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ภมร ศร ีสมบ ูรt u .2 5 0 5 .  พ5รสกุลสม, ก !ก ? . 3 5  (พฤษภกกม, 2 5 < ว 5 ,)2 ^ 3 - 2 5 1 .

มาฅรฐานผส ิณ พ ัฑอ ุฅฝ ็าหกรรม , ส า 'น ก งาน .2 5 1 7 .  นำนสไมะ นำสม มอก 9 9 -2 5 1 7 .  

กรุง เหพ. กระหรวงอ ุฅสาหกรรม

ว ิท ยากาสฅร, กรม. 250 '+ . ย ่าวก?มว ิท ยากาสฅร. 31 (ม ก ราก ม , 250^ , )  3 - 5 .

ว ิรค าค ิบ ยม ณ Hล. 2 5 1 ;+ . นำสม รายงานเอกสารฉบ ับห 1 7 1 . พระนคร.

ก รมว ิ'Aยาศาสฅร , กอง ว ิทยาศาสฅ รช ีวภาพ.

A g a r w a l , H . c . 19 7 0 . G r a v i t y - F l o w  F a l l i n g  F i lm  E v a p o r a t o r .  C h e m ic a l  

Age o f  I n d i a . 21 ะ5 9 1 - 5 9 ^ .

B e n n e t t ,  c .o ,  and  M y e r s ,  J . E .  1 9 6 2 . M om en tum . H e a t a n d  M ass  

T r a n s f e r . New Y o r k :  M c G r a w - H i l l  B oo k  C o . I n c .

B i e l i g ,  H a n s . J « ,  and  W e rn e r  J o a c h im .  1 9 7 3 . F r u i t  J u i c e  P r o c e s s in g .  

A g r i c u l t u r a l  S e r v ic e s  B u l l e t i n  N O .1 3 ;  Rome: F o od  and  A g r i ­

c u l t u r e  O r g a n iz a t i o n  o f  t h e  U n i t e d  N a t i o n s .

B i r d ,  R . B y r o n ,  S t e w a r t ,  W a rre n  E . ,  and  L i g h t f o o t ,  E d w in  N . 19 6 0 .

T r a n s p o r t  P h e n om ena . T o k y o :  T o p p a n  C o . L t d .

B o r g s t r o m ,  G e o rg .  19 6 8 . P r i n c i p l e s  o f  F ood  S c ie n c e , v o l . l .  5ๆ ^ e d .

New Y o r k :  The  M a c m i l la n  C om pany .

C h a rm , S t a n le y  E . 1 9 7 1 . The  F u n d a m e n ta l o f  F o o d  E n g in e e r i n g .

2 nc* e d .  C o n n e c t i c u t :  T he  A v i  P u b l i s h i n g  C o . I n c .

C la r k e ,  R . J .  1 9 7 1 . The  E v a p o r a t i o n  o f  H e a t S e n s i t i v e  F o o d s t u f f  

L i q u i d s .  J .  A p p l .  Chem . B io t e c h n o l . ,  2 1 :  3 ^ 9 - 3 5 0 .

C r u e s s ,  พ .V . 19^+3. C o m m e rc ia l F r u i t  and  V e g e ta b le  P r o d u c t s . 3 r ( ^ e d .  

P e n n s y lv a n ia :  The  M a p le  P re s s  C o .



9 5

D in s m o r e ,  H . L . 1 and  N a g y , ร .  1 9 7 2 . C o l o r im e t r i c  F u r f u r a l

M e a s u re m e n t as an I n d e x  o f  D e t e r i o r a t i o n  i n  s t o r e d  c i t r u s  

J u i c e s .  J o u r n a l  o f  F ood  S c ie n c e , 3 7 :  768 - 7 7 0 .

E a r l e ,  R . L .  1 9 6 6 . U n i t  O p e r a t io n s  i n  F ood  P r o c e s s in g . New S o u th  

M a le s :  P e rg a rn on  P re s s  P t y .  L t d .

F le m in g ,  A . ,  a nd  H u n te r ,  0 .  19 7 0 . New D e v e lo p m e n ts  i n  F i lm

E v a p o r a t o r s .  C h e m ic a l P r o c e s s in g  ( L o n d o n ) ) 1 6 : 5 1 “ 55«

G ra y ,  R .M . 1 9 7 1 . The P la t e  E v a p o r a t o r .  J .  A p p l .C h e m .B io t e c h n o l . ,

2 1 : 3 5 9 - 3 6 2 .

H e id ,  J . L . , a n d  J o s l y n ,  M a y n a rd  A . 1 9 6 7 . F u n d a m e n ta ls  o f  F ood  

P r o c e s s in g  O p e r a t i o n s . C o n n e c t i c u t :  The  A v i  P u b l i s h i n g

C o . I n c .

H o r'.v i t s ,  L i l l i  am. 19 7 0 . O f f i c i a l  M e th o d s  o f  A n a l y s i s  o f  t h e  

A s s o c ia t i o n  o f  O f f i c i a l  A n a l y t i c a l  C h e m is ts  : 1 1 t  b'e d . 

W is c o n s in :  G e o rg e  B a n ta  C o . I n c .

Jeacobs , M o r r i s  B . 19 5 9 . C h e m ic a l A n a l y s i s  o f  F o o d s  and  F ood

P r o d u c t s . 3 ’ e d .  New J e r s e y :  D . Van N o s t r a n d  C o , I n c .  

K e r n ,  D o n a l Q. 19 6 9 » P ro c e s s  H e a t T r a n s f e r . T o k y o :  M c G r a w - H i l l  

K o g a k u s h a ,  L t d .

L im e ,  B . J . ,  a n d  C r u s e ,  R .R . 1 9 7 2 . B e v e ra g e s  f r o m  v /h o lo  C i t r u s  

F r u i t  P u r e e .  J o u r n a l  o f  F o o d  S c ie n c e , 3 7 : 250 - 2 5 2 .

