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(54)  Method  and  apparatus  for  mixing  liquid. 

  The  present  invention  relates  to  a  method  and  ap- 
paratus  for  mixing  two  kinds  of  liquid  in  a  predetermined 
ratio  and  more  particularly  to  a  method  and  apparatus  for 
mixing  liquid  by  using  a  constant volume  pump.  A  first  liquid 
and  a  second  liquid  are  stored  in  tanks  and  maintained  to  a 
predetermined  pressure,  respectively.  The  first  and  second 
liquids  are  supplied  to  a  suction  side  or  an  inlet  of  the  con- 
stant  volume  pump  and  the  second  liquid  supplied  to  the 
pump  is  measured  by  a  measuring  means  to  adjust  it  to  a 
predetermined  amount  so  that  the  first  and  second  liquids 
are  mixed  in  the  predetermined  ratio. 

The  method  is  suitable  for  mixture  of  beverages  and  for 
this  purpose  includes  a  method  of  evacuating  the  tank for  the 
first  liquid  to  eliminate  oxygen  contained  in  the  first  liquid. 
Further,  the  method  includes  a  method  of  supplying  absorp- 
tion  gas  to  the  first  tank  with  pressure  in  order  to  simul- 
taneously  perform  the  evacuation  of  oxygen  from  the  first 
liquid  and  the  absorption  of  gas. 



3.  BACKGROUND  OF  THE  INVENTION 

(1)  FIELD  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   a n d  

a p p a r a t u s   f o r   m i x i n g   a  f i r s t   l i q u i d   and  a  s e c o n d   l i q u i d   in  a  

p r e d e t e r m i n e d   r a t i o   f o r   use   in  m a n u f a c t u r e   of  c o o l i n g  

b e v e r a g e s   or  a  g e n e r a l   i n d u s t r y .  

(2)  DESCRIPTION  OF  THE  PRIOR  ART 

F i g .   1  s h o w s   a  c o n s t r u c t i o n   of  a  p r i o r   a r t   l i q u i d  

m i x i n g   a p p a r a t u s   f o r   use   in  a  m a n u f a c t u r i n g   p r o c e s s   of  a  

c o o l i n g   b e v e r a g e .  

Wa te r   to  be  p r o c e s s e d   f o r   t h e   m a n u f a c t u r e   of  t h e  

c o o l i n g   b e v e r a g e   is   s u p p l i e d   t h r o u g h   an  i n l e t   1  to  a  t a n k   4 

f o r   use   in  t h e   e v a c u a t i o n   of  o x y g e n .   A  l i q u i d   l e v e l   in  t h e  

t a n k   4  is  c o n t r o l l e d   to  be  m a i n t a i n e d   to  a  p r e d e t e r m i n e d  

l e v e l   by  a  w a t e r   c o n t r o l   v a l v e   2 .  

The  t a n k   4  may  be  of  a  p a c k e d   t o w e r   t y p e ,   a  

w e t t e d - w a l l   c o l u m n   t y p e ,   or  a  t r a y   t o w e r   t y p e .   A  vacuum  u n i t  

3  is   c o u p l e d   to  t h e   t a n k   4  so  t h a t   oxygen   c o n t a i n e d   in  t h e  

w a t e r   to  be  p r o c e s s e d   is   e v a c u a t e d   u n d e r   v a c u u m .   T h e  

e v a c u a t e d   w a t e r   is  s e n t   ou t   f rom  an  o u t l e t   p i p e   5  t h r o u g h   a  

c h e c k   v a l v e   7  and  a  w a t e r   p i p e   8  to  a  w a t e r   t a n k   10  by  m e a n s  

of  a  w a t e r   pump  6 .  

An  i n l e t   v a l v e   9  s e r v e s   to  a l w a y s   m a i n t a i n   c o n s t a n t  

a  l e v e l   of  t h e   e v a c u a t e d   w a t e r   s u p p l i e d   to  t h e   w a t e r   t a n k  

10.  A  s y r u p   s u p p l y   v a l v e   12  s e r v e s   to  m a i n t a i n   c o n s t a n t   a  



l e v e l   of  s y r u p   f o r   use   in  t h e   m a n u f a c t u r e   of  a  c o o l i n g  

b e v e r a g e   in  a  s y r u p   t a n k   13  s u p p l i e d   f rom  a  s u p p l y   p o r t   1 1 .  

W a t e r   in  t h e   t a n k   10  and  s y r u p   in  t h e   t a n k   13  a r e  

a p p l i e d   w i t h   an  a t m o s p h e r i c   p r e s s u r e   or  a r e   p r e s s u r i z e d   b y  

t h e   same  p r e s s u r e   i f   n e c e s s a r y .  

The  e v a c u a t e d   w a t e r   i s   s u p p l i e d   f rom  t h e   w a t e r   t a n k  

10  t h r o u g h   a  w a t e r   m e a s u r i n g   v a l v e   14  and  a  w a t e r   m i x i n g  

v a l v e   15  to  a  m i x i n g   t a n k   18  h a v i n g   a  p r e s s u r e   t h e r e i n   b e i n g  

m a i n t a i n e d   to  an  a t m o s p h e r i c   p r e s s u r e .   The  a m o u n t   of  f l o w i n g  

i n t o   t h e   m i x i n g   t a n k   18  is   s u b s t a n t i a l l y   p r o p o t i o n a l   to  a n  

o p e n i n g   of  t h e   w a t e r   m e a s u r i n g   v a l v e   14  s i n c e   t h e   p r e s s u r e  

a p p l i e d   to  t h e   w a t e r   t a n k   10  i s   m a i n t a i n e d   c o n s t a n t   and  a  

d i f f e r e n c e   b e t w e e n   a  l e v e l   of  t h e   w a t e r   t a n k   10  and  a  l e v e l  

of  t h e   m i x i n g   t a n k   18  i s   a l w a y s   m a i n t a i n e d   a p p r o x i m a t e l y  

c o n s t a n t .  

