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@  Pumping  apparatus  and  method. 
@  Pumping  apparatus  for  feeding  sea  water  at  high  pressure to  a  reverse  osmosis  unit  (11)  comprises  a  pair  of  work 
exchange  sub-systems  (13,15;  17,19)  each  of  which  operate 
alternatingly  in  high  pressure  phases,  each  of  said  sub-systems 
including  first  and  second  work  exchange  vessels  (13,17  and 
15,19),  the  first  said  vessels  (13,17)  receiving  sea  water  on  one 
side  and  hydraulic  fluid  on  the  other,  the  second  said  vessels 
(15,19)  receiving  concentrate  from  the  unit  (11)  on  one  side  and 
hydraulic  fluid  on  the  other.  A  selectively  operable  valve  (41  ;43), 
permits  hydraulic  fluid  displaced  by  the  introduction  of  sea 
water  into  the  one  side  of  the  respective  first  vessel  (13;17)  to 
flow  into  the  other  side  of  the  respective  second  vessel  (15;19) 
thereby  displacing  concentrate  during  a  low  pressure  phase  of 
operation  of  the  respective  work  exchange  sub-system  (13,15 
or  17,19).  Booster  pump  (55)  transfers  hydraulic  fluid  to  the 
other  side  of  a  selected  one  of  said  first  vessels  (1  3,17)  from  the 
other  side  of  the  respective  second  vessel  (15,19)  during  a  high 
pressure  phase  of  operation  of  the  respective  work  exchange 
sub-system  (13,15  or  17,19),  the  amount  of  hydraulic  fluid 
transferred  being  substantially  equal  to  the  concentrate 
produced  by  the  reverse  osmosis  unit  (11).  Pump  (57) 
introduces  additional  hydraulic  fluid  into  the  other  side  of  a 
selected  first  vessel  (13,17)  also  during  the  respective  high 
pressure  phase  of  operation,  the  amount  being  substantially 

equal  to  the  fresh  water  produced  by  the  reverse  osmosis  unit 
(11).  Valves  (25,27)  selectively  connect  said  one  side  of  each  of 
the  first  said  work  exchange  vessels  (13,17)  to  the  solution  inlet 
of  the  reverse  osmosis  unit  (11)  and  valves  (31,33)  selectively 
connect  the  concentrate  outlet  of  the  reverse  osmosis  unit  (11) 
to  said  one  side  of  a  selected  one  of  said  second  vessels 
(15,19)  so  that  hydraulic  fluid  thereby  displaced  aids  said 
pumps  (55,57)  in  driving  sea  water  from  the  one  side  of  the 
respective  first  vessel  (13,17)  into  the  reverse  osmosis  unit  (11). 
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Description 

PUMPING  APPARATUS  AND  METHOD 

inlet  of  the  reverse  osmosis  unit. 
The  invention  includes  the  method  for  feeding 

solution  to  a  reverse  osmosis  unit  which  is  inherent 
in  the  functioning  of  an  apparatus  in  accordance  with 
the  present  invention  as  above  defined. 

One  way  of  carrying  out  the  present  invention  in 
both  its  method  and  apparatus  aspects  will  now  be 
described  in  detail  by  way  of  example  with  reference 
to  a  drawing  which  illustrates  one  specific  embodi- 
ment  of  the  apparatus. 

BRIEF  DESCRIPTION  OF  THE  DRAWING 
The  single  drawing  is  a  schematic  diagram  of  a 

reverse  osmosis  sea  water  purifying  system  incor- 
porating  pumping  apparatus  according  to  the  pres- 
ent  invention. 

DESCRIPTION  OF  THE  ILLUSTRATED 
EMBODIMENT 

The  reverse  osmosis  system  now  to  be  described 
is  intended  for  the  desalinization  of  sea  water. 
Accordingly,  throughout  most  of  the  specification, 
the  incoming  solution  which  is  to  be  purified  is 
referred  to  as  sea  water;  the  concentrate  by-product 
is  referred  to  as  brine;  and  the  purified  producet  is 
referred  to  as  fresh  water. 