L o w e , C l i f f o r d  M . , and  K in g ,  J u d s o n  c. 1 9 7 6 . S lu s h  E v a p o r a t i o n  :

A New M e th o d  f o r  C o n c e n t r a t io n  o f  L i q u i d  F o o d s .  J o u r n a l  

o f  F o o d  S c ie n c e , 3 9 : 2 ^+ 8 -2 5 3 .
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McCa.be, W a r re n  L . , a nd  S m i t h ,  J u l i a n  c. 19 5 6» U n i t  O p e r a t io n s  

o f  C h e m ic a l E n g in e e r i n g » New Y o r k :  M c G r a w - H i l l  B o o k

C o . I n c .

P e le g ,  M . , a nd  M a n n h e im , C .H , 19 7 0 . P r o d u c t io n  o f  F r o z e n  O ra n g e -  

J u i c e  C o n c e n t r a t e  f r o m  C e n t r i f u g a l l y  S e p a r a te d  S e rum  and  

P u lp .  J o u r n a l  o f  F o o d  S c ie n c e , 3 5 : 6^ 9- 6 5 1 •

P e r r y ,  J o h n  H . 19 6 3 . C h e m ic a l E n g in e e r s '  H a n d b o o k . ^ ^ e d .  T o k y o  ะ 

M c G r a w - H i l l  B o o k  C o ,

R o b b in s ,  R . H . , a nd  G r e s s w e l l ,  -D .M . 9ๆ 7 1 .  The E v a p o r a t i o n  o f  

F r u i t  J u i c e s .  J . A p p l .C h o m .B io t e c h n o l . ,  2 1 :  363 - 3 6 5 *

S a r a v a c o s ,  G .D . 19 7 0 . E f f e c t  o f  T e m p e ra tu r e  o n  v i s c o s i t y  o f  

F r u i t  J u i c e  and  P u r e e s .  J o u r n a l  o f  F ood  S c ie n c e , 3 5 :

12 2 - 1 2 5 .

S h a h , B a s i t  I I . ,  a n d  D a rb y  R o n . 1 9 7 3 . The  E f f e c t  o f  S u r f a c t a n t  

on  E v a p o r a t i v e  H e a t T r a n s f e r  i n  V e r t i c a l  F i lm  F lo w .  I n t .  

J .H e a t  M ass T r a n s f e r , 1 6 : 1889 - 19 0 3 .

S i n c l a i r ,  พ .B . 1 9 6 1 . The  O ra n g e  I t s  B io c h e m is t r y  and  P h y s i o l o g y .

T he  U n i v e r s i t y  o f  C a l i f o r n i a  P r i n t i n g  D e p a r tm e n t ,

T r e s s l e r ,  D . K . ,  and  J o s l y n ,  M .A . 1 9 6 1 . F r u i t  a n d  V e g e ta b le  J u i c e  

P r o c e s s in g  T e c h n o lo g y . C o n n e c t i c u t :  The A v i  P u b l i s h i n g

C om pany , I n c .

V o g e l ,  A r t h u r  I .  1 9 ^ 7 .  A T e x t - b o o k  o f  Q u a n t i t a t i v e  I n o r g a n i c  

A n a l y s i s . L o n d o n :  Lowe and  B ry d o n e  P r i n t e r s ,  L t d .
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W id m e r , F . ,  and  G ig e r  A . 1 9 7 0 . R e s id e n c e  T im e  C o n t r o l  i n

T h i n - f i l m  E v a p o r a t o r s .  C h e m ic a l a nd  P ro c e s s  E n g in e e r in g  

N o ve m be r ะ 6 3 - 6 5 .

iv ie g a n d ,  J .  1 9 7 1 . F a l l i n g - F i l m  E v a p o r a t o r s  and  T h e i r  A p p l i c a -  

t i o n s .  J .  A p p l .  Chera. B i o t e c h n o l . ,  2 1 ; 3 5 1 - 3 5 8 .

W o o l le n ,  A n th o n y .  1 9 6 9 . F o o d  I n d u s t r i e s  M a n u a l .  2 0 ^ ^ e d .  L o n d o n

L e o n a rd  H i l l
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Appendix À

EXPERIMENTAL DATA

p a r t  I  C a l i b r a t i o n  o f  M e te r s :

T r i p l i c a t e d  d a t a  w e re  o b t a in e d  and  o n ly  t h e  a v e ra g e  v a lu e s  

w e re  r e p o r t e d  h e r e .

1 • 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  m e te r

T r i a l M a n o m e te r  r e a d in g A v e ra g e  t im e  t o  c o l l e c t  c e r t a i n
N o . cm .H g am oun t o f  w a t e r ,  m in / s e c

1 o . k 9 /3 0 .2 5
2 อ .8 5 /2 .7
3 1 .5 3 /3 7 .8 5
k 2.1 3 /2 .9
5 2.7 2 / ^ . 8
6 3 .5 2 /2 2 .5
7 A .  2 2 /1 1 .0
8 5.1 1 /5 9 .1 5
9 6 ,6 1A 3 . 6 5

10 8.3 1 /3 3 .0 5
11 9 A 1/ 2 7 . 7
12 10.7 1 /2 1 .5
13 11.7 1 / 1 7 . 7 5
า k 12.9 1 /A .7 5
15 A . o 1 /1 1 .8

W e ig h t  o f  e m p ty  c o n t a i n e r  1 .8  k g

W e ig h t  o f  c o n t a i n e r  f i l l e d  w i t h  w a te r 3A 7  k g



1 0 0

2 O C a l ib r a t i o n  o f  c o ld -w a te r  o r i f i c e  m o te r

T r i a l
NO,

......1,1 ......... .— ■— '■ ■ —--- --- - 1 »
M a n o m e te r  r e a d in g

cm.Hg
A ve ra g e  t im e  to ' c o l l e c t  c e r ­
t a i n  .amount o f  w a te r  m in . / s e c

