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Description 

This  invention  relates  to  apparatus  for  transfer- 
ring  a  plurality  of  fluid  streams  among  different  lo- 
cations.  More  particularly,  it  relates  to  a  unitary  axi- 
al  multiport  rotary  valve  which  is  capable  of  accom- 
plishing  the  simultaneous  interconnection  of  a 
plurality  of  conduits  in  accordance  with  a  predeter- 
mined  periodic  sequence. 

US-A-3,040,777  and  US-A-3,422,848  describe 
multiport  rotary  disc  valves  which  have  been  used 
in  practising  the  process  of  US-A-2,985,589,  which 
is  described  herein,  and  other  similar  processes. 
However,  in  the  practice  of  a  process  such  as  dis- 
closed  in  US-A-4,402,832,  which  is  described  be- 
low,  the  valve  of  these  references  cannot  be  uti- 
lized.  A  valve  having  utility  similar  to  the  valves  dis- 
closed  in  US-A-3,040,777  and  US-A-3,422,848  is 
disclosed  in  US-A-3,1  92,954  and  employs  a  cylindri- 
cal  rotor  within  a  surrounding  stator,  as  exemplified 
by  Figure  8. 

There  are  many  instances  in  which  it  is  necessary 
to  route  a  fluid  stream  to  one  location  for  a  period  of 
time,  then  to  another  location  for  a  period  of  time, 
and  so  forth  for  multiple  locations.  This  relatively 
simple  problem  of  routing  a  single  fluid  stream  to 
various  destinations  in  a  previously  determined  cy- 
cle  or  periodic  sequence  is  easily  accomplished  with 
one  or  more  devices  such  as  a  multiport  rotary  plug 
valve.  When  it  is  necessary  to  simultaneously  route 
more  than  a  single  fluid  stream  to  various  destina- 
tions,  it  is  highly  desirable  to  use  a  single  device 
rather  than  numerous  individual  valves,  as  dis- 
cussed  in  above-mentioned  US-A  3  040  777.  An  ax- 
ial  multiport  rotary  valve  is  such  a  device. 

US-A  3  1  92  954  discloses  a  valve  for  such  a  pur- 
pose  which  comprises  a  cylindrical  casing  with  a  cy- 
lindrical  plug  rotatable  within  the  casing,  the  exterior 
surface  of  the  plug  being  in  fluid  tight  contact  with 
the  interior  surface  of  the  casing.  Circular  grooves 
extending  around  the  axis  of  rotation  of  the  valve 
are  provided  between  the  plug  and  casing,  each 
groove  communicating  with  a  respective  port  in  the 
end  of  the  casing.  A  further  series  of  ports  is 
spaced  around  the  cylindrical  periphery  of  the  cas- 
ing,  each  communication  at  some  point  in  the  rotation 
of  the  plug  with  a  respective  recess  between  the  cy- 
lindrical  interior  surface  of  the  casing  and  cylindri- 
cal  exterior  suface  of  the  plug.  The  plug  has  a  pas- 
sage  for  each  groove,  providing  communication  be- 
tween  its  respective  groove  and  one  of  the 
recesses,  so  that  each  recess  is  in  continuous  com- 
munication  with  a  corresponding  groove  for  all  posi- 
tions  of  the  plug. 

The  separation  of  various  substances  through 
selective  adsorption  using  a  simulated  moving  bed 
of  adsorbent  is  an  example  of  a  process  in  which  an 
axial  multiport  rotary  valve  is  useful.  Simulation  of  a 
moving  adsorbent  bed  is  described  in  the  previous- 
ly  mentioned  US-A  2  985  589,  and  the  process  and 
apparatus  of  this  patent  is  depicted  herein  in  Figure 
1  1  .  In  accomplishing  this  simulation,  it  is  necessary 
to  connect  a  feed  stream  to  a  series  of  beds  in  se- 
quence,  firstly  to  a  first  bed,  then  to  a  second  bed, 
and  so  forth  for  numerous  beds,  the  number  of 

beds  often  being  between  13  and  24.  These  beds 
may  be  considered  to  be  portions  of  a  single  large 
bed  whose  movement  is  simulated.  Each  time  the 
feed  stream  destination  is  changed,  it  is  also  neces- 

5  sary  to  change  the  destinations  (or  origins)  of  at 
least  three  other  streams,  which  may  be  streams  en- 
tering  the  beds,  such  as  the  feed  stream,  or  leaving 
the  beds.  The  moving  bed  simulation  may  be  simply 
described  as  dividing  the  bed  into  a  series  of  fixed 

10  beds  and  moving  the  points  of  introducing  and  with- 
drawing  liquid  streams  past  the  series  of  fixed  beds 
instead  of  moving  the  beds  past  the  introduction 
and  withdrawal  points.  A  rotary  valve  used  in  the 
process  of  US-A  2  985  589  may  be  described  as  ac- 

15  complishing  the  simultaneous  interconnection  of  two 
separate  groups  of  conduits. 

There  are  many  different  process  requirements 
in  moving  bed  simulation  processes,  resulting  in  dif- 
ferent  flow  schemes  and  thus  variations  in  rotary 

20  valve  arrangement.  For  example,  in  addition  to  the 
four  basic  streams  described  in  US-A-2,985,589,  it 
may  be  desirable  to  utilize  one  or  more  streams  to 
purge,  or  flush,  a  pipeline  or  pipelines.  A  flush 
stream  is  used  to  prevent  undesirable  mixing  of  com- 

25  ponents.  The  flush  substance  is  chosen  to  be  one 
which  is  not  undesirable  for  mixing  with  either  main 
stream,  that  being  purged  or  that  which  enters  the 
pipeline  after  flushing  is  completed.  US-A- 
3,201  ,491  may  be  consulted  for  information  on  flush- 

30  ing  lines  as  applied  to  the  process  of  US-A- 
2,985,589.  It  may  be  desirable  to  pass  fluid  through 
a  bed  or  beds  in  the  reverse  direction  from  normal 
flow.  This  is  commonly  known  as  backflushing,  a 
subject  treated  in  US-A-4,31  9,929.  Other  applica- 

35  tions  for  various  arrangements  of  multiport  rotary 
disc  valves  may  be  seen  in  US-A-4,31  3,01  5;  US-A- 
4,157,267;  US-A-4,1  82,633;  and  US-A-4,409,033. 

Multiport  rotary  disc  valves  of  the  general  ar- 
rangement  shown  in  the  above-mentioned  US-A- 

40  3,040,777  and  US-A-3,422,848  have  been  fabri- 
cated  in  various  sizes  up  to  valves  utilizing  1.37  m 
(Ah  feet)  diameter  rotors.  These  valves  have  sev- 
en  concentric  circumferential  grooves,  or  tracks, 
and  24  ports  spaced  around  the  periphery  of  the 

45  stator.  A  single  valve  of  this  size  weighs  approxi- 
mately  11,793  kg  (26,000  pounds),  has  an  overall 
height  of  about  4.6  m  (15  feet),  and  occupies  a  plan 
area  of  approximately  2.6  by  2.6  m  (8̂   by  Bh  feet). 
These  figures  do  not  include  a  separate  hydraulic 

50  power  unit  used  with  the  hydraulically  driven  actua- 
tor  mounted  on  the  valve  proper.  It  can  be  appreci- 
ated  that  it  is  desirable  to  use  apparatus  of  less 
bulk  and  weight  to  accomplish  the  same  functions. 

While  the  multiport  rotary  disc  valve  of  US-A- 
55  3,040,777  provided  a  satisfactory  valve  design  for 

the  simultaneous  interconnection  of  two  independ- 
ent  groups  of  conduits  such  that  each  conduit  of 
the  first  group  could  be  brought  into  individual  com- 
munication  with  every  conduit  of  the  second  group, 

60  it  is  not  suitable  when  three  groups  of  conduits  must 
be  simultaneously  interconnected  in  the  same  man- 
ner.  Upon  reference  to  US-A-2,985,589,  it  can  be 
seen  that  there  are  only  two  groups  of  conduits 
which  need  to  be  interconnected  when  the  arrange- 

65  ment  of  the  drawing  of  that  patent  is  utilized.  One 
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group  consists  of  the  conduits  which  provide  the 
flows  entering  and  leaving  the  simulated  moving  bed 
absorbent  system,  that  is,  the  flows  which  are 
switched  among  the  beds,  such  as  the  feed  stream. 
A  second  group  consists  of  the  conduits  associat- 
ed  with  the  individual  beds,  that  is,  which  supply  and 
remove  fluid  from  the  beds,  one  conduit  being  con- 
nected  between  each  two  beds.  It  is  to  be  noted  that 
each  conduit  of  the  second  group  serves  that  dual 
function  of  supply  and  removal,  so  that  it  is  unnec- 
essary  to  provide  conduits  for  supplying  fluid  sepa- 
rate  from  those  for  removing  fluid. 

The  present  invention  is  concerned  with  the  prob- 
lem  of  providing  unitary  mechanical  valve  appara- 
tus  for  simultaneously  accomplishing  the  inconnec- 
tion  of  a  plurality  of  conduits  in  accordance  with  a 
previously  determined  cycle,  where  any  conduit 
communicates  with  no  more  than  one  other  conduit 
at  any  one  valve  index  position,  which  valve  is 
smaller  in  physical  size  and  will  have  fewer  mainte- 
nance  requirements  than  prior  art  valves. 

Broadly  the  present  invention  relates  to  an  axial 
multiport  rotary  valve  for  accomplishing  the  simulta- 
neous  interconnection  of  a  plurality  of  conduits  with 
a  previously  determined  cycle,  where  any  conduit 
communicates,  by  means  of  the  valve,  with  no  more 
than  one  other  conduit  at  any  one  vale  index  po- 
sition.  According  to  the  invention,  the  valve  com- 
prises: 

a)  a  stator  assembly  having  a  hollow  interior  and 
being  comprised  of  a  central  element,  a  first  end  ele- 
ment,  and  a  second  end  element,  each  of  said  ele- 
ments  having  a  cylindrical  form,  and  being  coaxial, 
with  said  end  elements  being  at  opposite  ends  of 
said  central  element; 

b)  a  plurality  of  nozzles  for  connection  of  said 
conduits  to  the  valve,  said  nozzles  being  divided  in- 
to  four  sets,  a  first  set  attached  to  said  first  stator 
end  element,  a  second  set  attached  to  said  second 
stator  end  element,  a  third  set  attached  to  said  cen- 
tral  stator  element  adjacent  to  the  first  stator  end  el- 
ement  and  a  fourth  set  attached  to  the  central  sta- 
tor  element  adjacent  to  the  second  stator  end  ele- 
ment 

c)  a  rotor  assembly  comprised  of  a  central  ele- 
ment,  a  first  end  element,  and  a  second  end  element, 
each  of  said  elements  having  a  cylindrical  form  and 
being  coaxial,  with  said  end  elements,  being  at  oppo- 
site  ends  of  said  central  element;  which  rotor  as- 
sembly  is  located  substantially  inside  the  hollow  inte- 
rior  of  the  stator  assembly  such  that  a  first  annular 
volume  is  formed  between  said  first  rotor  end  ele- 
ment  and  said  first  stator  end  element,  a  second  an- 
nular  volume  is  formed  between  said  second  rotor 
end  element,  and  said  second  stator  end  element 
and  a  central  annular  volume  is  formed  between 
said  central  rotor  element  and  said  central  stator  el- 
ement,  which  rotor  assembly  rotates  about  on  axis 
of  rotation  to  various  valve  index  positions  in  ac- 
cordance  with  said  previously  determined  cycle, 
where  said  axis  is  the  longitudinal  axis  of  both  the  ro- 
tor  and  stator  assemblies,  and  which  rotor  assembly 
has  a  plurality  of  interior  channels  divided  into  two 
groups,  a  first  group  containing  channels  having  a 

portion  located  in  the  first  rotor  end  element  and  a 
second  group  containing  channels  having  a  portion 
located  in  the  second  rotor  end  element  so  that  noz- 
zles  of  said  first  set  of  nozzles  communicate  with 

5  nozzles  of  said  third  set  by  means  of  channels  in 
said  first  group  of  channels,  passages  in  said  first 
annular  volume,  and  passages  in  said  central  annu- 
lar  volume,  and  so  that  nozzles  of  said  second  set 
communicate  with  nozzles  of  said  fourth  set  by 

10  means  of  channels  of  the  second  group,  passages 
in  said  second  annular  volume  and  passages  in  said 
central  annular  volume; 

d)  means  in  said  annular  volumes  for  definition  of 
fluid  passages  which  communicate  with  said  interior 

15  channels  of  the  rotor  assembly,  for  prevention  of 
intermixing  of  fluids  flowing  through  the  valve,  and 
for  prevention  of  external  leakage,  such  that  differ- 
ent  pairs  of  nozzles  communicate  at  each  valve  in- 
dex  position,  in  accordance  with  said  previously  de- 

20  termined  cycle,  and  such  that  fluid  supplied  by  a 
nozzle  passes  though,  in  sequence,  one  of  said  an- 
nular  volume  fluid  passages,  a  rotor  assembly  chan- 
nel,  and  another  of  said  annular  volume  fluid  pas- 
sages  before  entering  another  nozzle  to  flow  out  of 

25  the  valve;  and 
e)  means  for  providing  communications  between 

at  least  one  nozzle  in  the  second  set  and  a  nozzle  in 
the  third  set. 