As  is  understood  by  those  skilled  in  the  art,  it  is 
typically  necessary  to  pre-treat  sea  water,  e.g.  for 
correcting  ph,  prior  to  pumping  it  at  high  pressure  to 
a  reverse  osmosis  unit.  As  such  pre-treatment 
facilities  are  known  in  the  art,  they  are  not  described 
herein  but  rather  the  sea  water  input  to  the  present 
apparatus  is  assumed  to  be  pre-treated  sea  water  at 
some  nominal  pressure,  e.g.  30  psi. 

In  the  single  drawing  the  reverse  osmosis  unit  is 
indicated  generally  by  reference  character  11.  The 
pumping  system  utilizes  a  plurality  of  work  exchange 
sub-systems  each  of  which  includes  first  and 
second  work  exchange  vessels  and  in  the  present 
embodiment  two  such  work  exchange  sub-systems 
are  provided,  one  shown  on  the  right  side  of  the 
drawing  and  the  other  on  the  left.  The  first  and 
second  work  exchange  vessels  on  the  right  hand 
side  are  designated  generally  by  reference  charac- 
ters  13  and  15  while  the  corresponding  components 
in  the  left  hand  sub-system  are  designated  by 
reference  characters  17  and  19. 

Particularly  for  small  systems,  a  convenient  form 
of  work  exchange  vessel  is  to  utilize  a  structure 
which  is  essentially  the  same  as  a  conventional 
pressure  accumulator,  i.e.,  a  tough  rubber  bladder 
inside  a  rounded  tank.  However,  instead  of  having 
dry  nitrogen  inside  the  bladder,  as  would  be  the 
usual  arrangement  in  the  case  of  a  pressure 
accumulator,  an  inlet  port  is  provided  for  introducing 
brine  or  sea  water  to  the  interior  of  the  bladder.  As 
illustrated,  hydraulic  fluid  is  on  the  outside  of  the 
bladder  in  each  work  exchange  vessel. 

Sea  water  can  be  introduced  into  one  side  of  each 
of  the  lower  work  exchange  vessels  through  respec- 
tive  valves  21  and  23.  In  the  drawing  these  valves  are 

BACKGROUND  OF  THE  INVENTION 
The  present  invention  relates  to  a  pumping  5 

apparatus  and  method  for  feeding  solution  to  a 
reverse  osmosis  unit  and  more  particularly  to  such 
pumping  apparatus  and  method  which  provides  for 
the  recovery  of  pumping  energy. 

It  has  previously  been  proposed  to  recover  some  10 
proportion  of  the  pumping  energy  required  in 
feeding  a  reverse  osmosis  unit,  one  such  proposal 
being  described  in  U.S.  Letters  Patent  4,354,939 
issued  October  19,  1982  to  Curt  M.  Pohl.  A  similar 
proposal  is  described  in  the  article  entitled  "Energy  15 
Recovery  for  Small  Reverse  Osmosis  Systems"  by 
Jeffery  C.  Ide  and  Melvin  E.  Matson.  A  small, 
manually  operated,  reverse  osmosis  apparatus  in- 
corporating  some  energy  recovery  is  described  in 
U.S.  Letters  Patent  4,1  87,173  to  Bowie  G.  Keefer.  20 

While  these  prior  art  proposals  show  the  desira- 
bility  of  recovering  pumping  energy  which  is  other- 
wise  lost  in  the  discharge  flow  of  concentrate,  the 
systems  have  not  found  general  acceptance  due  to 
the  difficulty  of  implementation.  Typically  these  25 
systems  have  involved  multiple  pumps  operating  on 
sea  water  and/or  brine  at  high  pressure.  As  is 
understood  by  those  skilled  in  the  art,  pumps 
suitable  for  such  application  are  not  readily  available 
and  the  application  conditions  essentially  define  a  30 
hostile  environment  for  such  machinery. 

