
chapter V

EXPERIMENTAL CONSIDERATION

3 .1  C a l ib r a t i o n  o f  F lo w  M e te r

T h e re  w e re  th r e e  f lo w  m e te rs  to  be c a l ib r a t e d :  tw o  o r i f i c e -  
m e te rs  and one r o ta m e te r .

?*
5 .1  o1 C a l ib r a t i o n  o f  o r i f i c e  m e te rs

Two o r i f i c e - m e t e r s  w e re  used  to  in d ic a t e  th e  f lo w  r a t e s  

o f  h o t  w a te r  and c o ld  w a te r .  When w a te r  f lo w s  th ro u g h  an o r i f i c e -  

m e te r ,  a p re s s u re  d ro p  i s  d e v e lo p e d  f o r  a p a r t i c u l a r  f lo w  r a t e .
T h is  p re s s u re  d ro p  i s  g e n e r a l l y  in d ic a te d  by a m e rc u ry  m a n o m e te r.

C a l i b r a t i o n  o f  each  o f  th e  o r i f i c e  m e te rs  was c a r r ie d  o u t  

by v a r y in g  th e  r a t e  o f  w a te r  f lo w in g  th r o u g h  th e  m e te r .  E ach  f lo w  
r a t e  was c a lc u la te d  by r e c o r d in g  th e  t im e  r e q u ir e d  to  c o l l e c t  a 

c e r t a in  am ount o f  w a te r  f lo w in g  th ro u g h  th e  m e te r .  The c o r re s p o n d in g  

p r e s s u re  d ro p  f o r  each  f l o w  r a t e  was a ls o  m easu red  fro m  th e  a t ta c h e d  

m a n o m e te r, and i t  was re c o rd e d .  The c a l i b r a t i o n  o f  each  m e te r  
w e re  p lo t t e d  as f lo w  r a t e  i n  k g /m in  v e rs u s  m anom ete r r e a d in g s  i n  
cm .Hg, as shown i n  F ig u r e s  7 and 8 .

5 .1 . 2  C a l i b r a t i o n  o f  r o ta m e te r

A r o ta m e te r  was used  to  in d ic a t e  th e  f lo w  r a t e  o f  f r u i t
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F i g u r e  7 . C a l i b r a t i o n  o f  H o t - w a t e r  O r i f i c e - n e t c r
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F i g u r e  8 .  C a l i b r a t i o n  o f  C o l d - w a t e r  O r i f i c e - m e t e r
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The ro ta m e te r  was c a l ib ra te d  by v a ry in g  th e  r a to  o f  f r u i t  ju ic e  
f lo w in g  th ro u g h  th e  m o to r . The f lo w  ra te s  wore c a lc u la te d  by re c o rd in g  

th e  amount o f  f r u i t  ju ic e  f lo w in g  th ro u g h  th e  m e te r c o l le c te d  i n  one 

m in u te . The c o rre sp o n d in g  m e te r re a d in g  fro m  th e  a tta c h e d  s c a le  f o r  

each f lo w  r a te  was a ls o  read  and re c o rd e d . The c a l ib r a t io n  d a ta  Ttfero 

p lo t te d  as f lo w  r a te  i n  l i t a i» /m in  v e rs u s  m e te r re a d in g , as shown i n  

F ig u re  9 .

5 *2  E x p e r im e n ta l V a r ia b le s  and E x p e r im e n ta l Runs

The p re s e n t e x p e rim e n ts  w ou ld  be c a r r ie d  o u t  u s in g  ju ic e  fro m  

C i t r u s  r e t ic u la t a  B la n c o .

5 *2 .1  E x p e r im e n ta l v a r ia b le s

Ih o  p ro c e ss  v a r ia b le s  w h ic h  w ou ld  be s tu d ie d  w e re ;

( a )  Ind ep end en t v a r ia b le s

( i )  th e  fe e d  r a te  o f  f r u i t  ju ic e .  S ix  fe e d  r a te s  w ou ld  

be used , and th e y  were .c o rre sp o n d in g  to  th e  fe e d  ro ta m e te r  re a d in g s
o f  10, 11 , 12 , 1 3 , 14 , and 1 5 .

( i i )  the tomperatures o f hot water. Sovon mean tcnporataiffo 
o f  hot water in le t  would be used, they are 8'4.6,89.2,,87.3,88.8,87;7% 85*7
and 8 5 ,9 °c

j u i c e  e n t e r i n g  t h e  i n c l i n e d » f i l m  e v a p o r a t o r *  î h e  m e t e r  h a s  a n

a t t a c h e d  s c a l e ,  o f  15 d i v i s i o n s ,  e a c h  d i v i d e d  i n t o  1 0  s u b d i v i s i o n s .

