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@  Method  of  operating  a  water-vapor  generator. 

@  A  water  vapor  generator  of  the  type  having  electrodes  in 
a  vaporization  vessel  is  disclosed.  Current  passed  through 
the  water  between  electrodes  causes  water  in  the  vessel  to 
heat  and  boil  off  as  steam,  make-up  water  being  added  when 
the  current  drops  below  a  preset  minimum  value.  The 
make-up  water  is  cut  off  when  a  preset  maximum  value  is 
reached.  Thus,  the  generator  operates  through  successive 
cycles  each  containing  a  descending  "boil"  leg  and  an 
ascending  "fill"  leg.  As  water  is  boiled  the  mineral  content  in 
the  vessel  becomes  more  and  more  concentrated  causing 
increasing  conductivity  of  the  water.  In  order  to  return  the 
contained  water  conductivity  to  its  design  value  the  frequen- 
cy  of  the  boil/fill  cycles  is  measured  over  several  cycles  and 
compared  with  a  predetermined  value.  If  the  measured 
frequency  is  higher,  this  indicates  a  higher  than  desired 
water  conductivity  and  a  drain  cycle  is  initiated  by  operating 
a  drain  valve.  The  amount  of  water  drained  out  of  the  vessel 
is  proportional  to  the  deviation  of  frequency  from  the 
predetermined  value.  The  frequency  can  be  measured  by  the 
duration  of  a  predetermined  number  of  cycles  and  this  is 
then  compared  with  a  predetermined  duration  correspond- 
ing  to  the  predetermined  frequency.  The  apparatus  used 
may  Include  a  count  down  sequencer  which  starts  to  step 
through  several  relays  which  have  successively  higher 

minimum  thresholds  and  a  cycle  counter  which  starts 
counting  cycles  at  the  same  time.  If,  when  the  cycle  counter 
has  finished  counting  the  predetermined  number  of  cycles, 
the  count  down  sequencer  has  not  finished  counting,  one  of 
the  relays  will  be  energised  and  this  will  cause  the  outlet 
valve  to  open  and  remain  open  until  the  electrode  current 
drops  to  the  threshold  value  for  that  relay. 





This  i n v e n t i o n   r e l a t e s   to  h u m i d i f i e r s   and  wore  p a r t i c u l a r l y  

to  the  e l e c t r o d e   type  steam  g e n e r a t i n g   h u m i d i f i e r s .  

Such  h u m i d i f i e r s   in  which  a  c u r r e n t   is  p a s s e d - b e t w e e n   s p a c e d  

e l e c t r o d e s   in  a  w a t e r - c a r r y i n g   v e s s e l   are  wel l -known.   The  c u r r e n t  

causes   h e a t i n g   of  the  water  and  s u b s e q u e n t l y   g e n e r a t i o n   of  steam  wh ich  

is  passed   in to   the  a i r   space,   the  m o i s t u r e   con ten t   of  which  is  t o  

be  c o n t r o l l e d .  

The  magni tude  of  the  c u r r e n t   and  hence  the  steam  g e n e r a t i n g  

a b i l i t y  i s   dependent   on  the  v o l t a g e   a p p l i e d   to  the  e l e c t r o d e s ,   t h e  

s i z e ,   shape  and  spac ing   of  the  e l e c t r o d e s ,   the  depth  of  i m m e r s i o n  

of  the  e l e c t r o d e s   and  the  c o n d u c t i v i t y   and  volume  of  the  w a t e r .   A 

s e r i o u s   problem  which  has  been  r e c o g n i s e d   is  tha t   the  c o n d u c t i v i t y  

of  a  water   supply  can  vary  by  as  much  as  10:1  depending  on  the  g e o l o g i c a l  

c o n d i t i o n s   of  the  source  and  a lso   the  c o n d u c t i v i t y   of  a  p a r t i c u l a r  

water   supply   can  vary  da i l y   in  the  same  r a n g e  ( 1 0 : 1 )   depend ing   on 

v a r i a b l e s   such  as  i n t e r c o n n e c t i o n s   in  the  water  main  and  s w i t c h i n g  

and /o r   mixing  of  the  sou rces   and  the  season  of  the  yea r .   B e c a u s e  

the  des ign   of  an  e v a p o r a t o r   is  dependen t   on  the  c o n d u c t i v i t y   of  t h e  

water   in  the  v e s s e l ,   i t   is  n e c e s s a r y   to  ensure  tha t   the  c o n d u c t i v i t y  

of  the  water   in  the  ve s se l   is  m a i n t a i n e d   near  the  va lue   for  w h i c h  

t h e   e v a p o r a t o r   was  des igned   or  e l se   t e d i o u s   a d j u s t m e n t s   or  a d a p t a t i o n s  

of  the  e v a p o r a t o r   wi l l   be  n e c e s s a r y   to  accommodate  d i f f e r e n t   w a t e r  

c o n d u c t i v i t e s .  

Fu r the rmore ,   because   of  the  c o n t i n u a l   e v a p o r a t i o n   of  w a t e r  

from  the  v e s s e l ,   i m p u r i t i e s   from  the  water   remain  in  the  v e s s e l   a n d  

i n c r e a s e   in  c o n c e n t r a t i o n   to  the  p o i n t   where  f l u s h i n g   of  the  v e s s e l  

is  n e c e s s a r y   to  m a i n t a i n   the  c o n t a i n e d   water  c o n d u c t i v i t y   at  the  d e s i g n e d  



va lue   and  to  reduce   r i n e r a l   b u i l d - u p   on  the  e l e c t r o d e s .   If  f l u s h i n g  

is  c a r r i e d   out  merely  on  a  time  b a s i s ,   the  water   may  be  f l u shed   when 

i t s   c o n d u c t i v i t y   is  below  the  des igned  va lue .   In  any  event ,   the  l o s s  

of  hot  water   from  the  system  dur ing  f l u s h i n g   is  l i k e l y   to  exceed  t h a t  

n e c e s s a r y   to  m a i n t a i n   the  c o n d u c t i v i t y   at  the  de s igned   v a l u e .  

United  S t a t e s   P a t e n t   3 ,937,920  i s sued   on  February   10,  1976 

to  P lascon   A.G.  d i s c l o s e s   a  system  which  deals   with  these   p r o b l e m s  

by  a r r a n g i n g   for  the  c o n d u c t i v i t y   of  the  water  in  the  v e s s e l   to  b e  

m a i n t a i n e d   at  a  va lue   which  is  c o n s i d e r a b l y   h i g h e r   than  the  a v e r a g e  

c o n d u c t i v i t y   of  t y p i c a l   wate r   sou rce s .   As  water   is  b o i l e d   o f f ,   t h e  

c o n d u c t i v i t y   in  the  v e s s e l   g r a d u a l l y   r i s e s   to  the  optinum  d e s i g n e d  

v a l u e .  

The  magni tude   of  the  c u r r e n t   between  the  e l e c t r o d e s   is  m e a s u r e d  

c o n t i n u o u s l y   and  the  a c t u a l   time  taken  for  the  c u r r e n t   to  drop  b e t w e e n  

two  p r e d e t e r m i n e d   va lue s   is  compared  with  the  c a l c u l a t e d   time  r e q u i r e d  

for   the  c u r r e n t   to  drop  between  those   two  va lues   when  the  c o n d u c t i v i t y  

of  the  water   is  at  the  de s igned   va lue .   If  the  a c t u a l   time  m e a s u r e d  

is  s h o r t e r ,   some  of  the  wate r   is  f lushed   from  the  v e s s e l ,   as  t h i s  

r e p r e s e n t s   an  u n a c c e p t a b l y   high  c o n d u c t i v i t y .  

It  is  an  o b j e c t   of  the  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  n o v e l  

method  of  o p e r a t i n g   a  w a t e r - v a p o r   g e n e r a t o r   to  c o n t r o l   the  c o n d u c t i v i t y  

of  the  con t a ined   water   and  m a i n t a i n   the  c o n d u c t i v i t y   at  the  d e s i g n e d  

v a l u e . .  

I t   is  a n o t h e r   o b j e c t   of  the  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  novel  w a t e r - v a p o r   g e n e r a t o r   adapted  to  c o n t r o l   the  c o n d u c t i v i t y  

of  the  c o n t a i n e d   water   and  m a i n t a i n   the  c o n d u c t i v i t y   at  the  d e s i g n e d  

v a l u e .  



The  p r e s e n t   i n v e n t i o n   i n v o l v e s   o b t a i n i n g   a  measure  of  t h e  

f r equency   of  two  or  more  c y c l e s ,   each  cycle   c o n t a i n i n g   a  bo i l   and 

f i l l   leg,   and,  i f   the  measure  of  the  f r equency   i n c r e a s e s  a b o v e   a  p r e d e t e r m i n e d  

value  c o r r e s p o n d i n g   to  a  d e s i r e d ,   i . e .   d e s i g n ,   f r equency ,   c a u s i n g  

water   to  be  d i s c h a r g e d - .  

The  f requency   can  be  de t e rmined   in  va r ious   ways,  such  a s  

by  measur ing   the  time  to  count  a  p r e d e t e r m i n e d   p l u r a l i t y   of  c y c l e s ,  

or  by  coun t i ng   the  number  of  cyc les   in  a  p r e d e t e r m i n e d   d u r a t i o n .  

A l t e r n a t i v e l y ,   the  f r equency   of  the  f i l l   legs  or  the  b o i l  

legs  can  be  used  as  a  measure  of  the  cyc le   f r equency   in  which  c a s e  

the  time  to  measure  a  p r e d e t e r m i n e d   p l u r a l i t y   of  f i l l   legs  or  b o i l  

legs  is  o b t a i n e d   or  the  number  of  f i l l   legs  or  bo i l   legs  in  a  p r e d e t e r m i n e d  

d u r a t i o n   is  c o u n t e d .  

As  ano the r   a l t e r n a t i v e ,   the  a c c u m u l a t e d   bo i l   t ime  o v e r  

two  or  more  cyc les   or  the  accumula ted   f i l l   time  over  two  or  more  c y c l e s  

may  be  measured  and  t h i s   also  would  give  a  measure  or  i n d i c a t i o n   o f  

the  cycle   f r e q u e n c y .  