S y r u p   i s   s u p p l i e d   f rom  t h e   s y r u p   t a n k   13  t h r o u g h   a  

s y r u p   m e a s u r i n g   v a l v e   16  and  a  s y r u p   m i x i n g   v a l v e   17  to   t h e  

m i x i n g   t a n k   18.  The  a m o u n t   of  f l o w i n g   i n t o   t h e   m i x i n g   t a n k   18  

is   s u b s t a n t i a l l y   p r o p o t i o n a l   to  an  o p e n i n g   of  t h e   s y r u p  

m e a s u r i n g   v a l v e   16  in  t h e   same  m a n n e r   as  t h a t   of  w a t e r   s i n c e  

t h e   p r e s s u r e   a p p l i e d   to  t h e   s y r u p   t a n k   13  i s   m a i n t a i n e d  

c o n s t a n t   and  a  d i f f e r e n c e   b e t w e e n   a  l e v e l   of  t h e   s y r u p   t a n k  

13  and  a  l e v e l   of  t h e   m i x i n g   t a n k   18  is   a l w a y s   m a i n t a i n e d  

a p p r o x i m a t e l y   c o n s t a n t .  

The  m i x e d   l i q u i d   in  t h e   t a n k   18  is  s e n t   o u t   w i t h  



p r e s s u r e   by  a  m i x i n g   pump  19  t h r o u g h   a  c o n t r o l   v a l v e   20  to   a  

n e x t   p r o c e s s .   The  c o n t r o l   v a l v e   20  is  c o n s t r u c t e d   t o  

a u t o m a t i c a l l y   c o n t r o l   t h e   l e v e l   of  t h e   m i x i n g   t a n k   18  to  a  

c o n s t a n t   l e v e l .  

In  t h e   n e x t   p r o c e s s ,   c a r b o n   d i o x i d e   gas   (COZ)  i s  

a b s o r b e d   or  mixed   i n t o   t h e   mixed   l i q u i d .   In  o t h e r   w o r d s ,   t h e  

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

c o n t r o l   v a l v e   20  and  t h e   c a r b o n   d i o x i d e   gas   of  a  c o n s t a n t  

f l o w   r a t e   and  s u p p l i e d   f rom  a  s u p p l y   p o r t   22  t h r o u g h   a  v a l v e  

23  a r e   s u p p l i e d   to  a  p o l y c a r b o n a t o r   21.  The  mixed   l i q u i d  

a b s o r b s   t h e   c a r b o n   d i o x i d e   gas   w i t h i n   a  p i p e   24  and  f l o w s  

i n t o   a  c a r b o n a t o r   t a n k   26  t h r o u g h   a  c h e c k   v a l v e   25.  T h e  

c a r b o n a t o r   t a n k   26  is  c o n n e c t e d   t h r o u g h   a  p r e s s u r e   r e g u l a t i n g  

v a l v e   28  to  a  gas   s u p p l y   p o r t   27  t h r o u g h   w h i c h   c a r b o n  

d i o x i d e   gas   is   s u p p l i e d   to  t h e   t a n k   26  so  t h a t   a  p r e s s u r e  

w i t h i n   t h e   t a n k   26  is   m a i n t a i n e d   c o n s t a n t .  

A  c o o l i n g   u n i t   f o r   t h e   mixed   l i q u i d   is  i n s t a l l e d   on  

a  way  of  t h e   p i p e   24  i f   d e s i r e d ,   or  a  c o o l i n g   p l a t e   i s  

d i s p o s e d   in  t h e   t a n k   so  t h a t   t h e   mixed   l i q u i d   in  t h e   t a n k   2 6  

can  be  c o o l e d   to  a  p r e d e t e r m i n e d   t e m p e r a t u r e  .  

The  mixed   l i q u i d   s u p p l i e d   in  t h e   c a r b o n a t o r   t a n k   2 6  

is   a  p r o d u c t   c o n t a i n i n g   a  n e c e s s a r y   a m o u n t   of  c a r b o n   d i o x i d e  

gas   a b s o r b e d   u n d e r   t he   p r e s s u r i z e d   c a r b o n   d i o x i d e   g a s ,   a n d  

is   s t o r e d   b e l o w   t h e   t a n k   26  to  s e n d   ou t   f rom  an  o u t l e t   29  t o  

a  n e x t   p r o c e s s   w i t h   p r e s s u r e .  



The  a b o v e   l i q u i d   m i x i n g   a p p a r a t u s   has   t h e   f o l l o w i n g  

p r o b l e m s   when  two  k i n d s   of  l i q u i d   a r e   m i x e d :  

(1)  I t   is  r e q u i r e d   to  c o n t r o l   t h e   l i q u i d   l e v e l s   i n  

t h r e e   t a n k s   of  t h e   w a t e r   t a n k   10,  t h e   s y r u p   t a n k   13  and  t h e  

m i x i n g   t a n k   18,  r e s p e c t i v e l y .   When  o x y g e n   c o n t a i n e d   in  w a t e r  

to  be  p r o c e s s e d   is   e v a c u a t e d ,   c o n t r o l   of  t h e   l e v e l   in  t h e  

t a n k   4  is   r e q u i r e d .  

(2)  S i n c e   t h e   m i x i n g   pump  19  i s   p r o v i d e d   w i t h  t h e  

c o n t r o l   v a l v e   20  f o r   m a i n t a i n i n g   c o n s t a n t   t h e   l i q u i d   l e v e l   i n  

t h e   m i x i n g   t a n k   18,  t h e   m i x i n g   pump  19  i s   r e q u i r e d   to  h a v e  

r e l a t i v e l y   l a r g e   c a p a c i t y .  

