.20

1194 5.04 609 4.93 840 3.46 913 3.15 1189 2.35 2078 ๆ  *y 7

4 1188 5.07 804 4.99 1106 3.50 1198 3.21 1570 2.38 2058 2 .2c
c
J 1183 5.07 1015 4 ,93 1382 3 .50 1486 3.24 1937 2.41 2027 •7 7  f\2 .30
6 1183 5.07 1421 4.93 1903 3.56 2040 0.31 2633 2.48 1988 2.35
7 1194 5.04 1522 4.93 1997 3.63 2177 7  7 7«3 , J  J 2783 2.52 1975 2 .36

P roduct i s  w ater : T10 = ’5°c
H=c=è (LPH)

S ec tio n
i

p c p p p p H

. (LPH) Water Water Water Water Water Water

Re Pr Re Pr Re Pr Re Pr Re Pr Re Pr
2 1110 5.43 330 z  7  *0 .  J i 524 3,70 557 3.47 720 2.61 1399 2.46

1098 Z z  A J  .  ว ท c c n
J  J O

c  i l lJ .  n n 775 3 .77 319 3.54 1065 2.66 1862 2.51
J 1116 5.44 7 C  ■ า/  ว L 5.38 - 1016 3.85 1097 3.53 1410 2.63 1855 2 .52
Ç 1098 C c  A ,ว .  วท๊ 940 5.38 1242 3.95 1343 3.60 1719 2.76 1818 2.58
6 1075 5 1 68 1302 5.44 1701 4.06 1817 3.74 2313 2.8b 1768 2.67
7 1098 5.54 1402 5.41 1322 4.06 1955 3,72 2478 2.38 1762 2.68



Table 4,3 Experisentdl conditions for unequal water/water (H ะ c ะ 7 and vary P (LPH)).

Produc t  i s  w ater : T10 - 53°c
h=L - / 1L rn ]

S ec tio n
3 1 9

p c P P P p H

(LPH) B dter B âter B âter B dter B âter B âter

Re ?r Re Pr Re Pr Re Pr fte Pr- Re Pr
2 1393 นิ A J•J « นุ ทิ 412 ,4 n e4 ,d j 625 3.05 633 2.78 923 1.99 2855 1.88
7ง์ 1400 5.01 618 4.35 927 3 .10 1013 2.81 1376 2.01 2824 1.90
1ๆ 1407 A กก4.77 320 4.38 1222 3.14 1336 2.85 1814 2.04 2777 1.93
c 1407 4,99 1046 4.77 1515 3 .17 1652 2.38 ท--) 7  นิBlZOO 2.07 2733 1.97
4 1421 i  ก 74 . 7 ง ํ 1255 4.77 1797 3.21 1961 2.91 2634 2.11 2699 2.00

7  c/ . ว 1421 4,93 1576 4.74 22' t 3 ,27 2406 2.97 3195 2.17 2653 2.03

P roduct I S  w ater ะ 110 = 5 ° c
น - * - - 7  ! i DM \

S e c tio n
f 2

ท c P P P P H

(LPH) B dter B âter B âte r B âter B âter B âter

Re ท _
r  โ Re Pr Re Pr Re Fr Re Pr Re Pr

2 1350 5.21 400 5.01 571 3 .33 616 3.11 a u 2 . 30 2435 2 .17
7 1350 5.21 นิ.--. *7ว 7 / 5,04 357 3,38 909 3 .17 1204 i ,  ง 2 2439 2.22
4 1357 5.18 796 . 5.04 1119 3 .46 1208 3.18 1590 2.35 2416 2.24
cJ 1364 C 4 C 990 5.07 1332 3.50 1492 3 .23 1962 2.33 2386 2.27
ง 1371 5 .12 1200 5.01 1645 7  นิ7งํ . วง 1776 3.26 2302 2.43 2349 2.31

