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©  Hydrocy  clones. 
©  A  small  hydrocyclone  (maximum  vortex  chamber  dia- 
meter  in  the  range  7  to  14  mm),  particularly  for  use  in 
separating  starch  from  a  starch-containing  feedstock,  has  a 
feed  passage  (7)  leading  via  a  volute  (8)  into  the  vortex 
chamber  (3,  4)  of  the  hydrocyclone.  The  feed  passage  (7)  is 
formed  so  that  its  hydraulic  radius  (i.e.  the  ratio  of  the 
cross-sectional  area  of  the  feed  passage  to  the  peripheral 
extent  of  the  cross-section)  is  in  the  range  5.7  to  6.5%  of  the 
diameter  of  the  vortex  chamber.  By  this  means  the  feed 
energy  requirements  of  the  hydrocyclone  for  achieving  a 
given  separating  efficiency  are  reduced. 
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 A   small  hydrocyclone  (maximum  vortex  chamber  dia- 
meter  in  the  range  7  to  14  mm),  particularly  for  use  in 
separating  starch  from  a  starch-containing  feedstock,  has  a 
feed  passage  (7)  leading  via  a  volute  (8)  into  the  vortex 
chamber  (3,  4)  of  the  hydrocyclone.  The  feed  passage  (7)  is 
formed  so  that  Its  hydraulic  radius  (i.e.  the  ratio  of  the 
cross-sectional  area  of  the  feed  passage  to  the  peripheral 
extent  of  the  cross-section)  is  in  the  range  5.7  to  6.5%  of  the 
diameter  of  the  vortex  chamber.  By  this  means  the  feed 
energy  requirements  of  the  hydrocyclone  for  achieving  a 
given  separating  efficiency  are  reduced. 



This  i n v e n t i o n   r e l a t e s   to  small  hydrocyc lones ,   having  a  
maximum  vor tex  chamber  d iamete r   in  the  range  7  to  14  mm,  and  h a v i n g  

a  feed  passage  which  at  i t s   inner   end  communicates  with  a  c h a n n e l  

ex tend ing   around  pa r t   of  the  p e r i p h e r y   of  the  chamber,  such  c h a n n e l  

forming  a  vo lu te   guideway  which  curves  p r o g r e s s i v e l y   inwardly  t o  

merge  with  the  r a d i a l l y   symmetr ica l   wall  of  the  vor tex   chamber .  

he  i n v e n t i o n   also  r e l a t e s   to  s t a r c h   recovery   p rocesses   using  such  

h y d r o c y c l o n e s .  

A  hydrocyc lone ,   as  is  well  known,  comprises  a  r a d i a l l y  

symmetr ica l   chamber,  he re in   c a l l e d   "vor tex  chamber",  which  t a p e r s  

over  the  whole  or  the  g r e a t e r   p a r t   of  i t s   length   and  has  a  f e e d  

passage  opening  in to   i t s   wider  end,  and  opposed  ax ia l   d i s c h a r g e  

a p e r t u r e s .   When  l i qu id   is  fed  c o n t i n u o u s l y   under  p r e s s u r e   t h r o u g h  

the  feed  passage ,   the  l i q u i d   forms  in  the  chamber  a  vor tex   w h e r e i n  

the  angula r   v e l o c i t y   i n c r e a s e s   from  the  inner   su r face   of  t h e  

chamber  towards  the  vortex  core  and  l i q u i d   c o n t i n u o u s l y   d i s c h a r g e s  

from  the  chamber  through  i t s   opposed  ax i a l   d i scharge   a p e r t u r e s .  

When  so l id   p a r t i c l e s   are  e n t r a i n e d   in  the  l i q u i d   t h e i r   movement  i n  

the  vor tex   chamber  is  governed  by  c e n t r i f u g a l   and  c e n t r i p e t a l  

fo rces   and  they  may  leave  the  hydrocyc lone   through  the  d i s c h a r g e  

a p e r t u r e   in  i t s   wider  end,  or  through  i t s   apex  d i scha rge   a p e r t u r e ,  

depending  on  the  s e t t l i n g   r a te   of  the  p a r t i c l e s   in  a  s t a t i c   body  o f  

the  l i q u i d .   Hydrocyclones  have  been  used  very  s u c c e s s f u l l y   f o r  

s e v e r a l   decades  as  a  tool   for  s e p a r a t i n g   p a r t i c l e s   of  d i f f e r e n t  



compos i t ions   in to   f r a c t i o n s   of  p a r t i c l e s   of  d i f f e r e n t   s e t t l i n g  

r a t e s .  

Small  hydrocyc lones   wi th in   the  range  7  to  14  mm  are  u s e d  

mainly  in  the  s t a r c h   i n d u s t r y   for  c o n c e n t r a t i n g   s t a rch   s u s p e n s i o n s  

and,  more  p a r t i c u l a r l y ,  f o r   s e p a r a t i n g   s t a r ch   p a r t i c l e s   f rom 

p r o t e i n a c e o u s   p a r t i c l e s   (see  e .g .   UK  p a t e n t   s p e c i f i c a t i o n   763  291 

and  United  S t a t e s   p a t e n t   s p e c i f i c a t i o n   2 689  810).  Because  of  t h e i r  

very  small  s i z e ,   a  m u l t i p l i c i t y   of  i n d i v i d u a l   hydrocyclones   a r e  

connected  in  p a r a l l e l .   The  hydrocyc lones   are  p l a s t i c s   m o u l d i n g s .  