30  When  it  is  necessary  to  simultaneously  intercon- 
nect  conduits  of  two  or  three  different  groups  of 
conduits  in  accordance  with  a  previously  deter- 
mined  cycle,  the  apparatus  of  the  present  invention 
may  be  used.  An  example  of  a  process  involving 

35  three  conduit  groups  may  be  found  in  US-A  4  402 
832,  which  is  described  below.  As  mentioned  above, 
it  is  highly  desirable  to  use  a  single  device  to  do  so, 
thereby  avoiding  the  obvious  problems  associated 
with  numerous  separate  valves  which  must  be  simul- 

40  taneously  actuated.  It  is  also  possible  to  provide  a 
valve  according  to  the  invention  which  is  smaller 
and  less  bulky  than  known  apparatus. 

Among  the  unique  features  of  particular  embodi- 
ments  of  the  present  invention  are  fluid  flow  paths 

45  denoted  herein  as  tie  pipes  and  central  stator  ele- 
ment  passageways.  These  fluid  flow  paths  enhance 
the  flexibility  of  an  axial  multiport  rotary  valve,  so 
that  it  can  accommodate  various  process  arrange- 
ments  requiring  interconnection  of  a  plurality  of 

50  conduits.  Tie  pipes  communicate  between  annular 
volumes  formed  between  rotor  and  stator  elements. 
Central  stator  element  passageways  permit  fluid  to 
enter  the  valve  through  a  nozzle  attached  to  the 
stator  central  element  and  exit  through  another  noz- 

55  zle  attached  to  the  stator  central  element,  thus  by- 
passing  the  end  elements  of  the  valve. 

Embodiments  of  the  invention  will  now  be  de- 
scribed,  by  way  of  example,  with  reference  to  the 
accompanying  drawings,  in  which 

60 
FIGURE  1  depicts  in  schematic  form  six  separa- 

tion  zones,  or  units,  with  two  different  fluid  flow  ar- 
rangements,  where  each  arrangement  is  the  associ- 
ated  with  a  single  step  of  the  process  of  US-A  4 

65  402  832. 
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FIGURE  2  is  a  schematic  representation  of  a 
valve  and  conduits  to  be  interconnected  by  its  use 
as  required  by  the  process  of  FIGURE  1. 

FIGURE  3  depicts  an  axial  multiport  rotary  valve 
with  tie  pipes  and  with  labels  referring  to  the  proc- 
ess  of  FIGURE  1.  Section  arrows  35  show  how  FIG- 
URE  8  is  taken.  Certain  details  are  omitted  for  the 
sake  of  drawing  convenience. 

FIGURE  4  is  a  partial  sectional  view  of  the  left 
hand  end  of  the  valve  of  FIGURE  3,  including  a  por- 
tion  of  a  stator  end  element,  a  portion  of  a  rotor  end 
element,  and  a  seal  ring  follower.  Certain  details  are 
omitted  for  the  sake  of  drawing  convenience. 

FIGURE  5  depicts  a  rotating  seal  ring  with  O- 
rings  omitted. 

FIGURE  6  is  a  partial  sectional  view  of  the  valve 
of  FIGURE  3,  including  portions  of  rotor  and  stator 
end  elements  and  central  elements.  Certain  details 
are  omitted  for  the  sake  of  drawing  convenience. 

FIGURE  7  shows  a  stator  central  element  with 
portions  of  the  stator  end  elements  and  with  central 
seal  elements  in  place  on  the  central  element.  This  is 
configured  for  use  in  the  valve  of  FIGURE  3. 

FIGURE  8  is  a  section,  taken  as  shown  in  FIG- 
URE  3,  of  the  central  elements  used  in  the  valve  of 
FIGURE  3.  Two  process  steps  are  shown. 

FIGURE  9  is  a  section  view  of  a  central  seal  ele- 
ment  taken  as  shown  by  section  arrows  9  in  FIG- 
URE  10. 

FIGURE  1  0  is  a  top  view  of  the  central  seal  ele- 
ment  of  FIGURE  9. 

FIGURE  1  1  is  a  schematic  depicting  the  process 
disclosed  in  US-A-2,985,589,  showing  a  vessel 
containing  a  plurality  of  beds  with  conduits  connect- 
ing  the  beds  and  an  axial  multiport  rotary  valve  and 
conduits  for  streams  entering  and  leaving  the  proc- 
ess. 

FIGURE  1  2  depicts  an  axial  multiport  rotary  valve 
with  certain  nozzles  labeled  to  refer  to  the  process 
of  FIGURE  1  1  and  depicting  conduit  arrangement  in 
the  same  manner  as  FIGURE  1  1  .  Since  the  valve  is 
otherwise  identical  to  that  of  FIGURE  3,  valve  com- 
ponent  reference  number  have  been  omitted. 

Following  is  a  description  of  the  embodiment  of 
the  invention  shown  in  FIGURES  1  through  10.  It  is 
not  intended  that  such  description  be  construed  as 
limiting  the  scope  of  the  invention  in  any  way;  the  de- 
scription  of  this  example  is  merely  a  convenient 
means  to  become  familiar  with  the  invention.  The  ele- 
ments  of  the  invention  may  be  arranged  to  form  oth- 
er  embodiments  and  more  or  fewer  conduits  than 
shown  in  these  drawings  may  be  accommodated. 

FIGURE  1  depicts  an  exemplary  processing  sys- 
tem  which  will  be  used  in  describing  the  invention. 
This  processing  system  is  described  fully  in  the  pre- 
viously  mentioned  US-A-4,402,832  and  it  is  only 
necessary  to  describe  herein,  in  order  to  under- 
stand  the  present  invention,  the  required  fluid  flow 
arrangement  and  cycle,  further  details  being  availa- 
ble  from  the  patent.  As  depicted  in  FIGURE  1,  there 
are  six  individual  separation  zones,  or  units,  denot- 
ed  by  reference  numbers  1  through  6.  There  are 
conduits  carrying  four  fluid  streams,  two  streams 
entering  the  processing  system  and  two  leaving  the 

processing  system  (as  denoted  by  the  arrows),  la- 
beled  feed,  extract,  desorbent,  and  raffinate. 
These  four  streams  may  be  called  process  flows  or 
process  streams.  The  manner  of  interconnection  of 

5  the  separation  units  by  means  of  conduits  carrying 
several  fluid  streams  varies  in  order  to  simulate 
movement  of  the  units  in  a  direction  cocurrent  with 
the  fluid  flow. 

There  are  six  steps  in  a  complete  cycle,  i.e.,  six 
10  different  interconnection  arrangements  to  be  ac- 

complished  by  the  valve.  Two  of  the  steps  are 
shown  in  FIGURE  1  and  from  these  two,  the  other 
four  steps  are  easily  understood.  As  the  process, 
or  valve,  is  indexed  through  each  step  of  the  cycle, 

15  each  of  the  labeled  streams  is  moved  to  a  different 
separation  unit.  The  streams  may  be  visualized  to 
move  toward  the  left  in  FIGURE  1  in  order  to  simu- 
late  movement  of  the  separation  units  to  the  right. 
During  step  1  ,  feed  is  provided  to  unit  1  ,  impure  ex- 

20  tract  is  removed  from  unit  1  and  flows  to  unit  2,  di- 
lute  extract  is  recycled  from  the  outlet  to  the  inlet  of 
unit  3,  desorbent  is  provided  to  unit  4,  dilute  raffi- 
nate  flows  from  the  bottom  of  unit  4  to  the  top  of  unit 
5,  and  impure  raffinate  is  recycled  at  unit  6,  as 

25  shown  in  step  1  of  FIGURE  1  .  At  the  end  of  the  step  1 
time  period,  the  valve  indexes,  or  rotates,  to  its 
step  2  position,  in  which  feed  is  routed  to  unit  6,  im- 
pure  extract  is  removed  from  unit  6  and  routed  to 
unit  1  ,  and  so  forth,  as  shown  in  step  2  of  FIGURE  1  . 

30  In  step  2,  abbreviations  are  used,  such  as  IE  for  im- 
pure  extract;  their  meanings  are  made  clear  by  ref- 
erence  to  the  labels  of  step  1,  referring  to  the  first 
letters  of  the  words.  It  can  now  be  understood  that 
in  step  3,  feed  will  be  routed  to  unit  5  and  corre- 

35  sponding  changes  will  be  made  in  the  origins  and 
destinations  of  the  other  streams.  During  step  6, 
feed  will  be  routed  to  unit  2  and  upon  the  next  step, 
return  to  unit  1,  the  cycle  being  repeated  indefinitely. 

FIGURE  2  depicts  the  valve  as  a  box  and  shows 
40  the  streams  of  FIGURE  1  as  arrows  entering  and 

leaving  the  box.  Each  arrow  may  be  viewed  as  a 
conduit,  or  pipeline,  the  direction  of  flow  being  as 
shown.  Thus  there  are  six  conduits  conveying  fluid 
to  the  valve,  one  communicating  with  the  outlet  of 

45  each  separation  unit  and  six  conduits  conveying  flu- 
id  away  from  the  valve,  one  communicating  with  the 
inlet  of  each  separation  unit.  In  addition,  there  are 
four  conduits  to  accommodate  the  process  flows 
discussed  above,  labeled  with  F  for  feed,  etc.  The 

50  conduits  connected  to  the  valve  may  be  placed  in 
three  groups:  process  flows,  unit  ins,  and  unit  outs. 

Referring  to  FIGURE  3,  a  hollow  stator  assembly 
is  comprised  of  central  element  1  1  ,  end  element  1  2, 
and  end  element  1  3.  In  this  embodiment  of  the  inven- 

55  tion,  the  end  elements  of  the  stator  assembly  are 
bolted  to  the  central  element  (bolts  not  shown  for 
drawing  convenience).  A  rotor  assembly,  also  com- 
prised  of  a  central  element  and  two  end  elements  is 
located  substantially  within  the  hollow  interior  of  the 

60  stator  assembly.  Either  assembly,  rotor  or  stator, 
may  be  separable  into  parts  independent  of  the  ter- 
minology  used  herein;  the  use  of  the  word  elements 
is  not  intended  to  convey  that  the  assembly  must  be 
separable  into  the  three  elements  described.  Each 

65  of  the  rotor  and  stator  elements  is  cylindrical  in 
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form.  In  this  embodiment,  the  central  elements  are 
arger  in  diameter  than  the  end  elements;  this  is  not 
necessarily  the  case  in  other  embodiments.  Size  is 
determined  by  the  number  of  fluid  streams  passing 
through  the  valve,  their  routing,  and  their  magni- 
tude,  as  well  as  by  mechanical  considerations.  Only 
a  portion  of  each  rotor  end  element  is  shown  in  FIG- 
URE  3.  Rotor  end  element  17  projects  out  of  stator 
end  element  1  2  and  rotor  end  element  1  8  projects  out 
of  stator  end  element  13.  Attached  to  the  rotor  are 
shafts  denoted  by  1  9  and  21  ,  and  the  rotor  is  sup- 
ported  in  bearing  assemblies  22  and  23.  Means  for 
rotating  the  rotor  assembly  about  an  axis  of  rotation 
are  denoted  by  reference  figure  20.  The  axis  of  ro- 
tation  is  the  extended  center  line  of  shafts  1  9  and  21  , 
or  the  longitudinal  axis  of  both  assemblies.  In  this 
particular  example,  the  rotor  is  rotated  in  60°  incre- 
ments,  with  any  one  of  six  rest  positions  of  the  rotor 
being  defined  as  a  valve  index  position  and  repre- 
senting  the  rotor  position  at,  or  during,  a  single  cy- 
cle  step.  Such  means  for  indexing  a  shaft,  or  rotat- 
ing  it  in  increments  of  usually  less  than  a  full  rota- 
tion,  are  well  known  and  may  be  characterized 
broadly  as  hydraulic,  electrical,  or  electro-mechani- 
cal.  An  example  of  means  for  rotating  may  be  found 
in  US-A-2,948,166. 

