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(57)  A  process  utilizing  a  disc-nozzle  centrifuge 
introduces  very  large  volumes  of  washing  liquid 
directly  into  the  centrifuge  to  achieve  displace- 
ment  washing  and  classification  action.  The 
disc-nozzle  centrifuge  has  a  return  conduit  63 
for  recycling  of  underflow  and  is  provided  with 
a  venturi  type  structure  81  for  simultaneous 
injection  of  return  flow  and  washing  liquid  into 
the  centrifuge.  The  decreased  pressure  at  the 
venturi  structure  increases  flow  in  the  return 
conduit. 
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FIELD  OF  THE  INVENTION 

The  invention  is  directed  to  a  disc-nozzle  type 
centrifuge  having  provision  for  high-rate  washing. 

BACKGROUND  OF  THE  INVENTION 

Centrifuges  are  devices  for  separating  subst- 
ances  of  different  specific  gravities  or  particle  sizes  by 
extremely  rapid  rotation  which  exerts  centrifugal  force 
upon  the  substances  treated.  Commonly,  solid  parti- 
cles  suspended  in  liquid  are  separated  from  the  bulk 
of  the  liquid  by  centrifugation. 

The  disc-nozzle  centrifuges  such  as  are  dis- 
closed  in  U.S.  Patent  No.  2,779,536,  issued  January 
29,  1957,  U.S.  Pat.  No.  4,005,81  7,  issued  February  1, 
1977,  U.S.  Patent  No.  4,067,494,  issued  January  10, 
1978,  exhibit  a  double  cone-shaped  rotor  bowl  which 
is  provided  with  a  separating  chamber  comprised  of 
a  stack  of  rotatable  separating  discs  for  effecting  a 
two-fraction  separation  of  the  feed  slurry  into  a  heavy 
fraction  nozzle  discharge  as  an  underflow  product  at 
the  periphery  of  the  bawl  and  a  light  fraction  discharge 
as  an  overflow  product  at  the  top  of  the  machine. 

Centrifuge  machines  of  this  type  have  found 
application  in  many  industries  including  the  food, 
pharmaceutical  and  chemical  industries  as  well  as  in 
waste  treatment  and  in  the  mineral  and  petroleum 
industries. 

Over  the  years,  the  capacity  of  disc  nozzle  cen- 
trifuges  such  as  the  Dorr-Oliver  "MERCO"  machines 
have  been  increased  dramatically  in  part  by  increas- 
ing  the  number  of  nozzles  and  the  size  of  the  nozzles. 
Larger  quantities  of  solids  can  be  handled  by  such 
machines  than  could  be  handled  in  the  past.  High 
volume  rates  of  feed  and  high  solids  content  of  the 
feed  stream  are  now  within  the  capability  of  the  new 
disc  nozzle  centrifuges. 

In  disc-nozzle  centrifuges,  the  feed  slurry  is  intro- 
duced  into  the  rotor  bowl  eitherfrom  the  top  of  the  cen- 
trifuge  and  so  downwardly  about  the  rotor  drive  shaft 
by  gravity  feed  or  from  the  bottom  of  the  centrifuge 
upwardly  into  the  rotor  bowl  via  a  pumping  chamber. 
Although  both  feed  systems  are  operable,  it  has  been 
found,  in  practice,  that  the  top  feed  approach  has  the 
virtue  of  simplicity. 

These  centrifuge  machines  often  utilize  means 
for  recycling  a  portion  of  the  underflow  to  the  cen- 
trifuge.  By  controlling  the  amount  of  material  recycled 
through  the  machine,  the  concentration  of  the  under- 
flow  can  be  regulated.  This  recycling  takes  the  form 
of  either  "power"  or  "passive"  recycling. 

In  power  recycling  an  external  pump  is  employed 
to  return  a  part  of  the  underflow  to  a  feed  reservoir 
where  it  mixes  with  fresh  feed  before  flowing  on  to  the 
centrifuge.  The  required  pump  is,  of  course,  powered 
by  an  outside  energy  source. 