The  hydrocyc lones   can  be  i n d i v i d u a l l y   moulded,  or  a  moulded  b l o c k  

and  a  cover  p l a t e   t h e r e f o r   can  be  shaped  to  define  a  p l u r a l i t y   o f  

hydrocyc lones   having  t h e i r   feed  passages   communicating  with  a  

common  e n t r a n c e .  

In  the  ea r ly   years   of  development  and  use  of  hydrocyc lones   t h e  

hydrocyc lone   feed  passage  was  i n v a r i a b l y   a  s t r a i g h t   p a s s a g e  

d i sposed   so  t h a t   p a r t   of  i t s   p e r i p h e r y   was  t a n g e n t i a l   to  t h e  

p e r i p h e r y   of  the  vor tex   chamber.  This  design  f e a t u r e   gives  r i s e   t o  
u n d e s i r a b l e   energy  l o s ses   wi th in   the  vor tex   chamber  because  of  t h e  

t u r b u l e n c e   r e s u l t i n g   from  the  c o l l i s i o n   of  the  t a n g e n t i a l   i n l e t  

flow  with  the  l a y e r s   of  l i q u i d   r o t a t i n g   around  the  p e r i p h e r y   of  t h e  

chamber.  Any  such  energy  l o s ses   have  adverse  e f f e c t s   on  t h e  

per formance   of  the  hydrocyclone   because  for  ach iev ing   maximum 

e f f i c i e n c y   i t   is  impor tan t   t h a t   as  much  as  poss ib le   of  the  e n e r g y  

of  the  feed  s t ream  should  be  t r a n s l a t e d   in to   k i n e t i c   energy  o f  

r o t a t i o n   near  the  core  of  the  v o r t e x .   The  magnitude  of  t h a t   k i n e t i c  

energy  is  a  most  impor tan t   f a c t o r   i n f l u e n c i n g   the  s e p a r a t i n g   a c t i o n  

in  the  hydrocyc lone   and  indeed  the  s e p a r a t i n g   e f f i c i e n c y   tends  t o  

be  h igher   the  h igher   is  the  r o t a t i o n   speed  of  the  p a r t i c l e s  

immediate ly   p r i o r   to  t h e i r   d i s c h a r g e   from  the  h y d r o c y c l o n e .  

In  r e c o g n i t i o n   of  the  f o r e g o i n g   f a c t s ,   s o - c a l l e d   " v o l u t e "  

cyclones   were  i n t r o d u c e d ,   i . e .   hydrocyc lones   as  desc r ibed   in  t h e  

f i r s t   pa ragraph   of  t h i s   s p e c i f i c a t i o n   wherein  there   is  a  v o l u t e  

guideway  which  promotes  a  more  g radual   merging  of  the  ent ry   s t r e a m  

with  the  l i q u i d   v o r t e x .  



A  small  vo lu te   hydrocyclone   is  shown  in  the  accompanying 

drawings.  In  these  drawings,   F i g . l   is  a  l o n g i t u d i n a l   c r o s s - s e c t i o n  

of  the  hydrocyc lone .   The  hydrocyclone   comprises   a  body  component  1 

de f in ing   the  vor tex  chamber  and  a  cover  component  2  t h e r e f o r .   Fo r  

c l a r i t y ,   these  two  components  are  shown  s e p a r a t e d .   Fig.2  is  a  p l a n  
view  of  the  body  component  and  Fig.3  is  a  plan  view  of  the  c o v e r  

component .  

The  vor tex  chamber  def ined   by  the  body  component  1  has  a  s h o r t  

c y l i n d r i c a l   s e c t i o n   3  at  one  end  and  an  a d j o i n i n g   t ape r ing   s e c t i o n  

4  which  occupies   the  major  pa r t   of  the  length   of  the  chamber  and  

t e rmina t e s   in  an  apex  d i scha rge   a p e r t u r e   5.  The  wider  end  of  t h e  

moulding  is  shaped  to  de f ine   a  r ecess   outwardly   bounded  by  a  rim  6 

which  is  i n t e r r u p t e d   over  pa r t   of  the  p e r i p h e r y   of  the  moulding.  I n  

the  bottom  of  t h i s   r ecess   the re   is  a  groove  7  l e ad ing   from  t h e  

pe r iphe ry   of  the  moulding  towards  a  marginal   p o r t i o n   of  the  v o r t e x  

chamber  and  t h i s   groove  leads  in to   a  r eba te   8  which  extends  a r o u n d  

par t   of  the  p e r i p h e r y   of  the  vor tex   chamber.  The  reba te   is ,   o v e r  
i t s   l ength ,   in  r a d i a l l y   inward  communication  with  tha t   chamber.  The 

r a d i a l l y   outward  wall  of  the  r eba te   fo l lows  a  vo lu te   path  which 

curves  p r o g r e s s i v e l y   inwardly  towards  the  r a d i a l l y   symmetrical   w a l l  