7  c/ , •ว 1371 5.12 1484 5.07 2005 3.62 2168 3.34 2792 2.51 2275 2.39

Produc t  is w ater : T10 = ’ 5 ° cu-p-7 i 1 DM\n-L-/ ILrn'
S ec tio n

3 1 2
p c P P P p H

(LPH) w ater B dter B âter B dter B âter B âter

Re Pr Re Pr Re Pr Re Pr Re Pr Re Pr

■L. 1373 5.09 1378 4,93 544 3.56 576 7 7 / 0.00 77 A/ou 2.57 2216 2.46
■j 1373 5.09 603 4 .99 802 3 .6 2 353 7 A A

ง  . 4  U 1083 2.60 2194 2.48/I4 i งซงั 5.07 304 4 .99 1060 3.64 1124 3.44 1425 2,65 2165 2 .52
c 4 7-โทi งํ i 0 5.09 1005 4 .99 1303 3 .72 1399 3.46 1756 2.69 2150 •ๆ นิ aL . วทิÀ 1385 5.07 1200 5.01 1551 3.77 1659 3 . 50 20 78 2.73 2106 2.60Ù 1336 5.28 1454 5.13 1372 3 .93 1997 3 .63 2497 2 .86 2042 2.70
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Table 4.? Experiaental conditions for unequal Hdter/water (H = c - 7.5 and vary ? (LPM)i.

Proouc1 15 w ater : T10 = ?8°c
n - L - i .3 i LrFi J

S e c tio n

ทุ

p c P r,r p p H

(LPM) Water Water Slater ’d a te r d a te r d a te r

Re Pr Re Pr Re Pr Re Pr Re Pr Re Pr

7L 5.31 396 5.07 620 3.08 675 2.31 936 1.97 3051 1.88
7 HOC 5.31 591 5.09 920 3.13 1002 2 .35 1384 2 .00 3017 1.90
.« 1432 5.23 730 ว. i  ว 1208 3.18 1317 2.39 1814 2 .04 2992 1.92
cJ 1447 5.21 1000 5.01 1436 3.24 1628 2.92 2221 2.08 2942 1.96
6 1439 5.24 1194 5.04 1762 3.28 1925 2.97 2618 2 .12 2383 2.00
7 1462 5.15 1393 5.04 2040 3.31 2237 2 .98 3018 2.14 2842 2.03

Product 15 Hater : T10 = 8 5 ° :

S e c tio n

70 1 2
? c P p p P H

(LPH) d a te r sla ter Slater iîâ ie r d a te r d a te r

Re Pr Re Pr Re Pr Re Pr Re pr fie Pr

2 1462 5.15 404 4.96 576 3.36 620 3 .03 316 2.28 2662 2 .17
t; 1454 5.13 597 5.04 350 3.41 920 3.13 1208 2.31 2622 2.21
4 1462 5.0? 788 5.09 1124 3.44 1208 3 .18 1590 7  7  CL * •ว ว 2581 •7 •าC L • L-J
E 1447 5.21 995 5.04 1376 3 . 51 1492 3.23 1950 2 .3 ? 2533 2 .30
6 1425 5.31 1169 5.15 1611 3.60 1755 3 .30 2294 2.44 2509 2 .32
7i 1417 c  7  แว.ง ํท 1350 5.21 1872 3.62 2023 3.34 2650 2.47 2469 2.36

Product 15 H ater ะ T10 = 75°c
r i-L - i  , ว \ L rn /

S e c tio n

3 1 ทุ

p c p p p P H

(LPH) Slater w ater Slater d a te r d a te r d a te r

Re Pr Re Pr Re Pr Re Pr Re Pr Re Pr

9 1462 5.15 420 J 7 Aฯ . / 4 576 3.36 620 3.03 816 •ทุ '■ เก 2662 2.17
3 1462 5.15 600 5.01 850 3.41 916 3.14 1201 2 7^ 26i3 2.22
Aท 1462 5.15 788 5.09 1124 3.44 1208 3.18 1590 2 .35 2581 2.25
cว 1462 5.15 990 5.07 1376 3.51 1492 3 .23 1950 2.39 2549 2.28
6 1417 5.18 1163 5.18 1611 3.60 1748 3.31 2294 2.44 2501 7  7 7

L. • O 0

7 1484 5.07 1407 4.99 1325 7  -77ง .  i l 1935 3 .5 0 2416 2.75 2257 2 . 60



Table 4.10 Expensentai conditions Tor unequal water/water (H ะ c - 9 and vary p (LPM)).