In  passive  recycling  the  return  flow  is  obtained 

using  forces  developed  by  centrifuge  operation  and 
an  external  pump  is  not  required.  The  nozzles  of  the 
centrifuge  discharge  the  underflow  into  an  annular  or 
volute  chamber  of  the  centrifuge  and  a  valved  under- 

5  flow  conduit  connected  to  the  volute  chamber  is  pro- 
vided  to  withdraw  a  portion  of  the  underflow 
(underflow  draw-off)  from  the  machine.  A  return  con- 
duit  is  open  to  the  underflow  conduit  and  joins  the 
underflow  conduit  to  a  nozzle  or  port  in  the  base  of  the 

10  centrifuge  which  opens  into  a  pumping  or  impeller 
chamber  of  the  centrifuge.  The  modest  product  head 
developed  in  the  annular  or  volute  chamber  drives  a 
portion  of  the  underflow  through  the  return  conduit  to 
the  impeller  chamber  of  the  centrifuge  from  which  it  is 

15  forced  upwardly  toward  the  nozzles  and  separating 
discs. 

The  return  conduit  has  been  used  in  the  past  to 
accomplish  a  limited  washing  function  by  introducing 
a  small  amount  of  a  wash  liquid  into  the  conduit.  By 

20  "small  amount"  is  meant  a  washing  liquid/underflow 
draw-off  volume  ratio  of  20%  to  50%.  Injection  of  a 
larger  amount  of  wash  liquid  into  the  return  conduit 
tends  to  block  or  reverse  the  path  of  the  recycle  flow 
since  that  flow  is  operating  only  under  a  low  differen- 

25  tial  pressure. 
The  washing  operation  is  intended  to  reduce  the 

solubles  in  the  liquid  associated  with  the  product  sol- 
ids  of  the  centrifuge. 

It  is  an  object  of  this  invention  to  improve  the 
30  washing  effectiveness  of  disc-nozzle  centrifuges  hav- 

ing  provision  for  recycle  of  underflow  by  introducing  a 
large  amount  of  wash  liquid  into  the  rotor  of  the  cen- 
trifuge  to  accomplish  displacement  washing  while 
enhancing  the  recycle  function  of  the  machine. 

35 
SUMMARY  OF  THE  INVENTION 

The  present  invention  contemplates  injection  of  a 
relatively  large  amount  of  wash  liquid  directly  into  the 

40  rotor  chamber  of  a  disc-nozzle  centrifuge  simul- 
taneously  with  the  return  flow  of  recycled  underflow. 
By  a  large  amount,  it  is  intended  to  include  wash  liquid 
volumes  of  from  over  0.5  to  3  times  the  underflow 
draw-off  volume.  Thus,  in  one  typical  washing  cen- 

45  trifuge  having  a  draw-off  rate  of  X  gal/min  the  wash 
rate  would  include  a  range  of  liquid  wash  rates  from 
over  .5X  gal/min  to  3X  gal/min. 

The  introduction  of  the  wash  liquid/recycle  mixt- 
ure  into  the  separating  chamber  of  the  centrifuge 

so  where  it  meets  fresh  feed  results  in  displacement 
washing  of  the  feed.  The  liquid  originally  associated 
with  the  feed  is  largely  displaced  to  the  overflow. 

In  addition  to  the  washing  function,  substantial 
improvement  in  classification  of  solids  is  effected  due 

55  to  the  high  rate  of  return  flow  and  wash  liquid  into  the 
separation  chamber.  The  high  upflow  wash  elutriates 
the  bed  of  solids  within  the  rotor  separation  chamber 
and  lifts  the  fines  out  of  the  fluid  bed  and  sweeps  them 
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to  the  overflow. 
In  one  embodiment  of  the  invention,  the  return 

conduit  of  a  disc-nozzle  centrifuge  is  in  communi- 
cation  with  an  impeller  chamber  in  a  lower  portion  of 
the  rotor  of  the  centrifuge,  and  a  nozzle  element  is 
provided  to  inject  the  recycled  underflow  centrally 
upwardly  into  the  impeller  chamber.  A  wash  line  has 
a  nozzle  leading  from  the  wash  line  concentrically 
upward  within  the  recycle  nozzle  element  so  that 
wash  liquid  is  injected  into  the  impeller  chamber 
through  the  recycle  nozzle  element.  The  discreet  flow 
of  wash  liquid  into  the  impeller  chamber  establishes 
conditions  for  displacement  washing  in  the  separating 
chamber  of  the  centrifuge.  In  addition,  the  juxtaposi- 
tion  of  the  recycle  nozzle  element  and  the  wash  liquid 
nozzle  interior  thereof  forms  a  venturi  throat  with  the 
accompanying  decreased  pressure  characteristic  of 
such  a  structure.  This  decreased  pressure  tends  to 
increase  flow  in  the  return  conduit  which  is  normally 
relatively  slow  due  to  the  low  differential  pressure 
available  in  the  prior  art  structures. 