of  the  vortex  chamber  and  merges  with  tha t   wall  at  point   9.  The 

volute   subtends  an  angle  of  about  90°  at  the  axis   of  the  chamber 

The  cover  component  2  is  shaped  to  f i t   in to   the  recess   bounded 

by  the  rim  6.  When  so  f i t t e d ,   the  cover  p iece   c loses   off  the  top  o f  

the  groove  7  and  the  r eba te   8  so  t ha t   the  groove  7  becomes  t h e  

hydrocylone  feed  passage  and  r eba te   8  becomes  the  volute   g u i d e  

channel .   The  cover  p iece   i nc ludes   the  s o - c a l l e d   "vor tex  f i nde r "   10 

which  is  a  t u b u l a r   p o r t i o n   which  i n t r u d e s   in to   the  c y l i n d r i c a l  

s ec t ion   of  the  vor tex   chamber  and  de f ines   the  ax ia l   d i s c h a r g e  

ape r tu re   in  the  wider  end  of  the  h y d r o c y c l o n e .  

The  presence   of  the  vo lu te   makes  i t   p o s s i b l e   to  achieve  h i g h e r  

vortex  speeds  and  t h e r e f o r e   a  sharper   s e p a r a t i o n   between  s t a r c h  

p a r t i c l e s   and  p a r t i c l e s   of  i n s o l u b l e   p r o t e i n   of  r e l a t i v e l y   low 

s e t t l i n g   ra te   such  as  g lu ten   p a r t i c l e s .   However  in  order  to  r e a l i s e  

the  p o t e n t i a l   b e n e f i t s   of  a  c o n v e n t i o n a l   vo lu te   hydrocyclone  i n  



comparison  with  a  hydrocyclone   of  the  o lder   type,   i t   is  n e c e s s a r y  
to  mainta in   an  a p p r e c i a b l y   h igher   p r e s s u r e   drop  across   t h e  

hydrocyc lone .   In  p r a c t i c e   t h i s   means  m a i n t a i n i n g   a  h ighe r   f e e d  

p r e s s u r e .   This  h igher   p r e s s u r e   is  necessa ry   because  an  i n c r e a s e   i n  

r o t a t i o n a l   v e l o c i t i e s   wi th in   the  vor tex   n e c e s s a r i l y   i n c r e a s e s   i t s  

r e s i s t a n c e   to  the  en t ry   of  the  feed  s t ream.  If  the  feed  p r e s s u r e  
were  not  i n c r e a s e d   then,   o ther   t h ings   being  equal ,   the  i n p u t  

energy,   equal  to  the  p r e s s u r e   m u l t i p l i e d   by  the  inpu t   volume  p e r  
second  would  be  l e s s ,   as  would  t h e r e f o r e   be  the  k i n e t i c   energy  i n  

the  c r i t i c a l   r eg ions   of  the  vor t ex   and  the  volume  t h r o u g h p u t  

c apac i t y   of  the  h y d r o c y c l o n e .  

In  p r a c t i c e   i t   has  been  found  necessa ry   to  feed  c o n v e n t i o n a l  

volu te   hydrocyc lones   at  a  p r e s s u r e   which  is  at  l e a s t   30%  h i g h e r  
than  the  feed  p r e s s u r e   employed  when  using  hydrocyc lones   of  t h e  

o lder   type  and  of  comparable  s i z e .   To  be  more  s p e c i f i c ,   v o l u t e  

hydrocyc lones   c u r r e n t l y   in  use  in  the  s t a rch   i n d u s t r y ,   which  have  a  
d iameter   (measured  at  the  wider  end  of  the  vor tex   chamber)  of  a b o u t  
10  mm,  are  g e n e r a l l y   ope ra ted   with  a  p r e s s u r e   drop  of  from  6  to  6 . 5  

bar ,   whereas  for  a ch i ev ing   a  s i m i l a r   o p e r a t i n g   t h r o u g h p u t   c a p a c i t y  

using  older   type  hydrocyc lones   i t   would  s u f f i c e   to  o p e r a t e   at  a  

p r e s s u r e   drop  of  3  to  3.5  b a r .  

The  h igher   feed  p r e s s u r e s   have  been  accepted   in  the  s t a r c h  

i n d u s t r y   as  a  neces sa ry   p r i c e   to  pay  for  the  impor t an t   b e n e f i t   o f  

the  h igher   s e p a r a t i n g   e f f i c i e n c y   made  p o s s i b l e   by  the  v o l u t e  

hydrocyc lone .   In  f ac t   vo lu te   hydrocyc lones   have  been  u s e d  

e x t e n s i v e l y   in  the  s t a r ch   i n d u s t r y   in  many  c o u n t r i e s   of  the  w o r l d  

for  at  l e a s t   the  l a s t   twenty  y e a r s ,   n o t h w i t h s t a n d i n g   the  need  which 

has  been  widely  r e cogn i s ed   for  s e v e r a l   years  to  reduce  e n e r g y  

consumption  wherever  p o s s i b l e .   The  cost   of  the  i n c r e a s e   in  i n p u t  

energy  necessa ry   when  using  the  known  volute   hydrocyc lones   is  v e r y  

high.   For  example  in  a  n i n e - s t a g e   maize  s t a r ch   w a s h i n g  

i n s t a l l a t i o n   the  a d d i t i o n a l   3  bar  feed  p r e s s u r e   r e p r e s e n t s   a n  

energy  consumption  of  about  5  kwh  per  tonne  of  the  p r o c e s s e d   m a i z e .  