The  d ra in   leg  can  be  a d j u s t e d   d i r e c t l y   by  time  so  t h a t   t h e  

h ighe r   the  f r equency   measured  the  longer   the  d ra in   leg.   A l t e r n a t i v e l y ,  

the  d r a in   leg  can  be  a r ranged   to  c o n t i n u e   u n t i l   the  c u r r e n t   r e a c h e s -  

a  t h r e s h o l d   va lue ,   the  h igher   the  f r e q u e n c y   the  lower  the  t h r e s h o l d  

value  s e l e c t e d .  

By  c o n c e n t r a t i n g   on  measur ing   the  f r equency   of  two  or  more  

c y c l e s ,   the  i n v e n t i o n   has  the  e f f e c t   of  min imiz ing   the  p o s s i b i l i t y  

of  o b t a i n i n g   an  i n c o r r e c t   i n d i c a t i o n   of  c o n t a i n e d   water   c o n d u c t i v i t y  

which  could  a r i s e   due  to  spu r ious   or  t r a n s i e n t   f a c t o r s   and  t h e r e b y  

minimizing  the  p o s s i b i l i t y   of  o r d e r i n g   a  f l u sh   cycle   n e e d l e s s l y .  

F i n a l l y ,   a  feedback  c o n t r o l   can  be  b u i l t  i n   which  has  t h e  



e f f e c t   of  a l t e r i n g   the  r e q u i r e m e n t s   for  a  p a r t i c u l a r   group  of  c y c l e s  

depending  upon  the  f r equency   measured  for  the  immedia te ly   p r e c e d i n g  

group  of  c y c l e s .   Thus,  the  measured  f requency   is  compared  with  a 

v a r i a b l e   f r equency   which  is  weighted   in  r e l a t i o n   to  t h e  f r e q u e n c y  

measured  for  the  p r e c e d i n g   group.  In  o the r   words,  i f   the  f r e q u e n c y  

measured  for  the  p rev ious   group  of  cyc les   was  high,   the  p r e d e t e r m i n e d  

f r e q u e n c y   is  dec reased   and  i f   the  f r equency   measured  for  the  p r e v i o u s  

cyc l e s   was  low,  the  p r e d e t e r m i n e d   f r equency   is  i n c r e a s e d .   T h e  e f f e c t  

of  t h i s   is  to  s t a b i l i z e   the  water   l eve l   s u b s t a n t i a l l y   at  one  p o i n t  

with  r e s p e c t   to  the  e l e c t r o d e s   whether   the  mains  supply  is  of  h i g h  

or  low  c o n d u c t i v i t y .  

The  i n v e n t i o n   wi l l   now  be  d e s c r i b e d   in  g r e a t e r   d e t a i l   w i t h  

r e f e r e n c e   to  the  accompanying  d rawings ,   in  wh ich :  

F igure   1  is  a  diagram  i l l u s t r a t i n g   the  p r i n c i p l e s   u n d e r l y i n g  

the  p r e s e n t   i n v e n t i o n ;  

F igure   2  is  a  s chemat i c   diagram  i l l u s t r a t i n g   an  embodiment  

of  the  i n v e n t i o n   which  app l i e s   the  p r i n c i p l e s   i l l u s t r a t e d   in  F i g u r e  

1;  

F igure   3  is  a  diagram  i l l u s t r a t i n g   a  m o d i f i c a t i o n   of  t h e  

b a s i c   t e c h n i q u e   i l l u s t r a t e d   in  F igure   1 ;  

F igure   4  i l l u s t r a t e s   d i a g r a m m a t i c a l l y   the  d i f f e r e n c e   i n  

outcome  between  app ly ing   the  p r i n c i p l e s   of  Figure  l ,on   the  one  h a n d  

and  F igure   3  on  the  o the r   h a n d ;  

F igure   5  is  a  diagram  i l l u s t r a t i n g   a  v a r i a n t   of  the  b a s i c  

_ t e c h n i q u e   shown  in  F igure   1;  and 

F igure   6  is  a  diagram  i l l u s t r a t i n g  a   f u r t h e r   v a r i a n t   o f  

the  bas ic   t e c h n i q u e   shown  in  F igure   1 .  



It  is  b e l i e v e d   t h a t   a  b e t t e r   u n d e r s t a n d i n g   of  the  c i r c u i t  

shown  in  Figure  2  wi l l   be  achieved  a f t e r   an  e x p l a n a t i o n   of  the  p r i n c i p l e s  

upon  which  the  i n v e n t i o n   is  based  is  given  with  r e f e r e n c e  t o   F i g u r e  

1 .  

It  should  be  a p p r e c i a t e d   t h a t ,   as  is  well-known  in  the  a r t ,  

a  v a p o r i z a t i o n   c o n t a i n e r   c o n t a i n s   two  or  more  e l e c t r o d e s   which  h e a t  

water   in  the  c o n t a i n e r   to  b o i l i n g   po in t   and  as  water   is  b o i l e d   o f f  

and  r e p l e n i s h e d   with  " f r e s h "   mains  water   the  c o n c e n t r a t i o n   of  m i n e r a l s  

in  the  c o n t a i n e r   w a t e r  g r a d u a l l y   i n c r e a s e s   caus ing   a  c o r r e s p o n d i n g  

i n c r e a s e   in  the  c o n d u c t i v i t y   of  the  wa te r .   I t   is  n e c e s s a r y   to  f l u s h  

out  some  of  the  c o n t a i n e r   water   from  time  to  time  to  m a i n t a i n   t h e  

water   c o n d u c t i v i t y   around  the  value  for  which  the  un i t   was  d e s i g n e d .  

Figure   1  e x p l a i n s   how  t h i s   may  be  a c c o m p l i s h e d   a c c o r d i n g   to  the  p r e s e n t  

i n v e n t i o n .  

With  p a r t i c u l a r   r e f e r e n c e   to  F igu re   la  which  is  a  p l o t   o f  

the  e l e c t r o d e   c u r r e n t ,   exp re s sed   as  a  p e r c e n t a g e   of  the  r a t e d   or  d e s i g n e d  

va lue ,   a g a i n s t   t ime,   t h i s   shows  f i l l ,   b o i l   and  d r a in   cyc les   of  t h e  

v a p o r i z a t i o n   v e s s e l .  

When  the  c o n t a i n e r   is  o r i g i n a l l y   f i l l e d   from  an  empty  c o n d i t i o n  

the  c u r r e n t   l eve l   r i s e s   to  a  po in t   ( e .g .   5%)  above  the  r a t ed   c u r r e n t  

at  which  po in t   the  water   supply  is  cut  o f f .   As  c u r r e n t   at  105%  c o n t i n u e s  

to  flow  the  water  hea t s   to  b o i l i n g   po in t   and  s t a r t s   b o i l i n g   of f   a s  

steam  to  be  used  in  a i r   c o n d i t i o n i n g .   As  the  water   l eve l   f a l l s   d u e  

to  the  loss  of  water  as  s team,  the  c u r r e n t   f a l l s   u n t i l   i t   r e a c h e s  

95%  of  the  r a t ed   value  at  which  po in t   mains  r e p l e n i s h i n g   water   i s  

fed  to  the  c o n t a i n e r   and  the  c u r r e n t   r i s e s   once  more  to  the  105%  a t  

which  poin t   the  supply  of  water   is  cut  o f f   and  the  b o i l / f i l l   c y c l e  



is  r e p e a t e d .   Because  the  c o n d u c t i v i t y   of  the  water   is  i n c r e a s i n g  

g r a d u a l l y   with  every  cyc le ,   i t   takes  l ess   water   to  again  reach  105%, 

and  l e s s   water   needs  to  be  b o i l e d   away  to  drop  to  95%.  T h e r e f o r e ,  

the  cyc l i ng   r a t e   or  f r equency   of  c y c l i n g   i n c r e a s e s   g r a d u a l l y   and  t h i s  

o b s e r v a t i o n   is  used  as  the  ba s i s   of  the  p r e s e n t   i n v e n t i o n .  

The  p o i n t   A  r e p r e s e n t s   the  end  of  a  f i l l   p o r t i o n   of  a  c y c l e  

near   s t a r t - u p   of  the  whole  o p e r a t i o n ,   i . e .   b e f o r e   the  c o n t a i n e r   w a t e r  

has  become  very  c o n c e n t r a t e d .   I t   could,   in  f a c t ,   be  the  end  of  t h e  

very   f i r s t   f i l l   leg  b e g i n n i n g   from  empty.  From  the  po in t   A  the  n e x t  

t h r e e   (for   example)  comple te   b o i l / f i l l   cyc l e s   are  counted  and  t h i s  

occurs   at  po in t   B.  The  des ign   f r equency ,   i . e .   the  f r equency   w h i c h  

would  occur  i f   the  c o n t a i n e d   water  c o n d u c t i v i t y   were  at  the  d e s i r e d  

or  d e s i g n e d  v a l u e ,   can  be  e s t a b l i s h e d   t h e o r e t i c a l l y   or  e x p e r i m e n t a l l y  

and  t h i s   would  g i v e  a  d u r a t i o n   C-D  for  t h r e e   complete   cyc l e s .   If  t h e  

measured  f r equency   of  the  t h r e e   cyc les   from  A -  B  d i f f e r s   from  t h e  

des ign   f r equency   i t   can  be  de te rmined   whether   the  c o n d u c t i v i t y   i s  

too  high  or  too  low.  In  the  case  shown,  the  f i r s t   t h r e e   cyc les   f r o m  

A -  B  l a s t   longer   than  C  -  D,   i . e .   the  measured  f r equency   is  l e s s  

than  the  des ign   f r e q u e n c y ,   for  t h r e e   comple te   cyc l e s   assuming  t h e  

w a t e r  i s   at  the  d e s i r e d   c o n d u c t i v i t y .   This  means  t h a t   the  water  c o n d u c t i v i t y  

is  l e s s   than  the  d e s i r e d   va lue   and  no  d r a i n   c y c l e  i s   i n i t i a t e d .  