DESCRIPTION  OF  THE  DRAWINGS 

Figure  1  is  a  view  in  part  in  section  of  a  disc- 
nozzle  centrifuge  having  provision  for  return  of 
underflow  to  the  centrifuge  rotor  showing  the 
structure  for  introducing  wash  liquid  into  the  rotor 
or  impeller  chamber  of  the  centrifuge; 
Figure  2  and  2A  are  views  taken  along  line  2-2  of 
Figure  1  showing  alternative  structures  for  hand- 
ling  mixed  return  flow  and  wash  liquid  in  the  sepa- 
ration  chamber  of  a  centrifuge; 
Figure  3  is  a  view  of  an  alternative  structure  of  a 
tube  for  injecting  a  mixed  return  flow  and  wash 
liquid  into  the  separation  chamber; 
Figure  4  is  an  enlarged  view  in  section  of  an  alter- 
nate  impeller  structure  in  accordance  with  the 
invention  for  introducing  wash  liquid  with  return 
flow  into  the  centrifuge; 
Figure  4A  is  a  perspective  view  of  the  impeller  of 
Figure  4; 
Figure  5  is  a  graph  showing  the  improved  %  dis- 
placement  achieved  using  high-rate  washing  on 
a  modified  starch  feed  in  accordance  with  the 
invention; 
Figure  6  is  a  graph  similar  to  Figure  5  but  showing 
improved  %  displacement  achieved  using  a  diffe- 
rent  modified  starch  feed;  and 
Figure  7  is  a  further  graph  in  which  results 
obtained  on  various  feeds  over  a  much  wider 
range  of  wash  liquor/underflow  liquor  ratios  are 
compiled. 

DETAILED  DESCRIPTION 

The  structure  of  the  centrifuge  10  illustrated  in 
Figure  1  of  the  drawing  consists  of  a  rotor  11  suppor- 

ted  by  a  vertical  shaft  12,  within  stationary  housing  13. 
As  will  be  presently  described  in  more  detail,  the  rotor 
is  provided  with  various  fluid  passages,  including  an 
inlet  for  the  fluid  feed  material,  an  outlet  for  discharge 

5  of  the  lighter  centrifugally  separable  component  of  the 
feed  material,  known  as  the  overflow,  and  an  outlet  for 
the  heavier  centrifugally  separable  component  of  the 
feed  material,  known  as  the  underflow.  The  rotor  11 
is  supported  and  driven  by  the  vertically  disposed 

10  shaft  12,  which  is  connected  to  a  vertical  coaxially 
aligned  motor  driven  shaft  (not  shown). 

Housing  1  3  can  be  conveniently  formed  of  separ- 
able  sections  18  and  19.  Section  18  forms  a  volute  or 
annular  chamber  21  for  receiving  the  centrifugally 

15  separated  overflow  discharge  from  the  rotor  11,  and 
section  19  is  formed  to  provide  a  volute  or  annular 
chamber  22  for  receiving  the  underflow  discharge 
from  the  rotor  1  1  . 

The  body  of  rotor  1  1  is,  likewise,  preferably  made 
20  of  a  number  of  separable  annular  parts  including  a 

main  part  23  and  mating  upper  and  lower  parts  24  and 
27  respectively.  Part  23  is  secured  to  the  lower  part 
or  inner  structure  27  of  the  rotor  which  is  attached  to 
the  lower  end  of  the  rotor  shaft  12.  Parts  23  and  24  are 

25  retained  together  by  suitable  means,  such  as  a  clamp- 
ing  ring  29.  Between  the  inner  structure  27  and  the 
inner  surfaces  30  and  31  of  the  rotor  parts  23  and  24 
lies  the  centrifuge  or  separating  chamber  32. 

A  stack  of  axially  spaced  annular  separating 
30  discs  35,  which  are  of  conventional,  truncated  conical 

form,  is  mounted  in  the  chamber  32  coaxial  with  shaft 
12.  A  plurality  of  equiangularly  spaced  underflow  dis- 
charge  nozzles  36,  each  of  which  is  provided  with  a 
discharge  orifice  directed  backwardly  with  respect  to 

35  the  direction  of  rotation  of  the  rotor  1  1  (as  seen  in  Fig. 
2),  are  formed  through  the  outer  peripheral  wall  37  of 
the  main  rotor  part  23. 