H=c=9 {LPM)
Product 15 Hater ะ T10 98°c

Section

3 1

p rL. p p p p H

(LPM ) Slater Hater Hater Hater Hater Hâter

Re Pr Re Pr Re Pr Re Pr Re Pr Pe Pr

2 1718 5.23 402 4.9? 623 3.07 683 2.73 939 1.97 3691 1.37
3 1736 5.21 600 5.01 927 3.10 1010 2.32 1388 2.00 3651 1.39
4 1754 5.15 800 5.01 1222 3.14 \  77*1i  jô-ii 2 .86 1830 2.02 1830 1.92
5 1754 5.15 1010 4.96 1515 3.17 1658 2.37 2261 2.04 3570 1.93
6 1772 5.09 1212 4.96 1797 3.21 1968 2.90 2665 2.08 3530 1.96
7 1754 5.15 1400 5.15 2080 3.24 2271 2.93 3073 2.11 3470 2.00

Produ: t I S  Hater : T10 = รพิ ๐ ทJ  U
U - P r Q  / I  PM ใ

Section
7 1 2

ท c p p ทr p H

( LPM Slater Hater Hater Hater Hâter Hater

Re Pr fie Pr Re Pr fie Pr fie Pr fie Pr
2 1674 5.15 390 5.15 569 3.40 616 3.11 321 ท ท !i î . i î o 3204 2.16
■ '1 1633 ว »  n i 579 5.21 846 3.43 909 3.17 1216 2.30 7 C 7 Ç 2.13
£ 1701 5.34 768 5.24 1198 3.21 i i  98 3.21 1596 ■ า 7  ii . j H 3136 2.22
Ç 1718 5.28 930 5.12 1383 3.49 1492 3.23 1975 2.36 3097 2.25
6 1736 5.21 1182 5.09 1652 3.51 1783 3.24 2340 2.39 3059 2.28
7/ 1727 5.24 1364 5.15 1919 3.53 2056 3.28 2694 2.43 3021 2.31

Product is Hater ะ n o  =  75°c
u - f - q  แ  P M )II น / \  L 1 11 /

Section
7 1 ทil

p c p p p P H

(LPM) Slater Hater Hater Hater Hâter Hater

Re Pr Re Pr fie Pr fie Pr fie Pr fie Pr
ท 1665 5-48 382 5.28 530 3.64 562 3.44 730 2.57 2849 2.46
3 1665 5.48 570 5.31 785 3.70 329 3.50 1072 2.64 2312 2.49
4 1709 5.31 772 5.21 1025 3.72 1110 3.49 1425 2.65 2792 2.51
5 1701 c 7 !ว. on 970 5.18 1292 3 .77 1388 3.49 i768 2.67 ท า -ไ ร  

L  !  i  ทํ 2.53
6 1709 5.31 1158 5.21 1537 3.81 1645 3.53 2092 2.71 2727 2.58
ๆ
i 1633 5.41 1350 5.21 1786 3 .83 1895 3.57 2398 2.77 2699 2.61



Table 4.11 Experisental conditions for unequal Hater/water (H -  c - 12 and vary p (LFM)j.

H=c=12(LPM)
Product i s  Hater ะ 110 = 98°c

Section
7 ij

p c P p P p H

(LPM) Mater Mater Mater Mater Mater Mater

Re Pr Re Pr Re Pr Se Pr Re Pr Re Pr

2 2303 5.24 412 4.85 630 3.02 690 2.75 941 1.96 4961 1.35
70 2303 5.24 612 4.90 934 3.07 1021 2.79 1392 1.99 4881 1.83
4 2315 5.21 304 4.99 1217 3.15 1332 2.36 1824 2.03 4300 1.92
cJ 2291 5.23 995 5.04 1510 3.13 1652 2.33 2243 2.06 4760 1.93
6 ‘า  7  « c• îô l  ว 5.21 1206 4.99 1797 3.21 1933 2.89 2665 2 . 08 4681 1.97
7i 2315 C ท a 