The  end  of  the  very  next  f i l l   p o r t i o n   at  which  the  105% 

c u r r e n t   l eve l   is  r eached   is  d e s i g n a t e d   E  and  the  next   t h r ee   c o m p l e t e  

b o i l / f i l l   cyc les   ending  at  po in t   F  are  counted   and  i t   is  noted  t h a t  

the  f r equency   from  E -  F  is  g r e a t e r   than  the  des ign   f r equency   i n d i c a t e d  

by  C -  D  c o r r e s p o n d i n g   to  the  d e s i r e d   c o n d u c t i v i t y .   In  f a c t ,   t h e  

t h r e e   cyc les   have  e l ap sed   some  4  u n i t s   b e f o r e   C -  D  and  so  at  p o i n t  

F  a  d r a in   cyc le   is  i n i t i a t e d   to  f lush   out  some  of  the  c o n c e n t r a t e d  



water .   The  d r a in   cycle   c o n t i n u e s   to  the  po in t   G  at  which  the  e l e c t r o d e  

c u r r e n t   is  a  p r e d e t e r m i n e d   p e r c e n t a g e   of  the  r a t ed   c u r r e n t ,   e .g .   80%. 

The  l ength   of  the  d ra in   cyc le   depends  on  how  much  g r e a t e r   the  a c t u a l  

f r equency   is  than  the  des ign   f r e q u e n c y .   If  the  a c t u a l   f r equency   i s  

very  high,   t h i s   i n d i c a t e s   t h a t   the  water   c o n d u c t i v i t y   is  very  h i g h  

and  so  the  d r a i n   cycle   should   be  c o r r e s p o n d i n g l y   long.   The  d r a i n  

cyc le   may  be  a r r a n g e d   to  l a s t   a  time  p r o p o r t i o n a l   to  the  d i f f e r e n c e  

between  the  a c t u a l   f r equency   and  the  des ign  f requency   or,  as  is  p r e f e r r e d ,  

the  d ra in   cyc le   is  a r ranged   so  t ha t   i t   shuts   off   when a  p r e d e t e r m i n e d  

value   of  c u r r e n t   is  r eached   t h i s   va lue   being  p r o p o r t i o n a l   to  the  f r e q u e n c y  

d i f f e r e n c e .   Thus,  the  po in t   G  at  which  the  d ra in   cyc le   ceases   c o r r e s p o n d s  

to  80%  c u r r e n t ,   the  po in t   H  (which  is  the  d ra in   s h u t - o f f   po in t   a f t e r  

the  next  t h ree   cyc l e s )   c o r r e s p o n d s   to  90%  c u r r e n t   and  so  o n .  

F igure   la  has  been  drawn  for  the  case  where  the  c o n d u c t i v i t y  

of  the  r e p l e n i s h i n g   water   is  low  and  Figure   lb  r e p r e s e n t s   the  c a s e  

where  the  r e p l e n i s h i n g   water   is  much  h igher   in  c o n d u c t i v i t y .   It  c a n  

be  seen  t ha t   the  p r e d e t e r m i n e d   number  of  cyc les   is  counted   much  more  

q u i c k l y ,   i . e .   the  a c t u a l   f r equency   is  much  h i g h e r ,   and  c o r r e s p o n d i n g l y  

lower  va lues   of  c u r r e n t   are  reached   be fo re   the  d ra in   cyc l e s   are  c e a s e d  

in  the  case  o f  F i g u r e   l b .  

Appara tus   for  c a r r y i n g   out  the  p r i n c i p l e s   d e s c r i b e d   above  

in  r e l a t i o n   to  Figure   1  wi l l   now  be  d e s c r i b e d   with  r e f e r e n c e   to  F i g u r e  

2  which  is  a  s chemat ic   diagram  of  an  embodiment  of  the  i n v e n t i o n .  

A  v a p o r i z a t i o n   c o n t a i n e r   or  v e s s e l  1 ,   c o n s t r u c t e d   of  a  n o n -  

c o r r o s i v e   and  n o n - c o n d u c t i v e   m a t e r i a l   c o n t a i n s  a   p l u r a l i t y   (two  i n  

the  embodiment  shown)  of  e l e c t r o d e s   2.  The  e l e c t r o d e s   may  be  c o n c e n t r i c  

c y l i n d r i c a l   tubes   or  spaced  p l a t e s   and  in  the  embodiment  shown  a r e  

spaced  p l a t e s   v e r t i c a l l y   d i sposed   and  of  c o n s t a n t   c r o s s - s e c t i o n   t h r o u g h o u t  



t h e i r   h e i g h t .   The  e l e c t r o d e s   are  c o n s t r u c t e d   of  a  n o n - c o r r o s i v e   e l e c t r i c a l l y  

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

The  v e s s e l   1 has  an  opening  3  at  the  top  t h e r e o f - f o r   c o m m u n i c a t i o n  

with  a  s t e a m - c a r r y i n g   condui t   (not  shown)  for  conveying  steam  to  a  

space  the  m o i s t u r e   con ten t   or  humid i ty   of  which  is  to  be  c o n t r o l l e d .  

The  v e s s e l   I  has   an  opening  at  i t s   bottom,  the  opening  c o m m u n i c a t i n g  

by  means  of  a  pipe  5  with  a  d r a i n   va lve   ( s o l e n o i d   o p e r a t e d   in  t h i s  

embodiment)  6.  A  b r a n c h  p i p e   7  connec t s   opening  4  to  a  s o l e n o i d   o p e r a t e d  

f i l l   v a l v e   8  for   supply ing   r e p l e n i s h i n g  m a i n s   water  to  the  v e s s e l .  

The  e l e c t r o d e s   2  a re   connec t ed   to  an  e l e c t r i c a l   supply  s o u r c e  

8  by  means  of  lead  wires  9a  and  9b.  In  l i ne   9b  a  c u r r e n t   s e n s i n g  

means,  t y p i c a l l y   a  c u r r e n t   t r a n s f o r m e r   10  or  an  e l e c t r i c a l   r e s i s t o r ,  

is  p r o v i d e d .   The  t r a n s f o r m e r   o u t p u t s   are  connected   by  lead  w i r e s  

l l a   and  l lb   to  a  t r a n s d u c e r   12  which  p r o c e s s e s   the  s i g n a l s   from  t h e  

c u r r e n t   t r a n s f o r m e r   into  c o n t r o l   s i g n a l s   p r o p o r t i o n a l   to  the  e l e c t r o d e  

c u r r e n t .   The  c u r r e n t   t r a n s f o r m e r   and  t r a n s d u c e r   t o g e t h e r   form  a  m e a s u r i n g  

dev ice   for   the  c u r r e n t   pa s s ing   between  the  e l e c t r o d e s .   A  manual  o r  

a u t o m a t i c a l l y   a d j u s t i n g   v a r i a b l e   r e s i s t o r   13  is  p rov ided   in  l i ne   l l a  

so  as  to  p e r m i t   r e g u l a t i o n   of  the  magni tude   of  the  c o n t r o l   s i g n a l .  

The  ou tpu t   of  the  t r a n s d u c e r   12  is  connec ted   via  lead  14 

to  a  f i l l   t h r e s h o l d   switch  15  which  c o n t a i n s   a  changeover   swi tch   h a v i n g  

t h r e e   c o n t a c t s   15a,  15b  and  15c  and  a  movable  c o n t a c t   15a  which  i s  

movable  from  the  p o s i t i o n   shown  in  the  s o l i d   l ine   to  the  p o s i t i o n  

shown  in  the  broken  l i ne .   The  t h r e s h o l d   switch  15  is  c o n s t r u c t e d  

so  t h a t   the  movable  con tac t   15d  moves  to  t h e  p o s i t i o n   shown  in  s o l i d  

when  the  c o n t r o l   s igna l   r eaches   or  exceeds  a  p r e d e t e r m i n e d   maximum 

value   f i xed   in  the  t h r e s h o l d   swi tch   and  swi tches   back  to  the  b r o k e n  

l i ne   p o s i t i o n   when  the  c o n t r o l   s i gna l   drops  to  or  below  a  p r e d c t e r n i n e d  



minimum  value  f ixed   in  the  t h r e s h o l d   swi t ch .   The  value  of  the  c o n t r o l  

s i gna l   is  d e t e rmined   by  the  s e t t i n g   of  v a r i a b l e   r e s i s t o r   13  and  c o r r e s p o n d s  

to  the  value  of  the  c u r r e n t   which  should  flow  through  t h e  e l e c t r o d e s  

2  and  thus  is  also  a  measure  of  the  va lue   of  the  v a p o r i z i n g   c a p a c i t y .  

Since  the  r e l a t i o n s h i p   between  the  e l e c t r o d e   c u r r e n t   and  the  m a g n i t u d e  

of  the  c o n t r o l   s i g n a l   can  be  set  by  a d j u s t i n g   the  v a r i a b l e   r e s i s t o r  

13,  the  r e sponse   va lues   of  the  t h r e s h o l d   swi tch   15  can  be  a d j u s t e d  

over  a  wide  c a p a c i t y   range  of  the  v a p o r i z e r .   Whatever  the  a c t u a l  

c u r r e n t   va lues   chosen,   t y p i c a l l y   the  maximum  and  minimum  va lues   a t  

which  the  t h r e s h o l d   swi tches   cause  changeover   of  c o n t a c t   15d  r e p r e s e n t ,  

r e s p e c t i v e l y ,   105%  and  95%  of  the  r a t e d   or  des igned   c u r r e n t   v a l u e .  

The  ou tpu t   of  t r a n s d u c e r   12  is  a l so   connec ted   through  l e a d  

wire  16,  a n  e x t e n s i o n   of  lead  14,  to  d r a i n   t h r e s h o l d s   17a -   17e  w h i c h  

are ,   r e s p e c t i v e l y ,   f ixed  to  tu rn   off   when  the  c o n t r o l   s i gna l   d r o p s  

below  a  value  c o r r e s p o n d i n g   to  95%,  90%,  85%,  80%,  75%  of  the  r a t e d  

e l e c t r o d e   c u r r e n t .   Of  course ,   a d d i t i o n a l   d r a in   t h r e s h o l d s   going  down 

to  40%  or  so,  as  n e c e s s a r y ,   would  a lso  be  i n c o r p o r a t e d   in  the  c i r c u i t  

but  i t   is  u n n e c e s s a r y   to  show  a l l   of  t h e s e .  