(b )  Dopondont v a r ia b le s  w h ic h  w ou ld  bo m easured w o re ;
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( i )  th e  c o n c e n tra t io n  o f  ju ic e  b e fo re  anr! a f t e r  p ro c e s s in g  

( i i )  pH o f  ju ic e  b e fo re  and a f t e r  p ro c e s s in g
( i i i )  a c id i t y ,  expressed as c i t r i c  a c id ,  o f  ju ic e  b e fo re  and 

a f t e r  p ro c e s s in g
( i v )  v ita m in  c c o n te n t o f  ju ic e  b e fo re  .and a f t e r  p ro c e s s in g

( v )  p re s s u re  o f  steam  i n  th e  h e a t exchanger

( v i )  te m p e ra tu re s  o f  i n l e t  steam and o u t le t  cond ensa te  o f  

th e  h o t -w a te r  h e a te r

( v i i )  f lo w  r a te  o f  h o t  w a te r
( v i i i )  te m p e ra tu re s  o f  c o ld  w a te r  i n l e t  .and o u t l e t  i n  b o th  

condensers
( i x )  f lo w  r a te  o f  c o ld  w a te r

( x )  vacuum i n  th e  e v a p o ra t in g  chamber

( x i )  te m p e ra tu re  o f  th e  e v a p o ra tin g  ju ic e
( x i i )  te m p e ra tu re s  o f  condensa te  i n l e t  and o u t l e t  i n  b o th  

cond ensers .

5 .2 .2  E x p e r im e n ta l ru n s

w e re :

The e x p e r im e n ta l ru n s  w h ich  were p la n n e d  to  be p e rfo rm e d

1 . T e s t ru n  o f  th e  eq u ip m e n t: S ugar s o lu t io n  o f  c o n c e n tra t io n  

9 -1 1 #  พ /พ  w ou ld  be used w ith  v a r ie d  fe e d  r a te  and v a r ie d  te m p e ra tu re  

o f  h o t  w a te r  i n  o rd e r  to  sea rch  f o r  th e  p ro p e r  range o f  fe e d  r a te  and 

th e  p ro p e r  steam p re s s u re .



2 . E x p e r im e n ta l ru n s :  E xp e rim e n ts  w ere  p lanned  to  be

p e rfo rm e d  u s in g  o rang e  ju ic e ,  and th e r e  were seven ru n s  as fo llo w e d »

1 no Feed rotameter Temp.of Hot water
1 10 89
2 11 90.5
3 12 89
4 13 91.9
5 14 89
6 15 90.5
7 11 87

5.3 E x p e r im e n ta l P ro c e d u re

Ih e  p ro c e d u re  used i n  th e  p ro s e n t e xp e rim e n ts  c o n s is te d  o f

s e v e ra l subsequent s te p s  as shown i n  F ig u re  10
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F i f t y  k ilo g ra m s  o f  C i t r u s  r e t ic u la t a  B lanco  o rang o  was re c e iv e d  

fro m  a d i s t r ib u t o r  and used f o r  each e x p e r im e n ta l ru n .  A f t o r  w e ig h in g 5 

s o r t in g ,  w a sh in g , h a lv in g s  ju ic e  was e x tra c te d  fro m  th e  f r u i t  on a 

Kenwood J u ic e  E x t r a c to r  Model KNM 6 , sc reened  on a p la s t ic  s c rc c n o r 

to  romovo seeds and c o a rse  p a r t ic le s  even some p u lp . I t  was fo l lo w e d  

b y  s c re e n in g  w i th  d oub le  f o ld  o f  s c re e n in g  c lo th  to  remove ju ic e  sac . 

The sc reened  ju ic o ,  weighed a b o u t 30$ o f  th e  o r ig in a l  f r u i t s ,  was 

passed th ro u g h  a d o u b le  c o i l  made o f  s t a in le s s  s te e l  o f  0-.9 2  cn 

d ia m e te r and 6 n o to r  lo n g  w h ic h  was ke e p in g  i n  b o i l in g  w a te r  a l l  th e  
t im e .  A t  th e  end o f  t h i s  c o i l ,  th e  hea ted  ju ic e  o f  a te m p e ra tu re  

betw een 70 -80°C  was s to re d  i n  a g la s s  c o n ta in e r  w h ich  was t i g h t l y  
c lo s e d . The ju ic e  was sucked th ro u g h  th e  c o i l  b y  a p p ly in g  some 
vacuum to  th e  g la s s  c o n ta in e r,, T h is  was a ls o  d e a e ra t io n  and p a s te u r i ­

z a t io n .