1 0 .8 5 4 /1 4 .3

2 1 .3 3 /3 2 .6

3 2 .1 5 2 /4 8 .7

4 3 .1 2 /2 1 .7

5 4 .0 5 2 / 6 .0

6 5 .5 1 /4 7 .6

7 6 .4 1 /4 0 .7 5

8 7 .3 5 1 /3 4 .2 5

9 8 .4 1 /2 8 .4

10 9 .4 1 /2 3 .7 5

11 1 0 .1 1 /2 0 .8

12 1 1 .3 1 /1 5 .9

13 1 1 .8 1 /1 4 .5

W e ig h t o f  em p ty  c o n ta in e r  1 .8  kg

W e ig h t o f  c o n ta in e r  f i l l e d  w i t h  w a te r  3 4 .7  kj



1 0 1

3 .  C a l ib r a t i o n  o f  r o ta m e te r

R o ta m e te r  r e a d in g A ve ra g e  cCo o f  f r u i t  j u i c e  c o l l e c t e d  i n  
1 ra in»

1 10

2 3 7 .5

3 62

4- 87

5 115

6 140

7 168

8 196

9 215

10 240

11 265

12 291

13 320

14- 341

15 370



1 0 2

P a r t  I I  P h y s ic a l  P r - 'p o r t ie s  o f  O range  J u ic e  D e te rm in a t io n

1 . D e te rm in a t io n  o f  d e n s i t y  a t  v a r io u s  c o n c e n t r a t io n  a t  

room  te m p e ra tu re

co n cn  Bx w t .  o f  b o t t l e  
gin.

w t .  o f  b o t t l e  +  sam p le  
25 m l,  ร, gm.

0 25.1562 50.0759

5 20.6434 45 .9914 -

10 26.6652 52.5862

15 2 4 .0 0 4 5 50.2544

20 29.0276 5 5 .7 8 1 4

25 25.1562 52.6311

30 32.6967 60.5164

35 25.1602 53.6954

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

45 2 6.8 78 5 5 6 .4 9 1 6

k 8 . 5 3 1 .4 5 7 0 6 1 .1 1 1 4



2 .  De te r m in a t io n  o f  v i s c o s i t y  a t  v a r io u s  c o n c e n t r a t io n

a t  room  te m p é ra tu re

con cn  Bx
A ve ra g e  re a d in g

spood  60 speed  30

0

5 0 .4 0 .2

10 0 .6 0 .4

15 0 .7 0 .3 5

20 1 .0 0 .4 3

25 1 .3 0 .6

30 1 .8 1 .2

35 3 .7 2 .3

to 6 .8 3 .9

t o 1 1 .3 6 .9

t o . 5 16 .2 9 .6

* t h e  a v e ra g e  r e a d in g  w as o b t a in e d  f r o m  t r i p l i c a t e d  d a ta
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3 .  D e te rm in a t io n  o f  s p e c i f i c  h e a t  a t  v a r io u s  c o n c e n t r a t io n

concn^BXo
f r u i t j u i c e h o t  w a te r te m p , a f t e r  m ix in g

°cw e ig h ts , gï 1 te m p 9°c w e ig h t5gm te m p , °c

0 4-10 29.0 170 55 36.5

5 500 3 7 .6 130 62 4 2 .8

10 500 3 9 .0 132.5 65 4 4 .6

15 500 36 .4 12 7.5 6 8 .2 43.2

20 500 3 1 .2 1 1 7 .5 70 3 9 .2

25 500 27.2 92.5 52 .5 3 1 .6

30 315 29.0 1 2 2 .5 67 4 0 .5

35 360 2 8 .0 100 60 0 2 36.5

40 450 26.5 100 61 34-. 0

4-5 420 1 8 .6 90 62.8 28.5

4 .  D e te rm in a t io n  o f  B r i x  c o n c e n t r a t io n  o f  s u g a r  s o lu t i o n

c o n c n . พ/พ 5 10 15 20 25 30 35 40 45 50

B x , r e a d in g 5 10 15 .2 19.8 24.9 30 .1 34.9 40 44.9 5 0 .1



P a r t  I I I  E x p e r i m e n t a l  R u n s

E x p e r i m e n t a l  r u n  N 0 . 1  F e e d  r a t e  0 .2 6  l / m ,  s t e a m  p r e s s u r e  3  p s i .

T im e

S team  
t  em p.

!

H o t  w a t e r V a p o r tem p • C o o l in g  w a te r
V a c . 
mm. Hg

te m p . m anom e­
t e r

c o n d e n s e r  NO. ๆ c o n d e n ­
s e r  NO . 2

te m p .
c o n d .2

te m p ,  
c o n d .1 m a n o m e te r

i n o u t i n o u t f r o m to i n o u t i n o u t i n o u t i n o u t fro m t o

15 :6 0 - - 88 75 1 6 . 5 1 6 .5 - - - - 25 25 25 25 10 2 0 .5 680

1 5 :^ 5 102 96 ff 76 ff ff 65 65 66 26 ft If tf 26 10 2 0 .5 680
1 5 :5 0 ft ft ff 75 ff tf 6 6 66 66 26 ff f f ft 27 10 2 0 .5 680
1 5 :5 5 ft ff ff ft tf 6 7 63 63 26 ft If ft 2 7 .5 10 2 0 .5 680
1 6 :0 0 f f tf ff 78 ff ft 6 8 3 6 26 26 tf If ft fl 10 2 0 . 5 660
1 6 :0 5 If ft ft 81 f f ft 6 9 27 26 26 ft ff ff tf 10 2 0 .5 650
1 6 :1 0 II If tf 3 3 .5 tf ft 5 2 .5 26 2 5 . 5 25 ft tf ft ft 10 2 0 .5 660
1 6 :1 5 ft ff 90 85 ff ff 5 3 .0 26 ff ff ft ft If ft 10 2 0 . 5 660
16 :2 0 ?f ff 90 3 5 .5 ft ft 5 3 .0 26 ff ft ft 11 If ff 10 2 0 . 5 660
1 6 :5 0 ÎÎ ft ft 86 It ft 5 3 .5 26 ft ff If ff ft ff 10 2 0 . 5 660
1 6 :3 5 ft If tf 86 f f If 5 3 .5 26 tf ft tf tf ff ff 10 2 0 . 5 660
l 6 ; 6 o ff ft ท 86 tf tf 5 3 .5 26 f 1 ft Ff ft น ff 10 2 0 .5 660

F eed  te m p . 6 0 ° c  B r i x  9

P r o d u c t  te m p . 66 °c  B r i x   ๆ6

T o t a l  t im e  co n sum ed  1 h r .