A  c o n t r o l   v o l t a g e   source  20  is  connec t ed   via  a  l ine   2 1 , 2 2  

to  c o n t a c t   15a  of  the  changeover   swi t ch .   Con tac t   15b  is  c o n n e c t e d  

t o  a   cycle   coun te r   23  via  l i ne   24  which  b r anches   via  l ine   25  to   a' 

s t a r t   a c t i v a t o r   26  which  is  a lso  connec ted   d i r e c t l y   via  l ine   21  t o  

v o l t a g e   source  20.  The  s t a r t   a c t u a t o r   ou tpu t   is  connected   to  t h e  

s t a r t   input   of  a  count  down  sequencer   27  via   l i n e s   28  and  29  and  t o  

the  r e s e t   input   of  cycle   coun te r   23  via  l i n e s   28  and  30.  The  c y c l e  

counte r   23  has  an  ou tput   which  is  connec t ed   via  l i ne   32  to  a  s e r i e s  

of  swi tches   33a-33f   of  which  swi t ches   33b-33f   c o r r e s p o n d ,   r e s p e c t i v e l y  

to  d ra in   t h r e s h o l d s   17a-17e  and  are  shown  connec ted   via  l i n e s   34 .  



An  ou tpu t   l ine   35  from  s w i t c h   33a  is  connected  back  to  the  s t a r t   i n p u t  

of  s e q u e n c e r   27  and  the  r e s e t   input   of  counter   23 .  

Although  s w i t c h e s   33  and  t h r e s h o l d s   17  are  s h o w n  s e p a r a t e l y ,  

they  may  be  combined  as  r e l a y s   each  when  e n e r g i s e d   via  l ine   32  p a s s i n g  

a  d r a i n   opening  s i gna l   when  the  p r e d e t e r m i n e d   t h r e s h o l d   is  r e a c h e d .  

A c c o r d i n g l y ,   h e r e i n a f t e r   s w i t c h e s   33  wi l l   be  r e f e r r e d   to  as  r e l a y s  

and  i t   w i l l   be  unde r s tood   t h a t   t h r e s h o l d s   17  are  not  s e p a r a t e   p h y s i c a l  

e l ements   but  r e p r e s e n t   p r e s e t   t h r e s h o l d s   of  the  r e l a y s .  

A  l ine   36  is  c o n n e c t e d   from  l i ne   21  to  the  r e l a y s   33  (shown 

c o n n e c t e d   to  dra in   t h r e s h o l d s   17)  and   an  ou tput   l i ne   37  is  c o n n e c t e d  

from  the  r e l a y s   22  (shown  c o n n e c t e d   to  the  d ra in   t h r e s h o l d s   1 7 a - 1 7 e )  

to  a  r e l a y   38  which  has  a  n o r m a l l y   open  con tac t   a r r a n g e d   38a  in  t h e  

l i n e   37  between  the  d r a i n   t h r e s h o l d s   and  the  s o l e n o i d   d ra in   v a l v e  

6.  Relay  38  also  has  a  n o r m a l l y   c losed   c o n t a c t   38b  a r r anged   in  a  

l i n e   40  which  connects   c o n t a c t   15c  of  the  changeover   swi tch   to  s o l e n o i d  

f i l l   va lve   8 .  

The  count  down  s e q u e n c e r   27  is  a r ranged   to  s tep  t h r o u g h  

r e l a y s   33n  to  33a  in  t h a t   o r d e r   as  i t   counts  down  from  the  p r e s e t  

v a l u e ,   for  example  20 .  

The  c i r c u i t   of  F i g u r e   2  ope ra t e s   as  f o l l o w s .   I n i t i a l l y  

s o l e n o i d   f i l l   valve  8  is  open  to  f i l l   or  p a r t i a l l y   f i l l   the  v e s s e l  

1.  When  the  c u r r e n t   p a s s i n g   between  e l e c t r o d e s   2  r eaches   the  105% 

va lue   as  moni tored   by  the  c u r r e n t   measur ing  d e v i c e  ( c u r r e n t   t r a n s f o r m e r  

10  and  t r a n s d u c e r   13)  the  t h r e s h o l d   switch  15  causes   the  c h a n g e o v e r  

swi t ch   to  move  to  the  p o s i t i o n   shown  in  f u l l   from  the  broken  l i n e  

p o s i t i o n   thus  immedia te ly   c l o s i n g   the  f i l l   v a l v e .  

The  s w i t c h i n g   over  of  the  changeover   swi tch   causes  l i n e  

24  and  cyc le   coun te r   23  to  be  e n e r g i z e d   by  v o l t a g e   source   20  and  t h i s  



is  seen  by  cyc le   coun te r   23  as  the  s t a r t   of  a  cyc l e .   At  the  same 

t ime  the  count  down  s equence r   27  is  s t a r t e d   and  beg ins   to  s tep  t h r o u g h  

the  r e l a y s   33 .  

When  the  c u r r e n t   value  reaches   95%  due  to  b o i l i n g   off   o f  

some  of  the  water   in  v e s s e l   1  the  f i l l   t h r e s h o l d   swi tch   15  c h a n g e s  

the  changeover   swi tch   back  to  the  broken  l ine   p o s i t i o n   a n d  f i l l   v a l v e  

8  opens  again  to  r e p l e n i s h   the  ve s se l   with  mains  wa te r .   Again  t h e  

105%  va lue   is  r eached   and  the  changeover   switch  r e v e r t s   to  the  s o l i d  

l i n e   p o s i t i o n   s i g n a l l i n g   to  cycle   coun te r   23  one  complete   c y c l e .  

This  is  r e p e a t e d   u n t i l   the  cycle   coun te r   23  has  counted   a  p r e d e t e r m i n e d  

number  of  cyc les   set   in  the  cycle   coun te r   at  which  po in t   an  o u t p u t  

s i g n a l   is  g e n e r a t e d   by  the  cycle   coun te r   23  and  appears   on  l ine   32.  

If  the  count  down  sequencer   has  p r e v i o u s l y   completed  c o u n t i n g  

to  zero  the  r e l a y s   33  wi l l   have  been  s tepped   down  to  33a  and  the  c y c l e  

c o u n t e r   23  wi l l   simply  be  swi tched  through  r e l a y   33a  to  l i n e   35  t o  

r e s e t   the  cycle   coun te r   23  and  r e s t a r t   the  count  down  t imer   27.  T h i s  

c o r r e s p o n d s   to  po in t   B  on  Figure   l a .  

If  the  count  down  sequencer   27  h a s  n o t   run  out  but  is  c u r r e n t l y  

sw i t ched   on  to  one  of  r e l a y s   33b-33n  at  the  time  the  cyc le   c o u n t e r  

o u t p u t   s i g n a l   is  d e r i v e d ,   t h i s   s igna l   e n e r g i s e s   t ha t   r e l a y   which  c a u s e s  

a  s i g n a l   to  pass  from  v o l t a g e   source  20  to  r e l a y   38.  This  c o r r e s p o n d s  

to  po in t   F  on  F igure   la.   For  example,  i f   r e l a y   33e  is  c u r r e n t l y   o p e n e d  

by  count  down  s equence r   27,  the  cycle   coun te r   ou tpu t   s i g n a l   e n e r g i s e s  

t h i s   r e l a y   ( thus  e n e r g i s i n g   from  v o l t a g e   source  20  r e l a y   38)  u n t i l  

the  c u r r e n t   va lue   drops  to 80%.  It  can  be  seen  from  F igure   la  t h a t  

t h i s   c u r r e n t   value  c o r r e s p o n d s   to  the  s tep  (4)  to  which  the  s e q u e n c e r  

has  p r o g r e s s e d .   The  e n e r g i s i n g   of  r e l a y   38  causes   c o n t a c t   38a  t o  

c lo se   thus  a c t i v a t i n g   d ra in   valve  6  and  caus ing   water   to  d ra in   f rom 



v e s s e l  1 .   At  the  same  time  c o n t a c t   38b  is  opened  thus  p r e s e n t i n g  

an  e n e r g i s i n g   s i gna l   to  reach   s o l e n o i d   f i l l   valve  8  which  would  o c c u r  

when  the  c u r r e n t   dropped  to  the  95%  va lue   set   in  the  t h r e s h o l d   s w i t c h  

15.  Thus,  the  f i l l   va lve   is  p r e v e n t e d   from  being  open  while  the  d r a i n  

v a l v e   is  open.  In  c e r t a i n   cases   i t   may  be  c o n s i d e r e d   a d v a n t a g e o u s  

to  al low  r e p l e n i s h i n g   wate r   to  be  mixed  in  while   the  d ra in   valve  i s  

open  and  to  ach ieve   t h a t ,   r e l a y   38  could  be  d i s p e n s e d   with  so  t h a t  

when  the  c u r r e n t   value  dropped  to  95%  the  f i l l   t h r e s h o l d   swi tch   15 

would  e n e r g i s e   the  f i l l   v a l v e   8.  A l t e r n a t i v e l y ,   r e l a y   38  could  b e  

adap ted   by  r e p l a c i n g   n o r m a l l y   c l o sed   c o n t a c t   38b  with  a  normal ly   o p e n  

c o n t a c t   connec ted   d i r e c t l y   between  v o l t a g e   source   20  and  f i l l   s o l e n o i d  

va lve   8  so  t h a t   as  soon  as  d r a i n   va lve   6  was  opened  the  f i l l   v a l v e  

would  a lso  o p e n .  

When  the  c u r r e n t   p a s s i n g   between  e l e c t r o d e s   2  drops  to  80% 

t h r e s h o l d   17d  cuts  off   d r a i n   va lve   and  r e c l o s e s   c o n t a c t   38b  a l l o w i n g  

f i l l   va lve   8  to  open.  This  c o r r e s p o n d s   to  p o i n t  G   on  F igure   l a .  