By c o n n e c tin g  a FVC tu b in g  fro m  th e  fe e d  ta n k  ( 1 ) (s e e  F ig u re  

11) t o  th e  g la s s  c o n ta in e r  and a p p ly in g  some vacuum to  th e  fo rm e r ,  
th e  ju ic e  was th e n  sucked to  th e  fe e d  ta n k .  The te m p o ra tu ro  and 

c o n c e n tra t io n  o f  th e  ju ic e  w ore  measurodo The ju ic e  was fe d  in t o  th o  

e v a p o ra t in g  chamber ( 2 ) ,  th e  fe e '1 r a te  was c o n t r o l le d  b y  a fe e d  v a lv e  

( 3 ) and was d e te rm in e d  b y  a ro ta m e te r  ( A ) .  I t  f lo w e d  th ro u g h  a 
d i s t r ib u t o r  ( 5 ) o n to  th e  h e a te d  p la te  ( 6 )  and o v e r f lo w e d  fro m  a w ie r
( 7 ) as a t h i n  f i lm .  The p la t e ,  b e n e a th  o f  w h ich  s i t u a te d  a lo n g  
re c ta n g u la r  chamber f o r  c i r c u la te d  h o t  w a te r ,  was w e tte d  b e fo ro  w i th  
some ju ic e  w h i le  b e in g  h e a te d  to  make th e  f i lm  f lo w  s m o o th ly . The 
h o t  w a te r  was c i r c u la te d  b y  a 0 .3 5  H.Po c e n t r i f u g a l  pump ( 8 )  th ro u g h
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1 . F e e d  t a n k 26 . S t e a m  t r a p

2 . E v a p o r a t i n g  c h a m b e r 27 . H o t  w a t o r  i n i e t / d r a i n i n g

3 . F e e d  v a l v e 2 8 . H o t - w a t e r  c o n t r o l l e r

4 . R o t a m o t e r 29 . C o n c e n t r a t e '  . - j u i c e  d r a i n i n g  v a l v e s

5 . D i s t r i b u t o r 30. L i n o  t o  v a c u u m  p u m p s

6 , I n c l i n e d  h e a t e d  p l a t o 3 1 . V e n t  v a l v e

7 . VÜ o r 32 . G l a s s  w i n d o w s

8 . C e n t r i f u g a l  p u m p 3 3 . T h e r m o m e t e r  p o r t s

9 . H o t  w a t e r  h e a t e r 34 . C o o l i n g  w a t o r  i n l e t  v a l v e

1 0 . M a n o m e t e r  f o r  h o t  w a t e r 3 5 . D r a i n  v a l v e

1 1 . O r i f i c e - m e t e r  f o r  h o t  w a t e r 36 . C o n d e n s a t e  d r a i n i n g  v a l v e s

1 2 , 5 13 .  C o n d e n s e r s 3 7 . V e n t  v a l v e

1 4 . C o n d e n s a t e  t a n k s 3 8 . G l a s s  t u b e

1 5 . M a n o m e t e r  f o r  c o l d  w a t e r 3 9 . V a c u u m  g a u g e

1 6 . O r i f i c e - m e t e r  f o r  c o l d  w a t e r  4 0 . V a c u u m  g a u g e

1 ? »  C o n c e n t r a t e !  . - j u i c e  t a n k s  o r  r e c e i v e r  t a n k s

1 8 ,  V a c u u m  v a l v e

19 • V a c u u m  p u m p

2 0 ,  F o o d  i n l e t  v a l v e

2 1 »  D r a i n  v a l v e

2 2 .  G l a s s  t u b e

2 3 »  V o n t  v a l v e

2 4 .  S t e a m  i n l e t

25 . S t e a m  p r e s s u r e  g a u g e
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a  s h e l l  a n d  t u b e  h e a t  e x c h a n g e r  ( 9)9 'w h i c h  w a s  h e a t e d  b y  s t e a m  o n  t h e  

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

t h e  s a m e  a s  t h e  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 a s  c o n t r o l l e d  b y  t h e  

f l o w  r a t e  o f  h o t  w a t e r  i n d i c a t e d  b y  t h e  m a n o m e t e r  ( 10 ) o f  a n  o r i f i c e  

m e t e r  ( 1 1 )

I n  t h e  e v a p o r a t i n g  s e c t i o n  ( 2 ) 9 t h e  v a c u u m  w a s  a p p l i e d  a t  

t h e  b e g i n n i n g  o f  t h e  r u n  t o  r e d u c e  t h e  b o i l i n g  p o i n t  o f  t h e  j u i c e  

a n d  t o  f o r c e  t h e  j u i c e  f l o w  t h r o u g h  t h e  r o t a m e t e r  ( 4 ) .  T h e n  e v a p o ­

r a t i o n  t o o k  p l a c e ,  t h e  v a p o r s  p a s s e d  t h r o u g h  a  h o r i z o n t a l  c o n d e n s e r

( 12 )  i n  t u b e  s i d e  a n d  t h e n  a  v e r t i c a l  o n e  ( 13 )  i n  t u b e  s i d e  t o o 9 t o  

a  c o n d e n s a t e  t a n k  ( 1» .  T h e  c o o l i n g  w a t e r  p a s s e d  t h r o u g h  t h e  s h e l l  

s i d e  o f  b o t h  c o n d e n s e r s 9 a n d  t h e  f l o w  r a t e  w a s  m e a s u r e d  b y  t h e  

m a n o m e t e r  r e a d i n g  ( 1 5 ) o f  a n  o r i f i c e  m e t e r  ( 16 ) .