Each  stator  end  element  has  a  flange  14,  to  which 
seal  ring  followers  15  are  attached  by  bolts  16.  The 
function  of  the  seal  ring  followers  is  discussed  be- 
low.  A  plurality  of  nozzles  such  as  26  and  27  are  at- 
tached  to  the  stator  and  provide  fluid  passages  be- 
tween  the  interior  of  the  stator  and  conduits  which 
are  connected  to  the  nozzles.  The  nozzles  may  be 
divided  into  four  sets  depending  on  their  location  on 
the  stator  assembly.  Nozzle  26  is  representative  of 
nozzles  in  a  first  set  located  on  one  stator  end  as- 
sembly,  in  this  case,  the  end  element  shown  on  the 
left.  Nozzle  28  is  representative  of  a  second  set  of 
nozzles  located  on  another  stator  end  element,  de- 
picted  on  the  right  in  FIGURE  3.  A  third  set  of  noz- 
zles  is  attached  to  the  central  stator  element  adja- 
cent  to  the  left  stator  end  element  and  includes  noz- 
zle  27.  Nozzle  29  is  representative  of  a  fourth  set 
of  nozzles  attached  to  the  central  stator  element  ad- 
jacent  to  the  right  stator  end  element.  Stator  tie  pipe 
31  connects  nozzles  36  and  78,  providing  a  fluid 
passage  between  those  nozzles.  Likewise,  stator 
tie  pipe  30  provides  a  passage  for  the  flow  of  fluid 
between  nozzles  26  and  64.  Section  arrows  35 
show  the  manner  in  which  the  views  of  FIGURE  8 
are  taken. 

The  labels  of  FIGURE  3  are  the  same  as  those  of 
FIGURES  1,  2,  and  8.  The  letters  (those  without  num- 
bers)  correspond  with  the  abbreviations  of  FIG- 
URES  1  and  2,  e.g.,  F  denotes  the  feed  stream.  All 
of  the  conduits  discussed  in  connection  with  FIG- 
URES  1  and  2,  sixteen  in  number,  are  connected  to 
the  stator  assembly  by  means  of  nozzles,  though 
not  all  of  the  nozzles  are  shown  in  FIGURE  3.  There 
are  six  nozzles  in  the  third  set,  which  includes  noz- 
zle  27.  Two  of  the  nozzles  of  the  third  set  are  not 
visible  in  FIGURE  3;  they  are  located  in  positions  on 
the  back  of  the  stator  central  element.'  The  nozzles 
of  the  third  set  are  equally  spaced  around  the  sta- 
tor  central  element,  60°  apart  and  their  center  lines 

are  all  in  a  single  plane  normal  to  the  axis  of  rotation. 
The  nozzles  of  the  fourth  set  are  arranged  in  a  man- 
ner  similar  to  the  third  set.  Only  three  fourth  set 
nozzles  can  be  seen  in  FIGURE  3. 

5  Again  referring  to  FIGURES  1,  3,  and  8,  the  la- 
bels  1T  through  6T  and  1  B  through  6B  refer  to  a  par- 
ticular  separation  unit  and  a  particular  conduit  at- 
tached  to  that  unit.  For  example,  1T  indicates  that 
the  conduit  attached  to  that  nozzle  communicates 

10  between  that  nozzle  and  the  top  of  separation  unit  1 
and  3B  indicates  that  the  conduit  attached  to  that 
nozzle  communicates  between  that  nozzle  and  the 
bottom  of  separation  unit  3.  The  nomenclature  "top" 
and  "bottom"  is  used  for  convenience  only,  be- 

15  cause  in  FIGURE  1  ,  the  inlets  to  the  separation  units 
are  shown  at  the  top  of  the  drawing. 

Now  referring  to  FIGURE  4,  the  applicable  refer- 
ence  numbers  of  FIGURE  3  are  used.  Rotor  end  ele- 
ment  17  is  located  substantially  inside  stator  end  ele- 

20  ment  1  2.  Nozzles  26  and  36  of  FIGURE  3  are  shown 
in  FIGURE  4.  Two  interior  channels  37  and  38  are 
shown  in  rotor  end  element  17.  There  are  two  addi- 
tional  channels  (not  shown)  in  rotor  element  17  and 
all  four  channels,  which  comprise  a  first  group,  ex- 

25  tend  into  the  rotor  central  element  (which  is  not 
shown  in  FIGURE  4).  Channel  37  communicates  with 
nozzle  26  and  channel  38  communicates  with  nozzle 
36.  Stator  end  element  12  has  a  larger  inside  diame- 
ter  than  the  outside  diameter  of  rotor  end  element 

30  17,  thus  forming  an  annular  space,  or  annular  vol- 
ume,  between  the  elements.  As  shown  in  FIGURE  4, 
this  annular  space  is  filled  with  seal  rings.  In  con- 
tact  with  the  portion  of  seal  ring  follower  15  which 
projects  into  the  annular  volume  is  an  end  seal  ring 

35  39.  Adjacent  to  end  seal  ring  39  is  a  rotating  seal 
ring  40  and  next  to  that  is  a  stationary  seal  ring  43. 
Another  rotating  seal  ring  40  is  adjacent  to  station- 
ary  seal  ring  43  on  the  other  side.  FIGURE  5  shows 
a  single  rotating  seal  ring  40.  In  a  similar  manner,  an 

40  annular  space  is  formed  between  rotor  end  element 
18  and  stator  end  element  13  (FIGURE  3)  and  also 
between  the  rotor  central  element  and  the  stator 
central  element. 

All  of  the  nozzles  communicate  with  the  annular 
45  spaces  between  the  rotor  assembly  and  the  stator 

assembly.  The  seal  rings  are  means  by  which  fluid 
passages  in  the  end  element  annular  spaces  are  de- 
fined,  intermixing  of  fluids  in  the  annular  spaces  is 
prevented,  and  external  leakage  is  prevented.  For 

50  example,  fluid  flowing  in  channel  37  and  nozzle  26  is 
separated  from  fluid  in  channel  38  and  nozzle  36  by 
the  seal  rings.  Rotating  seal  ring  40  extends  circum- 
ferentially  around  the  rotor  end  element  and  is  con- 
figured  such  that  annular  passage  44  is  formed  in  a 

55  portion  of  the  annular  space  between  the  stator  and 
rotor  end  elements,  between  the  inside  wall  of  the 
stator  end  element  and  the  outside  surface  of  ring 
40.  FIGURE  5  shows  an  entire  seal  ring.  Note  that 
O-rings  52  are  omitted  from  the  inner  surface  of  the 

60  seal  ring  depicted  in  FIGURE  5.  An  aperture  45 
(FIGURE  5)  in  seal  ring  40  is  aligned  with  channel  37 
and  permits  fluid  to  flow  between  channel  37  and  an- 
nular  passage  44.  Since  annular  passage  44  is  cir- 
cumferential,  extending  360°  around  the  rotor  as- 

65  sembly,  the  passage  is  always  in  communication  with 
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nozzle  26,  thereby  nozzle  26  and  channel  37  are  al- 
ways  in  communication.  Similarly,  each  of  the  other 
channels  of  the  left  rotor  end  element  are  always  in 
communication  with  a  particular  nozzle  attached  to 
the  left  rotor  end  element  (nozzles  32,  34  and  36). 
An  O-ring  52  is  located  on  each  side  of  the  ring  40, 
as  shown  in  FIGURE  4,  to  prevent  fluid  from  the  ap- 
erture  45  and  the  annular  passage  44  from  flowing 
in  a  longitudinal  direction  parallel  to  the  axis  of  rota- 
tion  along  the  outside  surface  of  the  rotor  end  ele- 
ment  and  the  inside  surface  of  the  ring  40. 

End  seal  ring  39  does  not  rotate  and  is  held  in 
place  by  means  of  a  set  screw  8  inserted  through 
the  wall  of  the  stator  element  and  projecting  into 
cavity  42.  Rotating  seal  rings  40  are.  attached  to 
the  rotor  and  rotate  with  it.  Attachment  is  accom- 
plished  by  means  of  a  groove  41  (see  FIGURE  5)  in 
each  rotating  seal  ring  40.  There  is  a  tongue  (not 
shown)  which  matches  the  grooves  on  the  end  ele- 
ment  for  each  seal  ring  40.  When  tongue  and 
groove  are  engaged,  the  seal  ring  is  locked  in 
place.  Stationary  seal  ring  43  is  prevented  from  ro- 
tating  by  means  of  a  set  screw  in  the  same  manner 
as  end  seal  ring  39.  O-rings  52  prevent  fluid  leak- 
age  between  the  rotor  end  element  and  rotating  seal 
rings  40,  as  described  above,  and  between  the  sta- 
tor  end  element  and  the  stationary  seal  rings  43  or 
end  seal  ring  39,  in  the  same  manner.  Leakage  does 
occur  between  the  wall  of  the  stator  and  rotating 
seal  ring  40.  This  leakage  lubricates  and  is  con- 
tained  at  seal  interface  53  which  extends  360° 
around  the  rotor  end  element  and  is  in  a  plane  per- 
pendicular  to  the  axis  of  rotation.  The  sealing  sur- 
faces  at  interface  53  may  be  any  of  the  well-known 
materials  used  in  applications  where  a  stationary 
seal  face  bears  against  a  rotating  seal  face.  For  ex- 
ample,  a  common  pair  of  seal  face  materials  are  car- 
bon  and  tungsten.  Seal  ring  40  may  be  fabricated 
entirely  of  tungsten  and  rings  39  and  43  may  be  fab- 
ricated  entirely  of  carbon,  or  carbon  and  tungsten 
may  be  applied  to  other  base  ring  materials  solely  to 
form  the  sealing  surfaces  at  interface  53. 

The  complete  arrangement  of  the  left  rotor  end  el- 
ement  may  now  be  understood.  A  seal  ring  40  is  lo- 
cated  at  each  of  the  four  nozzles  of  stator  end  ele- 
ment  12.  Between  the  rotating  seal  rings  are  located 
stationary  seal  rings  43.  There  are  three  stationary 
rings  at  each  end  element.  At  each  end  of  the  annu- 
lar  space  formed  by  the  left  end  elements  is  an  end 
seal  ring  39.  The  rotor  end  element  shown  on  the 
right  in  FIGURE  3  is  arranged  in  the  same  manner. 
Only  one  end  of  the  annular  space  between  end  ele- 
ments  can  be  seen  in  FIGURE  4.  The  other  end  is 
shown  in  FIGURE  6,  where  it  can  be  seen  that  the 
assembly  of  seal  rings  is  retained  by  a  shoulder  on 
the  rotor  which  is  adjacent  to  rotor  sleeve  51  .  At  the 
other  end,  the  assembly  of  rings  is  held  in  place  by 
seal  follower  15  (FIGURE  4).  Also,  sealing  force  is 
applied  to  the  sealing  surface  interfaces  by  means 
of  seal  follower  15.  A  spring  25  is  provided  at  each 
bolt  16.  Spacers  24  enable  spring  25  to  be  com- 
pressed  by  turning  bolts  16  and,  therefore,  urge 
seal  follower  15  toward  the  stator  central  element, 
thereby  providing  sealing  force. 