The  peripheral  portion  of  the  main  rotor  part  23 
with  the  nozzles  36,  extends  within  the  throat  38  of  the 

40  volute  chamber  22  formed  by  housing  part  19. 
In  operation  of  the  centrifuge  the  concentrate  or 

underflow  component  is  forced  to  that  portion  of 
chamber  32  adjacent  to  the  nozzles  36  for  discharge 
therethrough  into  the  underflow  receiving  volute  22  of 

45  housing  member  19.  The  underflow  passes  continu- 
ously  from  underflow  volute  22  through  a  pipe  40. 

Fluid  feed  material  is  supplied  to  the  rotor  11 
through  an  inlet  pipe  42  which  is  connected  to  annular 
vertical  channel  43  defined  between  the  pair  of  coaxi- 

50  ally  aligned  tubular  members  44  and  45  concentric 
with  drive  shaft  12.  Channel  43  discharges  down- 
wardly  into  a  receiving  chamber  46  defined  between 
truncated  conical  member  47  and  the  inner  rotor 
structure  27.  The  feed  flows  from  receiving  chamber 

55  46  through  passage  48  into  separating  chamber  32. 
From  the  truncated  conical  member  47  there 

extend  upwardly  a  number  of  fins  41  which  support 
the  stack  of  discs  35  and  also  define  passages  51 
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which  accommodate  the  upward  flow  of  the  overflow 
component  of  the  centrifuge.  It  will  be  noted  that  pas- 
sages  51  discharge  the  overflow  within  housing  13  to 
annular  chamber  21. 

In  the  annular  chamber  46  are  located  a  number 
of  fins  or  vanes  52  which  rotate  with  the  inner  rotor 
structure  27  and  consequently  impart  radially  outward 
motion  to  the  feed  flow  passing  through  chamber  46. 

The  centrifuge  of  the  invention  is  adapted  for  the 
return  of  a  portion  of  the  underflow.  The  lower  part  of 
housing  1  9  and  the  lower  portion  27  of  the  rotor  1  1  are 
provided  with  openings  58  and  59,  respectively,  which 
are  in  coaxial  alignment  with  the  rotation  axis  of  the 
centrifuge.  A  fitting  61  having  a  central  opening  64  is 
provided  in  opening  59  of  rotor  portion  27  to  enclose 
impeller  chamber  55;  the  latter  defined  by  fitting  61 
and  rotor  portion  27.  About  opening  58  in  housing  19 
is  secured  the  upwardly  and  interiorly  directed  nozzle 
element  67  which  terminates  within  opening  64  in  fit- 
ting  61. 

Within  impeller  chamber  55  there  is  a  hub  cap  69 
and  a  plurality  of  vanes  70.  Upwardly  and  outwardly 
directed  tubes  71,  lying  close  to  wall  30  in  separating 
chamber  32,  are  connected  to  passages  72  which 
communicate  with  impeller  chamber  55  through  rotor 
portion  27.  The  upper  ends  of  the  tube  71  terminate 
quite  near  the  entry  to  nozzles  36. 

A  return  conduit  63  is  at  one  end  connected  to  the 
underflow  conduit  40  and,  at  the  other  end,  turns 
upward  for  connection  to  the  opening  58  in  housing 
19.  A  wash  pipe  75  passes  through  a  fitting  79  in  the 
return  conduit  63  and  extends  upward  centrally  of  the 
return  conduit  to  terminate  within  nozzle  element  67. 

In  operation,  a  slurry  feed  is  introduced  through 
inlet  pipe  42.  The  feed  flows  into  annular  passage  43 
and  from  there  into  chamber  46  where  radially  out- 
ward  motion  is  imparted  to  the  slurry  by  vanes  52.  The 
feed  slurry  then  passes  into  separating  chamber  32 
through  passages  48  and  is  there  subjected  to  high 
centrifugal  forces  which  drive  the  fraction  having  high 
specific  gravity  toward  the  nozzles  36  while  the  lighter 
fraction  is  moved  to  the  separating  discs  35.  Any  rela- 
tively  heavy  components  carried  with  the  lighter  frac- 
tion  are  deposited  on  the  discs  35  and  the  light  fraction 
passes  upward  along  passages  51  between  ribs  41  as 
overflow  into  annular  chamber  21  .  The  deposit  which 
accumulates  on  discs  35  drops  off  from  time  to  time 
in  separating  chamber  32  and  centrifugal  forces  drive 
this  material  toward  nozzles  36.  The  overflow  from 
chamber  21  is  removed  from  the  centrifuge  for  further 
treatment  or  disposal  through  conduit  28. 