T h o  c o n c e n t r a t i n g  j u i c e  f l o w e d  d o w n w a r d  u n d e r  g r a v i t y  a l o n g  

t h e  i n c l i n e d  p l a t e  t o  a  r e c e i v e r  t a n k  ( 1 7 ) .  D u r i n g  t h e  e v a p o r a t i o n  

t h o  f o l l o w i n g s  w o r e  r e c o r d e d  e v e r y  f i v e  m i n u t e s .

1 .  f e e d  r o t a m e t e r  r e a d i n g

2 .  p r e s s u r e  o f  s t e a m  o n t . o r e d  t h e  h e a t  e x c h a n g e r

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

^ '.  t e m p e r a t u r e s  o f  h o t  w a t e r  b o t h  i n l e t  a n d  o u t l e t

5 .  f l o w  r a t e  o f  h o t  w a t e r

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

c o n d e n s e r s

7 .  f l o w  r a t e  o f  c o l d  w a t e r

8 .  v a c u u m  g a u g e  o f  t h e  e v a p o r a t i n g  c h a m b e r



9 . tem pe ra tu re  o f  th e  e v a p o ra t in g  ju ic e

1 0 . tem pe ra tu re  o f  va po r i n  b o th  condense rs .

As th e  f r u i t  ju ic e  i n  th e  feed  ta n k  had been used u p . 1th e  
e x p e r im e n ta l ru n  was te rm in a te d .  To s to p  th e  ru n  Çhe steam  
i n l e t  v a lv e ,  th e  h o t-w a te r  pump, th e n  th e  vacuum v a lv e ( 1 8 ) and 
vacuum pump(19) were tu rn e d  o f f .  The w e ig h t ,  te m p e ra tu re  and 
c o n c e n t ra t io n  o f  th e  c o n c e n t r a te - ju ic e , and th e  w e ig h t o f  con­

densa te  were re c o rd e d . The t im e  consumed f o r  th e  e x p e r im e n ta l 
ru n  was a ls o  re c o rd e d .

5 .4  E x p e r im e n ta l A n a ly s is

P h y s ic a l and ch em ic a l a n a ly s is  o f  o range ju ic e  b e fo re  and 
a f t e r  p ro c e s s in g  were c a r r ie d  o u t as f o l lo w :

P h y s ic a l a n a ly s is

1 . C o n c e n tra t io n ,  as e xp re ssed  in  B r ix  and b e in g  assumed as 
p e rc e n t t o t a l  s o lu b le  s o l i d  o r  s o l id  c o n te n t ,  was measured by a 
hand re f r a c to m e te r  o f  ATAGO,Japan N o .124317.

2 . pH was measured by pH m e te r , No .7010 o f  E le c t r o n ic  
In s tru m e n ts  L t d . ,  w h ich  was c a l ib r a te d  u s in g  p re p a re d  b u f f e r  
s o lu t io n  o f  pH 4 ,7 .

C hem ica l a n a ly s is

1. A cidity: A cidity of orange ju ice  was determined by using
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I n d ic a to r  M ethod . Orange ju ic e  o f  Oๆ m l. fo r  f r e s h  j u i c e , o r  10 m l,

d i lu t e d  to  20 m l.a n d  used 1 0  m l , f o r  c o n c e n t r a te - ju ic e , was t i t r a t e d

w i th  s ta n d a rd is e d  0 . IN  NaOH s o lu t io n  u s in g  0 .3  m l.p h e n o lp h th a le in  as

in d ic a t o r .  From m l . o f  NaOH u s e d ,th e  q u iv a le n t  o f  a c id  was th e n

o b ta in e d  and f u r t h e r  c a lc u la te d  as gm c i t r i c  a c id .

2 . V ita m in  C: The v i ta m in  c c o n te n t was d e te rm in e d  u s in g  
( 2 )

Io d in e  T i t r a t i o n  M ethod . Sample o f  10 m l . f o r  f r e s h  j u i c e , o r  25 m l*  
f o r  c o n c e n t ra te - ju ic e ,w a s  t i t r a t e d  r a p id ly  w i th  s ta n d a rd is e d  0 .01 N(3) 1 (V)
Io d in e  s o lu t io n  u s in g  1% s ta r c h  s o lu t io n  as i n d ic a t o r .  From. m l.  
Io d in e  u s e d ,v ita m in  c c o n te n t was c a lc u la te d .

5 .5  E x p e r im e n ta l O b se rv a t io n s

D u r in g  th e  e xpe rim en ts ,som e  d i f f i c u l t i e s  were c o n fro n te d  and 
some o b s e rv a t io n s  were a ls o  n o te d .

1 . I n i t i a l l y , t h e  fe e d  ju ic e  was in t ro d u c e d  to  th e  e v a p o ra t in g  
chamber by the  d i s t r i b u t o r  a lo n e . T h is  cause unsmoothed t h i n  f i lm  
s in c e  i t  f lo w e d  l o c a l l y  i n  d is c o n n e c te d  s tream s l i k e  c h a n e l l in g .