(3)   When  o x y g e n   c o n t a i n e d   in  w a t e r   to   be  p r o c e s s e d   i s  

p r e v i o u s l y   e v a c u a t e d ,   t h e   t a n k   4  and  i t s   s p a c e   a r e   r e q u i r e d  

and  f u r t h e r   t h e   pump  6  f o r   s e n d i n g   t h e   e v a c u a t e d   w a t e r   to   t h e  

w a t e r   t a n k   10,  t h e   c h e c k   v a l v e   7,  t h e   p i p e   8  and  t h e   i n l e t  

v a l v e   9  a r e   a l s o   r e q u i r e d .  

(4)  The  c a r b o n a t o r   of  a  r e l a t i v e l y   l a r g e   gas   a b s o r p t i o n  

a p p a r a t u s   is  r e q u i r e d   s i n c e   t h e   mixed   l i q u i d   h a v i n g   a  b a d  

gas   a b s o r p t i o n   f a c t o r   i s   u s e d   f o r   t h e   a b s o r p t i o n   of  c a r b o n  

d i o x i d e   g a s .  

(5)   The  a p p a r a t u s   shown  in  F i g .   1  has   f i v e   t a n k s   o f  

l a r g e   and  s m a l l   s i z e s   and  many  p i p e s   f o r   c o n n e c t i n g   them  t o  

e a c h   o t h e r   a r e   r e q u i r e d .   A c c o r d i n g l y ,   a  p o r t i o n   or  a r e a   o f  

t h i s   a p p a r a t u s   to   be  s t e r i l i z e d   and  w a s h e d   i s   l a r g e ,   and  t i m e  

and  a  a m o u n t   of  l i q u i d   f o r   t h e   s t e r i l i z a t i o n   and  w a s h i n g   a r e  



r e q u i r e d   m u c h .  

4.  SUMMARY  OF  THE  INVENTION 

I t   is  an  o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   to  p r o v i d e  

a  m e t h o d   and  a p p a r a t u s   f o r   m i x i n g   two  k i n d s   of  l i q u i d   in  a  

p r e d e t e r m i n e d   r a t i o .  

I t   is   a n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o  

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

one  l i q u i d   and  an  a p p a r a t u s   t h e r e f o r .  

I t   is   s t i l l   a n o t h e r   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n  

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

and  a t t a i n i n g   t h e   a b s o r p t i o n   of  g a s .  

T h e s e   and  o t h e r   o b j e c t s   of  t h e   p r e s e n t   i n v e n t i o n  

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

w i t h   e m b o d i m e n t s .  

5.  BRIEF  DESCRIPTION  OF  DRAWINGS 

F i g .   1  shows   a  p r i o r   a r t   m i x i n g   a p p a r a t u s ,   F i g .   2  

shows   a  m i x i n g   a p p a r a t u s   s h o w i n g   an  e m b o d i m e n t   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n ,   and  F i g .   3  shows   an  a p p a r a t u s   o f  

a n o t h e r   e m b o d i m e n t   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n .  

6.  DESCRIPTION  OF  PREFERRED  EMBODIMENTS  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   w i t h  

r e f e r e n c e   to  e m b o d i m e n t s   shown  in  f i g u r e s .  



F i g .   2  shows   a  l i q u i d   m i x i n g   a p p a r a t u s   of  a n  

e m b o d i m e n t   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   in  w h i c h  

n u m e r a l   100  d e n o t e s   a  s u p p l y   p o r t   of  w a t e r   to  be  p r o c e s s e d  

w h i c h   is  p r o v i d e d   w i t h   a  l i q u i d   l e v e l   c o n t r o l   v a l v e   101.   A 

c h a n g e - o v e r   v a l v e   102  i s   u s e d   to  s w i t c h   a  f l o w   way  to  a  

s u p p l y   n o z z l e   103  f o r   w a t e r   to   be  p r o c e s s e d   or  to   a  w a s h i n g  

s p r a y   118.   Numera l   104  d e n o t e s   a  w a t e r   t a n k   and  n u m e r a l   1 0 9  

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

p o r t   100  is  c o n t r o l l e d   by  t h e   l i q u i d   l e v e l   c o n t r o l l e r   109  a n d  

t h e   c o n t r o l   v a l v e   101  in  r e s p o n s e   to   t h e   l i q u i d   l e v e l   in  t h e   t a n k  

104  to   m a i n t a i n   t h e   l i q u i d   l e v e l   in  t h e   t a n k   104  c o n s t a n t .  

A  vacuum  g a u g e   113,   a  vacuum  c o n t r o l l e r   130,   a  

w a t e r d r o p   s e p a r a t o r   114,   a  d r a i n   v a l v e   115  and  a  vacuum  u n i t  

116  a r e   a t t a c h e d   to   a  vacuum  p i p e   112  c o n n e c t e d   to   t h e   t a n k   1 0 4  

t h r o u g h   a  c h e c k   v a l v e   111.   The  w a t e r   t a n k   104  i s   e v a c u a t e d   b y  

t h e   vacuum  u n i t   1 1 6 .  

Numera l   105  d e n o t e s   a  s y r u p   s u p p l y   p o r t .   A  l i q u i d  

l e v e l   c o n t r o l   v a l v e   106  and  a  c h a n g e - o v e r   v a l v e   107  a r e  

d i s p o s e d   on  a  way  of  a  f l o w   way  f rom  t h e   s y r u p   s u p p l y   p o r t  

105.   The  c h a n g e - o v e r   v a l v e   107  s w i t c h e s   t h e   f l o w   way  to  a  

s y r u p   t a n k   108  or  a  w a s h i n g   s p r a y   119.   An  a m o u n t   of  s y r u p  

s u p p l i e d   f rom  t h e   s y r u p   s u p p l y   p o r t   105  is  c o n t r o l l e d   by  a  

l i q u i d   l e v e l   c o n t r o l l e r   110  and  t h e   l i q u i d   l e v e l   c o n t r o l  

v a l v e   106  in  a c c o r d a n c e   w i t h   t h e   l i q u i d   l e v e l   in  t h e   s y r u p  

t a n k   108  and  t h e   l i q u i d   l e v e l   in  t h e   t a n k   108  is   m a i n t a i n e d  



c o n s t a n t .  