The  heavy  fraction,  after  contact  in  the  separating 
chamber  32  with  washed  return  flow,  is  ejected 
through  nozzles  36  into  annular  chamber22  as  under- 
flow  and  from  there  is  routed  to  conduit  40  which  bran- 
ches  into  valved  conduit  62  and  return  conduit  63.  By 
adjusting  valve  62'  the  flows  through  conduit  62  and 
63  are  controlled  and  the  concentration  of  the  under- 

flow  is  thereby  regulated.  Underflow  product  flows 
through  valved  conduit  62  thus  leaving  the  system. 
Return  conduit  63  is  connected  to  conduit  40  and  con- 
ducts  a  portion  of  the  underflow  to  the  impeller  cham- 

5  ber  55  of  the  centrifuge  through  nozzle  element  67. 
Wash  nozzle  75  injects  a  high  volume  of  wash  liquid 
through  nozzle  element  67  into  the  impeller  chamber 
55.  With  the  wash  nozzle  75  located  centrally  of 
nozzle  element  67,  the  annular  space  81  between 

10  nozzle  75  and  the  interior  of  nozzle  element  67  con- 
stitutes  a  venturi  throat.  Thus,  when  liquid  is  flowing 
through  nozzles  67  and  75,  a  low  pressure  condition 
exists  in  the  annular  space  81  and  this  increases  the 
pressure  differential  between  the  annular  chamber  22 

15  and  the  nozzle  element  67.  The  higher  pressure  dif- 
ferential  assures  increased  flow  in  return  line  63. 

The  combined  return  flow  from  conduit  63  and  the 
wash  liquid  enter  impeller  chamber  55  where  hub  cap 
69  directs  the  highly  dilute  flow  into  contact  with  impel- 

20  lerfins  or  vanes  70.  Radially  outward  motion  is  impar- 
ted  to  the  mixed  liquid  by  the  fins  70.  The  impeller 
forces  the  liquid  through  passages  72  into  the  tubes 
71.  The  liquid  is  thus  injected  by  tubes  71  into  the 
separating  chamber  32  near  the  inlet  side  of  nozzles 

25  36.  In  separating  chamber  32  the  highly  dilute  flow 
from  tubes  71  meets  the  feed  flow  undergoing  sepa- 
ration  therein.  The  liquid  associated  with  the  high 
specific  gravity  component  of  the  feed  is  displaced  by 
the  high  volume  of  dilute  liquid  issuing  from  the  tubes 

30  71  and  the  displaced  liquid,  with  its  high  solubles  con- 
tent,  then  moves  via  the  separating  discs  to  the  over- 
flow. 

In  Figure  2  in  a  section  taken  along  line  2-2  of  Fig- 
ure  1,  the  nozzles  36  are  shown  together  with  their 

35  relationship  to  tubes  71  .  Clearly  seen  in  this  view  is 
the  bacward  direction  or  relief  39  provided  the  dis- 
charge  orifice  of  nozzle  36.  The  tubes  71  discharge 
their  high  wash  charge  between  and  close  to  adjacent 
nozzles  36  and  displace  the  high  solubles  liquid  com- 

40  ponent  of  feed;  the  low  solubles  liquid  leaving  in  the 
underflow  while  the  high  solubles  liquid  is  discharged 
to  overflow. 

In  Figures  2A  and  3  there  is  shown  an  alternative 
structure  of  the  tube  71  and  nozzle  entry  shown  in  Fig- 

45  ures  1  and  2.  In  this  case  tube  81  extends  upward  be- 
tween  nozzles  36  but  quite  close  to  the  level  of  the 
nozzles  and  has  a  hood  element  83  which  extends  to 
the  nozzle  level  giving  the  tube  a  "cobra"  configu- 
ration.  In  addition,  the  entry  or  portal  portion  of  the 

so  nozzles  36  is  in  the  form  of  scallops  85  so  that  the 
heavy  fraction  has  a  settling  region  or  volume  at  the 
entry  to  the  nozzles  for  accumulating  material  for  ejec- 
tion  through  the  nozzles.  The  hooded  aspect  of  the 
tubes  81  tends  to  concentrate  the  dilute  mixed  return 

55  flow  at  the  scalloped  portals  so  that  the  liquid 
associated  with  the  feed  flow  and  burdened  with  its 
high  solubles  content  is  displaced  to  overflow. 

Static  mixing  elements  80  may  be  provided  in 

4 
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tubes  71  and  81  (as  in  Figure  3)  to  promote  thorough 
mixing  of  wash  liquid  and  return  flow  prior  to  injection 
into  separating  chamber  32. 