F e e d  q u a n t i t y  1 6 . 7  k g  

P r o d u c t  q u a n t i t y  3 . 2  k g  

C o n d e n s a te  q u a n t i t y  6 .5  k g
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E x p e r i m e n t a l  r u n  N O . 2  F e e d  r a t e  0 .2 6 5  l / m  1 s t e a m  p r e s s u r e  3  p s i

T im e  .
S team

te m p .
H o t  w a te r V a p o r  tem p 0 C o o l in g  w a te r

V a c . 
mm.Hg

te m p . m ano n .’ -
t e r

c o n d
N

e n s e r
อ . 1

c o n d e n s e r  
ว . 2 te m p c o n d 2  te m p .c o n d .1

m anom e­
t e r

i n d u t N<
i n o u t f  ro rr t o i n o u t i n o u t . i n o u t- i n o u t f r o m to

14 . 3c ; — — 91 88 13 18 — — — — 25.5 25.5 25.5 25.5 10 .2 2 0 .2 680

14.35 102 9 3 .5 91 88 It II 45 45 44 2 5 .5 tt It tt ; 26 II It 680

1 4 .4 0 ท H 90 88.5 It t! 46 42 40 It tt It It 27
tt ท 680

14.45 tl H 90 88.5 II 11 47 33 3 3 .5 25.5 25.5 It 26 .1 28-. 5 11 11 670

14.50 ท 11 91 88 พ It 49 34 33 It It 11 It It It It 660

14.55  ; พ II 9 Ï 67 tl It 51 36 30 tt It It It It 11 11 650

15.00 It H 91 8.7 II It 53 37 29 It It It 25.5 28 11 H 640

15.05 ท พ 90 87 II It 5 3 .5 3 7 -5 2 8 .5 tt tt พ tt 29 tl tt 640

15 .10 tt w 90 07 พ It 54 38 tt It It It II 29 . 5 . It tt 635

15 .15 11 II 90 87 tl It 5 4 .5 34 27 tt tt It It tl 11 tl 630

15.20 II II 90 87.5 II » It It 3 0 .5 26.5 tt It It It It It It 630

15.25 II II 90 89 It tl It 31 tt tt tt It It It 11 It 630

15.30 ท II 91 8 7 .5 tt It 55 3 1 .5 » tt It It It tt It It 630

15.35 ท II 90 87 It ท 54.5 35 27.5 tt It tt tt ท tt tt 630

Feed  te m p . 50°c B r i x  9 F ee d  q u a n t i t y  14.72. k g

P r o d u c t  te m p . 35°c B r i x  26 P r o d u c t  q u a n t i t y  5 » 0  k g

C o n d e n s a te  q u a n t i t y  9 * 7  leg
T o t a l  t im e  co n sum ed  1 h r .  6 m in .

10
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E x p e r i m e n t a l  r u n  N O . 3 F e e d  r a t e  0 . 2 9  1 / m , S t e a m  p r e s s u r e  3  p s i

s te a m
te m p .

H o t  w a t e r V a p o r  te m p . C o o l in g  w a t e r
VctC •

T im e c o n d e n s e r  
- NO . 1

c o n d e n s e r te m p .
c o n d .2

te m p ,  
c o n d . 1

—

te m p . m a n o m e te r N O . 2 m a n o m e te r mm .Hg
. . i i n o u t i n o u t f r o m t o i n o u t i n o u t i n o u t i n o u t f r o m to

15.00 — — 89 88 12 19 — _ — 25.5 25.5 26 26 10.5 19.8

15.05 102 .9 2 90 88 rt It 43 40 38 2 5 .5 II 26 26 27 It n

15 *1 0 ti ท 90 88.5 ti If 44 42 4 5 .5 « II 260 5 26 28 ft It 670

15 .1 5 » ท 89 8 6 .5 11 ท 45 46 It ท « 27 27 29 tl ft 670

15.20 ฑ 9 1 .5 88 85 11 n 51 47 45 If II 26.5 26 30 ft II 650

15.25 lî ii 89 85 H « 52.5 49 49 2 8 .0 II 26 26 30.5 II It 640

15.50 1! It 89 86 It It 52 51 50 25.5 ท 26 25.5 30 12 19 640

1 5 .3 5 It W 90 88,5 tl if 52 49 49 H II 26 25.5 31 13 1 7 .5 640

15.40 1» ft 90 86 ft If 53.5 51 51 2 8 .5 II 2 6 .5 25.5 32.5 13 17 .5 640

15.45 « II 89 8 5 .5 พ พ 53.5 49.5 49 28 II 26 26 32 15 17 .5 640

15.50 ท « 90 87 II If 54 52 52 .5 ft It 26 26 32.5 14 16.5 640

15.55 II If 90 87 พ It 54 52.5 52 If It 26 26 32.5 14 16 .5 640

F eed  te m p . 50°c B r i x  11 F e e d  q u a n t i t y  1 3 » 2 - k g

P r o d u c t  t e m p .3 7 . 5 ๐0 B r i x  2 8 .5 P r o d u c t  q u a n t i t y  4 . 8 k g

T o t a l  t im e  co n sum ed 58 r a in .
C o n d e n s a te  q u a n t i t y  8 . 4 k g

10
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E x p e r i m e n t a l  r u n  N O .4  F e e d  r a t e  0 . 3 1 8  l / m , S t e a m  p r e s s u r e  3 p s i

T in e

s te a m
te m p .