When  the  v e s s e l   is  r e f i l l e d   the  same  sequence  of  s t eps   is  r e p e a t e d .  

The  cyc le   coun te r   23  is  r e s e t   and  count  down  sequence r   27  r e s t a r t e d  

when  the  changeover   swi t ch   moves  once  more  to  the  f u l l   l i ne   p o s i t i o n .  

F igure   3  i l l u s t r a t e s   a  m o d i f i c a t i o n   of  the  ba s i c   t e c h n i q u e s  

d e s c r i b e d   with  r e f e r e n c e   to  F i g u r e   I.  H e r e  t h e   va lue   to  which  t h e  

count  down  sequencer   27  is  r e s e t   depends  upon  the  d u r a t i o n   of  t h e  

p r e v i o u s   t h r ee   c y c l e s .   F i g u r e   3a  i l l u s t r a t e s   the  case  where  the  m a i n s  

wate r   is  of  low  c o n d u c t i v i t y   and  F igure   3b  where  the  mains  water   i s  

of  high  c o n d u c t i v i t y .   Looking  at  the  f i r s t   t h ree   cyc l e s   of  F i g u r e  

3a,  i t   can  be  seen  t ha t   2  u n i t s   remain  on  the  count  down  s e q u e n c e r  

a f t e r   t h ree   cyc les   have  been  c o n n e c t e d .   As  be fo re   the  d ra in   c y c l e  

is  c a r r i e d   out  over  p o r t i o n   M-N  u n t i l   a  t h r e s h o l d   c u r r e n t   va lue   c o r r e s p o n d i n g  



to  the  s tep  to  which  the  s equence r   has  p r o g r e s s e d   is  r e ached .   At 

the  end  of  the  f i l l   cycle   N-0  the  count  down  sequence r   is  r e s e t   by 

add ing   a  p r e d e t e r m i n e d   number  of  s t eps   to  the  s t eps   l e f t   on  the  s e q u e n c e r  

at  p o i n t   M.  Thus,  for  the  next   t h r ee   c y c l e s ,   i . e .   0-P  the  count  down 

s e q u e n c e r   counts  down  from  2  +  15  =  17 .  

When  the  p o i n t   P  is  reached  t he re   are  s t i l l   3  s t eps   r e m a i n i n g  

in  the   count  down  s equence r   and  the  d r a in   cycle   P-Q  c o r r e s p o n d s   t o  

t h i s   va lue .   Also,  15  s t eps   are  added  to  t h i s   value  to  p r o v i d e   t h e  

new  r e s e t   q u a n t i t y   of  18  s t eps   to  the  count  down  s equence r   for   t h e  

next   t h r ee   cyc les   and  so  o n .  

As  can  be  seen  by  comparing  F igure   3a  and  3b,  when  the  w a t e r  

c o n d u c t i v i t y   is  very  high  and  c y c l i n g   is  c o r r e s p o n d i n g l y   f a s t ,   t h e  

d r a i n   cyc les   are  longer   as  was  the  case  with  the  b a s i c   system  of  F i g u r e s  

la  and  lb.  As  can  be  seen  by  comparing  F igures   3b  and  lb  the  d r a i n  

c y c l e s   are  longer  in  F igure   3b  due  to  the  we igh t i ng   of  the  r e s e t   q u a n t i t y  

of  the  count  down  s e q u e n c e r .   The  e f f e c t   of  t h i s   w e i g h t i n g   in  p r a c t i c a l  

terms  can  be  a p p r e c i a t e d   by  comparing  F igu re s   4a  and  4b .  

Figure  4a  i l l u s t r a t e s   d i a g r a m m a t i c a l l y   the  d i f f e r e n c e   i n  

wa te r   l e v e l s   i n s ide   the  v e s s e l   for  mains  water  of  high  c o n d u c t i v i t y  

(I)  and  for  mains  water   of  low  c o n d u c t i v i t y   (II)   us ing   a  f i xed   number  

of  count   down  s teps   as  e x p l a i n e d   with  r e f e r e n c e   to  F igure   1  and  F i g u r e s  

4b ( I )   and  4b ( I I )   i l l u s t r a t e   the  same  th ing   but  us ing  a  " w e i g h t e d "  

number  of  count  down  s t e p s .   In  F igures   4a( I )   and  4 a ( I I )   r e f e r e n c e  

numeral   40  i n d i c a t e s   the  water   level   in  the  high  c o n d u c t i v i t y   c a s e  

at  which  the  cu r r en t   is  100%  of  des igned   value  and  the  same  c u r r e n t  

v a l u e   is  achieved  at  water   l eve l   41  when  the  c o n d u c t i v i t y   is  l ow.  

It  can  be  seen  tha t   t h e r e   is  a  c o n s i d e r a b l e   d i f f e r e n c e   in  these   l e v e l s .  

Because  the  water  l eve l   v a r i e s   c o n s i d e r a b l y   over  the  range  of  w a t e r  



c o n d u c t i v i t i e s   which  would  be  expected   from  d i f f e r e n t   water   s u p p l i e s  

i t   is  not  p o s s i b l e   to  des ign   the  v e s s e l   so  t ha t   when  i t   is  new  t h e  

wa te r   l eve l   for  a  p r e d e t e r m i n e d   c u r r e n t   va lue   is  e s t a b l i s h e d   j u s t  

above  the  lower  ends  of  the  e l e c t r o d e s   2  for  a l l   va lues   of  water   c o n d u c t i v i t y .  

With  r e f e r e n c e   now  to  F igure   4b,  i t   can  be  seen  t h a t   by  

" w e i g h t i n g "   the  number  of  count  down  s t e p s ,   the  l eve l s   40'  and  4 1 ' ,  

r e p r e s e n t i n g   the  high  c o n d u c t i v i t y   and  low  c o n d u c t i v i t y   l e v e l s ,   r e s p e c t i v e l y ,  

for   100%  c u r r e n t   are  v i r t u a l l y   i d e n t i c a l   and  so  the  v e s s e l   can  b e  

d e s i g n e d   so  t h a t   t h i s   l eve l   is  near  the  bottom  of  the  e l e c t r o d e s   2 .  

This  is  d e s i r a b l e   because   in  t h i s   way,  the  bottom  of  the  e l e c t r o d e s  

is  used  f i r s t   and  as  t h i s   becomes  e n c r u s t e d   with  d e p o s i t s   the  l e v e l  

moves  up  b r i n g i n g   in to   use  f r e s h   s u r f a c e   p o r t i o n s   of  the  e l e c t r o d e s .  

Moreover ,   a  low  wate r   l e v e l   means  t h a t   the  c u r r e n t   is  p a s s e d   b e t w e e n  

a  small   s u r f a c e   a rea   of  the  e l e c t r o d e s   and  the  r e l a t i v e l y   high  c u r r e n t  

d e n s i t y   enables   g r e a t   p e n e t r a t i o n   of  the  b u i l d - u p   of  d e p o s i t s   on  t h e  

e l e c t r o d e s .   Thus,  the  d e p o s i t s   can  b u i l d - u p   to  a  c o n s i d e r a b l e   t h i c k n e s s  

b e f o r e   the  c u r r e n t   flow  is  s e r i o u s l y   c u r t a i l e d   which  means  a  l o n g e r  

c y l i n d e r   l i f e .  

In  o rder   to  ach ieve   the  " w e i g h t i n g "   of  the  count  down  t i m e  

in  p r a c t i c e   a  r e s e t   c o r r e c t o r   45  shown  in  phantom  in  F igure   2  is  p r o v i d e d :  

This  has  an  input   connec t ed   to  r e l a y s   33  and  an  ou tpu t   connec t ed   t o  

count  down  sequencer  27.Reset  c o r r e c t o r   o p e r a t e s   to  add  to  a  f ixed   v a l u e  

( e . g .   15  minutes)   in  the  count  down  t imer   27  the  value  in  m i n u t e s  

c o r r e s p o n d i n g   to  the  r e l a y   33  which  has  p r e v i o u s l y   been  s t epped   by  

the  count   down  t imer   27  while   the  cyc le   coun t e r   gave  out  i t s   o u t p u t  

s i g n a l .   For  example,   i f   r e l a y   33e  were  e n e r g i s e d ,   the  c o r r e c t i o n  

va lue   may  be  4  minutes   so  t h a t   the  count  down  t imer   would  be  r e s e t  

at  4  +  15  =  19  m i n u t e s .  



Figure   5  i l l u s t r a t e s   a  v a r i a n t   of  the  t e c h n i q u e   shown  i n  

F igure   1.  Here,  i n s t e a d   of  coun t ing   up  to  a  p r e d e t e r m i n e d   number  

of  c y c l e s ,   e.g.   3,  and  r e l a t i n g   to  whether  or  not  the  p r e d e t e r m i n e d  

time  has  e x p i r e d ,   the  t o t a l   number  of  cyc les   in  a  p r e d e t e r m i n e d   t i m e  

i n t e r v a l   is  counted  and  compared  to  the  number  of  cyc l e s   t h a t   would  o c c u r  

in  t h a t   same  time  i f   c o n t a i n e d   water  was  at  des ign   c o n d u c t i v i t y .   Thus 

in  the  f i r s t   i n t e r v a l   Tg,  four  cyc les   are  counted  and  t h i s   number  h a s  

been  p r e v i o u s l y   de t e rmined   as  the  c o r r e c t   number  in  the  p a r t i c u l a r   t i m e  

p e r i o d   to  give  the  r e q u i r e d   c o n d u c t i v i t y   l e v e l .   As  the  c o n d u c t i v i t y  

i n c r e a s e s ,   f ive  cyc les   are  counted  in  the  next  i n t e r v a l   Tg  and  a  d r a i n  

cyc le   is  i n i t i a t e d ,   the  e x t e n t   of  the  d ra in   cyc le   depend ing   on  the  number  

of  counted  cyc les   by  which  the  p r e d e t c r n i n e d   number,  namely  4,  is  e x c e e d e d .  