The  object  of  the  present  invention  is  to  provide 
an  improved  pumping  apparatus  and  method  for  a 
reverse  osmosis  unit. 

35 
SUMMARY  OF  THE  INVENTION 

A  pumping  apparatus  of  the  present  invention  is 
adapted  to  feed  a  reverse  osmosis  unit  and 
incorporates  a  plurality  of  work  exchange  sub-sys- 
tems  each  of  which  includes  first  and  second  work  40 
exchange  vessels.  The  first  vessel  receives  a 
solution  on  one  side  and  a  hydraulic  fluid  on  the 
other  while  the  second  vessel  receives  concentrate 
on  one  side  and  hydraulic  fluid  on  the  other.  During  a 
low  pressure  phase  of  operation,  hydraulic  fluid  45 
displaced  by  the  introduction  of  solution  into  one 
side  of  a  first  vessel  passes  into  the  other  side  of  the 
respective  second  vessel  thereby  displacing  con- 
centrate  which  is  discharged.  Booster  pump  means 
are  provided  for  transferring  hydraulic  fluid  during  a  50 
high  pressure  phase  of  operation  to  the  other  side  of 
a  selected  one  of  the  first  vessels  from  the  other  side 
of  the  respective  second  vessel.  Further  pump 
means  are  provided  for  introducing  additional  hy- 
draulic  fluid  into  the  other  side  of  that  first  vessel.  55 
The  solution  side  of  each  of  the  first  set  work 
exchange  vessels  can  be  selectively  connected  to 
the  solution  inlet  of  the  reverse  osmosis  unit  while 
the  concentrate  outlet  of  that  unit  is  connected  to 
the  concentrate  side  of  the  respective  second  60 
vessels  so  that  hydraulic  fluid  displaced  by  the 
concentrate  aids  the  pumps  in  driving  solution  from 
the  one  side  of  the  respective  first  vessel  into  the 
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shown  as  check  valves  though  in  certain  applica- 
tions  it  may  be  advantageous  to  utilize  controlled 
valves,  e.g.  solenoid  or  hydraulically  operated  valves. 
It  is  an  advantage  of  the  overall  system  described 
herein  that  the  valves  which  control  the  flow  of  sea 
water  and  brine  in  the  present  system  do  not  need  to 
open  or  close  in  the  presence  of  a  significant 
pressure  differential.  Thus  certain  design  require- 
ments  for  the  valves  are  very  relaxed.  The  same  side 
of  each  of  the  lower  work  exchange  vessels  can  also 
provide  sea  water  to  the  inlet  of  the  reverse  osmosis 
unit  11  through  respective  valves  designated  by 
reference  characters  25  and  27. 

Brine  leaving  the  reverse  osmosis  unit  1  1  can  be 
selectively  admitted  to  one  side  of  either  of  the 
upper  work  exchange  vessels  15  and  19  through 
respective  controlled  valves  31  and  33.  Brine  ejected 
from  these  work  exchange  vessels  can  be  dis- 
charged  out  through  a  common  outlet  through 
respective  controlled  valves  designated  by  ref- 
erence  characters  35  and  37.  As  illustrated  in  the 
drawing,  the  upper  or  hydraulic  fluid  side  of  each  of 
the  lower  accumulators  is  connected  to  the  lower  or 
hydraulic  fluid  side  of  the  upper  work  exchange 
vessel  through  a  respective  solenoid  valve,  these 
valves  being  designated  by  reference  characters  41 
and  43.  Accordingly,  during  the  phase  of  operation 
when  the  bladder  in  a  lower  work  exchange  vessel  is 
being  filled  with  sea  water,  the  displaced  hydraulic 
fluid  can  flow  into  the  upper  work  exchange  vessel 
and  displace  brine  into  the  discharge  stream.  As  will 
be  understood,  however,  the  amount  of  brine 
discharged  is  less  than  the  corresponding  amount  of 
sea  water  being  brought  in  and  thus  there  will  be  a 
mismatch  with  respect  to  the  corresponding 
amounts  of  hydraulic  fluid.  Accordingly,  the  upper 
side  of  each  of  the  lower  work  exchange  vessels  is 
also  coupled,  through  a  respective  solenoid  valve  45 
or  47,  back  to  a  hydraulic  fluid  reservoir  48. 