H a t  w a t e r V a p o r  te m p . C o o l in g  w a t e r
V a c .

m n .H g
te m p . m a n o m e te r c o n d e n s e r  

NO . ๆ
c o n d e n s e r  

NO. 2 ,
te m p .

c o n d .2
te m p ,  

c o n d . 1 m ano r e t e r
i n o u t i n o u t f r o m t o i n o u t i n o u t i n o u t i n o u t f r o m t o

13*40 102 96 94 88 12.5 1 6 .5 «= — — « 3 26.5 26 26 27 9.5 20.5

13 *45 tt 94 92 88 tt ft 4 7 4 6 .5 47 28 26.5 26 26 29.0 tt tt 670

13*50 tt 93 90 88 ft tt 49 46 48 29 tt 27 27 30 tt tt 660

13 *55 It 92 69 87 tt ft 5 1 .5 41 41 28 tt 27 27 30.5 tt It 650

14.00 ท 92 88 83.5 tt tt 54 4 6 .5 4 5 .5 28 tt 27 27 30.5 tt tt 630

14.05 ฑ 92 89 86 tt tt 5 4 .5 45 33 27 tt 26.5 27 30.5 tt พ 630

14„10 II 92 69 87 ท It 54 42 32.5 27 It 2 6 .5 27 30.5 tt tt 630

1 4 .1 5 ft 92 89 87 tt พ 5 4 .5 38 30.5 26.5 tt 26.5 27 30.5 tt tt 630

14.20 « 92 89
_____

87 tt tt 5 4 .5 38 30.5 26.5
_______

tt 2 6 .5 27 30.5 tt ท 630

F e e d  te m p . 60° c B r i x 10
P r o d u c t  tem p 4o°o B r i x 25

F e e d  q u a n t i t y  9 .6 5  k g

T o t a l  t i n e  co n sum ed 4 2  m in

P r o d u c t  q u a n t i t y  3 . 5  k g  

C o n d e n s a te  q u a n t i t y  6 .1  k g



Expérimenta,! run No.g F»ed ra te  0.3*4-̂  l / n  » Stean pressure 3 p s i

Time
Steam

temp.
Hot w a te r Vapor temp. C oo ling  w a te r Vac.

rmn.Hg
temp. nanometer condenser 

NO. 1 condenser NO. 2
temp.

cond .2
temp, 

cond . 1
manometer

in out in ou t from to in ou t in ou t in ou t in ou t from -ta~-
16 .3 0 102 95 90 88 13 18 » -z=> 2 7 .5 2 7 .5 2 7 .5 28 9 .5 21 675
16.35 11 t! 90 89 tt ท 45 38 35 38 It 2 7 .5 It 29 tt It 67516,40 พ H 90 88 It ก 47 3 9 .5 39 58 It tt 26 30 tt tt 675
16.45 It 11 90 87 ศ tt 48 43.5 43 29 tt It 28 31 พ It 660
16 .5 0 ท 94.5 89 86 tt 11 50 4 6 .5 46 30 .5 It 28 28 3 1 .5 tt tt 650
16.55 ท ท 89 88 It 11 5 2 .5 5 2 .5 50 .5 30.5 tt 28 28 3 1 . 5 tt ft 640
17.0 0 11 พ 90 88.5 tt It 55 52 5 2 .5 30 .5 tt 28 28 32 tt ft 650
17 .0 5 พ M

91 87 It 11 55 51 4 9 .5 29 .5 tt 28 28 3 1 . 5 M แ 63Q
17.10 ท It 89 86 It tt 55 50 45.5 28 ฑ 2 7 .5 28 3 1 . 5 It tt 650
1 7 .1 5 ฬ พ 89 86 It H 55 50 4 7 .5 30 tt 2 7 .5 28 3 1 .5 It พ 650
17 .2 0 II 93.5 88 85 พ 11 5 5 .5 50 4 7 .5 30.5 It 2 7 .5 28 32 tt H 650
1 7 .2 5 ท M 89 84 H 11 55 45 34 30 .5 tt 2 7 .5 26 30*5 It It 630
1 7 .3 0 พ ท 89 85 It It 54 37 31 30 .5 tt 28 28 2 9 .5 It tt 630
1 7 .3 5 พ tt 88 86 H It 54 38 31 30.5 tt 2 7 .5 28 2 9 .5 M It 630
1 7 .4 0 « M 89 85 tt It 54 37 31 30.5 It 28 23 2 9 .5 tt tt 630
1 7 .4 5 It It 88 84 It tt 54 37 31 30.5 11 2 7 .5 28 2 9 .5 พ It 630
1 7 .5 0 M M 88 8ช H 11 54 37 31 30.5 tt 2 7 .5 28 29 .5 tt ft 630

Feed temp. 50 °c B r ix 10 Feed q u a n t ity 1 6 . 3 5 kg
P roduc t temp. 40°c B r ix 2 k P roduc t q u a n t ity 7.1 kg

T o ta l tim e  consumed 1 h r 20 m in . Condensate q u a n t ity 9 . 2 5 kg
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Experimental run No, 6 Feed ra te  0.37 l/m » Steam pressu re  3 p s i

steam Hot w a te r Vapor t  enp 0 C oo ling  พนte r
Time temp.

