
C h a p t e r  I V

EXPERIMENTAL EQUIPMENT

The e q u ip m e n t Was d e s ig n e d  and c o n s t r u c te d  f o r  th e  p r e s e n t  

e x p e r im e n ts .  I t  c o n s is te d  o f  s e v e r a l  u n i t s  c o n n e c te d  to g e th e r  as 

shown i n  F ig u r e  3« The d e t a i l s  o f  each  u n i t  a re  as f o l lo w e d :

4 .   ๆ An I n c l in e d  E v a p o r a to r  ( E v a p o r a t in g  cham b er)

I t  was a c lo s e d  r e c t a n g u la r  cham ber o f  ๆ . 7 5 * 0 « 1 5  m e te r  
and ๆๆ cm h ig h ,  made o f  s t a i n le s s  s t e e l  o f  0 .2  cm t h i c k .  I t  was 
i n s t a l l e d  i n  an i n c l i n i n g  p o s i t i o n ,  m a k in g  an a n g le  o f  60°  w i t h  

th e  v e r t i c a l  l i n e ,  as shown i n  F ig u r e  4 .  The cham ber was d iv id e d  

l o n g i t u d i n a l l y  i n t o  tw o  p a r t s  by a s t a in le s s  p la t e  o f  0 .6 4  cm 

t h i c k ,  th e  u p p e r was 7 » 5 cm h ig h  w h i le  th e  lo w e r  was o n ly  2 .5  cm. 

The  fo r m e r ,  f o r  e v a p o r a t io n ,  p ro v id e d  an e n tra n c e  o f  th e  fe e d  a t  

w h ic h  a fe e d  d i s t r i b u t o r  and a w ie r  e x is t e d ,  a v a p o r  o u t l e t  l i n e  

c o n n e c te d  to  tw o c o n d e n s e rs  i n  s e r i e s ,  and a c o n c e n t ra te  o u t l e t  
l i n e  c o n n e c te d  to  tw o  c o n c e n t r a te -  j u ic e  t a n k s .  The l a t t e r ,  f o r  
c i r c u la t e d  h o t  w a te r  t o  s u p p ly  h e a t  f o r  th e  e v a p o r a t io n ,  p ro v id e d  
an i n l e t  and an o u t l e t  f o r  h o t  w a te r .  B o th  l i n e s  w e re  c o n n e c te d  to  
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 .  The  h o t  w a te r  was c i r c u la t e d  by a 

0 .5 5  H .p  ADDA E le c t t r o p o m p a  M o n o fa s e  c e n t r i f u g a l  pump w h ic h  was 
i n s t a l l e d  on th e  i n l e t  l i n e .  An o r i f i c e - m e t e r  w i t h  an a t ta c h e d
m an o m e te r was i n s t a l l e d  on th e  l i n e  t o  in d ic a t e  th e  f lo w  r a t e .  The
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ra te  was contro lled  by a regula ting  value and a by-pass line#  In  the 
regard o f sa fe ty , a vent lin e , 1.27 cm ins id e  diameter o f th ic k -w a ll 
p la s tic  tubing extended v e r tic a lly  upward to  a height o f about 6 
meters was in s ta lle d  a t the most upper p o rtion  o f the lower chamber 
fo r  re leasing excess hot water. There were glass windows 5 x 6#5 cm, 
on each side o f the upper chamber fo r v isu a l observation o f the eva
poration# Several thermometers and a vacuum gauge were also attached 
to  the chamber fo r ind ica ting  temperatures and vacuum prossuro respec
tiv e ly #  A regula ting  valvo and a rotam eter were also in s ta lle d  on 
the food in le t  lin o  fo r c o n tro llin g  and in d ic a tin g , resp ective ly , the 
feed rate#

•̂#2 Hot-Water Heater

I t  was a shell-and-tube heat exchanger o f 66 cm high and 17 cm 
ins id e  diameter, had 19 tubes o f 0#95 cm ins id e  diameter arranged in  
tria n g u la r p itch  w ith  center-to -conter distance o f 3*5 cm, and was 
made o f m ild s to o l. See Figure h. The exchanger was heated by 
saturated steam which entered the sh e ll side, and the steam conden
sate discharged through a steam trap to  atmosphere. There were a 
regu la ting  valve and a pressure gauge in s ta lle d  on the steam in le t  
lin e  fo r  c o n tro llin g  the steam flow  ra te .

'̂.3 Condensers

Two condensers resembled the hot-w ater heater were constructed 
and used to  condense water vapor from the evaporator. The f i r s t  one,
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i n s t a l l e d  h o r iz o n t a l ly ,  was connected  to  th e  e v a p o ra t in g  chamber.