The  p r e s e n t   i n v e n t i o n   is  based  on  the  d i scove ry   t h a t   the  f e e d  

energy  r equ i r emen t s   of  the  known  vo lu te   hydrocyc lones   can  be  



s u b s t a n t i a l l y   reduced  by  the  very  simple  expedient   of  i n c r e a s i n g  

the  h y d r a u l i c   rad ius   of  the  feed  passage  in  r e l a t i o n   to  t h e  

d iameter   of  the  hydrocyc lone .   The  h y d r a u l i c   radius  is  the  r a t i o   o f  

the  c r o s s - s e c t i o n a l   area  of  the  feed  passage  to  the  p e r i p h e r a l  

ex ten t   of  the  c r o s s - s e c t i o n .  

H i t h e r t o ,   small  volute   hydrocyc lones   have  had  a  feed  p a s s a g e  

having  a  c o n s t a n t   h y d r a u l i c   rad ius   which  is  less  than  5.6%  of  t h e  

hydrocyclone   d i amete r .   In  f ac t   the  d imensional   s p e c i f i c a t i o n s   o f  

the  small  vo lu t e   hydrocyclones   used  in  the  s t a rch   i n d u s t r y   were  

s t a n d a r d i s e d   very  many  years  ago  and  these   provide  a  vo r t ex   chamber 

d iameter   of  approx imate ly   10  mm  and  a  feed  passage  of  u n i f o r m  

r e c t a n g u l a r   c r o s s - s e c t i o n   measur ing  approx imate ly   2.2  x  2.2  mm. 
The  choice  of  a  r e c t a n g u l a r   s e c t i o n   for  the  feed  passage  r a t h e r  

than  a  c i r c u l a r   s ec t ion   which  was  more  usual  in  l a r g e r  

hydrocyc lones   was  d e s i r a b l e   for  f a c i l i t a t i n g   manufacture   by  

moulding.   The  h y d r a u l i c   r ad ius   of  the  feed  passage  of  t h e s e  

hydrocyc lones   is  t h e r e f o r e   app rox ima te ly   0.55  which  is  5.5%  of  t h e  

hydrocyclone   d iamete r .   It   has  been  found  tha t   a  very  small   i n c r e a s e  

in  the  h y d r a u l i c   r a d i u s / h y d r o c y c l o n e   diameter   r a t i o   e n a b l e s  

performance  c h a r a c t e r i s t i c s   at  l e a s t   as  good  as  those  o b t a i n a b l e  

with  the  conven t iona l   volu te   hydrocyc lones   to  be  achieved  with  a  

much  lower  energy  consumpt ion .  

A  small  vo lu te   hydrocyclone   accord ing   to  the  p r e s e n t   i n v e n t i o n  

is  c h a r a c t e r i s e d   in  tha t   the  r a t i o   of  the  hydrau l i c   r a d i u s ,   or  o f  

the  minimum  h y d r a u l i c   r a d i u s ,   of  the  feed  passage  to  the  d i a m e t e r  

of  the  vor tex   chamber,  is  in  the  range  5.7  to  6.5%. 

Although  i t   is  g e n e r a l l y   p r e f e r r e d   for  the  feed  passage  to  be  

of  uniform  c r o s s - s e c t i o n   (and  t h e r e f o r e   of  cons tan t   h y d r a u l i c  

r ad ius )   along  i t s   l ength ,   the  feed  passage  can  taper   over  the  whole  

or  pa r t   of  i t s   l eng th ,   in  e i t h e r   d i r e c t i o n .   In  the  l a t t e r   case  i t  

is  the  minimum  h y d r a u l i c   r ad ius   of  the  feed  passage  which  should  be  

in  the  above  range  r e l a t i v e   to  the  d iameter   of  the  vor tex   chamber .  

N o t w i t h s t a n d i n g   the  very  small  d e p a r t u r e   from  c o n v e n t i o n a l  

p r a c t i c e   in  regard  to  the  d imens iona l   s p e c i f i c a t i o n s   of  t h e  

hydrocyclone   which  is  r equ i r ed   for  c a r r y i n g   out  the  p r e s e n t  



i n v e n t i o n ,   the  i nven t ion   a f fo rds   remarkable   advantages  in  terms  o f  

energy  saving.   With  a  hydrocyclone  accord ing   to  the  i n v e n t i o n ,  

performance  r e s u l t s   can  be  achieved  which  are  as  good  as  or  b e t t e r  

than  are  p o s s i b l e   using  conven t iona l   small  volu te   h y d r o c y c l o n e s ,  

while  o p e r a t i n g   the  hydrocyclone  a cco rd ing   to  the  inven t ion   under  a  

much  lower  feed  p r e s s u r e .  