I temp. manometer condenser 
NO. 1

condenser 
NO. 2

temp.cond.2 temp, cond .1 nanOine te r Vac. 
mm.H^in ou t in out from to in ou t in out in ou t in ou t from to

14 .50 102 58 91 80 1 5 .2 1 6 .7 --- « ^ «S3 28,5 28.5 20.5 29 1 3 .5 1 7 .5 660

14 .5 5
ท 9 7 .5 91 81 11 11 49 46 45 29 11 29 29 31 11 IS 660

15 .0 0 น 9อ 90 80 11 SI 49 46 46.5 29 11 30 29 32.5 น 11 660

15 .0 5 ท 11 90 81 11 11 50 49 48.5 30 11 30 30.5 33.5 11 11 650

1 5 .1 0 It 11 91 81 11 ท 51 50 50 31 11 30 2 9 .5 34 11 11 650

1 5 .1 5 It 11 90 79 11 พ 55 42 4 5 .5 30 11 30 29 33.5 11 ฑ 630 '
15 .2 0 ท 11 90 7 9 .5 11 ท 56 39 ' J 30 1Î 30 26 33 11 11 620

1 5 .2 5 ท ท ท 91 82 11 It 5 5 .5 35 30 29 11 23,5 20.5 3 1 .5 11 ท 650

15 .3 0 ฑ 11
91 8 3 .5 11 11 5 5 .5 3 4 .5 29 .5 28 ฑ 28.5 28.5 32 11 ฑ 620

1 5 .3 5 11 11 90 81 11 It 56 3 4 .5 2 9 .5 28 11 28.5 28.5 32.5 11 11 620
15 .40 11 11

_
91 81 11 11 56 34.5 29.5 23 11 28.5 28.5 32.5 ฑ 11 620

Feed temp. 7 0 °c B r ix 1 0 .5 Feed q u a n t ity 1 4 .5 5 kg
P roduct temp. 46°c B r ix 1 6 . 8 P roduc t q u a n t ity 8 .9 7 5 kg

. - 1 . .  „  _ , r-rt _ . Condensate q u a n t ity  5» 5 kgT o ta l t in e  consumed 50 m in . 1 J ^ 0
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Experimental run No.7 Feed ra te  Q.265 1/m, steam pressu re  3 p s i

Tine
steam

temp. Hot w a te r Vapor temp (Cooling w a te r Vac.
mm. Hg

temp. . manometer condenser 
NO. 1

condenser 
NO. 2

temp, 
cond .2 terap. cond .1 manometer

in out in out iro n to in out in ou t in ou t in ou t from H-t0
13 .4 0 120 905 80 36 1 2 .5 16.5 — — —

—
27

r
28,5 28 29 10 .5 20 660

13 .4 5 It 90 87 86 tt tt 45 30 29 26 tt 29 28.5 2 9 .5 tt tt 660

13 .5 0 tt 90 88 07 tt It 49 31 3 1 .5 26 It 30 .5 27 29 tt If 660

1 3 .5 5 tt 90 86 84.5 tt ท 50 45 4 3 .5 26.5 It 28 27 29 It tt 650

14.0 0 tt 90 86 84.5 n tt 51 50 50.5 28 II 26 28 30.5 tt tt 660
14 .0 5 tt 87 04.5 11 tt 53 49 45 27 tt 26 2 7 .5 30.5 tt พ 640

1 4 .1 0 tt 89 88 85 tf It 54.5 39 31 27 tt 26 27 30 « If 630

1 4 .1 5 ท
90.5 06 83 tt tt 55 45 4 3 .5 27 tt 27 27 30.5 It tt 630

14 .2 0 tt ท 9 1 .5 88 85.5 tt พ 55 39 31 27 tt 2 6 .5 27 30 It tt 630

14 .2 5 tt
9 1 .5 80 85 ft tt 55 40.5 3 1 .5 27 tt 26.5 27 30 tt tt 630

14 .3 0 tf
9 1 .5 88 85 tt ft 55 42 32 27 tt 26.5 27 30 tt It 650

14 .3 5 ท 92 80 85.5 tt tf 55.5 44 33.5 . 27 tt 27 27 30.5 tt tt 630

14.40
:

tt 92 88 05 tt tt 55.5 44 3 3 .5 27 tt 27 27 30.5 tt tt 650

Feed temp. 60°  c B r ix  12 .2 Feed q u a n t ity 14.4 kg
P roduct temp. 38 °c B r ix  28 P roduc t q u a n t ity 6 . 2 5 kg

T o ta l tim e  consumed  ๆ h r Condensate q u a n t ity 8 . 0 5 kg
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Part. IV  Analysis o f Orange Juice

lo Tota l t i t r a ta b le  a c id it y
a. Ju ice before processings 10 m l8 ju ic e  t i t r a t e  w ith  0.102N,Na0H

Exp, run NO 1 2 3 9- 5 6 7
mloNaOH 16,5 60 75 9 ,6 6,9- 6.9- 5o5 8 ,6

bo Juice a f te r  processing; 10 m l8 concentrate ju ic e  d ilu te d  to  
20 mlo and p ip e tte d  10 mlo to  t i t r a t e  w ith  0.10211, NaOH

Exp,run NO 1 2 3 9 5 6 7
mlo NaOH 1 5 .5 10,8 19-, 9- 9.3 7.8 9.6 10,7

2o V itam in c content

ac Juice before processing; 10 m l, ju ic e  t i t r a t e  w ith  0 ,00808:N. 
Io d in e  so lu tio n .

Exp,run NO 1 2 9 5 6 7
m l,Iod ine  

soin 9 ,1 5 9-0 60 3.9-5 5.30 3.80 3.30 5.70

bo Juice a f te r  p rocessing; 25 m l, concentra te lju ice was 
t i t r a t e d  w ith  th e  same Iod ine  s o lu t io n , bu t no present o f b lue  c o lo r  
occurred. *

* m l, re p o rte d  here was o b ta ined  from  t r i p l i c a t e d  da ta



Appondix B

SAMPLE OF CALCULATIONS

Par t  I  C a lib ra t io n  o f Meters

1. C a lib ra t io n  o f ho t-w a te r, co ld -wate r o r i f ic e  meter  
( T r ia l  N0.1 fo r  ho t-w a te r o r i f ic e  meter was i l lu s t r a te d  here) 
w t. o f water flowed during the recorded time = 3^.7 -  1.8

= 32.9 kg
the time recordod = 9 run 30.3 sec
Therefore, the flow  ra te  o f water = (9^ 60+30^3 ) = 3 .^ 6

2, C a lib ra t io n  o f rotameter (T r ia l NO.l) 
flow  o f ju ic e  = 10 cc
tim e
There fo re ,the flow  ra te  o f ju ic e