FIGURE  6  shows  the  other  end  of  stator  element 

12  and  rotor  end  element  17  and  also  a  portion  of  sta- 
tor  central  element  1  1  and  a  portion  of  the  rotor  cen- 
tral  element  46.  Rotor  central  element  46  and  rotor 
end  element  17  are  fastened  together  by  means  of 

5  bolts  such  as  47.  Rotor  sleeve  51  provides  spacing 
between  stator  element  12  and  rotor  element  17  and 
serves  as  a  bearing.  Channels  37  and  38  communi- 
cate  with  an  annular  space  between  rotor  central  el- 
ement  46  and  stator  central  element  1  1  .  Fluid  flows 

10  between  nozzle  27  and  channel  37  and  nozzle  50 
and  channel  38.  Definition  of  fluid  passages  and 
prevention  of  intermixing,  in  the  central  element  an- 
nular  space,  of  these  streams  and  others  is  accom- 
plished  by  means  of  rotor  seal  elements  48.  FIG- 

15  URE  9  shows  a  section  view  of  a  single  rotor  seal  el- 
ement  48.  FIGURE  10  shows  a  top  view,  including 
the  sealing  surface,  of  rotor  seal  element  48.  FIG- 
URE  7  depicts  rotor  central  element  46  with  several 
seal  elements  48. 

20  The  arrangement  of  the  left  portion  of  the  valve 
of  FIGURE  3  is  described  in  detail;  the  right  portion 
of  the  valve,  comprising  rotor  and  stator  end  ele- 
ments  and  right  hand  portions  of  the  rotor  and  sta- 
tor  central  element  is  similar.  FIGURES  4  and  6  in  a 

25  mirror  image  configuration  would  depict  the  right 
hand  portion  of  the  valve. 

FIGURES  6,  7,  9,  and  10  should  be  consulted  for 
the  following  explanation.  A  rotor  seal  element  is  lo- 
cated  at  the  central  element  end  of  each  channel 

30  and  at  each  end  of  each  passageway  (discussed  be- 
low)  in  the  rotor  central  assembly.  These  seal  ele- 
ments  define  fluid  passages  and  prevent  intermixing 
of  fluids  in  the  central  annular  space.  In  this  embodi- 
ment,  there  are  twelve  rotor  seal  elements  48,  eight 

35  for  channels  and  four  for  passageways.  Reference 
figure  60  denotes  the  fluid  passage.  A  length  of  cy- 
lindrical  conduit  which  comprises  an  elongated  cylin- 
drical  portion  of  a  rotor  seal  element  48  is  located 
within  a  portion  of  channel  37.  That  portion  of  chan- 

40  nel  37  has  a  larger  diameter  than  other  portions  of 
the  channel  such  that  a  shoulder  is  formed  to  retain 
spring  49  (FIGURE  6).  Each  rotor  seal  element  is 
provided  with  O-ring  59  around  its  outer  circumfer- 
ence  to  prevent  leakage  between  the  annular  space 

45  and  the  wall  of  the  channel.  A  curved  rectangular 
plate  portion  is  attached  to  the  cylindrical  portion 
and  is  covered  by  rotor  seal  element  seat  56 
(FIGURE  9).  Spring  49  presses  sealing  face  55 
against  the  inner  surface  of  stator  central  element 

50  11,  which  is  smooth  and  polished  to  prevent  leakage 
at  the  inside  wall  of  the  stator  central  element.  Seal- 
ing  face  55  is  a  portion  of  rotor  seal  element  seat 
56,  which  is  formed  of  a  soft  elastomeric  material. 
Rotor  seal  element  seat  56  is  held  in  place  by  means 

55  of  two  retainers  57  and  four  screws  58.  Rotation  of 
the  rotor  assembly  results  in  wear  at  surface  55,  as 
a  result  of  the  movement  of  the  surface  around  the 
interior  wall  of  the  stator  central  element.  Spring  49 
provides  sealing  force  and  will  maintain  it  as  wear 

60  occurs,  but  periodically  rotor  element  seat  56  will 
need  to  be  replaced.  The  movement  of  rotor  seal  el- 
ement  48  in  the  enlarged  portion  of  channel  37  is  rel- 
atively  small  and  such  movement  does  not  affect 
the  sealing  ability  of  O-ring  59. 

65  Referring  now  to  FIGURES  4  and  6,  it  can  be 
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seen  that  channels  37  and  38  are  comprised  of 
three  sections.  One  section  is  perpendicular  to  the 
axis  of  rotation  and  located  wholly  in  the  rotor  end 
element.  One  section  is  parallel  to  the  axis  and  locat- 
ed  both  in  the  rotor  end  element  and  the  rotor  cen-  5 
tral  element.  One  section  is  perpendicular  to  the  ax- 
is  and  located  wholly  within  the  rotor  central  ele- 
ment.  The  other  six  channels  (for  a  total  of  eight 
channels)  of  this  embodiment  are  similar. 

In  FIGURE  8,  all  of  the  nozzles  of  sets  3  and  4  10 
are  shown.  Nozzles  1B  through  6B  are  shown  in  sec- 
tion  and  are  uniformly  spaced  every  60°  around  sta- 
tor  central  element  11  in  a  single  plane.  1T  through 
6T,  the  nozzles  connected  by  conduits  to  the  tops 
of  the  separation  zones,  or  units,  as  shown  in  FIG-  15 
URE  1  are  arranged  in  a  similar  manner  but  are  off- 
set  by  30°  from  the  third  set  of  nozzles.  In  this  em- 
bodiment,  the  30°  offset  exists  only  for  reasons  of 
convenience  in  connecting  conduits  to  the  stator 
central  element  and  to  permit  the  central  elements  to  20 
be  shorter  than  they  would  be  if  the  nozzles  were 
not  offset  by  30°,  but  were  side  by  side.  For  exam- 
ple,  if  nozzles  29  and  50  (FIGURE  3)  were  both  at 
the  bottom,  piping  flanges  at  nozzle  29  could  inter- 
fere  with  flanges  at  nozzle  50.  The  direction  of  rota-  25 
tion  of  the  rotor  assembly  is  shown  by  arrow  62. 

The  complete  fluid  transfer  paths  may  now  be  un- 
derstood.  For  example,  in  step  1  of  the  six-step  cy- 
cle,  raffinate  (R)  leaves  the  process  system  by 
means  of  nozzle  32  (FIGURE  3),  having  entered  the  30 
valve  by  means  of  the  nozzle  labeled  5B,  (FIGURE 
8,  step  1),  which  is  connected  by  a  conduit  to  the  bot- 
tom  of  separation  unit  5,  and  having  passed  through 
channel  61  to  nozzle  32.  In  step  2  of  the  process,  R 
flows  from  separation  zone  4  (FIGURE  1,  step  2)  35 
and,  therefore,  enters  the  valve  through  the  nozzle 
labeled  4B.  Since  the  rotor  has  indexed  60°  from 
step  1  to  step  2,  nozzle  4B  is  aligned  with  channel  61 
and  the  raffinate  flows  through  channel  61  to  nozzle 
32.  In  steps  3,  4,  5,  and  6,  raffinate  flow  is  switched  40 
in  a  similar  manner,  as  has  been  discussed  above. 
Between  each  end  of  channel  61  and  the  nozzles, 
raffinate  flows  into  annular  spaces,  one  between 
the  central  elements  and  one  between  end  elements. 
The  flow  is  contained  and  prevented  from  intermix-  45 
ing  with  other  flows  through  the  valve  by  the  sealing 
means  described  above. 

In  a  further  example  of  fluid  flow  paths  through 
the  valve,  IR  from  the  bottom  of  separation  unit  6 
(FIGURE  1,  step  1)  enters  the  valve  through  nozzle  50 
27  (FIGURES  3,  6,  8)  and  flows  to  nozzle  26  via 
channel  37  (FIGURES  3  and  4).  From  nozzle  26,  it 
flows  to  nozzle  64  (FIGURE  3)  via  stator  tie  pipe 
30,  or  tie  conduit  30  (FIGURE  3).  A  tie  pipe  is  used 
herein  to  mean  a  conduit  which  connects  and  commu-  55 
nicates  between  two  nozzles  of  a  valve.  Impure 
raffinate  then  flows  from  nozzle  64  to  nozzle  65 
(FIGURE  8,  step  1)  via  a  channel  (not  shown)  in  the 
right  rotor  end  element  and  the  right  portion  of  the 
rotor  central  element.  Nozzle  65  is  connected  to  a  60 
conduit  which  routes  the  stream  to  the  top  of  sepa- 
ration  zone  6.  In  step  2  of  the  cycle,  the  rotor  index- 
es  so  that  impure  raffinate  from  separation  unit  5 
flows  into  channel  37. 

It  can  be  seen  that  nozzles  of  the  first  set  commu-  65 

nicate  with  third  set  nozzles  by  means  of  channels 
in  the  first  group,  passages  in  the  left  hand  annular 
space  between  end  elements,  and  passages  in  the 
central  annular  space.  Nozzles  of  the  second  set 
communicate  with  fourth  set  nozzles  in  a  similar  man- 
ner,  the  flow  paths  including  channels  in  a  second 
group  of  channels. 

Referring  to  FIGURE  1,  it  can  be  seen  that  a  con- 
duit  containing  impure  extract  from  the  bottom  of 
separation  unit  1  must  be  connected  with  a  conduit 
feeding  separation  unit  2.  This  is  accomplished  by 
means  of  passageway  66  in  the  rotor  central  ele- 
ment.  Referring  to  FIGURE  8,  step  1,  passageway 
66  is  located  wholly  within  the  rotor  central  element 
and  connects  nozzles  67  and  68.  Passageway  66 
consists  of  three  portions.  A  first  end  portion  is  in 
register  with  nozzle  67,  as  can  be  seen  in  step  1  of 
FIGURE  8.  A  second  end  portion  cannot  be  seen  in 
FIGURE  8,  but  is  identical  to  the  first  portion  in  con- 
figuration  and  is  in  register  with  nozzle  68.  The  third 
portion  of  passageway  66  connects  the  first  two 
portions  and  is  perpendicular  to  them.  The  third  por- 
tion  may  be  drilled  from  one  face  of  the  rotor  central 
element  while  the  end  element  is  disconnected  from 
the  central  element  and  then  the  first  portion  of  the 
drilled  hole,  adjacent  to  the  end  of  the  central  ele- 
ment,  can  be  plugged.  Rotor  seal  elements  48  are 
used  in  the  annular  space  and  the  ends  of  passage- 
way  66  in  the  same  manner  as  in  the  ends  of  the 
channels.  In  step  2  of  the  cycle,  passageway  66 
provides  a  flow  path  between  nozzles  27  and  69, 
and  so  forth  for  the  other  cycle  steps.  In  the  same 
manner,  passageway  70  provides  a  flow  path  be- 
tween  separation  units  4  and  5  at  step  1  ,  etc.  Pas- 
sageways  66  and  70  permit  nozzles  in  the  third  set 
to  communicate  with  fourth  set  nozzles. 

In  this  example,  where  the  fluids  flowing  in  the 
process  are  liquids,  pumps  are  required  at  certain 
locations.  For  example,  referring  to  step  1  of  FIG- 
URE  1  ,  a  pump  is  needed  to  transfer  dilute  extract 
from  the  bottom  of  unit  6  to  the  top  of  unit  6.  This 
pump  may  be  physically  located  in  tie  pipe  30.  In  step 
2  of  the  cycle,  as  can  be  seen  from  FIGURE  1  ,  this 
same  pump  could  be  used  to  transfer  liquid  between 
5B  and  5T.  Alternatively,  a  single  pump  could  be  as- 
sociated  with  each  column  and  used  only  when  nec- 
essary  to  pump  a  stream  associated  with  that  col- 
umn.  No  further  mention  of  apparatus  such  as 
pumps  and  compressors  used  to  transfer  fluid  need 
be  made,  as  those  familiar  with  chemical  processing 
are  able  to  appreciate  when  such  apparatus  is  re- 
quired  and  where  in  the  process  it  needs  to  be  locat- 
ed. 