O n ly  a t  v e ry  h ig h  fe ed  r a te s  th e  p la te  was found  to  be c o m p le te ly  
co ve red  by f l u i d  f i lm  b u t o f  v a ry in g  th ic k n e s s .  However such feed  
r a te s  were to o  h ig h  f o r  th e  p re s e n t e x p e r im e n ts . I t  was th o u g h t  
t h a t  e i t h e r  th e  d i s t r i b u t o r  d id  n o t fu n c t io n  w e l l  o r  th e  p la te  was 
n o t c le a n  enough. The d i r t  made im p o s s ib le  smooth f lo w  o f  th e  f i lm ,

W il l ia m  H o rw it z , o f f i c i al  Methods o f  A n a ly s is  o f  th e  A s s o c i­
a t io n  o f  O f f i c i a l  A n a ly t ic a l  c h e m is ts ( 11 th e d . W iscons in :G eo rg e
Ban ta  C o m p a n y , I n c . , 1 9 7 0 ) , p . 377*

^ M o r r is  M .J a co b s ,C hem ica l A n a ly s is  o f  Foods and Food P ro d u c ts  
(New Je rs e y :D .V a n  N o s tra n d , C o . In c . ,1 9 5 9 ) 1p p .7 2 ^ -7 2 7 .

^ A r th e r  I .V o g e l ,  Tex t -b o o k  o f  Q u a n t i t a t iv e  In o rg a n ic  A n a ly s is 
(3 d e d . G .B : R ic h a rd  C la y T i t d . , 1 9 6 1 ) 1p p .3 ^ 8 ,3 5 7 .

^ I b i d . p . 3 ^ 7 .

( 1 )
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T h u s ,  t o  s o l v o  t h e  p r o b l e m ,  t h e  p l a t e  w a s  c l e a n e d  a n d  a  w i e r ,  1 * 2 7  c m . 

h i g h  a n d  0 .15 7  cm . t h i c k  o f  s t a i n l e s s  s t e e l ,  w a s  w e l d e d  t o  t h e  p l a t e  

a t  t h e  p o s i t i o n  c l o s e  t o  t h e  d i s t r i b u t o r .  T h e  j u i c e  t h e n  f l o w e d  

t h r o u g h  t h e  d i s t r i b u t o r  o n t o  t h e  p l a t e  a n d  o v e r f l o w e d  t h e  w e i r .  

S m o o t h e r  f i l m  w a s  t h e n  p r o d u c e d .  H o w e v e r ,  i t  w a s  s t i l l  n e c e s s a r y  

t o  h a v e  h i g h  f e e d  r a t e  a t  t h e  b e g i n n i n g  o f  t h e  r u n  t o  w e t  a l l  t h e  

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

t h e  s m o o t h  f i l m  s t i l l  e x i s t e d .

2 .  To t e s t  r u n  t h e  e q u i p m e n t ,  p r i o r  t o  c o n c e n t r a t i n g  o r a n g e  

j u i c e ,  s o m e  e x p e r i m e n t s  w e r e  p e r f o r m e d  u s i n g  s u g a r  s o l u t i o n  o f  c o n ­

c e n t r a t i o n  9 - 1 1 $  พ /พ  m e a s u r e d  b y  a  h a n d  r e f r a c t o m e t o r  a n d  e x p r e s s e d  

i n  B r i x .  T h e  s o l u t i o n  w a s  w a r m e d  t o  ?0°c b e f o r e  i n t r o d u c i n g  t o  f l o w  

i n  o r d e r  t h a t  w a t e r  w o u l d  v a p o r i z e  a s  i t  e n t e r e d  t h e  e v a p o r a t i n g  

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

e v e n  t h e  o v e r f l o w  o n  t h e  w i e r  w a s  a d j u s t e d .  I t  m i g h t  b o  p o s s i b l e  

t h a t  t h e  p l a t e  i t s e l f  w a s  n o t  s m o o t h  e n o u g h .  C r y s t a l l i s a t i o n  o f  

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

t h e  p l a t e *  T h e  c h a n g e  i n  v i s c o s i t y  w a s  n o t i c e a b l e .  M o r e  s u g a r  

c r y s t a l s  w e r e  o b s e r v e d  a t  t h e  e n d  o f  t h e  p l a t e  r a t h e r  t h a n  a t  t h e  

b e g i n n i n g .  T h e  b o i l i n g  o f  t h e  l i q u i d  d i s t u r b e d  t h e  f l o w  a n d  s o m e  

f o a m i n g  o c c u r r e d .

3 .  T h e  f l o w  o f  t h e  f e e d  w a s  n o t  c o n s t a n t  a t  d e s i r e d  r a t e .