A  p i p e   117  is  to  c o n n e c t   t h e   s y r u p   t a n k   108  to  t h e  

a t m o s p h e r e   or  can  be  c o n n e c t e d   to  a  p r e s s u r i z e d   gas  s o u r c e   i f  

d e s i r e d   so  t h a t   t h e   s y r u p   t a n k   108  is  m a i n t a i n e d   to  a  

c o n s t a n t   p r e s s u r e .  

The  w a t e r   t a n k   104  is  c o u p l e d   to  a  s u c t i o n   s i d e   o r  

i n l e t   of  a  c o n s t a n t   v o l u m e   pump  124  t h r o u g h   a  v a l v e   120.   T h e  

s y r u p   t a n k   108  is   a l s o   c o u p l e d   t h r o u g h   a  m e a s u r i n g   v a l v e   1 2 1 ,  

a  v a l v e   122  and  a  m i x i n g   n o z z l e   123  to  t h e   s u c t i o n   s i d e   o f  

t h e   c o n s t a n t   v o l u m e   pump  124.   The  v a l v e s   120  and  122  a r e  

a u t o m a t i c   c o n t r o l   v a l v e s   w h i c h   open  and  c l o s e   in  s y n c h r o n i s m  

t h e   s t a r t   t i m i n g   and  t h e   s t o p   t i m i n g   of  t he   c o n s t a n t   v o l u m e  

t a n k   1 2 4 .  

A  p r e s s u r e   g a u g e   125  is  to  m e a s u r e   an  o u t p u t  

p r e s s u r e   of  t h e   c o n s t a n t   v o l u m e   pump  124.   A  f l o w   m e t e r   1 2 6  

can  a u t o m a t i c a l l y   c o n t r o l   t h e   r e v o l u t i o n   of  t h e   pump  124;   i f  

n e c e s s a r y ,   to   c o n t r o l   an  a m o u n t   of  f l o w i n g   mixed   l i q u i d  

c o n s t a n t ,   or  can  be  u s e d   to  a d j u s t   t h e   r e v o l u t i o n   of  t h e   pump 

1 2 4 .  

Numera l   127  d e n o t e s   a  c h e c k   v a l v e ,   n u m e r a l   1 2 8  

d e n o t e s   an  a u t o m a t i c   c o n t r o l   v a l v e   f o r   a d j u s t i n g   an  a m o u n t   o f  

f l o w i n g   l i q u i d ,   and  n u m e r a l   129  d e n o t e s   an  o u t l e t   of  t h e  

mixed   l i q u i d .   The  c h e c k   v a l v e   127  is  to   p r e v e n t   t h e   m i x e d  

l i q u i d   f rom  f l o w i n g   r e v e r s e l y   or  l e a k i n g   o u t   when  t he   pump 

124  is   s t o p p e d .  



Oxygen  c o n t a i n e d   in  w a t e r   s u p p l i e d   f rom  t h e   s u p p l y  

p o r t   100  to  t h e   w a t e r   t a n k   104  is   s u f f i c i e n t l y   e v a c u a t e d   i n  

t h e   w a t e r   t a n k   104  m a i n t a i n e d   to  a  p r e d e t e r m i n e d   vacuum  b y  

t h e   vacuum  u n i t   116  and  t h e   vacuum  c o n t r o l l e r   130 ,   and  t h e  

l i q u i d   l e v e l   of  t h e   w a t e r   is   m a i n t a i n e d   c o n s t a n t   by  t h e  

l i q u i d   l e v e l   c o n t r o l l e r   109  and  t h e   l i q u i d   l e v e l   c o n t r o l  

v a l v e   1 0 1 .  

On  t h e   o t h e r   h a n d ,   s y r u p   s u p p l i e d   f rom  t h e   s u p p l y  

p o r t   105  i s   m a i n t a i n e d   to  a  c o n s t a n t   l e v e l   by  t h e   l i q u i d  

l e v e l   c o n t r o l l e r   110  and  t h e   l i q u i d   l e v e l   c o n t r o l   v a l v e   1 0 6 .  

The  e v a c u a t e d   w a t e r   is   s u c k e d   t h r o u g h   t h e   v a l v e   1 2 0  

by  t h e   c o n s t a n t   v o l u m e   pump  1 2 4 .  

The  s u c t i o n   p o r t i o n   of  t h e   pump  124  i s   m a i n t a i n e d  

to  a  c o n s t a n t   p r e s s u r e   in  a  r a n g e   of  0 .1   to  0 . 2   [ k g / c m · A b s ]  

d e t e r m i n e d   by  t h e   vacuum  and  t h e   l i q u i d   l e v e l   in  t h e   w a t e r  

t a n k   1 0 4 .  

S y r u p   in.  t h e   t a n k   108  f l o w s   o u t   t h r o u g h   t h e   v a l v e s  

121  and  122  f rom  t h e   n o z z l e   123  i n t o   w a t e r   w h i l e   s c a t t e r i n g  

s u f f i c i e n t l y .  

S i n c e   a  p r e s s u r e   a t   t h e   n o z z l e   123  i s   a  

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

s y r u p   t a n k   108,   s y r u p   f rom  t h e   t a n k   108  can  f l o w   o u t   i n t o  

w a t e r   and  t h e   a m o u n t   of  s y r u p   f l o w i n g   o u t   i n t o   w a t e r   can  b e  

a d j u s t e d   by  t h e   m e a s u r i n g   v a l v e   1 2 1 .  