FIGURES  1  1  and  1  2  present  an  example  in  which  a 
valve  is  used  to  interconnect  a  plurality  of  conduits 
in  two  groups.  The  process  depicted  is  that  shown  in 
US-A-2,985,589  (the  "Broughton  process").  An  ex- 
planation  of  the  process  is  presented  above  and 
supplemented  in  the  following  paragraphs.  The  ex- 
planation  of  this  example  need  not  be  as  detailed  as 
that  of  the  previous  example,  since  the  basic  princi- 
ples  of  the  invention  are  known  from  the  previous 
example.  This  example  is  not  intended  to  limit  the 
scope  of  the  invention.  There  are  twelve  beds  in 
vessel  71  ;  one  bed  72  is  shown  in  the  cutaway  por- 
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tion  of  FIGURE  11.  The  bed  72  is  retained  by  bed 
support  means  at  the  bottom  of  the  conical  section. 
Liquid  is  distributed  evenly  over  the  top  of  the  bed 
by  distributor  73,  which  may  be  a  perforated  plate. 
Liquid  which  flows  through  the  bed  is  collected  in 
reservoir  74.  If  liquid  is  to  be  removed  from  reser- 
voir  74,  it  will  flow  out  through  an  internal  conduit  75 
which  communicates  between  the  reservoir  and  a 
conduit  106  external  to  vessel  71.  Conduit  106  car- 
ries  liquid  to  the  valve.  If  liquid  is  not  to  be  re- 
moved,  the  flow  path  is  blocked  in  the  valve  and  liq- 
uid  overflows  the  reservoir  and  passes  through 
downcomer  77  to  another  distributor  73,  to  be  dis- 
tributed  over  the  next  lower  bed.  If  liquid  is  to  be 
added,  it  flows  in  from  the  valve  through  conduit  1  06 
and  is  distributed  over  the  next  lower  bed  in  the 
same  manner  as  liquid  flowing  through  bed  72. 

There  are  four  basic  streams  whose  connection 
points  to  vessel  71  and  the  beds  therein  are 
changed  at  each  cycle  step.  They  are  labeled  in  the 
same  manner  as  the  process  of  FIGURE  1;  F  de- 
notes  feed,  etc.  Since  there  are  twelve  beds,  liquid 
flows  to  or  from  any  given  bed  only  every  third  cy- 
cle  step.  For  example,  liquid  flows  in  conduit  106 
every  third  step  and  during  the  other  two  steps,  all 
liquid  flows  through  downcomer  77.  Consider  that 
the  beds  are  numbered  from  B1  through  B12,  start- 
ing  at  the  top  of  vessel  71  .  Bed  72  is  B6.  Twelve  con- 
duits  must  then  connect  the  vessel  and  the  valve. 
These  are  depicted  by  the  twelve  lines  denoted  1  01 
through  112  connected  to  the  larger  central  portion 
of  the  valve  symbol,  this  larger  portion  of  the  sym- 
bol  representing  a  stator  central  element.  Consider 
that  at  cycle  step  1  ,  feed  (F)  flows  to  bed  B6.  Then 
raffinate  (R)  will  flow  from  bed  B9,  desorbent  (D)  will 
flow  to  bed  B12,  and  extract  (E)  will  flow  from  bed 
B3,  all  in  step  1  .  During  step  2,  F  will  flow  to  B7,  R 
from  B1  0,  D  to  B1  and  E  from  B4.  The  flows  will  se- 
quence  in  a  similar  manner  through  the  balance  of 
the  twelve  steps  of  the  cycle  and  then  repeat. 

The  twelve  conduits,  101  through  112,  are  connect- 
ed  to  twelve  nozzles  attached  to  the  stator  central 
element  in  the  same  configuration  as  the  earlier  ex- 
ample  presented  herein.  As  in  that  example,  five  of 
the  conduits  do  not  appear  in  the  drawing  of  the 
whole  valve  (FIGURE  12).  The  nozzles  of  FIGURE 
1  2  are  labeled  1  01  through  1  06  and  1  1  2  to  indicate  the 
conduits  connected  to  them,  e.g.,  bed  B6  is  served 
by  conduit  106.  There  are  three  significant  differ- 
ences  between  the  embodiment  used  in  this  example 
and  that  described  above  in  connection  with  the 
"Gerhold  process"  (US-A-4,402,832)  example. 
There  are  no  passageways  such  as  66  and  70,  in 
the  rotor  central  element.  Tie  pipes  are  not  re- 
quired.  The  third  difference  is  that  the  rotor  assem- 
bly  of  this  embodiment  rotates  in  30°  increments  to 
accommodate  the  twelve  cycle  steps.  As  in  the  Ger- 
hold  process  example,  there  are  four  nozzles  at- 
tached  to  each  rotor  end  element.  Each  of  the  four 
basic  streams  is  routed  to  each  end  element.  For  ex- 
ample,  feed  (F)  in  conduit  120  (FIGURE  12)  is  sup- 
plied  to  each  end  element  by  means  of  conduits  1  21 
and  122,  which  branch  off  from  conduit  120.  At  cycle 
step  1,  F  enters  the  valve  through  nozzle  124  and 
passes  out  of  the  valve  through  nozzle  1  06.  At  cy- 

cle  step  1,  F  entering  the  valve  through  nozzle  123 
flows  no  farther  than  the  seal  element  in  the  annular 
space  between  the  rotor  and  stator  central  ele- 
ments,  because  the  central  element  nozzle  is  not 

5  aligned  with  any  of  the  four  channels  in  the  right  ro- 
tor  end  element.  At  cycle  step  2,  the  rotor  assembly 
having  indexed  through  30°,  F  flows  into  nozzle  123, 
through  a  channel  in  the  right  end  rotor  and  right 
portion  of  the  rotor  central  element  and  out  of  the 

10  valve  by  means  of  nozzle  to  which  conduit  107 
(FIGURE  11)  is  attached.  Conduit  107  provides  the 
feed  stream  to  bed  B7.  During  step  2,  F  which  en- 
ters  the  valve  through  nozzle  124  is  blocked  in  the 
same  manner  as  in  step  1  ,  i.e.,  the  channel  end  in  the 

15  left  portion  of  the  rotor  central  element  is  blocked 
by  the  stator  central  element  wall.  The  other  basic 
flows,  D,  E  and  R,  are  routed  in  a  similar  manner. 
Note  that  in  this  embodiment,  the  passageways 
shown  in  FIGURE  8  do  not  exist,  so  there  are  al- 

20  ways  two  nozzles  on  the  left  and  two  on  the  right 
side  of  the  central  element  not  in  alignment  with  any 
channel,  even  when  the  other  4  nozzles  are  in  align- 
ment.  Thus,  during  any  one  cycle  step,  none  of  the 
nozzles  on  one  of  the  two  sides  of  the  central  ele- 

25  ment  are  in  communication  with  a  channel  and  only  4 
of  the  6  nozzles  on  the  other  side  are  in  communica- 
tion  with  a  channel,  so  that  fluids  are  flowing  in  only 
4  nozzles  at  any  one  time. 

Means  for  sealing  other  than  the  seal  rings  de- 
30  scribed  above  may  be  used.  The  annular  space  be- 

tween  end  elements  may  be  filled  with  conventional 
shaft  packing  and  compressed  by  means  similar  to 
seal  ring  follower  15.  Stationary  lantern  rings  may 
be  used  in  place  of  the  rotating  seal  rings  to  provide 

35  fluid  flow  passageways  analogous  to  annular  pas- 
sage  44.  Another  alternate  to  the  above-mentioned 
seal  rings  is  lip-type  seals.  These  might  be  used 
alone  or  in  conjunction  with  rings  spaced  along  the 
shaft  to  aid  in  defining  fluid  passages,  such  rings 

40  being  identical  in  configuration  to  a  stack  of  flat 
washers.  In  a  similar  manner,  there  are  alternates 
to  the  use  of  rotor  seal  elements  48,  such  as  lip- 
type  seals  or  a  plastic  liner  having  self-lubricating 
properties.  A  liner  could  be  of  tetrafluoroethylene, 

45  either  reinforced  or  non-reinforced,  having  aper- 
tures  in  appropriate  locations  to  allow  fluid  to  flow. 
Rigid  retaining  means  might  be  provided  at  various 
points  so  that  any  tendency  of  the  liner  to  "creep"  is 
minimized. 

50  In  each  of  the  above  examples,  there  have  been 
four  nozzles  each  in  the  first  and  second  sets  of 
nozzles  and  six  nozzles  each  in  the  third  and  fourth 
sets.  Of  course,  valves  having  different  numbers 
of  nozzles,  to  accommodate  more  or  fewer  con- 

55  duits,  can  be  designed.  Varying  numbers  of  tie 
pipes  can  be  used  to  connect  nozzles  of  various 
groups,  depending  on  the  flow  pattern  required  in 
any  particular  process.  It  may  be  necessary  to 
place  pipe  expansion  joints  in  the  tie  pipes,  if  tie 

60  pipes  are  used,  to  prevent  damage  to  the  valve 
and/or  leakage  due  to  expansion  caused  by  high 
temperature  fluids  flowing  through  the  valve.  As 
discussed  above,  it  may  be  desirable  to  utilize  flush- 
ing  fluids;  nozzles  and  channels  can  easily  be  pro- 

65  vided  for  this  purpose.  When  a  rotary  valve  is  re- 
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ferred  to  as  indexing,  it  is  meant  that  the  rotor  as- 
sembly  is  moving.  A  valve  index  position  refers  to 
one  of  the  positions  of  a  rotor  assembly  which  is 
stationary  and  where  openings  are  in  register.  The 
components  of  the  present  invention  may  be  fabri- 
cated  from  suitable  materials  of  construction,  such 
as  metals  or  plastics.  Sizing  of  the  flow  passages  is 
easily  accomplished  by  reference  to  any  of  the  nu- 
merous  standard  methods  which  are  available. 

To  illustrate  valve  dimensions,  a  rotor  assembly 
only  for  a  valve  suitable  for  use  in  the  Gerhold 
process  discussed  above  with  six  separation  units 
and  moderate  fluid  flow  rates  requiring  38.1  mm  (V-i 
inch)  diameter  channels  may  have  a  total  length  of 
1  .07  m  (42  inches),  with  a  diameter  of  1  27  mm  (5  inch- 
es)  at  the  end  elements  and  254  mm  (1  0  inches)  at 
the  central  element;  total  valve  length  including 
driving  mechanism  may  be  about  2.13  m  (7  ft).  A  ro- 
tor  end  element  having  four  1  02  mm  (4  inch)  diameter 
channels  to  handle  fluids  at  moderate  pressures 
may  have  a  diameter  of  355.6  mm  (14  inches). 

In  the  examples  presented,  nozzles  have  been 
shown  as  short  lengths  of  conduit  attached  to,  or  lo- 
cated  on,  the  stator  assembly  and  having  flanges 
for  connection  to  the  conduits  to  be  interconnected 
by  the  valve.  However,  the  term  nozzle  is  used 
broadly  to  indicate  means  of  communication  between 
conduits  and  annular  volumes.  For  example,  if  it  is 
desired  to  connect  conduits  to  a  valve  by  means  of 
welding,  the  term  nozzle  may  refer  to  openings  in 
the  walls  of  the  stator  assembly,  the  stator  wall  be- 
ing  configured  to  accept  welded-on  conduits. 

Claims 

1.  An  axial  multiport  rotary  valve  for  accomplish- 
ing  the  simultaneous  interconnection  of  a  pluraily  of 
conduits  in  accordance  with  a  previously  deter- 
mined  cycle,  where  any  conduit  communicates,  by 
means  of  the  valve,  with  no  more  than  one  other 
conduit  at  any  one  valve  index  position,  the  valve 
comprising: 

a)  a  stator  assembly  having  a  hollow  interior  and 
being  comprised  of  a  central  element  (11),  a  first 
end  element  (12);  and  a  second  end  element  (13), 
each  of  said  elements  having  a  cylindrical  form, 
and  being  coaxial,  with  said  end  elements  being  at 
opposite  ends  of  said  central  element; 
b)  a  plurality  of  nozzles  (26-36,  50,  64,  65,  78) 
for  connection  of  said  conduits  to  the  valve,  said 
nozzles  being  divided  into  four  sets,  a  first  set 
(26,  32,  34,  36)  attached  to  said  first  stator  end 
element  (12),  a  second  set  (28,  33,  64,  78)  at- 
tached  to  said  second  stator  end  element  (13),  a 
third  set  (27,  50)  attached  to  said  central  stator 
element  (11)  adjacent  to  the  first  stator  end  ele- 
ment  (12)  and  a  fourth  set  (29)  attached  to  the 
central  stator  element  (1  1  )  adjacent  to  the  second 
stator  end  element  (13); 
c)  a  rotor  assembly  comprised  of  a  central  ele- 
ment  (46),  a  first  end  element  (17),  and  a  second 
end  element  (18),  each  of  said  elements  having  a 
cylindrical  form,  and  being  coaxial,  with  said  end 
elements  being  at  opposite  ends  of  said  central  el- 
ement;  which  rotor  assembly  is  located  substan- 

tially  inside  the  hollow  interior  of  the  stator  as- 
sembly  (11-13)  such  that  a  first  annular  volume  is 
formed  between  said  first  rotor  end  element  (17) 
and  said  first  stator  end  element  (12),  a  second 