S o m e  b u b b l e s  d e v e l o p e d  i n  t h e  f e e d  l i n e  a n d  p u s h e d  t h e  f l o a t  i n  

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

t h o  h e a d  i n  t h e  f e e d  t a n k  d e c r e a s e d .  T h i s  a l s o  c o r r e s p o n d e d  t o
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3 . 1  t h e  s u d d e n l y  c h a n g e  o f  p r e s s u r e ,  f r o m  a t m o s p h e r i c  i n  

t h e  f e e d  t a n k  t o  u n d e r  v a c u u m  i n  t h e  e v a p o r a t i n g  c h a m b e r ,  t h u s ,  

t h e  w a r m e d  f e e d  c o u l d  b o i l  i n  t h e  l i n e ,

o r  3 . 2  t h e  l e a k a g e  a r o u n d  t h e  j o i n t  o f  t h e  l i n o  w h i c h  p e r m i t t e d  

a i r  f r o m  t h e  o u t s i d e  e n t e r e d  a n d  f o r m e d  a i r  b u b b l e s  i n  t h e  l i n o ,  

o r  3 . 3  t h e  u s e  o f  g a t e  v a l v e  i n s t e a d  o f  a  g l o v e  v a l v e  i n  t h e  

f e e d  l i n e ,  t h e  f o r m e s  i s  n o t  a  g o o d  f l o w - r a t e  r e g u l a t o r  a s  t h o  

l a t t e r .

4 .  T h e  f l u c t u a t i o n  o f  r o t a m e t e r  r e a d i n g  o f  t h e  f e e d  a n d  t h e  

f l u c t u a t i o n  o f  v a c u u m  g a u g e  r e a d i n g  o f  t h e  e v a p o r a t i n g  o h a n b e l *  

s e e m e d  t o  h a v e  s o m e  r e l a t i o n s h i p .  A s  t h e  v a c u u m  i n c r e a s e d  t h e  f l o a t  

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

I t  w a s  a p p a r e n t  t h a t  w h e n  t h e  f e e d  w a s  s u c k e d  i n t o  t h e  e v a p o r a t i n g  

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

p o i n t  i n  t h e  c h a m b e r .  T h e  v a p o r i z a t i o n  i m m e d i a t e l y  t o o k  p l a c e ,  t h e  

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

c a u s e d  t h e  f l o a t  t o  s i n k .  A s  t h e  f e e d  r a t e  d e c r e a s e d ,  l e s s  w a t e r  

w a s  v a p o r i z e d  i n  t h e  c h a m b e r ,  t h e  v a c u u m  c o n s e q u e n t l y  i n c r e a s e d .

T h i s  p h e n o m e n a  s e e m e d  t o  b e  a  c y c l i c  p r o c e s s .

5 o  To r u n  t h o  e x p e r i m e n t s ,  o r a n g e  j u i c e  w a s  u s e d .  I t  w a s  

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

o v e n  t h e  h i g h  p r e s s u r e  d e v e l o p e d  i n  t h e  p u m p .  I t  w a s  t h e  p a r t i c l e  

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

t h e  v a c u u m  i n  t h e  e v a p o r a t i n g  c h a m b e r , . a s  t h e  l i q u i d  b o i l e d  t h o

v a c u u m  d e c r e a s e d .  I t  w a s  t h o u g h t t h a t  t h a t  w a s  d u e  t o  e i t h o r s
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t h r o u g h  t h o  f i l t e r  p a p e r .  T h e r e f o r e  p l c a s t i e  s c f e e n  p l a c e d  i n  t h e  
j u i c e  e x t r a c t o r  a n d  s c r e e n i n g  c l o t h  w e r e  u s e d  i n s t e a d  o f  t h o  f i l t e r

p r e s s ,

6 ,  T h e  t e m p o r a t u r e  o f  e v a p o r a t i o n  w a s  t o o  h i g h ,  t h i s  w a s  

u n f a v o r a b l e  f o r  a r o m a t i c  s u b s t a n c e s  i n  t h e  c o n c e n t r a t e : . - j u i c e .  T h e  

c h a r a c t e r i s t i c s  o f  f r o s h  o r a n g e  j u i c e ,  g r e a t l y  b a s e d  o n  a r o m a t i c  

s u b s t a n c e s ,  a f t e r  e v a p o r a t i n g  c h a n g e d  a  l o t ,  t h o u g h  t h e  j u i c e  b o d y  

a n d  c o l o r  w o r e  s t i l l  a p p r e c i a t e d .  T h e  f l a v o r  w a s  f o u n d  t o  b o  t r a p e d  

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

T h e  l e a k a g e  i n  t h e  e v a p o r a t i n g  c h a m b e r  w a s  c h o c k e d  a n d  r e c h e c k o d  i n  

o r d e r  t o  e l i m i n a t e  e v e n  t h e  l e a s t  l e a k a g e s .  T h e  o i l  u s e d  i n  t h o  

v a c u u m  p u m p  w a s  t r i a d  t o  o b t a i n  t h o  m o s t  e f f e c t i v e  o n o .  T h o  m a x im u m  

v a c u u m  p r o d u c e d  i n  t h o  c h a m b e r  w a s  s t i l l  t o o  l o w .  I t  w a s  f o u n d  