H ie  second one , w i th  a d ra in  a t  th e  b o tto m  and in s t a l l e d  v e r t i c a l l y ,  

was connected  i n  s e r ie s  to  th e  f i r s t »  See F ig u re  5« The second 

condenser was re q u ire d  on th e  purpose  to  ensu re  th e  t o t a l  condensa

t i o n  o f  v a p o rs . The vap o rs  e n te re d  th e  tu b e  s id e  o f  th o  condensers 

w h i le  c o o lin g  w a te r  e n te re d  th e  s h e l l  s id e  c o u n te rc u r ro n t ly .  T h e re  
w ere a re g u la t in g  v a lv e  and an o r i f ic e - m e t e r  w i th  a tta c h e d  m anom eter 

i n s t a l l e d  on th e  c o o lin g -w a te r  i n l e t  l i n e  f o r  c o n t r o l l in g  and 
in d ic a t in g ,  r e s p e c t iv e ly ,  th e  w a te r  f lo w  r a te .  Therm om eters w ere a ls o  

in s t a l l e d  to  in d ic a te  te m p e ra tu re s  o f  th e  i n l e t  and o u t l e t  s tream s o f  
th e  condensers»

4 , k Feed Tank

A square 25 X 25 cm and 35»5 cm high tank was constructed from 
s ta in less s tee l sheet o f 0,2 cm th ic k , and i t  was used as a feod 
tank. See Figure 5e A vacuum pressure gauge and a vent lin o  were 
attached a t the top. The tank also had a feed in le t ,  a thermometer, 
a drain lin e , and a feed o u tle t. A glass tube o f 1.27 cm diameter 
and 30,5 cm long was connected to  the tank fo r  observing the feed 
le v e l.

4,5 Condensate Tanks

Two square  15 X 15 cm and 25 cm h ig h  ta n k s  were c o n s tru c te d  
fro m  s ta in le s s  s te e l  o f  0.2 cm t h ic k .  B o th  ta n k s  w ere used as con

d ensa te  ta n k s .  They w ere connected  to g e th e r  a t  th e  to p  f o r  e q u a lis in g
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th e  vacuum p re s s u re  and a t  th e  b o tto m  f o r  condensate  to  f lo w  fro m  one 

t o  th e  o th e r .  On each c o n n e c tin g  l i n e  th e re  was a v a lv e  f o r  d is c o n n e c - 

t in g  th e  ta n k s  fro m  each o th e r .  See F ig u re  5» Each ta n k  had a v e n t  
v a lv e  a t  th e  to p ,  f o r  e i t h e r  c o n n e c tin g  to  tw o vacuum pumps o r  r e le a 

s in g  vacuum, and a d r a in  v a lv e  a t  th e  b o tto m  f o r  d is c h a rg in g  th e  

cond ensa to . The f i r s t  condensate  ta n k  had a ls o  a condensate  i n l e t  

l i n e  connected  to  th e  tu b e  s id e  o f  th e  v e r t i c a l  cond ense r. Tho second 

ta n k  had an a tta c h e d  1 .2 7  cm d ia m e te r g la s s  tu b e  f o r  in d ic a t in g  th e  

condensa te  le v e l  i n  th e  ta n k .

«
4 ,6  C o n c e n tra te - ju ic e  Tanks

Two square  1 2 .5 * 1 2 .5  cm and 20 cap h ig h  ta n k s  were c o n s tru c te d  
fro m  s ta in le s s  s te e l  sh e e t o f  0 .2  cm t h ic k .  B o th  ta n k s  w ere used 

as c o n c e n tra te d - ju ic e  ta n k s  ( o r  r e c e iv e r  ta n k a )  th e y  w ore connected  
to g e th e r  a t  th e  to p  f o r  e q u a liz in g  th e  vacuum p re s s u re  and a t  th e  

b o tto m  f o r  c o n c e n t ra te - ju ic e  to  f lo w  from  one to  th o  o th e r .  On each 

c o n n e c tin g  l i n e  th e r e  was a v a lv e  f o r  d is c o n n e c tin g  th e  ta n k s  fro m  

each o th e r .  See F ig u re  6 . Each ta n k  had a v e n t v a lv e  a t  th e  to p 5 
f o r  e i t h e r  c o n n e c tin g  to  th e  vacuum pumps o r  re le a s in g  vacuum, and 

a d r a in  v a lv e  a t  th e  b o tto m  f o r  d is c h a rg in g  th e  c o n c e n tra te .  The 

f i r s t  c o n c e n t ra te - ju ic e  ta n k  had a ls o  an i n l e t  l i n e  f o r  th e  concen
t r a t e  to  f lo w  fro m  th e  e v a p o ra t in g  chamber in t o  th e  ta n k ,  and an 
a tta c h e d  1 .2 7  cm d ia m e te r g la s s  tu b e  f o r  in d ic a t in g  th e  ju ic e  lo v e l
i n  th e  ta n k .



k,7  Vacuum Pumps

Two vacuum  pumps w e re  u s e d . The f i r s t  o n e , W e lc h  D u o -S e a l 

C a t .N o .1^+02, had J>/h H .p  and th e  second  o n e , o f  W agner E l e c t r i c  

C o rp . Type KA, had ๆ / 2 H .p .  B o th  pumps w e re  c o n n e c te d  i n  p a r a l l e l  

to  a s s is t  each  o th e r  i n  e v a c u a t in g  th e  e v a p o r a t in g  s y s te m .

The  s u c t io n  l i n e  o f  th e  pumps was c o n n e c te d  to  th e  v e n t  l i n e s  
o f  th e  f i r s t  c o n d e n s a te  ta n k  and o f  th e  f i r s t  c o n c e n t r a t e - ju ic e  
t a n k .
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