J  n i l 1414 4.96 2105 3.20 2279 2.92 3073 2.11 4627 2 .00

rroduci i s  water ะ 110 - 5°c
n-L-Ixi [ Lrn ;

Section
7 1 L

p C P P P p H

( LPM Mater Mater Mater Mater Mater Mater

Re Pr Re Pr Re Pr Re Pr Re Pr Re Pr
2 227? 5.31 393 5.04 C77D /ง 3.37 613 3 . i 0 318 2.27 4272 2 . 16
3 2a 15 5 .2 1 ' 594 5.07 350 3.41 916 3.14 1208 2.31 4233 2.18
Jท 2315 5.21 800 5.01 1133 3.41 1231 3.11 1611 2.31 4208 2 .20
cJ 2327 5.18 1000 5.01 1411 3.43 1510 3.18 1975 2.36 4143 2.24
ว l ô i i 5.13 1206 4.99 1679 3.46 1804 3.20 2340 2 .39 4091 2.27
7 2351 5.12 1407 4.99 1943 3.49 2088 3.23 2694 2.43 4066 2 .29

Product is Hater : T10 = 75°cทุ/เ Ohî \
Section

3 i ทุL
p c P p p p H

(LPM) Hâter MatEr Mater Mater Mater Mater

Re Pr Re Pr Re Pr Re Pr r, _Ke Pr Rb Pr
■ท 2203 c c <ว.ว i 376 5.38 521 7 7 ท

ง ํ.  i i 560 3.46 725 2.59 3811 ท JC*1.4 วJ 2203 5.51 570 5.31 772 3.79 333 3.49 1076 i . à i
7 7  Anj / 4 7 2.49

4 ••ไท 77£̂ . Jxl 5.44 768 5.24 1043 3.72 1119 3.46 1429 2.64 3736 2.50
c 2263 5.34 970 5.18 1303 3.70 1399 3.47 1775 2.66 3698 2.53
c 2256 5.33 1163 5.18 1557 3.74 1659 3 .50 2100 2.70 3660 2.56
7 2263 5.34 1357 5.13 1301 3.79 1927 3.51 2424 2.73 3623 2.59
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Table 4.12 Experisentai conditions for equal syrup/syrup flow ra te s .(20 wtl concentration).

Product 1 5  sugar s o lu t io n 2 0  n t A ะ 1 1 0 =  9 3 ° c

Section
Equal f l o u ra tes

7J 1 าi
H ะ  c  - p

Hater Syrup Syrup Syrup Syrup Hater
( LPM)

Re Pr Re Pr Rp Pr Re Pr Re Pr Re Pr

ทL 3 8 6 5 . 2 1 2 3 5 9 . 4 1 3 9 2 5 . 3 6 4 2 8 4 . 8 3 6 5 1 3 . 1 2 7 7 a 1 . 9 3
3 5 3 5 5 . 1 5 3 5 9 9 . 2 3 5 3 2 5 . 4 2 6 4 9 4 . 3 2 9 6 9 3 . 1 5 1 1 6 3 1 . 9 8
J 7 7 6 5 . 1 8 4 7 8 9 . 2 3 7 6 1 5 . 5 4 3 5 7 4 . 3 3 1 2 6 4 3 . 2 2 1 5 4 2 2 . 0 0
5 . 9 6 5 5 . 2 1 5 9 4 9 . 2 9 9 3 6 5 . 6 3 1 0 5 0 4 . 9 8 1 5 4 6 3 . 2 9 1 8 9 5 2 . 0 3
6 1 1 5 8 5 . 2 1 7 1 3 9 . 2 9 1 1 1 8 5 . 6 7 1 2 6 0 4 . 9 8 1 8 4 8 3 . 3 1 2 2 7 4 2 . 3 1