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

m in im u m  l o s s  o f  f l a v o r  i s  2 1 ° c ,  c o r r e s p o n d i n g  t o  7 4 0  n n . H g  v a c u u m

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

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

t i o n ,  M o r e o v e r  t h e  u s o  o f  s o l v e n t  o r  l i g h t  f l u s h i n g  o i l  i n  c l e a n i n g  

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

t h o n  l o w e r e d  t h o  h i g h  v a c u u m ,

7 ,  T h e  v a c u u m  i n  t h e  e v a p o r a t i n g  c h a m b e r  d e c r e a s e d  f r o m  t h o  

b e g i n n i n g  a n d  t h e n  w a s  c o n s t a n t  a f t e r  a  p e r i o d  o f  o p e r a t i o n .  T h i s  

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

e v a p o r a t e  w a t o r  s u c c e s s f u l l y ,  t h o  e v a p o r a t i o n  t h e n  t o o k  p l a c e  a t  a  

l o w  r a t e ,  A f t e r  t h e  p l a t e  g a i n e d  m o r e  h e a t  ( b y  b o i n g  c o n t a c t o d
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w ith  c i r c u la t e d  h o t w a te r ) ,  th e  e v a p o ra t io n  to o k  p la c e  a t  a h ig h e r  
r a t e .  The vapo r p re s s u re  in  th e  e v a p o ra t in g  chamber in c re a s e d , th e  
vacuum d e c re a se d ,T h is  was s u p p o rte d  by th e  o b s e rv a t io n  o f  low  
te m p e ra tu re  a t th e  e n tra n ce  o f  va po rs  in t o  th e  condense r and i t s  
in c r e a s in g  g r a d u a l ly .  F u r th e rm o re , some w a te r va p o r from  th e  evapo­

r a t in g  chamber m ig h t n o t be condensed in  b o th  co nden se rs . I t  th en  
passed th ro u g h  th e  vacuum pump and r e s u l t  in  lo w e r vacuum.

8 . The v i s c o s i t i e s  o f  th e  e vapo ra te d  o range ju ic e  was seen  
to  change p o in t  to  p o in t  a lo n g  th e  p la t e .  The more v is c o u s  ju ic e  
de ve loped  from  th e  e n tra n ce  to  th e  end . The ju ic e  lo a d  a t  th e  
b e g in n in g  was g r e a te r  th a n  th a t  a t  th e  end s in c e  w a te r  was removed  
d u r in g  e v a p o ra t io n . T h is  a ls o  made u n c o n t in u i t y  f lo w  o f  j u i c e .  The 
assum p tio n  t h a t  th e  v is c o s i t y ; ,  and th e  d e n s ity  were c o n s ta n t m ig h t  
be d is a p p o in te d .  A c c o rd in g  to  th e  p h y s ic a l p r o p e r t ie s  d e te rm in a t io n  
o f  o range ju ic e  a t v a r io u s  c o n c e n t r a t io n , th e  o range ju ic e  changed  
from  N ew ton ian  f l u i d  in t o  N on -new to n ian  f l u i d  a t c o n c e n t ra t io n

abou t 20° B r ix .  (see F ig u re  1 3 ) . The p la t e , t o  se rve  t h i s  co rre sp ondance , 
m ig h t have i t s  i n c l i n a t i o n  in  e x p o n e n t ia l fo rm , so th e  f l o w  a t  th e  
b e g in n in g  may be s low ed , and when th e  f l u i d  was more v is c o u s  th e  
f lo w  must be a c c e re la te d  by g r a v i t a t io n a l  f o r c e .

9 . The c le a n in g  o f  the  e v a p o ra t in g  chamber was d i f f i c u l t  
s in c e  th e  chamber was c lo s e d . Some p a r t ic le s  were l e f t  and d r ie d  on 
th e  p la te  w h ich  in t e r f e r e d  th e  c o n t in u i t y  o f  f lo w  o f  th e  l i q u i d  f i lm .

10. Too h ig h  p re s s u re  o f  steam  (more th a n  4 l b / i n ^ )  used in  
th e  h e a t exchange r seemed to  be w o r th le s s ,  because th e  h o t w a te r
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e x p a n d e d  t o o  m u c h  a n d  l e f t  t h e  h o t  w a t e r  c y c l e  v i a  a  v o n t .  M o r e o v e r ,  

t h e  h i g h  t e m p e r a t u r e  o f  h o t  w a t e r  r e s u l t e d  h i g h e r  t e m p e r a t u r e  o f  t h e  

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

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

5 * 6  P h y s i c a l  P r o p e r t i e s  D e t e r m i n a t i o n

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

a n d  h e a t  c a p a c i t y  a t  v a r i o u s  c o n c e n t r a t i o n s  w e r e  d e t e r m i n e d ,  T h o  

e x p e r i m e n t s  w e r e  a l l  t a k e n  a t  b o o m  t e m p e r a t u r e .