1 min 
10

1000 = 0*01 l i t e r /m in

P a rt I I  Physica l P rope rtie s  o f Orange Juice Determ ination

1. Determ ination o f dens ity  ( fo r  concn 5 Bx„) 
w t. o f b o t t le  = 20.6434 g
w t, o f  b o t t le  + sample 25 ml. = 45 . 9 9 1^ g
The w t. o f sample 25 ml. = 25 . 3̂ +80 g
Then, the dens ity  o f ju ic e  = 2 5 . 3^80/25

= 1 .0 1 3 9  g/m l



2. Dete rm ina tion  o f v is c o s ity
For speed 60 

average reading  
fa c to r  fo r  speed 60 rpra 
Then3 the v is c o s ity  
For speed 30 

average reading  
fa c to r  fo r  speed 30 rpm 
Then9 the v is c o s ity

( fo r  concn 5 Bx)

= 0 .4
= 1
= 0 .4 x 1  = 0 .4  cen tipo ise

= 0 .2
= 2
= 0 .2X 2  = 0 ,4  cen tipo ise

3 . Determ ination o f s p e c if ic  heat  (ร)
3.1 To f in d  the hoat capac ity  o f thermos

w t. o f water 
s p e c if ic  heat o f water
Lo t the heat capac ity  o f the thormos be m 
The temp, increase o f water and thermos

410 gm 
1

3 6 .5  -  29 
7.5°c

The temp.of hot water used = 170 gm and
i t s  temp.

The temp, decrease o f ho t water
= 55°c
= 55 -  3 6 .5

= 1 8 . 5°c
The hoat balance o f the m ixing is

(410 X 1 + m )(7.5) = 170X1X18.5
m = 9 .3 2 2  C a l/°c

3 .2  To f in d  the s p e c if ic  heat o f orange ju ic e  a t each 
concentra tion  (For the sample o f concn 5 Bx)
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Lo t ร bo the s p e c if ic  heat o f the sample
wto o f sample
temp, o f sample
w t. o f hot water
temp, o f hot water
temp, a f te r  m ixing

500 g
37 .6°c 
130 g
62° c 
42.8°c

The heat balance is
(500s + 9 .322)(42 .8 -  37.6)

ร
130(62 -  42.8)

[  130(19.2)-  9.322 
5.2

/ 500

= 0.9413 Cal/g°Q

P a rt I I I  Experimental Run (sample shown here was fo r  exp. run n o . l)

1. The mass balance
1.1 O ve ra ll mass balance

Feed = 14.7 kg
Product = 8.2 kg

The o v e ra ll mass balance around the evaporating chamber y ie ld s ,  
ca lcu la ted  condensate - = 14.7 -  8 ,2 = 6.5 kg
But the  measured condensate = 6.5 kg
Therefore, the percentage le ss  = 0 / 6

1.2 Component mass balance
1 .2 .1 s o lid  content balance

Feed was 14.7 kg w ith  9° B r ix  
Therefore, the s o lid  content in  foed i y x  9

100
1.323 kg



1 1 6

Product was 8 .2 kg w ith  16° B r ix
Therefore, the s o lid  content in  product 
Hence, the s o lid  content loss

= 8 .2 X: 16 ะะ 1.31 kg

= 1.323°- 1.31
= 0.031 kg
= 0.013(100) = 0.98 $ 

1.323
1 .2 .2  water content balance

Water in  feed 
water in  product
Therefore, the water in  condensate

= 14.7 -  1.323 = 13.377 kg 
= 8.2 -  1.13 = 6.8 9  kg 
= 13.377 -  6.89 = 6.487 kg

2» Ev-Vt location/ Ç.QDCaa.tration ratio
The evapora tion /concen tra tion  r a t io ,  e

o r e

c /cV  F
16/9 = 1.78 
F/P
14 .7 /8 .2  = 1.79

3. The heat balance
O vera ll heat balance around the evaporating chambor 

Le t the reference temp, be 0°c  
According to  the d e f in it io n  o f s p e c if ic  heat

The enthalpy o f feed,
q

ql

The enthalpy o f concentrate ju ic e , q2

= ms A t
= 14.7X1000X0.96(40-0)
= 558.6 X 103 Cal.
= 8.2*1000*0.91(46-0) 
= 342.7* 103 Cal
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From the vacuum read ings5 the temperatures were co rre la te d , 
the mean temp, was then ca lcu la ted  as; 
min.vacuum 640 mm.Hg = 47°c
max. vacuum 680 mm.Hg 55«5°c
Then, the average satura ted vapor temp.(Tv) = 55.5 -  47 = 51»5°c

l a  ช ุ^

From the steam ta b le , the entha lpy o f satura ted steam is
619, 502 Cal/kg
Therefore, the entha lpy o f satd. water vapor,

q3 = 6 .5 X 619,50 2

= 4026.7 X. 10^ Cal
The enthalpy tra n s fe rre d  from the hot water to  the evaporating chamber,

q4

Tota l time consumption
Then, the ra te  o f enthalpy tra n s fe rre d

= ( 40 26 . 7+34 2 . 7 - 5 5 8 . 6 ) X 103
= 3810.8 X 103 Cal
= 1 h r
= 3 8 1 0 .8 X 103/ 3600
= 1 . 0 5 9 * 103 Cal/sec

4o To f in d  heat t ra n s fe r  c o e f f ic ie n t o f ho t-w a te r 
According to  the Soban and S h in n z o k i' ร c o r r e la t io n  equation ', fo r  

f low  in  c losed condu it w ith  cons tan t the heat t r a n s fe r  c o e f f .  is
expressed as: h, Dlo c ะ= 5+0.025  (RePr)

0 .8

For rec tangu la r condu it, 
where

= “  r H
= h yd ra u lic  rad ius
= 14.6 X 2.0 — 0.88 cm(2X 14.6+2X. 2)
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k = therm al c o n d u c tiv ity  o f w ater a t T  ̂
= 1.646x103 C al/sec cnn°C (Kern)