In  the  t h i r d   i n t e r v a l   Tg  shown,  the  number  of  cyc l e s   counted   is  6  and 

the  d r a in   cycle   is  c o r r e s p o n d i n g l y   longer .   Again,  the  l e n g t h   of  t h e  

d r a i n   cycle   can  be  made  time  dependent   or  can  be  d e t e r m i n e d   by  a  c u r r e n t  

t h r e s h o l d .  

It  can  be  seen  t h a t   the  t e c h n i q u e   i l l u s t r a t e d   in  F igure   5  i s  

a n o t h e r   way  of  comparing  the  a c tua l   f requency   with  the  des ign   f r e q u e n c y  

of  the  c y c l e s .  

F igure   6  i l l u s t r a t e s   a  v a r i a n t   of  the  b a s i c   t e c h n i q u e   shown 

in  F igure   3 .  H e r e ,   i n s t e a d   of  measur ing  the  f r e q u e n c y   of  comple te   c y c l e s ,  

we  measure  the  f r equency   of  occurence   of  a  p a r t i c u l a r   leg  of  the  c y c l e s ,  

e .g .   the  boi l   leg  or  the  f i l l   leg.  Thus,  the  bo i l   legs  RS,  R ' S ' ,   R"S" 

e tc .   or  f i l l   legs  TR,  SR',  S'R"  e tc .   are  counted  in  the  p r e d e t e r m i n e d  

d u r a t i o n   Tg.  As  the  number  of  boi l   legs  (or  f i l l   l egs)   is  the  same  a s  

the  number  of  c y c l e s ,   again  we  are  comparing  the  a c t u a l   f r e q u e n c y   o f  

the  cyc les   with  the  des ign   f r e q u e n c y .  

Of  course ,   i n s t e a d   of  count ing   the  number  of  boi l   legs  o r  

f i l l   legs  in  a  p r e d e t e r m i n e d   time  we  could,   in  a  manner  a n a l a g o u s  



to  the  t e c h n i q u e   shown  in  F igure   1,  keep  the  number  of  cyc les   ( i . e .  

number  of  boi l   legs  or  f i l l   legs)   c o n s t a n t   and  r e l a t e   t h i s   to  w h e t h e r  

or  not  the  p r e d e t e r m i n e d   d u r a t i o n   has  exp i r ed .   This ,   again  amounts  

to  comparing  the  a c t u a l   f r equency   of  the  cyc les   with  the  design  f r e q u e n c y .  

As  a n o t h e r   v a r i a t i o n   of  the  ba s i c   t e c h n i q u e ,   i n s t e a d   o f  

c o u n t i n g   the  number  of  bo i l   legs  or  f i l l   legs  in  a  p r e d e t e r m i n e d   d u r a t i o n  

Tg,  the  a c t u a l   accumula ted   d u r a t i o n   of  a l l   the  bo i l   legs  (or  f i l l  

l egs   as  the  case  may  be)  could  be  o b t a i n e d   as  a  measure  of  the  c y c l e  

f r e q u e n c y   (The  accumula ted   time  i s ,   of  course ,   i n v e r s e l y   p r o p o r t i o n a l  

to  the  f r e q u e n c y ) .   This  then  would  be  compared  with  a  va lue   c o r r e s p o n d i n g  

to  the  accumula ted   boi l   (or  f i l l )   time  which  would  be  expected   f o r  

a  des ign   f r e q u e n c y .  

It  wi l l   be  u n d e r s t o o d   t h a t   t h i s   i n v e n t i o n   is  capab le   o f  

a  v a r i e t y   of  m o d i f i c a t i o n s   and  v a r i a t i o n s   which  w i l l   become  a p p a r e n t  

to  those   s k i l l e d   in  the  a r t   upon  a  r e a d i n g   of  the  s p e c i f i c a t i o n ,   s u c h  

m o d i f i c a t i o n s   i n t e n d e d   to  be  p a r t   of  the  i n v e n t i o n   as  de f ined   in  t h e  

appended  c la ims .   For  example,  i t  s h o u l d  b e   appa ren t   t h a t   the  a p p a r a t u s  

shown  in  F igure   2  is  merely  exemplary  and  t ha t   the  i n v e n t i o n   c o u l d  

be  r e a l i s e d   by  e l e c t r o n i c   or  f u l l y  i n t e g r a t e d   m i c r o p r e s s o r   c i r c u i t r y  

i n s t e a d   of  the  e l e c t r o m e c h a n i c a l   c i r c u i t r y   shown. 



1.  A  method  of  o p e r a t i n g   a  w a t e r - v a p o r   g e n e r a t o r   compr i s ing   a  

v a p o r i z a t i o n   vesse l   c o n t a i n i n g   water   and  having  e l e c t r o d e s   which  are  c o n n e c t e d  

to  a  power  supply  between  which  flows  a  c u r r e n t   the  magni tude  of  which  d e p e n d s  

on  the  depth  of  immersion  of  the  e l e c t r o d e s   in  the  water   in  the  v e s s e l   and  

the  c o n d u c t i v i t y   of  the  wa te r ,   the  method  compr i s ing   c o n t i n u o u s l y   m e a s u r i n g  

the  magni tude  of  the  e l e c t r o d e   c u r r e n t ,   f i l l i n g   the  ve s se l   with  water   to  a n  

ex t en t   to  give  a  p r e d e t e r m i n e d   maximum  e l e c t r o d e   c u r r e n t ,   a l lowing   water   i n  

the  ve s se l   to  boil   o f f   u n t i l   a  p r e d e t e r m i n e d   minimum  e l e c t r o d e   c u r r e n t   i s  

ach ieved ,   r e - f i l l i n g   the  v e s s e l   to  ob ta in   again  t h e  p r e d e t e r m i n e d   maximum 

e l e c t r o d e   c u r r e n t   and  r e p e a t i n g   the  b o i l i n g   and  f i l l i n g   s teps   to  p r o v i d e   a  

p l u r a l i t y   of  cyc les   each  c o n t a i n i n g   a  boil   l e g   and  a  f i l l  

leg ,   o b t a i n i n g   a  measure  of  the  f r equency   of  each  of  s u c c e s s i v e   p l u r a l i t i e s  

of  cyc les   and  comparing  the  measure  ob ta ined   with  a  p r e d e t e r m i n e d   f r e q u e n c y  

value  c o r r e s p o n d i n g   to  a  d e s i r e d   c o n d u c t i v i t y   of  the  water ,   and  i f   t h e  

m e a s u r e d   f r e q u e n c y   i s   g r e a t e r   t h a n   t h e   p r e d e t e r m i n e d   f r e -  

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

of  w a t e r   d e p e n d e n t   upon   t h e   amoun t   by  w h i c h   t h e   m e a s u r e d  

f r e q u e n c y   e x c e e d s   t h e   p r e d e t e r m i n e d   f r e q u e n c y .  

2.  A  method  a c c o r d i n g   to  c l a i n   1,  in  which  the  measure  of  t h e  

f r equency   is  ob t a ined   by  c o u n t i n g   the  cyc les   and  measur ing   the  t i m e  

taken  to  count  a  p r e d e t e r m i n e d   number  of  c y c l e s ,   a  q u a n t i t y   of  w a t e r  

being  d i s c h a r g e d   i f   the  time  taken  is  less   than  a  p r e d e t e r m i n e d   t i m e  

for  the  p r e d e t e r m i n e d   number  of  c y c l e s .  

3.  A  method  a c c o r d i n g   to  claim  1,  in  which  the  water  is  d i s c h a r g e d  

from  the  vesse l   u n t i l   a  s e l e c t e d   one  of  a  p r e d e t e r n i n e d   p l u r a l i t y   o f  



low  c u r r e n t   t h r e s h o l d s   is  achieved  by  the  c u r r e n t   pa s s ing   between  t h e  

e l e c t r o d e s ,   the   g r e a t e r   the  measured  f requency   exceeds  t h e . p r e d c t e r m i n e d  

f requency   the  lower  the  p a r t i c u l a r   low  c u r r e n t   t h r e s h o l d   s e l e c t e d .  

4.  A  method  a c c o r d i n g   to  claim  2  in  which  the  water   is  d i s c h a r g e d  

from  the  v e s s e l   u n t i l   a  s e l e c t e d   one  of  a  p r e d e t e r m i n e d   p l u r a l i t y   o f  

low  c u r r e n t   t h r e s h o l d s   is  ach ieved   by  the  c u r r e n t   p a s s i n g   between  t h e  

e l e c t r o d e s ,   the   s h o r t e r   the  time  taken  to  count  the  p r e d e t e r m i n e d   number  

of  cyc les   the  lower  the  low  c u r r e n t   t h r e s h o l d   s e l e c t e d .  

5.  A  method  a c c o r d i n g   to  claim  2,  i n c l u d i n g   v a r y i n g   the  p r e d e t e r m i n e d  

time  for  the  p r e d e t e r m i n e d   number  of  c y c l e s ,   the  p r e d e t e r m i n e d   time  for   a  

p a r t i c u l a r   group  of  cyc l e s   being  i n c r e a s e d   above  a  f i x e d   value  in  i n v e r s e  

p r o p o r t i o n   to  the  time  measured  for  the  immed ia t e ly   p r e c e d i n g   p r e d e t e r m i n e d  

number  of  c y c l e s .  

6.  A  method  a c c o r d i n g   to  claim  5,  in  which  the  water   is  d i s c h a r g e d  

from  the  v e s s e l   u n t i l   a  s e l e c t e d   one  of  a  p r e d e t e r m i n e d   p l u r a l i t y   o f  

low  cu r r en t   t h r e s h o l d s   is  ach ieved   by  the  c u r r e n t   p a s s i n g   between  t h e  

e l e c t r o d e s ,   the  g r e a t e r   the  amount  by  which  the  t ime  taken  to  c o u n t  

the  p r e d e t e r m i n e d   number  of  cyc les   is  exceeded  by  the  p r e d e t e r m i n e d  

time  in  e f f e c t   for  t h a t   p a r t i c u l a r   p r e d e t e r m i n e d   number  of  cyc les   t h e  

lower  the  low  c u r r e n t   t h r e s h o l d   s e l e c t e d .  