5 . 6 . 1  D e t e r m i n a t i o n  o f  o r a n g e  j u i c e  d e n s i t y  ( อ )  a t  v a r i o u s  

c o n c e n t r a t i o n s

B y  w e i g h i n g  a  d e f i n i t e  v o l u m e ,  2 5  m l .  u s i n g  a  g r a d u a t e d  

p i p o t t e ,  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  o r a n g o  j u i c e ,  5 s  10 ,  15 ,  2 0 ,  25 

30 ,  3 5 ,  4 0 ,  4 -5 , 5 0 °  B r i x ,  t h o  d e n s i t i e s  w o r e  c a l c u l a t e d  a s  g m / m l .

T h e  r e l a t i o n s h i p  b e t w e e n  t h o  d e n s i t y  a n d  c o n c e n t r a t i o n  ( B r i x )  w a s  

p l o t t e d  a s  s h o w n  i n  F i g u r e  12o

5 . 6 . 2  D e t e r m i n a t i o n  o f  v i s c o s i t y  ( / O

O r a n g o  j u i c e  o f  c o n c e n t r a t i o n s 5 ,  1 0 ,  1 5 ,  2 0 ,  2 5 ,  30 ,  3 5  

4 0 ,  45 ,  a n d  5 0 °  B r i x  w e r e  p r e p a r e d .  T h e  v i s c o s i t i e s  w e r e  d e t e r m i n e d  

b y  u s i n g  B r o o k f i e l d  v i s c o m e t e r  m o d e l  L V F -5 X  w i t h  s p i n d l o  N 0 .1  a t  s p e e d  

30 a n d  60.  T h e  f i g u r e  r e a d  w e r e  m u l t i p l i e d  b y  f a c t o r s  2  -and  1  r e s p e c ­

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

e x p r e s s e d  a s  c e n t i p o i s G  w e r e  p l o t t e d  a g a i n s t  c o n c e n t r a t i o n  a s  s h o w n
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i n  F i g u r e  13 .

5 . 6.3  D e t e r m i n a t i o n  o f  h e a t  C a p a c i t y  ( ร )

T h e  h e a t  c a p a c i t y  a t  e a c h  i n t e r v a l  o f  c o n c e n t r a t i o n  

w a s  d e t e r m i n e d  b y  m i x i n g  a  k n o w n  a m o u n t  o f  h o t  w a t e r  w i t h  a  k n o w n  

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

d e t e r m i n e d  b e f o r e .  F ro m  t h e  t e m p e r a t u r e s  o f  o r a n g e  j u i c e ,  o f  h o t  

w a t e r  b e f o r e  m i x i n g ,  a n d  t h a t  o f  a f t e r  m i x i n g ,  t h e  h e a t  c a p a c i t y  

w a s  t h e n  c a l c u l a t e d .  T h o  r e s u l t s  o f  h e a t  c a p a c i t y  ( C a l / g ° c )  w e r e  

p l o t t e d  a g a i n s t  c o n c e n t r a t i o n  a s  s h o w n  i n  F i g u r e  1^-.

5 . f > ^  B r i x  a n d  c o n c e n t r a t i o n

T h i s  e x p r e s s i o n  i s  u s e d  r a t h e r  l o o s e l y  t h r o u g h o u t  t h o  

f r u i t  j u i c e  i n d u s t r y .  P r i m a r i l y  i t  i s  a  m e a s u r e  o f  s u g a r  ( s u c r o s e )  

c o n c e n t r a t i o n  a s  d e t e r m i n e d  b y  a  B r i x  h y d r o m e t e r  w h i c h  i s  c a l i b r a t e d  

t o  r e a d  d i r e c t l y  i n  t e r m s  o f  p e r c e n t  w e i g h t  b y  w e i g h t  o f  s u g a r ,  a n d
' น )a s  s u c h  s h o u l d  o n l y  b o  u s e d  f o r  p u r e  s u g a r  s o l u t i o n .  T h o  e x p e r i m e n t  

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

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

t h e s e  r e s u l t s  w o r e  s h o w n  i n  F i g u r e  15 .  F u r t h e r  a s s u m p t i o n  Ttfas m a d e  

t h a t  t h e  b r i x  r e a d i n g  s h o w e d  p e r c e n t  w e i g h t  b y  w e i g h t  o f  t o t a l  

s o l u b l e  s o l i d s  ( o r  s o l i d  c o n t e n t )  i n  o r a n g e  j u i c e .

A n t h o n y  W o o l l e n ,  F o o d  I n d u s t r i e s  M a n u a l ( 2 0 t h e d .  
L o n d o n :  L e o n a r d  H i l l ,  19 6 9 )»  p . 2 9 - 5 .
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