Although  the  p r i n c i p a l   use  for  small  vo lu te   hydrocyclones   i s  

the  r ecovery   of  s t a rch   from  a  f e e d s t o c k   compris ing   a  suspension  o f  

s t a r c h   and  i n s o l u b l e   g luten  and  c o n t a i n i n g   so lub le   m a t e r i a l ,   t h e  

s e p a r a t i o n   being  u s u a l l y   performed  by  p a s s i n g   the  feeds tock   t hough  

a  s u c c e s s i o n   of  hydrocyclone  s tages   in  c o u n t e r - c u r r e n t   with  wash 

water ,   the  e f f i c i e n c y   of  such  a  hydrocyc lone   can  be  determined  f o r  

t h i s   and  o ther   purposes   by  de t e rmin ing   the  o p e r a t i n g   t h r o u g h p u t  

c a p a c i t y   and  the  composi t ion  of  the  underf low  ( i . e .   the  m a t e r i a l  

d i s c h a r g i n g   from  the  apex  a p e r t u r e   of  the  hydrocyclone)   when 

feed ing   the  hydrocyclone  with  a  given  p u r i f i e d   s t a rch   suspension  o f  

a  given  d e n s i t y   at  a  given  t empera tu re   and  under  a  given  p r e s s u r e .  
The  fo l lowing   are  the  c r i t i c a l   per formance  data  r e l a t i n g   to  a  

s e r i e s   of  t e s t s   in  which  a  hydrocyclone   was  fed  with  an  aqueous  

suspens ion   of  p u r i f i e d   maize  s t a r ch   of  1 2   Be  (Baume)  at  17  C ,  

the  suspens ion   being  the  same  for  a l l   the  t e s t s .   In  Tests  1  and  2 

a  c o n v e n t i o n a l   10  mm  volu te   hydrocyc lone   having  a  feed  p a s s a g e  
c r o s s - s e c t i o n   measuring  approx ima te ly   2.2  x  2.2  mm  as  h e r i n b e f o r e  

r e f e r r e d   to  was  used.  The  hydrocyclone   was  moulded  from  p o l y a m i d e  

6.6  and  was  as  de sc r i bed   with  r e f e r e n c e   to  the  accompanying 

drawings .   The  hydrocyclone   had  a  cone  angle  of  6 ,   and  u n d e r f l o w  

(apex)  d i s cha rge   a p e r t u r e   2.3  mm  in  d iamete r   and  an  o v e r f l o w  

a p e r t u r e   2.5  mm  in  d iamete r .   The  hydrocyc lone   used  in  each  of  t h e  

o ther   Tests   (Tests  3  to  8)  was  i d e n t i c a l   with  the  hydrocyclone  u s e d  

in  Tests   1  and  2  except  for  the  d imensions   of  the  feed  p a s s a g e .  

Test   1  (Pressure   drop  across   hydrocyc lone   4  b a r s ) :  



Test  2  (P res su re   drop  6  b a r s ) :  

For  most  purposes   the  th roughput   c a p a c i t y   and  s ta rch   r e c o v e r y  
values  achieved  by  means  of  the  lower  feed  p r e s s u r e   (4  bars)  a r e  

i n s u f f i c i e n t   and  i t   is  for  t h a t   reason  t h a t   the  hydrocyclones   a r e  

g e n e r a l l y   ope ra ted   in  a  h igher   feed  p r e s s u r e   range  of  6  to  6.5  b a r s  

In  the  f o l l owing   Tests   3  and  4  the  hydrocyc lone   was  a c c o r d i n g  

to  the  p r e s e n t   i n v e n t i o n .   The  hydrocyclone  used  had  a  r e c t a n g u l a r  

feed  passage  measuring  2.5  x  2.1  mm.  The  r a t i o   of  the  h y d r a u l i c  

rad ius   of  the  feed  passage  to  the  hydrocyc lone   d iameter   was 

t h e r e f o r e   5.71%.  The  r e l e v a n t   performance  data  were  as  f o l l o w s :  

Test  3  ( p r e s su re   drop  4.5  b a r s ) :  

Test  4  ( p r e s su re   drop  6  b a r s ) :  

In  the  fo l lowing   Tests   5  and  6  the  hydrocyclone   was  a l s o  

accord ing   to  the  i n v e n t i o n .   The  hydrocyclone   used  had  a  r e c t a n g u l a r  

feed  passage  measuring  2.5  x  2.2  mm.  The  r a t i o   of  the  h y d r a u l i c  

radius   of  the  feed  passage  to  the  hydrocyc lone   d iamete r   was 

t h e r e f o r e   5.85%.  The  r e l e v a n t   performance  data  were  as  f o l l o w s :  

Test  5  ( p r e s su re   drop  4.5  b a r s ) :  



Test  6  (p ressure   drop  6  b a r s )  

Comparison  of  the  r e s u l t s   of  Tests   3  and  4  with  those  of  T e s t s  

1  and  2  shows  tha t   even  with  a  h y d r a u l i c   r a d i u s / h y d r o c y c l o n e  

diameter   r a t i o   of  5.71%  the  i n v e n t i o n   gives  s i g n i f i c a n t   improvement  

in  r e spec t   of  o p e r a t i n g   th roughput   c a p a c i t y   and  s t a r c h  

r e c o v e r y , p a r t i c u l a r l y   at  the  lower  p r e s s u r e   drop  of  4  b a r s .  