As  was  also  indicated  previously,  hydraulic  fluid 
displaced  by  brine  exiting  the  reverse  osmosis  unit 
at  high  pressure  is  used  to  aid  pumping  of  the  sea 
water  into  the  reverse  osmosis  unit.  To  this  end,  the 
lower  side  of  each  of  the  upper  work  exchange 
vessels  is  connected,  through  a  respective  valve  51 
or  53,  to  the  inlet  port  of  a  booster  pump  55  whose 
function  is  to  overcome  the  frictional  pressure 
losses  caused  by  the  flow  of  sea  water,  brine  and 
hydraulic  fluids  through  the  pipes,  valves  and,  to 
make  up  the  pressure  differential  which  occurs 
between  the  sea  water  inlet  and  the  brine  outlet  of 
the  reverse  osmosis  unit  11. 

To  make  up  the  volume  differential  between  the 
sea  water  input  and  the  brine  effluent  from  the 
reverse  osmosis  unit,  a  second  pump  is  provided, 
designated  by  reference  character  57.  This  second 
pump  draws  hydraulic  fluid  from  the  reservoir  48  and 
provides  a  high  pressure  boost,  though  usually  at  a 
smaller  flow  volume.  The  flow  from  the  two  pumps 
merge  at  a  junction  point,  designated  generally  by  a 
reference  character  61  and  the  combined  flow  can 
be  applied  to  the  upper  side  of  either  of  the  lower 
work  exchange  vessels  13  or  17  through  respective 
solenoid  valves  63  and  65. 

OPERATION 
As  indicated  previously,  the  system  illustrated 

operates  in  a  cyclic  manner  in  which  the  right  and  left 
work  exchange  sub-systems  alternate  in  being  in  a 

5  high  pressure  phase,  there  being  a  low  pressure 
filling  phase  for  each  side  in  between  high  pressure 
operations.  Considering  first  the  low  pressure  or 
filling  phase  of  the  right  hand  work  exchange 
sub-system,  it  can  be  seen  that  sea  water  can  flow, 

10  through  the  valve  21  into  the  bladder  of  the  work 
exchange  vessel  13.  At  the  same  time,  the  valve  41  is 
operated  so  that  hydraulic  fluid  displaced  by  the  sea 
water  flows  into  the  work  exchange  vessel  15  and 
displaces  brine  which  exits,  through  the  valve  35, 

15  into  the  brine  discharge  outlet. 
Once  the  brine  is  essentially  discharged,  the  valve 

41  is  closed  and  the  valve  45  is  opened  so  that  the 
excess  hydraulic  fluid,  i.e.  corresponding  to  the 
larger  volume  of  sea  water,  is  discharged  back  into 

20  the  reservoir  48.  In  that  the  filling  operation  takes 
place  through  generally  unrestricted  flow  passages, 
the  filling  operation  can  be  completed  well  before 
the  left  side  completes  its  high  pressure  phase  of 
operation  in  which  sea  water  is  being  fed  through  the 

25  reverse  osmosis  unit  11. 
As  the  left  side  work  exchange  sub-system  is 

completing  its  high  pressure  phase,  the  valve  63  is 
opened  to  pressurize  the  right  hand  sub-system. 
The  valve  65  is  preferably  closed  only  after  the  valve 

30  63  is  open  so  that  the  reverse  osmosis  unit  1  1  is  at  all 
times  maintained  under  high  pressure.  With  the  valve 
63  open  and  valves  41  and  45  closed,  the  pumps  55 
and  57  will  drive  the  merged  hydraulic  fluid  flow  into 
the  upper  part  of  the  work  exchange  vessel  13 