Product i s  sugar s o lu t io n 20 wtx ะ n o -  8 5 ° c

Section
Equal f lo w ra te s

H = c  = p
water Syrup Syrup Syrup Syr up Hater

แ  PMi c r n i
Re Pr Re Pr Re Pr Re Pr Re p«- Re Pr

•า
L 3 8 8 5 . 1 8 î - j o 9 . 3 5 3 6 0 5 . 3 9 3 3 3 5 . 4 2 5 4 9 3 . 7 4 6 9 0 2 . 2 4
3 5 7 9 5 . 2 1 3 5 0 9 . 4 7 5 3 1 5 . 9 9 5 7 6 5 . 4 8 3 1 6 3 . 7 7 1 0 2 3 1 1 *- ■

4 7 6 8 5 . 2 4 4 6 7 9 . 4 7 6 9 4 6 . 1 2 7 6 1 5 . 5 4 1 0 6 4 3 . 3 7 1 3 5 5 2 . 2 9
c 9 6 0 5 . 2 4 5 3 7 ก ,H7 « 4 1 ท c  -1ช ว 4 6 . 2 3 9 4 1 5 . 6 0 1 3 0 6 3 . 9 4 1 6 8 3 il .  - j  1

6 1 1 4 0 5 . 3 1 7 0 1 9 . 4 7 1 0 1 9 อ .  2 6 1 1 2 4 5 . 6 3 1 5 5 2 3 .  ? 8 1 9 8 8 2 , 3 5

Product i s  sugar s o lu t io n 2 0  » t A ; T1 0 = 7 5  ° c

Section
Equal f lo w ra te s

7 1 2
H = c  = p

Hater Syrup Syrup Syrup Syrup Hater
f 1

Re Pr Re Pr Re Pr fie Pr Re Pr Re Pr

7 3 8 6 5 . 2 1 2 2 3 9 . 7 3 3 2 1 6 . 6 7 3 4 3 6 . 6 7 4 6 7 4.44 6 1 0 2 . 5 6
3 , 5 7 9 c •ท <ว .  i l l 3 4 3 9 . 5 4 4 8 9 6 . 5 5 4 8 9 6 . 2 6 6 9 7 4 . 4 7 9 1 8 2 . 5 5
»ท 7 6 8 5 . 2 4 4 6 7 9 . 4 7 6 4 8 6 . 5 9 6 9 4 6 . 1 2 9 2 1 4 . 5 1 1 2 1 2 2 . 5 3c
J 9 5 5 5 . 2 8 5 8 4 9 . 4 7 3 0 1 6 . 6 7 3 5 3 6 .  i ? 1 1 2 9 4 . 6 0 1 4 9 9 2 . 6 1
6 1 1 4 6 5 . 2 8 6 9 2 9 . 6 0 9 5 7 6 . 7 1 1 0 3 5 6 . 1 6 1 o j 5 4 . 6 0 1 7 9 9 2 . 6 1
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Table 4.13 Experimental conditions for equal syrup/syrup flow ra tes .(30 wtl  concentration).

Product I S  sugar s o lu t io n 3 0  wt l : T10 = 98° c

Sect ion
Equal f le w ra te s ร

3 1 2
H = c = p

Water Syrup Syrup Syrup Syrup Water
(LPK)

Re Pr Re Pr Re Pr Re Pr Re Pr Re Pr

2 396 5 .0 7 149 15.36 257 3 .4 9 287 7.54 452 4.67 773 1 . 9 8
7
J 535 5 .1 5 223 u  7 11 ว .  0๐ 379 3 . 6 5 426 7 .63 6 6 5 4 .76 1153 2. CO
J4 780 5 .1 5 293 15.36 491 3 .9 2 5 5 9 7.76 856 4 .93 1516 2 . 0 3cว 975 5 .1 5 372 15 .36 607 9 .0 3 695 7.31 1055 5.01 1334 2 . C 4
6 1163 5 .13 4 4 4 15.47 724 9 .0 8 324 7 .90 1247 5.09 2248 2 .0 6