7.  A  method  a c c o r d i n g   to  claim  1,  i n  w h i c h   the  measure  of  t h e  

f r equency   is  o b t a i n e d   by  coun t ing   the  cyc les   completed   in  a  p r e d e t e r m i n e d  

d u r a t i o n ,   a  q u a n t i t y   of  water   being  d i s c h a r g e d   i f   the  number  of  c y c l e s  
1 

counted  in  the  p r e d e t e r m i n e d   d u r a t i o n   is  g r e a t e r   than  a  p r e d e t e r m i n e d  

number .  



8.  A  method  a c c o r d i n g   to  claim  7,  in  which  the  water  is  d i s c h a r g e d  

from  the  v e s s e l   u n t i l   a  s e l e c t e d   one  of  a  p r e d e t e r m i n e d   p l u r a l i t y   o f  

low  c u r r e n t   t h r e s h o l d s   is  achieved  by  the  c u r r e n t   pass ing   between  t h e  

e l e c t r o d e s ,   the  g r e a t e r   the  number  of  cyc les   counted   the  lower  t h e  

low  c u r r e n t   t h r e s h o l d   s e l e c t e d .  

9.  A  method  a c c o r d i n g   to  claim  1,  in  which  the  measure  of  t h e  

f r e q u e n c y   is  o b t a i n e d   by  measur ing  the  time  of  the  boi l   legs  of  t h e  

c y c l e s   and  adding  the  t o t a l   boi l   time  over  a  p r e d e t e r m i n e d   i n t e r v a l ,  

a  q u a n t i t y   of  water   being  d i s c h a r g e d   if   the  t o t a l   boi l   time  is  l e s s  

than   a  p r e d e t e r m i n e d   t o t a l   accumulated  bo i l   time  for  the  p r e d e t e r m i n e d  

i n t e r v a l .  

10.  A  method  a c c o r d i n g   to  claim  9  in  which  the  water  is  d i s c h a r g e d  

from  the  v e s s e l   u n t i l   a  s e l e c t e d   one  of  a  p r e d e t e r m i n e d   p l u r a l i t y   o f  

low  c u r r e n t   t h r e s h o l d s   is  achieved  by  the  c u r r e n t   pa s s ing   through  t h e  

e l e c t r o d e s ,   the  less   the  t o t a l   boil   time  measured  the  lower  the  low 

c u r r e n t   t h r e s h o l d   s e l e c t e d .  

11.  A  method  a c c o r d i n g   to  claim  1,  in  which  the  measure  of  t h e  

f r e q u e n c y   is  o b t a i n e d   by  measur ing  the  time  of  the  f i l l   legs  of  t h e  

c y c l e s   and  adding  the  t o t a l   f i l l   time  over  a  p r e d e t e r m i n e d   i n t e r v a l ,  

a  q u a n t i t y   of  water   being  d i s c h a r g e d   i f   the  t o t a l   f i l l   time  is  l e s s  

than  a  p r e d e t e r m i n e d   accumula ted   t o t a l   f i l l   time  for  the  p r e d e t e r m i n e d  

i n t e r v a l .  

12.  A  method  a cco rd ing   to  claim  11  in  which  the  water  is  d i s c h a r g e d  

f rom  the  vesse l   u n t i l   a  s e l e c t e d   one  of  a  p r e d e t e r m i n e d   p l u r a l i t y   o f  

low  c u r r e n t   t h r e s h o l d s   is  achieved  by  the  c u r r e n t   pa s s ing   through  t h e  

e l e c t r o d e s ,   the  less   the  t o t a l   f i l l   time  measured  the  lower  the  low 



c u r r e n t   t h r e s h o l d   s e l e c t e d .  

13.  A  method  a c c o r d i n g   t o  c l a i m   1,  in  which  the  measure  of  t h e  

f requency   is  o b t a i n e d   by  coun t ing   the  number  of  bo i l   legs  c o m p l e t e d  

in  a  p r e d e t e r m i n e d   d u r a t i o n ,   a  q u a n t i t y   of  water   being  d i s c h a r g e d   i f  

the  number  of  b o i l   legs  counted  in  the  p r e d e t e r m i n e d   d u r a t i o n   is  g r e a t e r  

than  a  p r e d e t e r m i n e d   number .  

14.  A  method  a c c o r d i n g   to  claim  13,  in  which  the  water  is  d i s c h a r g e d  

from  the  v e s s e l   u n t i l   a  s e l e c t e d   one  of  a  p r e d e t e r m i n e d   p l u r a l i t y   o f  

low  c u r r e n t   t h r e s h o l d s   is  ach ieved   by  the  c u r r e n t   p a s s i n g   through  t h e  

e l e c t r o d e s ,   the  g r e a t e r   the  number  of  bo i l   legs  counted   the  lower  t h e  

low  c u r r e n t   t h r e s h o l d   s e l e c t e d .  

15.  A  method  a c c o r d i n g   to  claim  1,  in  which  the  measure  of  t h e  

f r equency   is  o b t a i n e d   by  count ing   the  bo i l   legs  and  measur ing  the  t i m e  

.  taken  to  count  a  p r e d e t e r m i n e d   number  of  bo i l   l egs ,   a  q u a n t i t y   of  w a t e r  

being  d i s c h a r g e d   i f   the  time  taken  is  l ess   than  a  p r e d e t e r m i n e d   t i m e  

f o r  t h e   p r e d e t e r m i n e d   number  of  c y c l e s .  

16.  A  method  a c c o r d i n g   to  claim  15  in  which  the  water   is  d i s c h a r g e d  

from  the  v e s s e l   u n t i l   a  s e l e c t e d   one  of  a  p r e d e t e r m i n e d   p l u r a l i t y   o f  

low  c u r r e n t   t h r e s h o l d s   is  ach ieved   by  the  c u r r e n t   p a s s i n g   through  t h e  

e l e c t r o d e s ,   the  s h o r t e r   the  time  taken  to  count  the  p r e d e t e r m i n e d   number  

of  bo i l   legs  the  lower  the  low  c u r r e n t   t h r e s h o l d   s e l e c t e d .  

17.  A  method  a c c o r d i n g   to  claim  1,  in  which  the  measure  of  t h e  

f r equency   is  o b t a i n e d   by  count ing   the  number  of  f i l l   legs  c o m p l e t e d  

in  a  p r e d e t e r m i n e d   d u r a t i o n ,   a  q u a n t i t y   of  water   be ing   d i s c h a r g e d   i f  

the  number  of  f i l l   legs  counted  in  the  p r e d e t e r m i n e d   d u r a t i o n   is  g r e a t e r  



than  a  p r e d e t e r m i n e d   number .  

18.  A  method  acco rd ing   to  claim  17,  in  which  the  water   is  d i s c h a r g e d  

from  the  v e s s e l   u n t i l   a  s e l e c t e d   one  of  a  p r e d e t e r m i n e d   p l u r a l i t y   o f  

low  c u r r e n t   t h r e s h o l d s   is  ach ieved   by  the  c u r r e n t   p a s s i n g   th rough   t h e  

e l e c t r o d e s ,   the  g r e a t e r   the  number  of  f i l l   legs  counted  the  lower  t h e  

low  c u r r e n t   t h r e s h o l d   s e l e c t e d .  

19.  A  method  acco rd ing   to  claim  1,  in  which  the  measure  of  t h e  

f r equency   is  ob t a ined   by  coun t ing   the  f i l l   legs  and  measu r ing   the  t i m e  

taken  to  count  a  p r e d e t e r m i n e d   number  of  f i l l   l egs ,   a  q u a n t i t y   of  w a t e r  

being  d i s c h a r g e d   i f   the  time  taken  is  less   than  a  p r e d e t e r m i n e d   t i m e  

for  the  p r e d e t e r m i n e d   number  of  c y c l e s .  

20.  A  method  acco rd ing   to  claim  19  in  which  the  water   is  d i s c h a r g e d  

from  the  ves se l   u n t i l   a  s e l e c t e d   one  of  a  p r e d e t e r m i n e d   p l u r a l i t y   o f  

low  c u r r e n t   t h r e s h o l d s   is  ach ieved   by  the  c u r r e n t   p a s s i n g   th rough  t h e  

e l e c t r o d e s ,   the  s h o r t e r   the  t i r e   taken  to  count  the  p r e d e t e r m i n e d   number 

of  f i l l   legs  the  lower  the  low  c u r r e n t   t h r e s h o l d   s e l e c t e d .  

21.  A  w a t e r - v a p o r   g e n e r a t o r   compr i s ing   a  v a p o r i z a t i o n   v e s s e l  

p rov ided   with  e l e c t r o d e s   and  with  an  i n l e t   for  f r e sh   water   and  an  o u t l e t  

for  d i s c h a r g i n g   water  in  order   to  reduce  the  c o n c e n t r a t i o n   of  m i n e r a l s  

an  i n l e t   valve  a r ranged   to  c o n t r o l   the  flow  of  water  th rough  the  i n l e t ,  

an  o u t l e t   va lve   a r ranged   to  c o n t r o l   the  flow  of  water  t h rough   the  o u t l e t ,  

means  for  measuring  c o n t i n u o u s l y   the  c u r r e n t   f lowing  th rough   the  e l e c t r o d e s ,  

t h r e s h o l d   means  connected   to  the  c u r r e n t   measuring  means  and  o p e r a b l e  

to  open  the  i n l e t   valve  when  the  measured  c u r r e n t   r e aches   a  p r e d e t e r m i n e d  

minimum  value  and  to  c lose   the  i n l e t   valve  when  the  measured  c u r r e n t  



r e aches   a  p r e d e t e r m i n e d   maximum  va lue ,   means  connec ted   to  the  t h r e s h o l d  

means  for  o b t a i n i n g   a  measure   of  the  f requency   of  s u c c e s s i v e   p l u r a l i t i e s  

of  cyc l e s   each  c o n t a i n i n g   a  leg  descending   from  the  p r e d e t e r m i n e d   maximum 

va lue   to  the  p r e d e t e r m i n e d   minimum  value  and  the  subsequen t   leg  a s c e n d i n g  

from  the  p r e d e t e r m i n e d   minimum  value  to  the  p r e d e t e r m i n e d   maximum  v a l u e ,  

means  for  comparing  the  f r e q u e n c y   measure  o b t a i n e d   with  a  p r e d e t e r m i n e d  

f r equency   va lue   c o r r e s p o n d i n g   to  a  d e s i r e d   c o n d u c t i v i t y   of  the  w a t e r  

and  a  c o n t r o l   device   c o n n e c t e d   to  be  c o n t r o l l e d   by  the  compar ison  means 

to  open  the  o u t l e t   va lve   when  the  measured  f r equency   is  g r e a t e r   t h a n  

the  p r e d e t e r m i n e d   f r e q u e n c y   and  cause  the  o u t l e t   va lve   to  remain  open  

for   a  time  i n t e r v a l   p r o p o r t i o n a l   to  the  amount  by  which  the  m e a s u r e d  

f r e q u e n c y   exceeds  the  p r e d e t e r m i n e d   f r e q u e n c y .  