In  Figures  4  and  4A  is  shown  an  alternative  impel- 
ler  structure  90  intended  for  a  centrifuge  of  greater 
capacity  than  that  illustrated  in  Figure  1  .  The  impeller 
chamber  99  includes  an  impeller  structure  90  com- 
prising  a  hub  cap  91  in  which  are  secured  a  plurality 
of  radial  vanes  93  which  have  lifting  surfaces  95  pro- 
vided  at  the  lower  inner  portion  thereof.  At  the  outer 
extremity  of  the  vanes  93  the  lower  edge  portions 
thereof  are  fixed  as  by  welding  or  otherwise  in  a  ring 
member  97  which  is  secured  directly  or  indirectly  to 
the  rotor  member  98.  Figure  4A  shows  this  impeller 
structure  in  perspective  and  it  will  be  understood  that 
this  impeller  structure  rotates  with  the  rotor  structure 
of  the  centrifuge  and  receives  return  flow  from  nozzle 
67  (Figure  4)  together  with  wash  liquid  from  nozzle  75. 
The  hub  cap  91  guides  this  mixed  flow  into  the  spaces 
between  the  rotating  vanes  93  and  the  lifting  surfaces 
95  on  the  vanes  drive  the  mixed  flow  upward  toward 
the  tubes  leading  into  the  separating  chamber  of  the 
centrifuge. 

Foam  is  very  detrimental  when  handling  fluid  so 
provision  must  be  made  for  reducing  foam  in  the  cen- 
trifuge  by  removing  the  gases  which  become 
associated  with  the  feed,  return  flow  and  wash  liquid 
of  the  process.  In  the  case  of  the  feed,  the  gas  flows 
with  the  feed  downward  in  feed  passage  43  past  the 
end  of  annular  tube  44  at  which  point  the  gas  rises 
along  a  narrow  annular  vent  passage  (not  shown) 
about  the  exterior  wall  of  annular  tube  44  and  passes 
into  volute  chamber  21  .  Chamber  21  or  overflow  con- 
duit  28  or  both  are  provided  with  vents  (not  shown)  to 
discharge  the  gas.  The  gas  introduced  with  the  return 
flow  or  wash  liquid  and  agitated  in  impeller  chamber 
55  is  vented  into  housing  19  through  passage  66 
about  the  convergent  nozzle  67.  Housing  19  is  pro- 
vided  with  vent  means  (not  shown)  to  discharge  the 
gas. 

It  is  crucial  that  the  mixture  of  wash  water  and 
return  flow  be  defoamed  to  preserve  high  flow  rates 
and  to  avoid  driving  entrained  foam  into  the  thickening 
zone  of  the  rotor. 

The  effect  of  wash  liquid/underflow  draw-off 
(W/U)  ratios  above  .5  on  the  %  displacement  of  origi- 
nal  liquid  from  the  feed  slurry  is  demonstrated  in  the 
graphs  of  Figures  5  and  6. 

In  the  case  of  the  "%  displacement"  term  in  Fig- 
ures  5,  6  and  7,  this  refers  to  the  amount  of  solubles 
removed  from  the  feed  liquid  by  the  washing  process 
of  the  invention. 

Interpreting  Fgure  5  then,  it  is  clear  that  a  feed 
(starch  modified  by  treatment  with  sodium  sulfate) 
which  was  subjected  to  washing  in  accordance  with 
the  invention  using  a  wash  liquid/underflow  draw-off 
ratio  (W/U)  of  0.9  emerged  with  almost  70%  of  original 
soluble  content  removed.  Increasing  the  W/U  ratio  to 

2.1  removed  somewhat  more  than  an  additional  15% 
of  the  original  soluble  content  reacting  approximately 
an  85%  displacement  level. 

In  Figure  6,  which  is  directed  to  tests  carried  out 
5  on  starch  which  was  modified  by  hydrochloric  acid 

treatment  to  give  it  thin  boiling  properties,  it  is  seen 
that  over  the  range  of  0.8  to  1  .6  W/U  the  %  displace- 
ment  increases  from  less  than  60%  to  about  75%. 