A  p r e s s u r e   d i f f e r e n c e   b e t w e e n   b e f o r e   and  a f t e r   t h e  



v a l v e   121  is  s u b s t a n t i a l l y   c o n s t a n t   ( s t r i c t l y   c o n s i d e r i n g ,   i t  

c h a n g e s   a  l i t t l e   d e p e n d i n g   on  an  a m o u n t   of  f l o w i n g   s y r u p )  

and  is  e q u a l   to  a  sum  of  a  p r e s s u r e   d i f f e r e n c e   b e t w e e n   a  

p r e s s u r e   in  t h e   s y r u p   t a n k   108  and  a  p r e s s u r e   n e a r   t h e   m i x i n g  

n o z z l e   123  and  a  l i q u i d   co lumn   p r e s s u r e   of  s y r u p .   T h e  

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

m a i n t a i n e d   c o n s t a n t .  

The  f l o w   r a t e   of  t h e   mixed   l i q u i d   a t   t h e   s u c t i o n  

s i d e   of  t h e   c o n s t a n t   v o l u m e   pump  124  is  d e p e n d i n g   on  t h e  

c o n s t a n t   v o l u m e   c h a r a c t e r i s t i c   of  t h e   pump  124  and  can  be  s e t  

by  t h e   r e v o l u t i o n   of  t h e   pump.  A c c o r d i n g l y ,   t h e   f l o w   m e t e r  

126  and  t h e   c o n t r o l   v a l v e   128  a r e   n o t   n e c e s s a r i l y   r e q u i r e d .  

S i n c e   t h e   c o n s t a n t   v o l u m e   c h a r a c t e r i s t i c   of  t h e   pump  124  i s  

a f f e c t e d   by  a  back   p r e s s u r e   of  t h e   pump,  when  t h e   b a c k  

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

a c c u r a c y   of  t h e   f l o w   r a t e   of  t h e   mixed   l i q u i d   as  f o l l o w s .  

In  a  f i r s t   m e t h o d ,   a  p r e s s u r e   m e a s u r e d   by  t h e  

p r e s s u r e   g a u g e   125  is  no t   u s e d   and  t h e   r e v o l u t i o n   of  t h e   pump 

124  is  a d j u s t e d   by  t h e   f l o w   r a t e   m e a s u r e d   by  t he   f l o w   m e t e r  

126  to  make  c o n s t a n t   t he   f l o w   r a t e   of  t h e   mixed   l i q u i d .   T h i s  

m e t h o d   can  be  a l s o   e f f e c t e d   by  a u t o m a t i c   c o n t r o l .  

In  a  s e c o n d   m e t h o d ,   t h e   f l o w   r a t e   of  t h e   m i x e d  

l i q u i d   is   a d j u s t e d   c o n s t a n t   by  u t i l i z i n g   t h e   f a c t   t h a t   t h e  

f l o w   r a t e   of  t h e   mixed   l i q u i d   is   p r o p o t i o n a l   to  t h e  

r e v o l u t i o n   of  t h e   pump  124  when  t h e   o p e n i n g   of  t h e   c o n t r o l  



v a l v e   128  is   a d j u s t e d   to   m a i n t a i n   c o n s t a n t   t h e   p r e s s u r e  

m e a s u r e d   by  t h e   p r e s s u r e   g a u g e   1 2 5 .  

When  a  f l o w   r a t e   of  t h e   m i x e d   l i q u i d   o u t p u t t e d   f r o m  

t h e   pump  124  is   QM  [ l / m i n ]   and  a  f l o w   r a t e   of  s y r u p   f l o w i n g  

b y  a d j u s t i n g   t h e   m e a s u r i n g   v a l v e   121  is  QS  [  l / m i n ] ,   a  f l o w  

r a t e   QU  [ l / m i n ]   of  t h e   e v a c u a t e d   w a t e r   to  be  p r o c e s s e d   i s  

g i v e n   b y  

When  t h e   p r e s s u r e   a t   t h e   s u c t i o n   s i d e   of  t h e   pump 

124  is   m a i n t a i n e d   c o n s t a n t   and  t h e   l e v e l   of  s y r u p   in  t h e   t a n k  

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

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

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

o p e n i n g   of  t h e   m e a s u r i n g   v a l v e   121 .   A c c o r d i n g l y ,   by  a d j u s t i n g  

t h e   r e v o l u t i o n   of  t h e   pump  124  to  make  c o n s t a n t   t h e   f l o w  

r a t e   of   t h e   m i x e d   l i q u i d ,   t h e   f l o w   r a t e   of  t h e   e v a c u a t e d  

w a t e r   is  d e t e r m i n e d   a u t o m a t i c a l l y ,   so  t h a t   w a t e r   and  s y r u p  

can  be  mixed   in  a  p r e d e t e r m i n e d   r a t i o .  

A c c o r d i n g   to   t h e   a b o v e   e m b o d i m e n t ,   t h e   f o l l o w i n g  

e f f e c t s   can  be  o b t a i n e d .  

(1)   As  c o m p a r e d   w i t h   t h e   p r i o r   a r t ,   an  e v a c u a t i o n   t a n k  

and  a  m i x i n g   t a n k   a r e   n o t   r e q u i r e d   and  t h e   n u m b e r   of  t a n k s   i s  

two  w h i c h   is   h a l f   of  t h a t   in  t h e   p r i o r   a r t .  