35  displacing  sea  water  at  high  pressure  out  of  the 
lower  side  of  the  work  exchange  vessel  and  into  the 
reverse  osmosis  unit.  As  will  be  understood,  most  of 
the  volume  of  this  displace  ment  will  derive  from 
hydraulic  fluid  displaced  by  brine  which  is,  at  the 

40  same  time,  flowing  into  the  upper  part  of  the  work 
exchange  vessel  15  through  valve  31.  In  pumping 
this  volume  of  fluid,  the  pump  55  operates  across  a 
relatively  low  pressure  differential,  i.e.  equal  to  the 
pressure  drop  between  the  sea  water  inlet  and  brine 

45  outlet  of  the  reverse  osmosis  unit. 
The  pump  57  which  works  across  the  whole 

operational  pressure  of  the  reverse  osmosis  pro- 
cess  need  pump  only  a  relatively  small  volume  of 
hydraulic  fluid,  i.e.  a  volume  essentially  equal  to  the 

50  fresh  water  product  generated  by  the  reverse 
osmosis  unit.  As  is  understood  by  those  skilled  in 
the  art,  a  typical  figure  for  fresh  water  production  is 
20  percent  of  the  total  sea  water  volume  applied  to 
the  unit.  Thus  80  percent  of  the  pumping  volume 

55  required  to  displace  the  sea  water  into  the  osmosis 
unit  will  come  from  the  brine  discharge.  As  indicated 
prevously,  this  volume,  through  the  intermediate 
hyraulic  fluid,  need  be  pumped  across  only  a 
relatively  small  differential,  e.g.  60  psi,  as  compared 

60  with  the  total  pressure  required  to  feed  the  reverse 
osmosis,  i.e.  a  pressure  which  is  typically  in  the 
order  of  800  psi.  Accordingly,  it  can  be  seen  that 
there  is  a  substantial  energy  recovery  i.e.  in  the  order 
of  75  percent.  Further,  this  energy  recovery  is 

65  obtained  without  having  to  directly  pump  either  sea 
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placing  concentrate  during  a  low  pressure 
phase  of  operation  of  the  respective  work 
exchange  sub-system; 

said  booster  pump  means  being  arranged  to 
transfer  hydraulic  fluid  to  the  other  side  of  a 
selected  one  of  said  first  vessels  from  the  other 
side  of  the  respective  second  vessel  during  a 
high  pressure  phase  of  operation  of  the  respec- 
tive  work  exchange  sub-system  in  an  amount 
substantially  equal  to  the  concentrate  produced 
by  the  reverse  osmosis  unit  and 

said  pump  means  being  arranged  to  intro- 
duce  additional  hydraulic  fluid  into  the  other 
side  of  a  selected  first  vessel  also  during  the 
respective  high  pressure  phase  of  operation  in 
an  amount  substantially  equal  to  the  product 
produced  by  the  reverse  osmosis  unit. 

3.  A  method  for  feeding  solution  to  a  reverse 
osmosis  unit  producing  concentrate  charac- 
terized  by: 

introducing  solution  to  one  side  of  a  first 
work  exchange  vessel  of  a  pair  of  work 
exchange  sub-systems  each  composed  of  first 
and  second  work  exchange  vessels,  the  other 
sides  of  which  receive  hydraulic  fluid; 

introducing  concentrate  to  one  side  of  the 
second  work  exchange  vessels  of  the  sub-sys- 
tems,  the  other  sides  of  which  receive  hydraulic 
fluid; 

introducing  hydraulic  fluid  displaced  by  the 
introduction  of  solution  into  the  one  side  of  the 
respective  first  vessel  to  flow  into  the  other  side 
of  the  respective  second  vessel,  thereby  dis- 
placing  concentrate; 