By  further  increasing  the  W/U  ratio  %  displace- 
10  ment  levels  in  excess  of  90%  are  achievable  as  seen 

in  Figure  7. 
Figure  7  shows  curves  developed  from  many 

tests  using  various  feeds  over  a  wide  range  of  wash 
liquor/underflow  liquor  ratios.  The  two  curves  demon- 

is  strate  the  improvement  in  %  impurity  removed 
obtained  by  employing  high-rate  washing  (displace- 
ment  washing)  as  opposed  to  the  dilution  washing.  It 
is  seen  that  with  displacement  washing  over  90% 
impurity  removal  is  obtained  at  about  a  wash 

20  liquor/underflow  liquor  ratio  of  3. 
In  the  high  wash  rate  process  of  the  invention 

there  are  great  benefits  in  classification  because  the 
action  of  the  inward  flowing  wash  stream  in  the  sepa- 
ration  chamber  of  the  centrifuge  lifts  the  fines  right  out 

25  of  the  fluid  bed.  For  example,  with  a  mixture  of  starch 
and  gluten  of  10%  protein  in  the  feed,  an  overflow 
fraction  of  70%  protein  and  an  underflow  fraction  of 
6%  can  be  obtained  using  no  wash.  Using  a  wash 
ratio  of  2  W/U,  an  underflow  fraction  can  be  obtained 

30  containing  no  more  than  1%  protein  (still  with  70% 
protein  in  the  overflow). 

Solids  of  the  same  type  can  also  be  classified  by 
this  high  rate  wash  centrifuge  process  on  the  basis  of 
size  alone.  Thus,  the  removal  of  kaolin  particles  of 

35  less  than  0.25  microns  from  a  mixture  of  kaolin  clay 
particles  ranging  from  0.10  microns  to  2.0  microns  is 
effected  using  an  upflow  wash  of  1.5  W/U  in  the  cen- 
trifuge. 

The  invention  may  be  embodied  in  other  specific 
40  forms  and  processes  without  departing  from  the  spirit 

or  essential  characteristics  thereof.  The  present 
embodiments  are  therefore  to  be  considered  in  all  res- 
pects  as  illustrative  and  not  restrictive,  the  scope  of 
the  invention  being  indicated  by  the  appended  claims 

45  rather  than  by  the  foregoing  description,  and  all 
changes  which  come  within  the  meaning  and  range  of 
equivalency  of  the  claims  are  therefore  intended  to  be 
embraced  therein. 

50 
Claims 

1.  In  a  centrifugal  separation  process  carried  out  in 
a  centrifuge  of  the  disc-nozzle  type  wherein  the 

55  concentration  of  the  underflow  is  regulated  by 
returning  a  portion  of  the  underflow  to  the  cen- 
trifuge  through  an  external  conduit  under  a  diffe- 
rential  pressure  established  by  the  centrifuge,  the 

5 
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improvement  comprising  injecting  a  relatively 
large  volume  of  wash  liquid  directly  into  said  cen- 
trifuge  to  effect  displacement  washing  of  fresh 
feed. 

2.  The  centrifugal  separation  process  of  claim  1 
wherein  the  wash  liquid  is  injected  into  the  cen- 
trifuge  in  a  wash  liquid/underflow  draw-off  volume 
ratio  of  from  over  .5  to  3. 

3.  The  centrifugal  separation  process  of  claim  2 
wherein  the  wash  liquid  and  return  underflow  are 
injected  into  the  centrifuge  essentially  simul- 
taneously. 

4.  The  centrifugal  separation  process  of  claim  3 
wherein  the  wash  liquid  and  return  underflow  are 
injected  into  the  centrifuge  at  a  low  pressure  reg- 
ion  so  that  differential  pressure  within  the  external 
conduit  is  increased  thereby  facilitating  the  flow  of 
return  underflow  through  said  conduit. 

5.  The  centrifugal  separation  process  of  claim  4 
wherein  said  low  pressure  region  is  a  venturi 
throat  within  said  centrifuge  through  which  said 
return  underflow  is  passed. 

6.  A  top  fed  disc-nozzle  centrifuge  having  an  exter- 
nal  return  conduit  for  conveying  a  portion  of  the 
underflow  from  the  region  of  the  centrifuge 
nozzles  at  a  somewhat  elevated  pressure  to  the 
impeller  chamber  at  the  bottom  of  the  centrifuge, 
said  external  conduit  terminating  in  a  convergent 
nozzle  within  the  centrifuge  directed  into  the 
impeller  chamber,  a  wash  line  passing  through  a 
portion  of  the  external  conduit  and  terminating  in 
a  wash  nozzle  within  and  concentric  with  said 
convergent  nozzle  for  direct  injection  of  wash 
liquid  into  said  centrifuge,  the  convergent  nozzle 
and  concentric  wash  nozzle  forming  between 
them  an  annular  venturi  throat  thereby  establish- 
ing  a  decreased  pressure  region  and  so  enhanc- 
ing  the  pressure  differential  along  the  external 
return  conduit  to  facilitate  flow  of  the  return  under- 
flow. 