(2)  S i n c e   t h e   e v a c u a t i o n   t a n k   is   n o t   n e c e s s a r y   ( u s i n g  

t h e   w a t e r   t a n k   in  t h e   p r i o r   a r t ) ,   i t s   a s s o c i a t e d   w a t e r   s u p p l y  



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

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

u n n e c e s s a r y   and  t h e   number   of  c o m p o n e n t s   is   g r e a t l y   r e d u c e d .  

(3)  S i n c e   t h e   n e g a t i v e   p r e s s u r e   f o r   t h e   v a c u u m  

e v a c u a t i o n   in  t h e   w a t e r   t a n k   is  u t i l i z e d   in  o r d e r   to  s e n d   o u t  

s y r u p   f rom  t h e   s y r u p   t a n k ,   an  a d d i t i o n a l   p r e s s u r e   on  t h e  

s y r u p   t a n k   is  n o t   n e c e s s a r y   and  i t   can  u t i l i z e   t h e   s t a b l e  

a t m o s p h e r i c   p r e s s u r e .   F u r t h e r ,   p r e s s u r e   may  be  a p p l i e d   i f  

d e s i r e d .  

(4)  I t   is   n o t   r e q u i r e d   to  m e a s u r e   or  a d j u s t   t h e   f l o w  

r a t e   of  t h e   e v a c u a t e d   w a t e r   to  be  p r o c e s s e d .  

(5)  Power   c o n s u m p t i o n   can  be  g r e a t l y   r e d u c e d   by  u s i n g  

t h e   c o n s t a n t   v o l u m e   pump.  T a b l e   1  shows   c o m p a r i s o n   of  a  p o w e r  

of  a  m o t o r   in  t h e   p r i o r   a r t   of  F i g .   1  and  a  power   of  a  m o t o r  

in  t h e   p r e s e n t   i n v e n t i o n .  



(6)  The  a p p a r a t u s   can  be  s t e r i l i z e d   and  w a s h e d   r e a d i l y  

and  in  a  s h o r t   t i m e   w i t h   l e s s   c o n s u m p t i o n   of  s t e r i l i z e r   a n d  

d e t e r g e n t   s i n c e   t a n k s   a r e   r e d u c e d .  

(7)  The  c o n t r o l   a p p a r a t u s   and  i t s   o p e r a t i o n   a r e   s i m p l e  

s i n c e   o b j e c t s   to   be  c o n t r o l l e d   a r e   l e s s .  

(8)  N o i s e   is   g r e a t l y   r e d u c e d   by  u s i n g   t h e   c o n s t a n t  

v o l u m e   pump.  For  e x a m p l e ,   i f   c e n t r i f u g a l   pumps  6  and  19  a r e  

u s e d   in  t h e   p r i o r   a r t   of  F i g .   1,  n o i s e   is   8 0  -   90  d B ( A ) ,  

w h e r e a s   i t   is  a b o u t   7 0  -   75  dB(A)  in  t h e   p r e s e n t   e m b o d i m e n t .  

(9)  S i n c e   t h e   f l o w   r a t e   of  t h e   mixed   l i q u i d   i s  

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

c o n s t a n t   v o l u m e   pump  and  can  be  s e t   by  t h e   r e v o l u t i o n   of  t h e  

pump,  t h e   f l o w   m e t e r   and  t h e   f l o w   r a t e   a d j u s t i n g   v a l v e   a r e  

n o t   n e c e s s a r y .   T h e r e   i s   no  l e a k a g e   in  a  c a s i n g   of  t h e   pump 

and  when  t h e   back   p r e s s u r e   of  t h e   pump  c h a n g e s ,   a  s e t t i n g  

f l o w   r a t e   c h a n g e s .   T h e r e f o r e ,   when  i t   is   r e q u i r e d   to   i n c r e a s e  

t h e   s e t t i n g   a c c u r a c y   of  t h e   f l o w   r a t e   w i t h o u t   i n f l u e n c e   o f  



v a r i a t i o n   of  t h e   back   p r e s s u r e ,   t h e r e   can  be  u s e d   a  m e t h o d   i n  

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

t h e   pump  or  a  m e t h o d   in  w h i c h   an  o p e n i n g   of  t h e   a d j u s t i n g  

v a l v e   is  a d j u s t e d   so  t h a t   t h e   o u t p u t   p r e s s u r e   of  t he   pump  i s  

a l w a y s   m a i n t a i n e d   c o n s t a n t .  

The  f o r e g o i n g   is  an  e x a m p l e   in  wh ich   o x y g e n  

c o n t a i n e d   in  t h e   w a t e r   t a n k   104  is  e v a c u a t e d .   D e s c r i p t i o n  

w i l l   now  be  made  to  a n o t h e r   e m b o d i m e n t   in  wh ich   c a r b o n  

d i o x i d e   gas   is   s u p p l i e d   to  t h e   w a t e r   t a n k   104  w i t h   p r e s s u r e  

to  e v a c u a t e   o x y g e n   and  e f f e c t   t h e   a b s o r p t i o n   of  a  d e s i r e d   g a s  

a t   t h e   same  t i m e .   T h i s   e m b o d i m e n t   is   shown  in  F i g .   3,  i n  

w h i c h   d e s c r i p t i o n   of  t h e   same  c o m p o n e n t s   as  in  F i g .  2   a r e  

o m i t t e d .  

An  e x h a u s t   p i p e   131  c o n n e c t e d   to  t h e   w a t e r   t a n k   1 0 4  

is   c o n n e c t e d   to  an  e x h a u s t   p o r t   135  t h r o u g h   an  open  a n d  

c l o s e   v a l v e   132,   a  f l o w   r a t e   a d j u s t i n g   v a l v e   133  and  a  g a s  

f l o w   m e t e r   1 3 4 .  