When  us ing   a  hydrocyclone  with  a  somewhat  h igher   h y d r a u l i c  

r a d i u s / h y d r o c y c l o n e   diameter   r a t i o   as  in  Tests  5  and  6,  in  wh ich  

such  r a t i o   was  5.85%,  the  i n v e n t i o n   gives  even  b e t t e r   r e s u l t s .   At 

4.5  bars  (Test  5)  the  s t a rch   r ecove ry   reaches   a  l eve l   far   h i g h e r  

than  can  be  achieved,   at  such  a  high  underf low  dens i t y ,   by  f e e d i n g  

the  given  maize  s t a rch   suspens ion   at  4.5  bars  through  a  

c o n v e n t i o n a l   volu te   hydrocyc lone .   And  i t   wi l l   be  seen  tha t   t h e  

r e s u l t s   in  Test   5  are  even  b e t t e r   than  are  ob ta ined   when  o p e r a t i n g  

the  c o n v e n t i o n a l   hydrocyclone  at  a  feed  p r e s s u r e   of  6  b a r s .  

If  the  r a t i o   of  the  h y d r a u l i c   r ad ius   to  the  h y d r o c y c l o n e  

diameter   is  f u r t h e r   i nc r ea sed   w i th in   the  range  up  to  6.5%  a n  

improvement  in  performance  over  the  c o n v e n t i o n a l   hydrocyclone  i s  

s t i l l   ach ieved .   However,  if   o ther   f a c t o r s   remain  unchanged,  t h e  

improvement  does  not  i nc r ea se   with  the  h y d r a u l i c   r ad iu s .   This  i s  

apparen t   from  Tests  7  and  8  in  which  the  hydrocyclone  used  had  a  

feed  passage   measuring  in  c r o s s - s e c t i o n   2.8  x  2.2  mm  ( h y d r a u l i c  

rad ius   0 .616) .   The  h y d r a u l i c   r ad ius   to  hydrocyclone   d iameter   r a t i o  

was  t h e r e f o r e   6.16% 

Test  7  (p ressu re   drop  4  b a r s ) :  



Test  8  ( p r e s su re   drop  6  b a r s ) :  

I t   w i l l   be  seen  tha t   in  each  of  these  t e s t s   the  s t a r c h  

recovery   was  l ess   than  in  the  c o r r e s p o n d i n g   feed  p r e s su re   Test  5  o r  

6  a l though  s t i l l   s i g n i f i c a n t l y   b e t t e r   than  in  the  t e s t s   us ing  t h e  

c o n v e n t i o n a l   h y d r o c y c l o n e .  

In  gene ra l   i t   is  p r e f e r r e d   to  have  a  feed  passage  with  a  

h y d r a u l i c   r ad ius   or  a  minimum  h y d r a u l i c   rad ius   such  tha t   the  r a t i o  

of  t h i s   r a d i u s   to  the  hydrocyclone  d iameter   is  in  the  range  5.8  t o  

6.4% 

The  r a t i o   of  the  hydrau l i c   r ad ius   to  the  d iameter   of  t h e  

hydrocyclone   should  not  exceed  6.5%.  If  the  h y d r a u l i c   rad ius   is  t o o  

large   the  r e s i d e n c e   time  of  the  s t a r c h   in  the  hydrocyclone  w i l l   be  

too  s h o r t .  

The  e x t e n t   of  the  advantages  a t t a i n a b l e   by  using  a  v o l u t e  

hydrocyclone   with  a  feed  passage  having  a  hyd rau l i c   rad ius   which  i s  

in  the  range  5.7  to  6.5%  of  the  hydrocyc lone   diameter   d e p e n d s ,  

other   t h ings   being  equal ,   on  the  l ength   of  the  vo lu t e .   The 

conven t iona l   small  volu te   hydrocyc lones   have  a  volu te   s u b t e n d i n g  

about  90°  at  the  axis  of  the  vor tex   chamber.  Tests   i n d i c a t e   t h a t  

the  per formance   of  hydrocyclones   a cco rd ing   to  the  i n v e n t i o n   i n  

terms  of  o p e r a t i n g   throughput   c a p a c i t y   and  s ta rch   recovery   tend  t o  

improve  i f   the  vo lu te   is  lengthened  as  sugges ted   by  the  broken  l i n e  

11  in  Fig.2  of  the  accompanying  drawings .   In  c e r t a i n   h y d r o c y c l o n e s  

accord ing   to  the  i n v e n t i o n ,   the  vo lu te   exceeds  1000.  In  optimum 

embodiments  the  volu te   subtends  an  angle  wi th in   the  range  160°  t o  

200°.  By  i n c r e s s i n g   the  length  of  the  vo lu te   of  the  h y d r o c y c l o n e  

used  in  Test  8,  e.g  to  180°,  the  per formance   data  could  be  

improved  to  compare  more  favourab ly   with  those  of  Test  6,  so  making  

the  l a r g e r   h y d r a u l i c   radius   feed  passage   equa l ly   u s e f u l .  