Product i s  sugar s o lu t io n 3 0  wtx : 1 1 0 = 35°c

Section
Equal f lo w ra te s

1 .1 9

(LPH)
Water Syrup Syrup Syrup Syrup Water

Re Pr Re Pr Re Pr Re Pr Re Pr Re Pr

2 390 ว .  i  ว 145 15,31 230 9 .54 251 3 ,70 370 5.75 682 2 .2 7
3 585 5 .1 5 218 15.31 u40 9 .7 3 377 3 .7 0 550 5 .8 2 1 0 2 0 2 .2 3
J 7 7 6 5 .18 292 15.69 445 9.91 491 3 .9 2 707 6 .04 1342 2 .3 1
A 975 5 .1 5 367 15.53 550 10.04 610 3 .9 7 370 6 .1 4 1662 2 . 3 4
ว 1163 5.13 435 15.31 652 10.16 ๆ n r ,Ho ท A 7 1033 6 . 2 1 1938 ทุ 7 c xl 1 j  J

Product i s  sugar s o lu t io n 30 w t ï : T10 = 75°c

Section
1

H = c = p
Water Syrup Syrup Syrup Syrup Water

(LPH)
Re Pr Re Pr Re Pr Re Pr Re f r Re Pr

ทุ 390 5 .1 5 144 15 .92 2 11 10.49 230 9 .54 320 6 .7 2 612 2 .5 5
3 576 5 .24 215 16 .04 303 10.98 333 9 .7 9 462 6 .9 9 912 2 .5 7
.1จ 760 5.31 231 16 .40 405 10.98 445 9.91 613 7 ,0 3 1203 2 .5 9
5 945 5 .3 4 353 16.23 497 1 1 . 2 0 545 1 0 . 1 0 733 7 .32 1494 2 .6 2
6 1128 5 .3 8 418 16.22 596 1 1 . 2 0 643 10.23 381 7 ,37 1731 2.to5
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Table 4.14 Expensental conditions for equal syrup/syrup flow ra te s . (40 wtx concentration).

Produc t  i s  sugar s o lu t io n 40 w tz ะ T10 = 9 8 c 0

S ec t ion
Equal f lo w ra tes

1
H = c = P

Hâter Syrup Syrup Syrup Syrup Hater
( LPtt )

fte Pr n เ-ท่อ F'r Re Pr Re Pr Re Pr Re Pr

ทL 400 5 .0 1 n e  7 J 2 4 .8 6 169 1 3 .4 2 193 1 1 .6 9 310  7 .1C 776 1 .9 3
3 597 5 .0 4 142 2 5 .0 6 252  1 3 .5 1 293 1 1 .5 4 470  7 .0 2 1167 1 .9 8
h T n nzoo 5 .0 9 188 2 5 .2 6 326 1 3 .9 8 331 1 1 .8 4 599 7 .3 5 1520 2 .0 3
c 930 5 .1 2 237 2 5 .0 6 402 1 4 .1 7 . 468 1 2 .0 7 733  7 .5 2 1895 ท ATL ,  น ง

Product i s  sugar s o lu t i o n 40 w tz : T10 = 8 5 ° c

Sec t ion
Equal f lo w

น -  -■  -

ra te s

P:
3 1

n Lt “

(LPM)
Hâter Syrup Syrup Syrup Syrup Hater

R 9 Pr Re Pr Re Pr Re Pr Re Pr Re Pr

il 398 5 .0 4 92 2 5 .3 3 150 1 5 .2 3 167 1 3 .6 1 2 53  3 .7 7 684 2 .2 6■y 538 c i ทJ .  i l 133 2 5 .8 8 219  1 5 .7 1 251 1 3 .6 1 371 8 .9 9 1010 2 .3 1
4 780 5 .1 5 107 2 5 .4 6 286  1 6 .0 5 326 1 3 .9 8 476  9.37 1342 ท T 1z.ji
5 ท."JCr i  ว c i cว. i ว 230 2 5 .8 7 353  1 6 .2 7 400 1 3 .2 7 581 9 .6 0 1651 •-» TE i t v J