pumping  hydraulic  fluid  to  the  other  side  of  a 
selected  one  of  said  first  vessels  from  the  other 
side  of  the  respective  second  vessel; 

pumping  additional  hydraulic  fluid  into  the 
other  side  of  the  selected  first  vessel,  selec- 
tively  connecting  the  one  side  of  each  of  the 
first  said  work  exchange  vessels  to  the  solution 
inlet  of  the  reverse  osmosis  unit  and  selectively 
connecting  the  concentrate  outlet  of  the  unit  to 
said  one  side  of  a  selected  one  of  said  second 
vessels  so  that  hydraulic  fluid  thereby  displaced 
aids  said  pumps  in  driving  solution  from  one 
side  of  the  respective  first  vessel  into  the 
reverse  osmosis  unit. 

water  or  brine.  Rather,  the  pumps  in  the  system 
illustrated  all  operate  on  hydraulic  fluid  and  therefore 
the  pumps  can  be  of  essentially  convential  design 
and  construction. 

In  the  light  of  the  foregoing,  it  may  be  seen  that 
there  has  been  described  with  reference  to  the 
drawing,  pumping  apparatus  for  feeding  a  reverse 
osmosis  unit  which  will  efficiently  recover  pumping 
energy  from  the  concentrate  discharge  flow;  the 
apparatus  having  a  pumping  system  which  does  not 
require  the  pumping  of  solution  or  concentrate  at 
high  pressures.  The  apparatus  can  be  constructed 
using  relatively  conventional  components  and  re- 
quires  a  minimal  number  of  pumps.  Furthermore,  the 
system  is  highly  efficient  and  reliable  and  is  of 
relatively  simple  and  inexpensive  construction. 

10 

15 

Claims 20 

1  .  Pumping  apparatus  for  feeding  a  reverse 
osmosis  unit  characterized  by: 

a  plurality  of  work  exchange  sub-systems 
each  of  which  includes  first  and  second  work 
exchange  vessels,  the  first  said  vessels  being 
arranged  to  receive  solution  on  one  side  and 
hydraulic  fluid  on  the  other,  the  second  said 
vessels  being  arranged  to  receive  concentrate 
on  one  side  and  hydraulic  fluid  on  the  other; 

interconnection  means,  including  a  selec- 
tively  operable  valve,  for  permitting  hydraulic 
fluid  displaced  by  the  introduction  of  solution 
into  the  one  side  of  the  respective  first  vessel  to 
flow  into  the  other  side  of  the  respective 
second  vessel  thereby  displacing  concentrate; 

booster  pump  means  for  transferring  hy- 
draulic  fluid  to  the  other  side  of  a  selected  one 
of  said  first  vessels  from  the  other  side  of  the 
respective  second  vessel; 

pump  means  for  introducing  additional  hy- 
draulic  fluid  into  the  other  side  of  the  selected 
first  vessel; 

means  for  selectively  connecting  the  one 
side  of  each  of  the  first  said  work  exchange 
vessels  to  the  solution  inlet  of  a  reverse 
osmosis  unit;  and 

means  for  selectively  connecting  the  con- 
centrate  outlet  of  a  reverse  osmosis  unit  to  said 
one  side  of  a  selected  one  of  said  second 
vessels  so  that  hydraulic  fluid  thereby  displaced 
aids  said  pumps  in  driving  solution  from  the  one 
side  of  the  respective  first  vessel  into  the 
reverse  osmosis  unit. 

2.  Pumping  apparatus  as  claimed  in  claim  1 
wherein: 

a  pair  of  said  work  exchange  sub-systems  is 
provided  to  operate  alternatingly  in  high  press- 
ure  phases; 

said  valve  being  selectively  operable  to 
permit  hydraulic  fluid  displaced  by  the  introduc- 
tion  of  solution  into  the  one  side  of  the 
respective  first  vessel  to  flow  into  the  other  side 
of  the  respective  second  vessel  thereby  dis- 
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