The  use  of  a  vo lu te   hydrocyclone  having  a  feed  passage  with  a 

h y d r a u l i c   r ad ius   in  the  range  5.7  to  6.5%  of  the  h y d r o c y c l o n e  



diameter   a f fo rds   b e n e f i t s   in  terms  of  o p e r a t i n g   th roughput   c a p a c i t y  

and  s t a rch   recovery   not  only  for  10  mm  hydrocyc lones   as  used  in  t h e  

comparat ive   t e s t s ,   but  also  for  other   small  volute   h y d r o c y c l o n e s  

wi th in   the  d iameter   range  7  to  14  mm.  However  for  the  p u r p o s e s  

p r i m a r i l y   in  view,  which  are  the  recovery   of  s t a r c h ,   h y d r o c y c l o n e s  

at  the  lower  and  upper  ends  of  such  s ize   range  wi l l   not  g e n e r a l l y  

be  so  s u i t a b l e .   At  the  lower  end  of  the  s ize  range,   problems  w i t h  

blockage  of  the  hydrocyclone   may  a r i s e ,   while  at  the  upper  end  o f  

the  s ize  range,   the  feed  p r e s su re   r equ i r emen t s   are  r e l a t i v e l y   h i g h  

and  the  maximum  p o s s i b l e   s t a rch   recovery   is  a p p r e c i a b l y   less   t h a n  

is  p o s s i b l e   when  using  hydrocyc lones   in  the  middle  pa r t   of  the  s i z e  

range.   In  p r e f e r r e d   embodiments  of  the  i n v e n t i o n ,   the  h y d r o c y c l o n e  

has  a  d iameter   in  the  range  8  to  12  mm. 

The  performance  of  a  volute   hydrocyclone   is  i n f l u e n c e d   t o  

some  ex ten t   by  the  cone  angle ,   the  s i zes   of  the  overf low  and 

underf low  d i s c h a r g e   a p e r t u r e s ,   and  the  length   of  the  vor tex   f i n d e r  

i n t r u d i n g   into  the  vor tex  chamber.  This  f ac t   is  well  known,  and  i t  

is  a lso  well  known  what  are  a p p r o p r i a t e   values   of  these   d imens ions  

for   o b t a i n i n g   s a t i s f a c t o r y   performance  r e s u l t s   when  u s i n g  

c o n v e n t i o n a l   small  vo lu te   hyd rocyc lones .   These  va r ious   p a r a m e t e r s  

have  a  s i m i l a r   i n f l u e n c e   on  the  performance  of  a  v o l u t e  

hydrocyclone   acco rd ing   to  the  p r e s e n t   i n v e n t i o n   and  a p p r o p r i a t e  

va lues   of  the  sa id   dimensions  can  e a s i l y   be  s e l e c t e d   by  p e r s o n s  

s k i l l e d   in  the  a r t .   The  most  s u i t a b l e   va lues   of  the  said  d imens ions  

for   hydrocyc lones   accord ing   to  the  p r e s e n t   i nven t ion   ( v o r t e x  

chamber  d iamete r s   7  to  14  mm),  p a r t i c u l a r l y   hydrocyc lones   for  u se  

in  the  recovery  of  s t a r ch   from  s t a r c h - c o n t a i n i n g   f e e d s t o c k s ,   l i e  

w i th in   the  f o l l o w i n g   r a n g e s :  

The  cone  angle  is  s e l e c t e d   having  regard   to  the  vortex  chamber 

d iamete r   so  t h a t   the  r e s i d e n c e   time  of  the  m a t e r i a l   in  t h e  

hydrocyc lone   w i l l   be  s u f f i c i e n t   for  the  s e p a r a t i o n   to  occur.   I n  

p r e f e r r e d   embodiments  of  the  i n v e n t i o n   the  hydrocyclone  has  a 



diameter   of  between  8  and  12  mm.  The  most  p r e f e r r e d   cone  a n g l e  

range  is  from  4  to  8°.  The  most  p r e f e r r e d   underflow  a p e r t u r e  
s izes   are  from  2.2  to  2.5  mm  d i ame te r ,   and  the  most  p r e f e r r e d   r a n g e  
for  the  over f low  a p e r t u r e   is  from  2.3  to  2.7  mm. 

The  c o n v e n t i o n a l   10  mm  vo lu te   hydrocyc lones   have  a  v o r t e x  

f inder   whose  l eng th   ( d i s t ance   over  which  the  vortex  f i n d e r   i n t r u d e s  

into  the  vo r t ex   chamber)  is  app rox ima te ly   3.5  mm.  Tests  i n d i c a t e  

tha t   in  a  v o l u t e   hydrocyclone  a cco rd ing   to  the  p r e sen t   i n v e n t i o n  

there   may  be  advan tages   in  us ing  a  longer   vor tex  f i n d e r .   I t   i s  

s u i t a b l e   to  use  a  vor tex   f i nde r   of  a  length   in  the  range  2.5  t o  

8  mm.  The  vor t ex   f i nde r   should  not  be  so  long  tha t   i t   has  an  

o b j e c t i o n a b l e   b rak ing   ac t ion   on  the  r o t a t i o n   of  the  suspens ion   i n  

the  vor tex   chamber .  