5  annular  volume  is  formed  between  said  second 
rotor  end  element  (1  8)  and  said  second  stator  end 
element  (13),  and  a  central  annular  volume  is 
formed  between  said  central  rotor  element  (46) 
and  said  central  stator  element  (11),  which  rotor 

10  assembly  rotates  about  an  axis  of  rotation  to  vari- 
ous  valve  index  positions  in  accordance  with  said 
previously  determined  cycle,  where  said  axis  is 
the  longitudinal  axis  of  both  the  rotor  and  stator 
assemblies,  and  which  rotor  assembly  has  a  plu- 

15  rality  on  interior  channels  (37-38),  divided  into 
two  groups,  a  first  group  (37,  38)  containing 
channels  having  a  portion  located  in  the  first  ro- 
tor  end  element  (17)  and  a  second  group  contain- 
ing  channels  having  a  portion  located  in  the  sec- 

20  ond  rotor  end  element  (1  8)  so  that  nozzles  of  said 
first  set  of  nozzles  (26,  32,  34,  36)  communicate 
with  nozzles  of  said  third  set  (27,  50)  by  means  of 
channels  in  said  first  group  of  channels,  passag- 
es  in  said  first  annular  volume,  and  passages  in 

25  said  central  annular  volume,  so  that  nozzles  of 
said  second  set  (28,  33,  64,  78)  communicate  with 
nozzles  of  said  fourth  set  (29)  by  means  of  chan- 
nels  of  the  second  group,  passages  in  said  sec- 
ond  annular  volume,  and  passages  in  said  central 

30  annular  volume; 
d)  means  (39,  40,  43,  45,  48)  in  said  annular  vol- 
umes  for  definition  of  fluid  passages  which  com- 
municate  with  said  interior  channels  (37,  38)  of 
the  rotor  assembly  (17,  18),  for  the  prevention  of 

35  intermixing  of  external  leakage,  such  that  differ- 
ent  pairs  of  nozzles  communicate  at  each  valve 
index  position,  in  accordance  with  said  previously 
determined  cycle,  and  such  that  fluid  supplied  by 
a  nozzle  passes  through,  in  sequence,  one  of 

40  said  annular  volume  fluid  passages,  a  rotor  as- 
sembly  channel,  and  another  of  said  annular  vol- 
ume  fluid  passages  before  entering  another  noz- 
zle  to  flow  out  of  the  valve;  and 
e)  means  (66,  70)  for  providing  communication  be- 

45  tween  at  least  one  nozzle  in  the  second  set  and  a 
nozzle  in  the  third  set. 
2.  A  valve  according  to  claim  1,  characterised  in 

that  said  means  for  providing  communication  be- 
tween  at  least  one  nozzle  in  the  second  set  and  a 

50  nozzle  in  the  third  set  comprises  at  least  one  pas- 
sageway  (66,  70)  located  wholly  within  the  central 
rotor  element  (46),  said  passageway  having  a  first 
end  portion  which  is  in  register,  at  each  valve  index 
position,  with  a  nozzle  attached  to  the  stator  central 

55  element  and  a  second  end  portion  in  register,  at 
each  valve  index  position,  with  another  nozzle  at- 
tached  to  the  stator  central  element. 

3.  A  valve  according  to  claim  1  or  2,  further  char- 
acterized  in  that  each  of  said  plurality  of  interior 

60  channels  (37,  38)  in  said  rotor  assembly  is  com- 
prised  of  three  portions,  one  portion  which  is  per- 
pendicular  to  said  axis  of  rotation  and  located  wholly 
in  a  rotor  end  element,  one  portion  which  is  parallel 
to  said  axis  and  located  both  in  a  rotor  end  element 

65  and  the  rotor  central  element,  and  one  portion  which 

9 



17 EP  0  231  567  B1 18 

is  perpendicular  to  said  axis  and  located  wholly  with- 
in  the  rotor  central  element. 

4.  A  valve  according  to  any  of  the  preceding 
claims,  further  characterized  in  that  said  means  in 
said  annular  volumes  comprises  a  rotating  seal  ring 
(40)  attached  to  and  extending  circumferentially 
around  a  rotor  end  element,  said  ring  (40)  having  a 
height  approximately  equal  to  the  width  of  said  annu- 
lar  volume  between  rotor  and  stator  end  elements 
and  having  a  length  sufficient  to  contain  an  aper- 
ture  (45)  and  an  annular  passage  (44),  which  aper- 
ture  and  annular  passage  provide  a  fluid  flow  path 
between  a  channel  and  a  nozzle,  said  annular  pas- 
sage  extending  360°  around  the  ring  and  bounded 
on  one  side  by  a  portion  of  inside  surface  of  a  sta- 
tor  end  assembly  and  on  the  other  sides  by  the  ring, 
said  ring  (40)  having  means  (52)  for  sealing  to  pre- 
vent  fluid  from  said  aperture  (45)  and  channel  from 
flowing  in  a  longitudinal  direction  parallel  to  said  axis 
of  rotation  along  the  interface  of  the  outside  sur- 
face  of  the  rotor  end  element  and  the  inside  surface 
of  said  ring,  and  said  ring  having  two  lubricated  ro- 
tating  seal  surfaces  extending  360°  around  the  ring 
in  planes  perpendicular  to  said  axis  of  rotation, 
where  lubrication  for  said  surfaces  is  provided  by 
fluid  leakage  from  said  annular  passage  along  the 
interface  of  outside  surfaces  of  the  ring  and  por- 
tions  of  the  interior  surface  of  the  stator  end  ele- 
ment. 

5.  A  valve  according  to  any  of  the  preceding 
claims,  further  characterized  in  that  said  means  in 
said  annular  volumes  comprises  a  stationary  seal 
ring  (39,  43)  attached  to  a  stator  end  element  and 
extending  circumferentially  around  a  rotor  end  ele- 
ment,  said  stationary  seal  ring  having  a  height  ap- 
proximately  equal  to  the  width  of  said  annular  vol- 
ume  between  stator  and  rotor  end  elements,  said 
stationary  seal  ring  having  means  (52)  for  sealing  to 
prevent  fluid  from  flowing  in  a  longitudinal  direction 
parallel  to  said  axis  of  rotation  along  the  interface 
of  the  outside  surface  of  the  stationary  seal  ring 
and  a  portion  of  inside  surface  of  the  stator  end  ele- 
ment,  and  said  stationary  seal  ring  having  at  least 
one  lubricated  stationary  seal  surface  extending 
360°  around  the  stationary  seal  ring  in  a  plane  per- 
pendicular  to  said  axis  of  rotation,  where  lubrication 
for  said  seal  surface  is  provided  by  fluid  leakage 
from  an  annular  volume  fluid  passage. 

6.  A  valve  according  to  any  of  the  preceding 
claims,  further  characterized  in  that  said  means  in 
said  annular  volumes  comprises  a  rotor  seal  ele- 
ment  (48)  comprised  of  a  length  of  cylindrical  con- 
duit  at  least  partially  located  in  and  concentric  with 
an  enlarged  diameter  end  portion  of  a  channel, 
which  enlarged  portion  is  located  wholly  within  a  ro- 
tor  central  element  and  perpendicular  to  said  axis  of 
rotation,  further  comprises  a  curved  plate  sealably 
attached  to  and  surrounding  the  exterior  of  said 
conduit  at  one  end,  said  curved  plate  being  perpen- 
dicular  to  the  longitudinal  axis  of  said  conduit  and 
having  a  radius  of  curvature  substantially  the  same 
as  that  of  the  inside  surface  of  the  stator  central  el- 
ement  (11),  further  comprises  means  (59)  for  seal  ing 
to  prevent  fluid  flow  in  a  direction  parallel  to  the  lon- 
gitudinal  axis  of  said  cylindrical  conduit  along  the  in- 

terface  of  the  surface  of  the  enlarged  channel  por- 
tion  and  the  external  surface  of  the  cylindrical  con- 
duit,  and  further  comprises  spring  means  (49)  to 
urge  said  curved  plate  into  sealing  contact  with  the 

5  inside  surface  of  the  stator  central  element  (11)  to 
prevent  fluid  leakage  along  the  interface  of  the 
curved  plate  and  the  stator  central  element  inside 
surface,  whereby  fluid  flows  between  a  channel  and 
a  nozzle  by  means  of  said  cylindrical  conduit. 

10 
Patentanspruche 

1.  Axiales  Mehrwegdrehventil  zum  Bereitstellen 
einer  gleichzeitigen  Verbindung  einer  Vielzahl  von 

15  Leitungen  miteinander  gemaB  einer  zuvor  festgeleg- 
ten  Reihenfolge,  wobei  jede  Leitung  iiber  das  Ventil 
in  irgendeiner  Drehstellung  des  Ventils  mit  nicht 
mehr  als  einer  anderen  Leitung  in  Verbindung  steht, 
und  das  Ventil  aufweist: 

20  a)  einen  Statoraufbau,  welcher  im  Inneren  hohl  ist 
und  aus  einem  zentralen  Stuck  (11),  einem  ersten 
Endstuck  (12)  und  einem  zweiten  Endstuck  (13)  be- 
steht,  wobei  jedes  der  Stiicke  zylindrische  Form 
hat  und  die  Stiicke  koaxial  sind  und  wobei  die  End- 

25  stiicke  an  den  gegeniiberliegenden  Enden  des 
zentralen  Stiickes  liegen; 
b)  eine  Mehrzahl  von  DCisen  (26-36,  50-64,  65, 
78)  fur  den  AnschluB  der  Leitungen  an  das  Ven- 
til,  wobei  die  Diisen  in  vier  Satze  aufgeteilt  sind, 

30  einen  ersten  Satz  (26,  32,  34,  36),  welcher  an 
dem  ersten  Endstuck  (12)  des  Stators  angebracht 
ist,  einem  zweiten  Satz  (38,  33,  64,  78),  welcher 
an  dem  zweiten  Endstuck  (13)  des  Stators  ange- 
bracht  ist,  einem  dritten  Satz  (27,  50),  welcher  an 

35  dem  mittleren  Statorstiick  (11)  unmittelbar  an- 
schlieBend  an  das  erste  Statorendstuck  (12)  an- 
gebracht  ist,  und  einen  vierten  Satz  (29),  welcher 
an  dem  mittleren  Statorstiick  (11)  unmittelbar  an- 
schlieBend  an  das  zweite  Statorendstuck  (13)  an- 

40  gebracht  ist; 
c)  einen  Rotoraufbau,  welcher  aus  einem  zentra- 
len  Element  (46),  einem  ersten  Endelement  (17) 
und  einem  zweiten  Endelement  (1  8)  besteht,  wobei 
jedes  der  Elemente  zylindrische  Form  hat,  die  Ele- 

45  mente  koaxial  sind  und  wobei  die  Endelemente  auf 
gegeniiberliegenden  Seiten  des  zentralen  Ele- 
mentes  liegen,  wobei  der  Rotoraufbau  im  wesentli- 
chen  in  dem  hohlen  Inneren  des  Statoraufbaus 
(11-13)  angeordnet  ist,  derart  daB  ein  erstes  ring- 

50  formiges  Volumen  zwischen  dem  ersten  Rotor- 
endelement  (17)  und  dem  ersten  Statorendstuck 
(12)  gebildet  wird,  ein  zweites  ringformiges  Volu- 
men  zwischen  dem  zweiten  Rotorendelement  (18) 
und  dem  zweiten  Statorendstuck  (13)  gebildet  wird 

55  und  ein  mittiges  ringformiges  Volumen  zwischen 
dem  zentralen  Rotorelement  (46)  und  dem  zentra- 
len  Statorstiick  (1  1  )  gebildet  wird,  wobei  der  Rotor- 
aufbau  urn  eine  Drehachse  in  verschiedene  Ven- 
tilschaltstellungen  entsprechend  dem  zuvor  fest- 

60  gelegten  Zyklus  rotiert,  wobei  die  Achse  die 
Langsachse  sowohl  des  Rotor-  als  auch  des  Sta- 
toraufbaus  ist  und  wobei  der  Rotoraufbau  eine 
Mehrzahl  von  inneren  Kanalen  (37-38)  hat,  die  in 
zwei  Gruppen  aufgeteilt  sind,  namlich  eine  erste 