7.  A  disc-nozzle  centrifuge  having  a  rotor  assembly 
including  a  plurality  of  peripheral  nozzles  and 
defining  an  internal  separation  chamber,  an 
external  return  conduit  for  conveying  a  portion  of 
the  underflow  from  the  region  of  the  centrifuge 
nozzles  at  elevated  pressure  to  an  impeller  struc- 
ture  in  said  bottom  of  the  rotor  assembly,  an 
impeller  structure  in  said  impeller  chamber,  fluid 
conducting  means  communicating  said  impeller 
chamber  with  said  separation  chamber,  said 
external  conduit  terminating  in  a  convergent 
nozzle  directed  into  the  impeller  chamber,  a  wash 

line  passing  through  a  portion  of  said  external 
conduit  and  terminating  in  a  wash  nozzle  within 
and  concentric  with  said  convergent  nozzle  for 
direct  injection  of  wash  liquid  into  said  impeller 

5  chamber,  the  convergent  nozzle  and  concentric 
wash  nozzle  forming  between  them  an  annular 
venturi  throat  thereby  etablishing  a  decreased 
pressure  region  and  so  enhancing  the  pressure 
differential  along  the  external  return  conduit  to 

10  facilitate  flow  of  return  underflow. 

8.  The  disc-nozzle  centrifuge  of  claim  7  wherein 
said  impeller  structure  comprises  a  hub  member, 
a  plurality  of  radial  vanes  extending  from  a  central 

15  region  of  said  impeller  structure,  said  hub  mem- 
ber  having  a  conical  configuration  and  mounted 
above  and  centrally  of  said  vanes  with  the  apex 
of  said  conical  configuration  directed  downward 
toward  said  convergent  nozzle. 

20 
9.  The  disc-nozzle  centrifuge  of  claim  7  wherein 

said  impeller  structure  comprises  a  hub  member, 
a  plurality  of  radial  vanes  extending  from  and  sec- 
ured  in  said  hub  member,  the  outer  lower  edges 

25  of  said  vanes  secured  in  a  rotor-mounted  ring 
member,  said  hub  member  having  a  generally 
cylindrical  configuration  with  the  lower  end 
thereof  terminating  in  a  generally  conical  shape 
with  the  apex  of  said  conical  shape  directed 

30  downward  toward  said  convergent  nozzle  and  the 
inner  lower  edges  of  said  vanes  between  said  hub 
member  and  said  outer  lower  edges  constituting 
a  curved  lifting  surface. 

35  10.  The  disc-nozzle  centrifuge  of  claim  9  wherein 
said  fluid  conducting  means  comprises  a  plurality 
of  passages  leading  from  said  impeller  chamber 
to  mating  tubes  in  said  separation  chamber,  said 
tubes  extenting  upward  toward  said  nozzles  so 

40  that  the  wash  liquid/return  flow  mixture  forced  into 
said  passages  by  said  impeller  structure  is  ejec- 
ted  by  said  tubes  toward  said  nozzles. 

11.  The  disc-nozzle  centrifuge  of  claim  10  wherein 
45  static  mixing  elements  are  positioned  within  said 

tubes  to  promote  thorough  and  uniform  mixing  of 
wash  liquid  and  the  return  flow. 

12.  The  disc-nozzle  centrifuge  of  claim  10  or  1  1  whe- 
50  rein  said  tubes  extend  into  close  proximity  to  the 

level  of  said  nozzles  but  lie  between  adjacent 
nozzles  so  that  the  wash  liquid/return  flow  mixture 
from  each  tube  is  shared  essentially  by  adjacent 
nozzles. 

55 
13.  The  disc-nozzle  centrifuge  of  claim  12  wherein 

the  wall  of  the  rotor  assembly  at  the  roots  or  por- 
tals  of  the  nozzles  is  scalloped  to  provide  depres- 

6 
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sions  in  which  the  heavy  fraction  can  accumulate 
just  prior  to  ejection  through  the  nozzles. 

14.  The  disc-nozzle  centrifuge  of  claim  13  wherein 
each  of  said  tubes  is  provided  with  a  hood  ele-  5 
mentatthe  upper  end  thereof  which  concentrates 
and  tends  to  direct  the  wash  liquid/return  flow 
mixture  towards  said  nozzles. 
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