The  p r e s e n t   i n v e n t i o n   i nc ludes   a  method  of  r e c o v e r i n g   s t a r c h  

from  a  f e e d s t o c k   in  which  the  s t a r c h   is  e n t r a i n e d   in  a  l i q u i d  

medium,  by  p a s s i n g   the  f eeds tock   under  p r e s s u r e   t h r o u g h  

h y d r o c y c l o n e s ,   c h a r a c t e r i s e d   in  t h a t   use  is  made  of  small  v o l u t e  

hydrocyc lones   accord ing   to  the  i n v e n t i o n   as  h e r e i n b e f o r e   d e f i n e d  

In  some  embodiments  of  the  s t a r c h   recovery   method  a cco rd ing   t o  

the  i n v e h t i o n ,   the  p r e s s u r e   drop  ac ross   the  hydrocyclones   is  l e s s  

than  5  ba r s .   The  Tests   show  tha t   even  when  working  under  a  p r e s s u r e  

drop  of  no  more  than  5  bars ,   i t   is  p o s s i b l e   to  achieve  b e t t e r  

r e s u l t s   than  those  ob ta ined   by  us ing   conven t iona l   hydrocyc lones   a t  

a  p r e s s u r e   drop  of  6  bars .   When  c a r r y i n g   out  a  method  acco rd ing   t o  

the  i n v e n t i o n   under  a  p r e s su re   drop  h igher   than  5  bars ,   the  r e s u l t s  

can  be  f u r t h e r   improved.  in  terms  of  both  th roughput   c a p a c i t y   and  

s ta rch   r e c o v e r y .   Because  of  the  h ighe r   th roughput   c a p a c i t y ,   a  

given  s t a r c h   recovery   can  be  ach ieved   with  the  aid  of  f e w e r  

hydrocyc lones   than  would  be  r e q u i r e d   if   conven t iona l   h y d r o c y c l o n e s  

were  u s e d .  

In  a  v a r i a t i o n   of  Test  5  h e r e i n   r e f e r r e d   to  the  p r e s s u r e   d r o p  

across  the  hydrocyc lone   was  4  bars  (the  same  p res su re   drop  as  i n  

Test  1),  a l l   o ther   cond i t i ons   remain ing   the  same  as  in  Test   5.  The 

co r r e spond ing   performance  data  were  as  f o l l o w s :  



This  demons t ra tes   the  improvement  in  s t a r ch   recovery  as  compared 

with  Test  1  in  which  a  conven t iona l   vo lu t e   hydrocyclone   was  used  a t  

the  same  p r e s s u r e   d r o p .  



1.  A  hydrocyclone  having  a  maximum  vortex  chamber  diameter   i n  

the  range  7  to  14  mm,  and  having  a  feed  passage  which  at  i t s   i n n e r  

e n d   communicates  with  a  channel  ex tending   around  p a r t   of  t h e  

p e r i p h e r y   of  the  chamber,  such  channel  forming  a  vo lu te   guideway 

which  curves  p r o g r e s s i v e l y   inwardly  to  merge  with  the  r a d i a l l y  

symmetr ical   wall  of  the  vor tex   chamber,  c h a r a c t e r i s e d   in  tha t   t h e  

r a t i o   of  the  h y d r a u l i c   r a d i u s ,   or  of  the  minimum  h y d r a u l i c   r a d i u s ,  

of  the  feed  passage  to  the  d iameter   of  the  vortex  chamber,  is  i n  

the  range  5.7  to  6.5%. 

2.  A  hydrocyclone  accord ing   to  claim  l,  wherein  the  sa id   r a t i o  

is  in  the  range  5.8  to  6.4%. 

3.  A  hydrocyclone  accord ing   to  claim  1  or  2,  wherein  t h e  

vo lu te   guideway  subtends  an  angle  g r e a t e r   than  100°  at  the  a x i s  

of  the  vor tex  chamber .  

4.  A  hydrocyclone  accord ing   to  claim  3,  wherein  the  v o l u t e  

guideway  subtends  an  angle  in  the  range  160°  to  200°  at  t h e  

axis  of  the  vortex  chamber .  

5.  A  hydrocyclone  accord ing   to  any  p reced ing   c laim,   w h e r e i n  

the  maximum  vortex  chamber  d iamete r   is  in  the  range  8  to  12  mm. 

6.  A  hydrocyclone  accord ing   to  claim  5,  wherein  t h e  

hydrocyclone   cone  angle  is  from  4  to  8 ° .  

7.  A  hydrocyclone  accord ing   to  claim  5  or  6,  wherein  t h e  

underf low  a p e r t u r e   has  a  d iamete r   of  2.2  to  2.5  mm  and  the  o v e r f l o w  

a p e r t u r e   has  a  d iameter   of  2.3  to  2.7  mm. 



8.  A  hydrocyc lone   according  to  any  p reced ing   claim,  s a i d  

hydrocyclone   having  a  vortex  f i nde r   of  a  length   s u b s t a n t i a l l y  

g r e a t e r   than  3.5  mm. 

9.  A  method  of  r e cove r ing   s t a r ch   from  a  f e e d s t o c k   in  which  t h e  

s t a r ch   is  e n t r a i n e d   in  a  l i qu id   medium,  by  pa s s ing   the  f e e d s t o c k  

under  p r e s s u r e   through  hydrocyc lones ,   c h a r a c t e r i s e d   in  tha t   use  i s  

made  of  small  vo lu t e   hydrocyc lones   accord ing   to  any  p reced ing   c l a i m .  
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