65  Gruppe  (37,  38),  die  Kanale  aufweist,  welche  mit 
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einem  Abschnitt  in  dem  ersten  Rotorendelement 
(1  7)  angeordnet  sind  und  eine  zweite  Gruppe,  wel- 
che  Kanale  aufweist,  von  denen  ein  Abschnitt  in 
dem  zweiten  Rotorendelement  (18)  angeordnet 
sind,  so  daB  die  Diisen  aus  dem  ersten  Satz  von 
Diisen  (26,  32,  34,  36)  mit  Diisen  aus  dem  dritten 
Satz  (27,  50)  iiber  Kanale  der  ersten  Gruppe  von 
Kanalen,  Durchgange  in  dem  ersten  ringformigen 
Volumen  und  Durchgange  in  dem  zweiten  ringfor- 
migen  Volumen  in  Verbindung  stehen,  und  daB 
Diisen  aus  dem  zweiten  Satz  (28,  33,  64,  78)  mit 
Diisen  aus  dem  vierten  Satz  (29)  iiber  Kanale  der 
zweiten  Gruppe,  Durchgange  in  dem  zweiten  ring- 
formigen  Volumen  und  Durchgange  in  dem  zentra- 
len  ringformigen  Volumen  in  Verbindung  stehen; 
d)  Mittel  (39,  40,  43,  45,  48)  in  den  ringformigen 
Volumina,  urn  FlieBdurchgange  festzulegen,  wel- 
che  mit  den  inneren  Kanalen  (37,  38)  des  Rotor- 
aufbaus  (17,  18)  in  Verbindung  stehen,  urn  das  Mi- 
schen  von  Fluiden,  die  durch  das  Ventil  flieBen, 
zu  verhindern  und  urn  eine  Leckage  nach  auBen 
zu  verhindern  derart,  daB  unterschiedliche  Paa- 
re  von  Diisen  in  jeder  Ventildrehstellung  mitein- 
ander  in  Verbindung  stehen  gemaB  dem  zuvor  er- 
wahnten  festgelegten  Zyklus,  und  so  daB  iiber  ei- 
ne  Diise  zugefuhrtes  Fluid  der  Reihe  nach  durch 
eine  der  ringformigen  VolumenflieBdurchgange, 
einen  Rotoraufbaukanal  und  einen  weiteren  der 
FlieBdurchgange  des  ringformigen  Volumens  hin- 
durchtritt,  bevor  es  in  eine  weitere  Diise  eintritt, 
urn  aus  dem  Ventil  herauszuflieBen;  und 
e)  Mittel  (66,  70),  urn  die  Verbindung  zwischen 
mindestens  einer  Diise  des  zweiten  Satzes  und 
einer  Diise  des  dritten  Satzes  herzustellen. 
2.  Ventil  nach  Anspruch  1,  dadurch  gekennzeich- 

net,  daB  die  Mittel  zum  Bereitstellen  der  Verbindung 
zwischen  zumindest  einer  Diise  in  dem  zweiten  Satz 
und  einer  Diise  in  dem  dritten  Satz  zumindest  einen 
Durchgang  (66,  70)  aufweisen,  welcher  vollstandig 
innerhalb  des  zentralen  Rotorelementes  (46)  liegt, 
wobei  der  Durchgang  einen  ersten  Endabschnitt 
hat,  der  in  jeder  Schaltstellung  des  Ventils  mit  einer 
an  dem  zentralen  Statorstiick  angebrachten  Diise 
registerhaltig  ist,  und  einen  zweiten  Endabschnitt 
hat,  der  in  jeder  Schaltstellung  des  Ventils  mit  einer 
anderen  an  dem  zentralen  Statorstiick  angebrach- 
ten  Diise  registerhaltig  ist. 

3.  Ventil  nach  Anspruch  1  oder  2,  weiterhin  ge- 
kennzeichnet  dadurch,  daB  jeder  von  der  Mehrzahl 
innerer  Kanale  (37,  38)  in  dem  Rotoraufbau  aus  drei 
Abschnitten  zusammengesetzt  ist,  wobei  ein  Ab- 
schnitt  senkrecht  zu  der  Drehachse  und  ganz  in  ei- 
nem  Rotorendelement  liegt,  ein  Abschnitt  parallel  zu 
der  Achse  ist  und  sowohl  in  einem  Rotorendelement 
und  in  dem  zentralen  Rotorelement  liegt  und  ein  Ab- 
schnitt  senkrecht  zu  dieser  Achse  ist  und  ganz  in 
dem  zentralen  Rotorelement  liegt. 

4.  Ventil  nach  einem  der  vorstehenden  Ansprii- 
che,  weiterhin  dadurch  gekennzeichnet,  daB  die  Ein- 
richtung  in  den  ringformigen  Raumen  einen  drehen- 
den  Dichtungsring  (40)  aufweist,  welcher  an  einem 
Rotorendelement  angebracht  ist  und  sich  in  Um- 
fangsrichtung  urn  dieses  herum  erstreckt,  wobei 
der  Ring  (40)  eine  Hone  hat,  die  naherungsweise 
gleich  der  Breite  des  ringformigen  Raumes  zwi- 

schen  den  Endelementen  des  Rotors  und  des  Sta- 
tors  ist  und  eine  ausreichende  Lange  hat,  urn  eine 
Offnung  (45)  und  einen  ringformigen  Durchgang 
(44)  zu  enthalten,  wobei  diese  Offnung  und  der 

5  ringformige  Durchgang  einen  FlieBweg  fur  Fluid  zwi- 
schen  einem  Kanal  und  einer  Diise  bereitstellen,  der 
ringformige  Durchgang  sich  urn  360°  urn  den  Ring 
herum  erstreckt  und  an  einer  Seite  von  einem  Ab- 
schnitt  der  Innenflache  eines  Statorendaufbaus 

10  und  die  anderen  Seiten  von  dem  Ring  begrenzt  wer- 
den,  wobei  der  Ring  (40)  Dichtungsmittel  (52)  hat, 
urn  zu  verhindern,  daB  Fluid  aus  der  Offnung  (45) 
und  dem  Kanal  in  Langsrichtung  parallel  zur  Dreh- 
achse  entlang  des  Ubergangs  der  auBeren  Oberfla- 

15  che  des  Rotorendelementes  zu  der  inneren  Oberfla- 
che  des  Ringes  flieBt,  und  daB  der  Ring  zwei  ge- 
schmierte  drehende  Dichtflachen  hat,  welche  sich 
urn  360°  urn  den  Ring  herum  in  Ebenen  senkrecht  zur 
Drehachse  erstrecken,  wobei  die  Schmierung  der 

20  Flachen  durch  Leckaustritt  aus  dem  ringformigen 
Durchgang  entlang  des  Oberganges  von  den  auBe- 
ren  Oberflachen  des  Ringes  zu  Abschnitten  der  in- 
neren  Oberflache  des  Statorendstuckes  gewahrlei- 
stet  wird. 

25  5.  Ventil  nach  einem  der  vorstehenden  Ansprii- 
che,  weiterhin  dadurch  gekennzeichnet,  daB  die  Ein- 
richtung  in  dem  ringformigen  Raum  einen  stationa- 
ren  Dichtungsring  (39,  43)  aufweist,  welcher  an  ei- 
nem  Statorendstuck  angebracht  ist  und  sich  in 

30  Umfangsrichtung  urn  ein  Rotorendelement  herum  er- 
streckt,  wobei  der  stationare  Dichtungsring  eine 
Hohe  hat,  die  naherungsweise  gleich  der  Breite  des 
ringformigen  Raumes  zwischen  den  Endstiicken  des 
Stators  und  des  Rotors  ist,  wobei  der  stationare 

35  Dichtungsring  Dichtungsmittel  (52)  hat,  urn  zu  ver- 
hindern,  daB  Fluid  in  Langsrichtung  parallel  zur 
Achse  der  Drehung  entlang  des  Ubergangs  von 
der  auBeren  Oberflache  des  stationaren  Dichtungs- 
rings  zu  einem  Abschnitt  der  inneren  Oberflache 

40  des  Statorendstuckes  flieBt,  und  daB  der  stationare 
Dichtungsring  zumindest  eine  geschmierte  stationa- 
re  Dichtungsflache  hat,  welche  sich  urn  360°  urn  den 
stationaren  Dichtungsring  in  einer  Ebene  senkrecht 
zur  Achse  der  Drehung  herum  erstreckt,  wobei  die 

45  Schmierung  fur  die  Dichtflache  durch  eine  Fluid- 
leckage  aus  einem  ringformigen  Fluiddurchgangs- 
raum  gewahrleistet  wird. 

6.  Ventil  nach  einem  der  vorstehenden  Ansprii- 
che,  weiterhin  dadurch  gekennzeichnet,  daB  die  Ein- 

50  richtung  in  dem  ringformigen  Raum  ein  Rotordich- 
tungselement  (48)  aufweist,  welches  aus  einem 
Langsabschnitt  einer  zylindrischen  Leitung  besteht, 
die  zumindest  teilweise  in  einem  Endabschnitt  eines 
Kanals  mit  vergroBertem  Durchmesser  und  konzen- 

55  trisch  zu  diesem  Endabschnitt  angeordnet  ist,  wobei 
der  vergroBerte  Abschnitt  ganz  innerhalb  eines 
zentralen  Rotorelementes  und  senkrecht  zur  Achse 
der  Drehung  angeordnet  ist,  daB  die  Einrichtung 
weiterhin  eine  gekriimmte  Platte  aufweist,  die  dich- 

60  tend  an  der  AuBenseite  der  Leitung  angebracht  ist 
und  diese  umgibt,  wobei  die  gekriimmte  Platte  senk- 
recht  zur  Langsachse  der  Leitung  verlauft  und  ei- 
nen  Kriimmungsradius  hat,  der  im  wesentlichen  der- 
selbe  ist  wie  der  der  Innenflache  des  zentralen  Sta- 

65  torstuckes  (11),  weiterhin  Dichtungsmittel  (59) 
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aufweist,  um  zu  verhindern,  daB  Fluid  in  Richtung 
parallel  zur  Langsachse  der  zylindrischen  Leitung 
entlang  des  Oberganges  von  der  Oberflache  des 
vergroBerten  Kanalabschnittes  zu  der  auBeren 
Oberflache  der  zylindrischen  Leitung  flieBt,  und  au-  5 
Berdem  Federmittel  (49)  aufweist,  um  die  gekriimmte 
Platte  in  dichtenden  Kontakt  mit  der  inneren  Ober- 
flache  des  zentralen  Statorstuckes  (11)  zu  drucken, 
um  eine  Fluidleckage  entlang  des  Oberganges  der 
gekrummten  Platte  zu  der  inneren  Oberflache  des  10 
zentralen  Statorstuckes  zu  verhindern,  wodurch 
Fluid  zwischen  einem  Kanal  und  einer  Diise  auf- 
grund  der  zylindrischen  Leitung  flieBt. 