A  gas   s u p p l y   p o r t   136  is  c o n n e c t e d   t h r o u g h   a  

p r e s s u r e   r e d u c i n g   v a l v e   137,   a  p r e s s u r e   a d j u s t i n g   v a l v e   1 3 8 ,  

a  c h e c k   v a l v e   139,   a  p r e s s u r e   a d j u s t i n g   m e t e r   140  and  g a s  

p o r t s   141  and  142  to  t h e   s y r u p   t a n k   108  and  t h e   w a t e r   t a n k  

104.   C02  g a s ,   N2  gas   or  t h e   l i k e   is  s u p p l i e d   f rom  t h e   g a s  

s u p p l y   p o r t   136  in  a c c o r d a n c e   w i t h   an  o b j e c t   and  t h e   p r e s s u r e  

in  t he   w a t e r   t a n k   104  and  t h e   s y r u p   t a n k   108  is  m a i n t a i n e d  

to  a  p r e d e t e r m i n e d   p r e s s u r e .  



The  c o n s t r u c t i o n   f rom  t h e   w a t e r   t a n k   104  and  t h e  

s y r u p   t a n k   108  to   t h e   o u t l e t   129  is  s u b s t a n t i a l l y   i d e n t i c a l  

w i t h   in  F i g .   2  e x c e p t   t h a t   in  t he   e m b o d i m e n t   of  F i g .   3  a  f l o w  

m e t e r   143  and  a  p r e s s u r e   g a u g e   144  a r e   d i s p o s e d   on  t h e   way  

of  t h e   f l o w   way  f rom  t h e   w a t e r   t a n k   104  to  t h e   c o n s t a n t  

v o l u m e   pump  124  w h i l e   t h e   v a l v e   120  is  d i s p o s e d   b e t w e e n   t h e  

f l o w   m e t e r   143  and  t h e   p r e s s u r e   g a u g e   1 4 4 .  

W a t e r   s u p p l i e d   f rom  t h e   s u p p l y   p o r t   100  is   s u b j e c t  

to  t h e   e v a c u a t i o n   p r o c e s s   and  t h e   a b s o r p t i o n   p r o c e s s   of  g a s  

in  t he   w a t e r   t a n k   104  m a i n t a i n e d   to  a  p r e d e t e r m i n e d   p r e s s u r e  

by  C02  g a s ,   N2  gas   or  t h e   l i k e   s u p p l i e d   f rom  t h e   gas   s u p p l y  

p o r t   136.   When  t h e   p r e s s u r e   in  t h e   w a t e r   t a n k   104  i s  

m a i n t a i n e d   to  a  p r e d e t e r m i n e d   p r e s s u r e   by  CO2  g a s ,   w a t e r  

a b s o r b s   CO2  gas   and  a t   t h e   same  t i m e   a i r   ( m a i n l y   O2  and  N2)  

m e l t e d   in  w a t e r   i s   s e p a r a t e d .   When  t h e   p r e s s u r e   in  t h e   w a t e r  

t a n k   104  is   m a i n t a i n e d   to  a  p r e d e t e r m i n e d   p r e s s u r e   by  N2  g a s ,  

w a t e r   a b s o r b s   N2  gas   u n d e r   an  a t o m o s p h e r e   of  p r e s s u r i z e d   Nz 

gas   and  a t   t h e   same  t i m e   o x y g e n   O2  in  a i r   ( m a i n l y   O2  and  N2)  

m e l t e d   in  w a t e r   i s   s e p a r a t e d .  

N2  or  O2  in  a i r   s e p a r a t e d   f rom  w a t e r   is  e x h a u s t e d  

f rom  t h e   e x h a u s t   p o r t   135  t h r o u g h   t h e   e x h a u s t   p i p e   131,   t h e  

v a l v e s   132,   133  and  gas   f l o w   m e t e r   134  a t   an  e c o n o m i c a l  

e x h a u s t   gas   f l o w   r a t e .   T h u s ,   t h e   gas   p u r i t y   of  CO2  gas   or  N2 

gas   in  t h e   w a t e r   t a n k   104  is   m a i n t a i n e d   to  a  p r e d e t e r m i n e d  

v a l u e   or  m o r e .  



The  p r e s s u r e   in  t h e   w a t e r   t a n k   104  and  t h e   s y r u p  

t a n k   108  is  m a i n t a i n e d   to  t h e   i d e n t i c a l   p r e d e t e r m i n e d  

p r e s s u r e ,   and  t h e   l i q u i d   l e v e l s   in  t h e   w a t e r   t a n k   104  and  t h e  

s y r u p   t a n k   108  a r e   m a i n t a i n e d   to  t h e   r e s p e c t i v e  

p r e d e t e r m i n e d   l e v e l s .  

The  e v a c u a t e d   w a t e r   in  t h e   w a t e r   t a n k   104  is  s u c k e d  

by  t h e   c o n s t a n t   v o l u m e   pump  124  t h r o u g h   t h e   m e a s u r i n g   v a l v e  

143  and  t h e   v a l v e   120.  On  t h e   o t h e r   h a n d ,   s y r u p   in  t h e   t a n k  

108  f l o w s   ou t   f rom  t h e   m i x i n g   n o z z l e   123  i n t o   f l o w   of  w a t e r  

t h r o u g h   t h e   m e a s u r i n g   v a l v e   121  and  t h e   v a l v e   1 2 2 .  

In  t h e   p r e s e n t   e m b o d i m e n t ,   t h e   p r e s s u r e   n e a r   t h e  

m i x i n g   n o z z l e   123  is  m e a s u r e d   by  t h e   p r e s s u r e   g a u g e   144  a n d  

t h e   r e v o l u t i o n   of  t h e   c o n s t a n t   v o l u m e   pump  124  can  be  c h a n g e d  

to  c o n t r o l   t h e   p r e s s u r e   n e a r   t h e   n o z z l e   123  to  a  d e s i r e d  

v a l u e .  