Product i s  sugar s o lu t i o n 40 w t l i  T10 = 7 5 ° c

Sec t ion
Equal f lo w ra tes 7ว 1 2

H = C - P
Hâter Syrup Syrup Syrup Syrup Hater

(LRU!
Re Pr Re Pr Re Pr Re Pr Re Pr Re Pr

ทL 396 5 .0 7 89 2 6 .7 2 133 1 7 .3 4 147 1 5 .6 0 211 1 0 .6 2 612 2 .5 5
3 582 5 .1 8 131 2 7 .3 8 193 1 7 .9 8 215 1 6 .0 5 304  1 1 .1 0 909 2 .5 8
ร 772 5 .2 1 177 2 6 .9 4 2 52  1 3 .3 8 283 1 5 .9 3 395  1 1 .3 ° 1199 2 .6 1cJ 960 5 .2 4 219 2 7 .3 3 313  1 8 .5 1 351 1 6 .3 9 482  1 1 .6 9 1479 2 . 6 6
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Table 4,15 Experiiental conditions for equal glycerine/glycerine flow ra tes .(40 vois concentrationj.

Product IS glycerine so lu tion 40 YolZ ะ TIC = 98° c

Section
Equal flow rates 7J 1 1L

H :  น = r

(LPH)
Hater Glycerine Glycerine Glycerine Glycerine Hater

Re Pr Re Pr Re Pr Re Pr Re Pr Re Pr

2 416 4.79 135 19.37 232 11.56 265 10.10 416 6.43 787 1.95
70 613 4.35 201 20.01 341 11.77 391 10.28 612 6.57 1170 1.97
3ที 324 4.35 268 20.01 447 11.98 515 10.40 799 6.70 1547 1.9°cว 1015 4.93 328 20.43 545 12.28 629 10.64 963 6.95 1906 2.02
0 1212 4.96 396 20.29 643 12.50 755 10.64 1137 7.06 2237 2.0o

Product is glycerine solution 40 vol% ะ 110 = 85°c
Section

Equal flow rates
ง

ก ” Lr r

(LPH)
Hater Glycerine Glycerine Glycerine Glycerine Hater

Re Pr Re Pr Re Pr Re Pr Re Pr Re Pr

L 406 4.93 131 20.43 205 13.05 230 11.63 337 7.94 693 2.23
3 609 4.93 195 20.57 304 13.21 343 11.70 500 8.03 1 0  L ü  i . Z à
4 304 4.99 259 20.71 398 13.46 444 12.05 642 8.34 1359 2.28
5 1010 4.96 323 20.43 488 13.71 552 12.13 781 8.57 1678 2.31
6 1218 4.93 383 21.00 575 13.97 654 12.28 927 8.67 2001 2.06

Product 15 glycerine solution 40 Y o l Z  ะ T13 ะ 75°c

Section
Equal flow rates t

n ” L -  r
(LPH)

Hater Glycerine Glycerine Glycerine Glycerine Hater

Re Pr Re Pr Re Pr Re Pr Re Fr Re Pr

iๆ 406 4.93 128 20.85 188 14.24 ท/-! 7  < ” ท <4L VO 10. i l 286 9.38 621 2.51
y 597 5.04 187 21.44 272 14.79 297 13.54 414 9.70 918 2.55
4 796 5.04 250 21.44 349 15.36 391 13.71 533 10.04 1216 2.575 975 5.15 304 22.04 473 15.76 473 14.15 648 10.34 1499 2.61
6 1169 5.15 7  c ภ on ท c 00 7 Z l . L J 497 16.17 564 14.24 764 10.52 1775 2.66
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Table 4.16 Experimental conditions for equal glycerine/glycerine flow ra te s .(50 volZ concentration).

Product IS glycerine solution 50 VO i À : n o  ะ 9 8 ° c

Section
Equal flow rates

1 ทุ
L

H = c  = p

(LPH)
yatET Glycerine Glycerine Glycerine Glycerine slater

Re Pr Re Pr Re Pr Re Pr Re = r Re Pr

2 406 4.93 91 31.66 176 16.45 205 14.16 348 3.32 734 1.96
3 606 4.96 136 31.92 251 17.28 299 14.54 498 3.73 1167 1.98
4ฯ 304 4.99 183 31.66 328 17.64 398 14.54 648 8.94 1542 2.00
Ç 1010 4.96 229 31.66 396 13.28 438 14.84 735 9.22 1906 2.02
6 1194 5.04 272 31.92 475 18.23 577 15.04 931 9.33 2287 2.06