nevenaications 15 

1.  Distnbuteur  rotatif  axial  a  ptusieurs  voies  des- 
tine  a  assurer  I'interconnexion  simultanee  de  plu- 
sieurs  conduits  d'apres  un  cycle  predetermine,  un 
conduit  quelconque  communiquant,  par  I'intermediai-  20 
re  du  distributeur,  au  maximum  avec  un  autre  con- 
duit  pour  une  position  reperee  quelconque  du  distri- 
buteur,  le  distributeur  comprenant: 

a)  un  ensemble  a  stator  ayant  I'interieur  creux  et 
comprenant  un  element  central  (11),  un  premier  25 
Element  (12)  d'extremite  et  un  second  element  (13) 
d'extremite,  chacun  des  elements  ayant  une  for- 
me  cylindrique  et  tous  les  elements  etant 
coaxiaux,  les  elements  d'extremite  etant  places 
aux  extremites  opposees  de  I'element  central,  30 
b)  plusieurs  tubulures  (26-36,  50,  64,  65,  78) 
destinees  a  connecter  les  conduits  au  distribu- 
teur,  les  tubulures  etant  reparties  en  quatre  en- 
sembles,  un  premier  ensemble  (26,  32,  34,  36) 
etant  fixe  au  premier  element  (12)  d'extremite  de  35 
stator,  un  second  ensemble  (28,  33,  64,  78)  etant 
fixe  au  second  element  (13)  d'extremite  de  stator, 
un  troisieme  ensemble  (27,  50)  etant  fixe  a  I'ele- 
ment  central  (11)  de  stator  pres  du  premier  ele- 
ment  (12)  d'extremite  et  un  quatrieme  ensemble  40 
(29)  etant  fixe  a  I'element  central  (11)  de  stator 
pres  du  second  element  (13)  d'extremite, 
c)  un  ensemble  a  rotor  constitue  d'un  element  cen- 
tral  (46),  d'un  premier  element  (17)  d'extremite  et 
d'un  second  element  (18)  d'extremite,  chacun  des  45 
elements  ayant  une  forme  cylindrique  et  tous  les 
elements  etant  coaxiaux,  les  elements  d'extremite 
etant  places  aux  extremites  opposees  de  I'element 
central,  I'ensemble  a  rotor  etant  place  pratique- 
ment  dans  la  partie  interne  de  I'ensemble  (1  1-13)  a  50 
stator  afin  qu'un  premier  volume  annulaire  soit 
forme  entre  le  premier  element  (17)  d'extremite  du 
rotor  et  le  premier  element  (12)  d'extremite  du  sta- 
tor,  qu'un  second  volume  annulaire  soit  forme  en- 
tre  le  second  element  (18)  d'extremite  du  rotor  et  55 
le  second  element  (13)  d'extremite  du  stator  et  un 
volume  annulaire  centra!  est  forme  entre  le  se- 
cond  element  (46)  d'extremite  du  rotor  et  le  se- 
cond  element  (11)  d'extremite  du  stator,  et  qu'un 
volume  annulaire  central  soit  forme  entre  Tele-  60 
ment  central  du  rotor  et  I'element  central  du  sta- 
tor,  I'ensemble  a  rotor  tournant  autour  d'un  axe 
de  rotation  vers  diverses  positions  reperees  du 
distributeur  en  fonction  du  cycle  predetermine, 
cet  axe  etant  I'axe  longitudinal  a  la  fois  des  ensem-  65 

bles  a  rotor  et  a  stator,  I'ensemble  a  rotor  ayant 
plusieurs  canaux  internes  (37-38)  divises  en 
deux  groupes,  un  premier  groupe  (37,  38)  cove- 
nant  des  canaux  ayant  une  partie  placee  dans  le 
premier  element  (17)  d'extremite  du  rotor  et  un  se- 
cond  groupe  contenant  des  canaux  ayant  une 
partie  placee  dans  le  second  element  (18)  d'extre- 
mite  du  rotor  afin  que  les  tubulures  du  premier  en- 
semble  (26,  32,  34,  36)  de  tubulures  communi- 
quent  avec  des  tubulures  du  troisieme  ensemble 
(27,  50)  par  I'intermediaire  des  canaux  du  premier 
groupe  de  canaux,  de  passages  du  premier  volu- 
me  annulaire  et  de  passages  du  volume  annulaire 
central,  et  de  maniere  que  les  tubulures  du  se- 
cond  ensemble  (28,  33,  64,  78)  communiquent 
avec  des  tubulures  du  quatrieme  ensemble  (29) 
par  I'intermediaire  de  canaux  du  second  groupe, 
de  passages  du  second  volume  annulaire  et  de 
passages  du  volume  annulaire  central, 
d)  un  dispositif  (39,  40,  43,  45,  48)  place  dans 
les  volumes  annulaires  et  destine  a  delimiter  des 
passages  de  fluides  qui  communiquent  avec  des 
canaux  internes  (37,  38)  de  I'ensemble  (17,  18)  a 
rotor  afin  que  les  fluides  circulant  dans  le  distri- 
buteur  ne  puissent  pas  se  melanger  et  afin  que 
les  fuites  vers  I'exterieur  soient  evitees,  si  bien 
que  des  paires  differentes  de  tubulures  communi- 
quent  pour  chaque  position  reperee  du  distribu- 
teur,  d'apres  le  cycle  predetermine,  et  que  le  flui- 
de  transmis  par  une  tubulure  passe  successive- 
ment  dans  I'un  des  passages  de  fluide  de  volume 
annulaire,  un  canal  de  I'ensemble  a  rotor,  et  un 
autre  des  passages  de  fluide  de  volume  annulaire 
avant  de  penetrer  dans  une  autre  tubulure  et  de 
sortir  du  distributeur,  et 
e)  un  dispositif  (66,  70)  destine  a  assurer  la  com- 
munication  entre  au  moins  une  tubulure  du  second 
ensemble  et  une  tubulure  du  troisieme  ensemble. 
2.  Distributeur  selon  la  revendication  1,  caracte- 

rise  en  ce  que  le  destine  a  assurer  la  communication 
entre  au  moins  une  tubulure  du  second  ensemble  et 
une  tubulure  du  troisieme  ensemble  comporte  au 
moins  un  passage  (66,  70)  place  en  totalite  dans 
I'element  central  (46)  du  rotor,  le  passage  ayant  une 
premiere  partie  d'extremite  qui  est  placee  en  face 
d'une  tubulure  fixee  a  I'element  central  du  rotor,  a 
chaque  position  reperee  du  distributeur,  et  une  se- 
conde  partie  d'extremite  qui  est  en  face  d'une  autre 
tubulure  fixee  a  I'element  central  du  stator,  a  cha- 
que  position  reperee  du  distributeur. 

3.  Distributeur  selon  la  revendication  1  ou  2,  ca- 
racterise  en  outre  en  ce  que  chacun  de  plusieurs 
canaux  internes  (37,  38)  formes  dans  I'ensemble  a 
rotor  comporte  trois  parties,  une  premiere  partie  qui 
est  perpendiculaire  a  I'axe  de  rotation  et  qui  est  tota- 
lement  placee  dans  un  element  d'extremite  du  rotor, 
une  partie  qui  est  paraliele  a  I'axe  et  qui  est  placee  a 
la  fois  dans  un  element  d'extremite  du  rotor  et  dans 
I'element  central  du  rotor,  et  une  partie  qui  est  per- 
pendiculaire  a  I'axe  et  qui  est  placee  en  totalite  dans 
I'element  central  du  rotor. 

4.  Distributeur  selon  I'une  quelconque  des  reven- 
dications  precedentes,  caracterise  en  outre  en  ce 
que  le  dispositif  place  dans  les  volumes  annulaires 
comporte  une  bague  rotative  d'etancheite  (40)  fixee 
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autour  d  un  element  d  extremite  du  rotor  et  disposee 
circonferentiellement  autour  de  celui-ci,  la  bague 
(40)  ayant  une  hauteur  a  peu  pres  egale  a  la  largeur 
du  volume  annulaire  entre  les  elements  d'extremite 
du  rotor  et  du  stator  et  ayant  une  longueur  suffisan- 
te  pour  qu'elle  possede  une  ouverture  (45)  et  un 
passage  annulaire  (44),  I'ouverture  et  le  passage 
annulaire  formant  un  trajet  de  circulation  de  fluide 
entre  un  canal  et  une  tubulure,  le  passage  annulaire 
etant  place  sur  360°  autour  de  la  bague  et  etant  deli- 
mite  d'un  premier  cote  par  une  partie  de  surface  in- 
terne  d'un  ensemble  d'extremite  du  stator  et  des 
autres  cotes  par  la  bague,  la  bague  (40)  ayant  un 
dispositif  (52)  destine  a  former  I'etancheite  afin  que 
le  fluide  ne  puisse  pas  s'echapper  par  I'ouverture 
(45)  et  le  canal  dans  la  direction  longitudinale  paral- 
lel  a  I'axe  de  rotation  le  long  de  I'interface  de  la  sur- 
face  externe  de  l'£l§ment  d'extremite  du  rotor  et  de 
la  surface  interne  de  I'anneau,  I'anneau  ayant  deux 
surfaces  rotatives  lubrifiees  d'etancheite  dispo- 
sers  sur  360°  autour  de  I'anneau  dans  les  plans 
perpendiculaires  a  I'axe  de  rotation,  la  lubrification 
des  surfaces  etant  assuree  par  les  fuites  de  fluide 
provenant  du  passage  annulaire  le  long  de  I'interfa- 
ce  externe  de  I'anneau  et  de  parties  de  la  surface  in- 
terne  de  I'element  d'extremite  du  stator. 

5.  Distributeur  selon  I'une  quelconque  des  reven- 
dications  precedentes,  caracterise  en  outre  en  ce 
que  le  dispositif  place  dans  les  volumes  annulaires 
comporte  une  bague  fixe  d'etancheite  (39,  43)  fixee 
a  un  element  d'extremite  du  stator  et  disposee  cir- 
conferentiellement  autour  d'un  element  d'extremite 
du  stator,  la  bague  fixe  d'etancheite  ayant  une  hau- 
teur  approximativement  egale  a  la  largeur  du  volume 
annulaire  entre  les  elements  d'extremite  du  stator  et 
du  rotor,  la  bague  fixe  d'etancheite  ayant  un  disposi- 
tif  (52)  destine  a  empecher  I'ecoulement  du  fluide  en 
direction  longitudinale  parallele  a  I'axe  de  rotation  le 
long  de  I'interface  de  la  surface  externe  de  la  bague 
fixe  d'etancheite  et  d'une  partie  de  la  surface  inter- 
ne  de  I'element  d'extremite  du  stator,  et  la  bague  fixe 
d'etancheite  ayant  au  moins  une  surface  fixe  lubri- 
fiee  d'etancheite  disposee  sur  360°  autour  de  la  ba- 
gue  fixe  d'etancheite  dans  un  plan  perpendiculaire  a 
I'axe  de  rotation  a  un  endroit  oD  la  lubrification  de  la 
surface  d'etancheite  est  assuree  par  le  fluide  qui 
fuit  du  passage  de  fluide  du  volume  annulaire. 

6.  Distributeur  selon  I'une  quelconque  des  reven- 
dications  precedentes,  caracterise  en  outre  en  ce 
que  le  dispositif  place  dans  les  volumes  annulaires 
comporte  un  element  d'etancheite  (48)  de  rotor  com- 
prenant  un  trongon  de  conduit  cylindrique  place  au 
moins  partiellement  dans  une  partie  d'extremite  de 
diametre  elargi  d'un  canal  et  concentrique  a  cette 
partie  d'extremite,  la  partie  eMargie  etant  placee  en 
totalite  dans  un  element  central  de  rotor  et  etant 
perpendiculaire  a  I'axe  de  rotation,  et  comprenant 
en  outre  une  plaque  courbe  fixee  de  maniere  etan- 
che  a  I'exterieur  du  conduit  et  entourant  celui-ci,  a 
une  premiere  extremite,  la  plaque  courbe  etant  per- 
pendiculaire  a  I'axe  longitudinal  du  conduit  et  ayant 
un  rayon  de  courbure  pratiquement  egal  a  celui  de  la 
surface  interne  de  I'element  central  (1  1  )  de  stator,  et 
comprenant  en  outre  un  dispositif  (59)  destine  a  as- 
surer  I'etancheite  de  maniere  que  le  fluide  ne  puisse 

pas  s'ecouler  en  direction  parallele  a  I'axe  longitudi- 
nal  du  conduit  cylindrique  le  long  de  I'interface  de  la 
surface  de  la  partie  elargie  de  canal  et  de  la  surfa- 
ce  externe  du  conduit  cylindrique,  et  comportant  en 

5  outre  un  dispositif  a  ressort  (49)  destine  a  repous- 
ser  la  plaque  courbe  en  contact  etanche  avec  la 
surface  interne  de  I'element  central  (11)  du  stator 
afin  que  le  fluide  ne  puisse  pas  fuir  a  I'interface  de 
la  plaque  courbe  et  de  la  surface  interne  de  I'ele- 

10  ment  central  du  stator,  si  bien  que  le  fluide  s'ecoule 
entre  un  canal  et  une  tubulure  par  I'intermediaire  du 
conduit  cylindrique. 

3 



r  

1 1  

n  

i 

S t e p  

' 9  

M   U  

s  I  ' 

i.  r  
L  

4  

1  

/"5 



:P  0  231  567  B1 



EP  0  231  567  B1 



EP  0  231  567  B1 

F / G . 5  

F I G .   t o  



EP  0  231  567  B1 

T \ G .   8  



P  0  231  567  B1 

F / C .   I I  



IP  0  231  567  B1 


	bibliography
	description
	claims
	drawings