•Th = average temp, <pf ho t water
= 6 4 .6 °  c

Re = R eynold 's number = puD =
f x  M-= 4 r /H _w

j i i -  A

r
= v is c o s ity  o f w ater a t T^
= 0.3375 X lO -2 poise (g/cm sec) (P e rry )

T h e re fo re , Re = 4 X 0.88 X 10.5 X 1000
0.3375 X 1 0 "2X 60 x l4 .b  X 2.0

Pr
= 6250

= P ra n d t' ธ number = °p/^
‘ k

cV = s p e c ific  heat a t 1 j 
= 1.00383 Cal/g°C (P e rry )

Th e re fo re , P r = 1.00383 X 0.3375 X 10~2 
1.646 X 10"3

= 2.06

Consequently,hD 
k = 5 + 0 .0 2 5 (6 2 5 0  X 2 .0 6 ) 0, 8 

= 5 + 4 8 .5  = 5 3 .5
T h e re fo re , the heat tra n s fe r  c o e ffic ie n t,

h = 53.5 X 1.646 X 10-3
4 X 0 .8 8

= 0.025 C al/sec cm2°C
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5. To f in d  the temperature d iffe re n ce  w ith in  the hot-Tvater reg ion
Referring to  F ig ,2 9 P .2 7  » 9 the ra te  o f heat tra n s fe r  from the

hot water to  the evaporating chamber,

q4 = h A a t  = h A (Th -  T<)
The to ta l  surface area fo r  heat tra n s fe r ,

A = 14.6 x 175 -  2555 cm2
Then, Th -  T '• = l , 0 6 x 103 = l 6 . 6°c

0 . 0 2 5X 2555

6. To f in d  the temperature d iffe re n ce  w ith in  the heated p la te  
According to  the F o u r ie r0ร equation, the ra te  o f heat tra n s fe r  

from the hot water to  the evaporating chamber,
= k A i t

where

= k A (Ts -  Ts)
A  X

= thermal c o n d u c tiv ity  o f the heated p la te  
= 9 ,4  B tu /h r f t  °F 
= 0.039 Cal/sec cm °c  
= 2555 cm2

Ct X

Therefore, Ts -  Ts
= th ickness o f the p la te  = 0,64 era
= 1 . 0 6 x l o \  0.64 = 6 . 8°c

0 . 0 3 9X 2555

7• Temperature d iffe re n ce  between the p la te  surface (Ts) and 
the vap o r i  2 a t i  on t  em p■ (Tv)
From the experimental data,

Th -  Tv = 84.6 - 51.5 = 33.1°c
= (Th -  Tv ) -  (Th -  Ts) -  (Ts -  Ts)
ะ= 33.1 -  16.6 -  6.8 = 9.7°c

Therefore, Ts -  Tv



8, The th e o re tic a l mass f lo w -ra te  o f concentrate .ไน:je  G 
According to  the th e o re t ic a l ly  derived equation as shown in  

chapter 3 ร the re la tio n sh ip  between the i n i t i a l  mass flow  ra te  and the  
f in a l mass flow  ra te  is  expressed ass

120

( E /3 '  0 /3  ) *  0.925 (Ts -  Tv)( p  k \  cos 0 ) ^
*  ' A

where Q  is  the i n i t i a l  mass flow  ra te  per u n it  w id th , ca lcu la ted  from  
data o f rotameter reading and feed densityo
Hence, Q = 0 .24x 1000 X 1.032 

60 X 14.6

and Q 13
= 0.2827 g ,/sec cm
= 0.1856

/[_ is  the f in a l  mass flow  ra te  per u n it  w id th .
I t  was ca lcu la ted  from the co lle c te d  weight o f concentra te ju ic e  d iv ided
by the to ta l time consumed and the p la te  w id th .
th e re fo re , experimental mass flow  ra te  o f concentrate ju ic e

Ts -  Tv

= 8 .2 x 1000 = 0.1560 S i
1 0 ไโ3ส ั0 /sGC cm

= 9.7°c
ว< = 6.195 X 102 Cal/g

F

k
= 1.045 (from  average concn) ไ'viL  

= 1.534 X10-3 Cal/ s 30 0m oc {Fa ‘ 1y )

(based on the  assumption th a t the therm,al c o n d u c tiv ity  o f orange ju ic e  
was equal to  th a t o f water)

g = 981 cr?y sec^
COS 0 = cos 60° = 2

/ft/ = 0 .55x10  ^ g/cm sec



1 2 1

r > -
'งท

i,hen, = 0 «,925(9 .7) I (1 .0 ^5 )2(1 .53 ^10~3)3931 j 1b
6.195 X 102 2 X 0.55 'X lo " 2

r 3
ะ= 0,1785

,  r b  .r 3 -  0,1785 ะ= 0.1856 -  0.1785 
ะะ 0,0071

Therefoi'e the th e o re tic a l mass flo w -ra te  per u n it w idth o f concentrate 
ju ic e .

c

P a rt IV  Analysis o f Juice

= 0,02^5 g / sec cm

1. Tota l t i t r â t able a c id ity  (example a o f run n o .l)
N orm ality o f NaOH 
m l3 o f NaOH used 
Molecular w t. o f c it r ic  
T h e re fo re ,c itric  content

= 0,102
rr 1 6 .5

= 1 9 2 .1 2

= 0 . 102( 1 6 . 6) X 19212X 10 
100 3

r- 1 .0 8 g/ l 00 ml.

Co Vitam in c content (example a. o f run n o .l)
Norm ality c f Iodine so lu tio n  = 0.00808 

From standard Iodine so lu tion
I m l o O . O l N  = 0.88 mg ascorbic acid

which is  equal to  1 ,2 3 7 6  ml o f O0OO808 No 
rill .o f  Iodine so lu tion  used = A. 15

Therefore, vitam in  c content -  Q088 X 4.15 mg ascorb ic,, ก ,
r . ~ 2 3 7 6  / r:U

= 29.5 “ S/lOO ml
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