Product is glycerine solution 50 vo ll  ะ 110 ะ 8 5 ° c

Section
Equal flow rates

1 n

(LPH)
Bâter Glycerine Glycerine Glycerine Glycerine B ite r

Re Pr Re Pr Re Pr Re Pr Se Pr Re Pr
ทุi. 404 4.96 89 32.43 153 18,94 174 16.68 271 1C.70 695 2.22
3 606 4.96 134 32.43 221 19.64 255 17.04 391 11.11 1023 2.27
4 300 5.01 176 32.95 289 20.07 330 17.52 505 11.47 1355 2.29Ç 395 5.04 221 32.69 348 20.31 407 17.77 607 11.92 i678 2.31
0 1133 5.07 259 33.49 417 20.31 482 13.02 724 12.00 1994 2.34

Product is glycerine solution 50 voiz : T10 = 7 5 ° c

Section
Equal flow rates

3 1
n -  L -  I

(LPH)
rtâtêr Glycerine Glycerine Glycerine Glycerine slater

Re Pr Re Pr Re Pr Re Pr Re Pr Re Pr
ทุ
L 404 4.96 36 33.49 133 21.75 149 19.50 220 13.15 621 2.51
7J 594 5.07 128 34.03 195 22.24 220 19.78 319 13.60 918 2.55
4 792 5.07 172 33.76 255 22.74 291 19.92 412 14.06 1216 2.57
-1 935 5.09 214 33.76 316 22.91 358 20.21 505 14.35 1504 2.60
6 1175 5.12 255 34.03 368 23.60 427 20.36 589 14.74 1799 2.66



Table 4.17 Experiaentai
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ra tes.;60 v o li concentration).

Product 15 glycerine solution 60 Y01Ï 110 ะ ?8°c

Equal flow rates
Section

ft -  Lr “  r

! Lpt1 )
Slater Glycerine Glycerine Glycerine Glycerine water

Re Pr Re Pr Re Pr r, _ ทKB r r Re Pr Re ? '

L 414 4.32 56 56.27 106 30.03 < -  ( c ๓  . I i O  J .  1 0 213 14.93 730 1.97
7 606 4.96 33 57.20 152 31.36 137 25.53 310 15.40 1170 1./7
4 804 4.99 i l l  57.20 200 31.32 244 26.07 393 15.98 1533 2.01
5 1005 4.99 139 57.20 239 33.24 296 26.31 467 17.02 1895 2.03

Product is  glycerine solution 60 voix \ T10 = 35°c

Section
Equal flow rates

-, ท

(LPM)
t>a ter ธ ! - Term e Glycerine SI- ■ cerine Glycerine Katsr

Re Pr Re Pr Re Pr Re Ft Re Pr Re P  r

2 392 c  i ทว . i  Z 50 63.16 84 37.72 100 31.32 159 20.01 873 2 . 29
7 588 5.12 77 81.60 127 37.44 152 31. 36 235 20728 1061 ทุ ทุก

4 780 5.15 104 61.09 167 33.01 200 31.32 งบ3 20.96 1342 ท 7 *L I j  I

5 970 5.13 130 61. 09 203 39.13 244 ? ท ะ•า■j L  « พ!Z 362 21.97 1641 2.37

Product 15 glycerine solution 60 voix ะ 110 - 75°c

Equal flow rates 

แ = C = P 

ILPHi

Section

3 1 9

Water Glycerine Glycerine Glycerine Glycerine Water

Re Pr Re Pr Re Pr Re Pr Re Pr Re Pr

Lๆ
3
4
5

408 4,90 
600 5.01 
300 5.01 
960 5.24

; ;  Ü:S
106 60.09 
126 63.16

31 39.48 
121 39.48 
154 41.33 
185 42.95

91 34.75 
136 35.01 
178 35.80 
215 36.38

131 24.32 
195 24.49 
247 25.71 
301 26.43

608 2.57 
918 2.55 

1199 2.61 
1484 2.65
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