22.  A  w a t e r - v a p o r   g e n e r a t o r   compr i s ing   a  v a p o r i z a t i o n   v e s s e l   p r o v i d e d  

with  e l e c t r o d e s   and  with  an  i n l e t   for  f resh   water   and  an  o u t l e t   for  d i s c h a r g i n g  

water   in  o rder   to  reduce  the  c o n c e n t r a t i o n   of  m i n e r a l s ,   an  i n l e t   va lve   a r r a n g e d  

to  c o n t r o l   the  flow  of  wa te r   th rough   the  i n l e t ,   an  o u t l e t   va lve   a r ranged   t o  

c o n t r o l   the  flow  of  wa te r   t h r o u g h  t h e   o u t l e t ,   means  for  measur ing   c o n t i n u o u s l y  

the  c u r r e n t  f l o w i n g   between  the  e l e c t r o d e s   t h r e s h o l d   means  connec ted   to  t h e  

c u r r e n t   measuring  means  and  o p e r a b l e   to  open  the  i n l e t   va lve   when  the  m e a s u r e d  

c u r r e n t   reaches   a  p r e d e t e r m i n e d   minimum  value  and  to  c lose   the  i n l e t   v a l v e  

when  the  measured  c u r r e n t   r eaches   a  p r e d e t e r m i n e d   maximum  va lue ,   means  c o n n e c t -  

ed  to  the  t h r e s h o l d   means  for  count ing   s u c c e s s i v e   p l u r a l i t i e s   of  cyc les   e a c h  

c o n t a i n i n g   a  leg  d e s c e n d i n g   from  the  p r e d e t e r m i n e d   maximum  value   to  the  p r e -  

de te rmined   minimum  va lue   and  the  subsequent   leg  a s c e n d i n g   from  the  p r e d e t e r -  

mined  minimum  value  to  the  p r e d e t e r m i n e d   maximum  va lue ,   means  for  m e a s u r i n g  

the  d u r a t i o n   of  a  p r e d e t e r m i n e d   number  of  cyc l e s   and  for  comparing  t h e  



d u r a t i o n   with  a  p r e d e t e r m i n e d   d u r a t i o n   c o r r e s p o n d i n g   to  a  d e s i r e d   c o n d u c t i v i t y  

of  the  water   and  a  con t ro l   device   connec ted   to  the  o u t l e t   va lve   and  o p e r a b l e  

under  c o n t r o l   of  the  measuring  and  comparing  means  to  open  the  o u t l e t   v a l v e  

when  the  a c t u a l   d u r a t i o n   is  less   than  the  p r e d e t e r m i n e d   d u r a t i o n   and  c a u s e  

t h e   o u t l e t   v a l v e   to   r e m a i n   o p e n   f o r   a  t i m e   i n t e r v a l   p r o p o r -  

t i o n a l   to   t h e   a m o u n t   by  w h i c h   t h e   p r e d e t e r m i n e d   d u r a t i o n  

e x c e e d s   t h e   a c t u a l   d u r a t i o n .  

23.  A  w a t e r - v a p o r   g e n e r a t o r   a c c o r d i n g   to  claim  22  where in   t h e  

measur ing   and  comparing  means  compr ises   a  count  down  s equence r   in  wh ich  

the  p r e d e t e r m i n e d   d u r a t i o n   is  se t ,   the  count  down  sequence r   be ing   a r r a n g e d  

to  s tep  down  through  a  p l u r a l i t y   of  swi tch   means  connec ted   to  the  c o n t r o l  

dev ice   and  wherein  the  means  for  coun t i ng   cyc les   has  an  o u t p u t   c o n n e c t e d  

to  the  p l u r a l i t y   of  switch  means,  an  e n e r g i s i n g   s i gna l   being  o b t a i n e d  

at  the  ou tpu t   of  the  means  for  coun t ing   cyc les   when  the  p r e d e t e r m i n e d  

number  of  cyc les   has  been  counted  whereby  the  e n e r g i s i n g   s i g n a l   p a s s e s  

th rough  one  of  the  p l u r a l i t y   of  swi tch   means  to  the  c o n t r o l   d e v i c e  

when  the  count  down  sequencer   has  not  f i n i s h e d   count ing   down  to  t h e  

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

24.  A  w a t e r - v a p o r   g e n e r a t o r   a c c o r d i n g   to  claim  23  where in   t h e  

p l u r a l i t y   of  switch  means  comprises   a  p l u r a l i t y   of  r e l a y s   c o n n e c t e d  

to  the  means  for  measur ing  c o n t i n u o u s l y   the  c u r r e n t   f lowing  t h r o u g h  

the  e l e c t r o d e s ,   the  r e l a y s   having  a s cend ing   e n e r g i s i n g   t h r e s h o l d   v a l u e s  

in  d i r e c t   r e l a t i o n   to  the  order  in  which  the  count  down  s equence r   c o u n t s  

down  through  the  r e l a y s ,   whereby  a  r e l a y   e n e r g i s e d   wil l   remain  e n e r g i s e d  

u n t i l   the  e l e c t r o d e   c u r r e n t   drops  below  the  r e s p e c t i v e   t h r e s h o l d   v a l u e .  



25.  A  w a t e r - v a p o r   g e n e r a t o r   accord ing   to  c la im  24  i n c l u d i n g   a  

r e s e t   c o r r e c t o r   connec t ed   to  the  r e l a y s   and  to  a  r e s e t   i npu t   of  t h e  

count   down  s e q u e n c e r ,   the  r e s e t   c o r r e c t o r   being  o p e r a b l e   to  i n c r e a s e  

the  p r e d e t e r m i n e d   d u r a t i o n   set  into  the  count  down  s e q u e n c e r   a f t e r  

the  count   down  s cquence r   has  counted  out ,   the  amount  by  which  the  r e s e t  

c o r r e c t o r   i n c r e a s e s   the  p r e d e t e r m i n e d   d u r a t i o n   depending   upon  which  

of  the   p l u r a l i t i e s   of  r e l a y s   was  immedia te ly   p r e v i o u s l y   e n e r g i s e d ,  

the  amount  d e c r e a s i n g   in  d i r e c t   r e l a t i o n   to  the  o rde r   in  which  t h e  

count   down  sequencer   counts   through  the  r e l a y s .  

26.  A  w a t e r - v a p o r   g e n e r a t o r   compr is ing   a  v a p o r i z a t i o n   vesse l   p r o v i d e d  

with  e l e c t r o d e s   and  with  an  i n l e t   for  f r e sh   water   and  an  o u t l e t   for  d i s -  

c h a r g i n g   water  in  o r d e r   to  reduce  the  c o n c e n t r a t i o n   of  m i n e r a l s   an  i n l e t  

v a l v e   a r ranged   to  c o n t r o l   the  flow  of  water   th rough   the  i n l e t ,   an  o u t l e t  

va lve   a r ranged   to  c o n t r o l   the  flow  o f - w a t e r   th rough   the   o u t l e t ,   means  f o r  

measu r ing   c o n t i n u o u s l y   the  c u r r e n t   f lowing  th rough  the  e l e c t r o d e s ,   t h r e s h o l d  

means  connec ted   to  the  c u r r e n t   measur ing  means  and  o p e r a b l e   to  open  t h e  

i n l e t   va lve   when  the  measured  c u r r e n t   r eaches   a  p r e d e t e r m i n e d   minimum  v a l u e  

and  to  c lose   the  i n l e t   va lve   when  the  measured  c u r r e n t   r e a c h e s  a   p r e d e t e r m i n e d  

maximum  va lue ,   means  for  coun t ing   s u c c e s s i v e l y   t h e  n u m b e r   of  cyc les   dur ing   a  

p r e d e t e r m i n e d   d u r a t i o n ,   each  cycle  c o n t a i n i n g   a  leg  d e s c e n d i n g   from  the  p r e -  

d e t e r m i n e d   maximum  va lue   and  a  leg  ascending   from  the  p r e d e t e r m i n e d   minimum 

v a l u e ,   means  for  comparing  the  number  of  cyc les   counted   with  a  p r e d e t e r m i n e d  

number  of  cycles   c o r r e s p o n d i n g   to  a  d e s i r e d   c o n d u c t i v i t y   of  the  water  a n d  

a  c o n t r o l   device   connected   to  the  o u t l e t   valve  and  o p e r a b l e   under  c o n t r o l  

of  the  means  for  comparing  to  open  the  o u t l e t   valve  when  the  number  c o u n t e d  

-is  g r e a t e r   than  the  p r e d e t e r m i n e d   number  and  cause  the  o u t l e t   valve  to  r e m a i n  

open  for  a  d u r a t i o n   p r o p o r t i o n a l   to  the  a m o u n t   by  w h i c h   t h e   n u m b e r  

c o u n t e d   e x c e e d s   t h e   p r e d e t e r m i n e d   n u m b e r .  
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