A d j u s t m e n t   of  t h e   f l o w   r a t e   of  t h e   mixed   l i q u i d  

e x h a u s t e d   f rom  t h e   pump  125  and  a d j u s t m e n t   of  t h e   m i x t u r e  

r a t i o   of  w a t e r   and  s y r u p   a r e   made  in  t h e   same  m a n n e r   as  i n  

t h e   f i r s t   e m b o d i m e n t .  

A c c o r d i n g   to   t h e   p r e s e n t   e m b o d i m e n t ,   t h e   f o l l o w i n g  

e f f e c t s   a r e   a t t a i n e d .  

(1)  S i n c e   t h e   e v a c u a t i o n   p r o c e s s   is   a  r e p l a c e m e n t  

p r o c e s s   u s i n g   CO2  gas   or  N2  g a s ,   t h e   vacuum  u n i t   is  n o t  

r e q u i r e d   and  t h e   p r e s s u r e   a d j u s t i n g   m e c h a n i s m   in  p l a c e   of  t h e  

vacuum  u n i t   is  s i m p l e .  



(2)   S i n c e   t h e   e v a c u a t i o n   of  w a t e r   is  made  a t   t h e   s a m e  

t i m e   as  t h e   a b s o r p t i o n   of  CO2  gas   or  N2  gas   and  t h e   g a s  

m e l t a b i l i t y   i n t o   w a t e r   is   l a r g e   as  c o m p a r e d   w i t h   t h e  

a b s o r p t i o n   of  C02  or  N2  gas   i n t o   t h e   mixed   l i q u i d ,   gas   i s  

a b s o r b e d   e f f e c t i v e l y ,   and  t h e   p o l y c a r b o n a t o r   may  be  o m i t t e d .  



(1)  A  l i q u i d   m i x i n g   m e t h o d   c o m p r i s i n g   s t e p s   o f  

m a i n t a i n i n g   a  p r e s s u r e   in  a  f i r s t   t a n k   c o n t a i n i n g   a  f i r s t  

l i q u i d   and  a  p r e s s u r e   in  a  s e c o n d   t a n k   c o n t a i n i n g   a  s e c o n d  

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

s a i d   s e c o n d   l i q u i d   t h r o u g h   m e a s u r i n g   means   to  a  s u c t i o n   s i d e  

of  a  c o n s t a n t   v o l u m e   pump,  s u p p l y i n g   s a i d   f i r s t   l i q u i d   to  t h e  

s u c t i o n   s i d e   of  s a i d   c o n s t a n t   v o l u m e   pump,  and  m i x i n g   s a i d  

f i r s t   l i q u i d   and  s a i d   s e c o n d   l i q u i d   in  a  p r e d e t e r m i n e d  

m i x t u r e   r a t i o .  

(2)  A  m e t h o d   a c c o r d i n g   to  C l a i m   1,  w h e r e i n   t h e  

p r e s s u r e   in  s a i d   f i r s t   t a n k   is  n e g a t i v e   and  o x y g e n   in  s a i d  

f i r s t   l i q u i d   is  e v a c u a t e d .  

(3)  A  m e t h o d   a c c o r d i n g   to  C l a i m   1,  c o m p r i s i n g   a  

s t e p   of  s u p p l y i n g   gas   w h i c h   is  a b s o r b e d   in  s a i d   f i r s t   l i q u i d  

to  s a i d   f i r s t   t a n k   w i t h   p r e s s u r e   to  e v a c u a t e   o x y g e n   in  s a i d  

f i r s t   l i q u i d .  

(4)  A  m e t h o d   a c c o r d i n g   to  a n y  o n e   of  C l a i m s   1  to  3,  w h e r e i n  

s a i d   f i r s t   l i q u i d   is  s u p p l i e d   to  s a i d   c o n s t a n t   v o l u m e   pump 

t h r o u g h   c o n s t a n t   v o l u m e   m e a n s .  

(5)  A  l i q u i d   m i x i n g   a p p a r a t u s   c o m p r i s i n g   a  f i r s t  

t a n k   f o r   s t o r i n g   f i r s t   l i q u i d ,   a  s e c o n d   t a n k   f o r   s t o r i n g  

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

m a i n t a i n i n g   a  p r e s s u r e   in  s a i d   f i r s t   t a n k   to  a  p r e d e t e r m i n e d  

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



a  p r e s s u r e   in  s a i d   s e c o n d   t a n k   to   a  p r e d e t e r m i n e d   p r e s s u r e ,   a  

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

f i r s t   and  s e c o n d   l i q u i d   a r e   s u p p l i e d ,   and  a  m e a s u r i n g   u n i t  

f o r   a d j u s t i n g   an  a m o u n t   of  s u p p l y   of  s a i d   s e c o n d   l i q u i d .  

(6)  An  a p p a r a t u s   a c c o r d i n g   to  C la im   5,  c o m p r i s i n g   a  

vacuum  pump  f o r   e v a c u a t i n g   s a i d   f i r s t   t a n k .  

(7)  An  a p p a r a t u s   a c c o r d i n g   to  C la im   5,  c o m p r i s i n g   a  

gas   s u p p l y   u n i t   f o r   s u p p l y i n g   gas   a b s o r b e d   i n t o   s a i d   f i r s t  

l i q u i d   to  s a i d   f i r s t   t a n k   w i t h   p r e s s u r e .  

(8)  An  a p p a r a t u s   a c c o r d i n g   to  a n y  o n e   of  C l a i m s   5  

to  7,  c o m p r i s i n g   a  m e a s u r i n g   u n i t   f o r   a d j u s t i n g   an  a m o u n t   o f  

s u p p l y   of  s a i d   f i r s t   l i q u i d   to   s a i d   c o n s t a n t   v o l u m e   p u m p .  
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