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©  Cyclones. 

©  A  cyclone  separator  (10)  includes  a  ring  jet  pump  (26) 
arranged  to  promote  the  flow  of  the  fluid  along  the  light 
fraction  outlet  (28).  The  suction  inlet  of  the  pump  is 
constituted  by  the  vortex  finder  (24)  and  the  discharge  outlet 
is  constituted  by  the  overflow  branch  (28).  A  vacuum  transfer 
system  is  also  disclosed  including  a  group  of  relatively  small 
diameter  cyclone  separators  (114)  of  this  construction  pre- 
ceded  by  a  relatively  large  diameter  cyclone  separator  (112), 
the  small  diameter  cyclone  separators  containing  such  ring 
jet  vortex  finders. 
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A   cyclone  separator  (10)  includes  a  ring  jet  pump  (26) 
arranged  to  promote  the  flow  of  the  fluid  along  the  light 
fraction  outlet  (28).  The  suction  inlet  of  the  pump  is 
constituted  by  the  vortex  finder  (24)  and  the  discharge  outlet 
is  constituted  by  the  overflow  branch  (28).  A  vacuum  transfer 
system  is  also  disclosed  including  a  group  of  relatively  small 
diameter  cyclone  separators  (114)  of  this  construction  pre- 
ceded  by  a  relatively  large  diameter  cyclone  separator  (112), 
the  small  diameter  cyclone  separators  containing  such  ring 
jet  vortex  finders. 



THIS  i n v e n t i o n   r e l a t e s   to  cyc lone   s e p a r a t o r s   and  vacuum  t r a n s f e r  

systems  using  such  s e p a r a t o r s .  

In  a  cyclone  s e p a r a t o r   a  p a r t i c l e - l a d e n   f l u i d   e n t e r s   the  c y l i n d r i c a l  

body  of  the  cyclone  t a n g e n t i a l l y   through  an  i n l e t   or  feed  pipe  w i t h  

as  l i t t l e   t u r b u l e n c e   as  p o s s i b l e   so  tha t   the  f l u i d   r o t a t e s   at  a 

r e l a t i v e l y   high  v e l o c i t y .   In  the  cyclone  t h e  f l u i d   path  i n v o l v e s  

a  double  vor tex   with  the  f l u i d   s p i r a l l i n g   downward  at  the  o u t s i d e  

and  upward  at  the  i n s i d e .   The  p a r t i c l e s   are  s u b j e c t e d   to  l a r g e  

c e n t r i f u g a l   fo rces   and  at  l e a s t   the  heavy  f r a c t i o n   t h e r e o f   is  moved 

towards  the  wall  of  the  cyc lone .   This  heavy  f r a c t i o n   s p i r a l s   down- 

wardly  along  the  conical   wall  of  the  cyclone  body  so  t h a t   the  p a r t i c l e s  

f a l l   towards  a  so l id s   d i s c h a r g e   po in t   at  the  apex  of  the  cone.  The 

f l u i d   in  the  inner  vor tex  is  s u b s t a n t i a l l y   c lean  or  has  e n t r a i n e d  

t h e r e i n   only  the  l i g h t   f r a c t i o n   of  the  p a r t i c l e s   which  t r a v e l s   upward 

and  leaves   the  cyclone  through  the  l i g h t   f r a c t i o n   o u t l e t   or  c lean  gas  

o u t l e t .   The  c los ing   p l a t e   of  the  c y l i n d r i c a l   p o r t i o n   of  the  c y c l o n e  

body  is  p e r f o r a t e d   a x i a l l y   by  a  tube  which  ex tends   pa r t   way  or  all   t h e  

way  along  the  axis  of  the  c y l i n d r i c a l   p o r t i o n .   That  pa r t   of  the  t u b e  

which  extends   ins ide   the  cyc lone   body  is  known  as  the  vor t ex   f i n d e r  

while  the  pa r t   tha t   extends   o u t s i d e   the  cyc lone   body  will   be  t e r m e d  

the  over f low  branch  for   the  purposes   of  t h i s   s p e c i f i c a t i o n .  

I t . i s   an  o b j e c t   of  t h i s   i n v e n t i o n   to  provide  an  improved  c y c l o n e  

wherein  the  improvement  compr ises   the  p r o v i s i o n   of  a  j e t   pump  in  t h e  

l i g h t   f r a c t i o n   o u t l e t ,   the  j e t   pump  being  a r r anged   to  promote  t h e  

flow  of  the  f l u i d   along  the  l i g h t   f r a c t i o n   o u t l e t .  



The  j e t   pump  may  c o n v e n i e n t l y   be  a  r i n g . j e t   pump,  the  s u c t i o n   i n l e t '  

of  which  is  c o n s t i t u t e d   by  the  vor t ex   f i n d e r   of  the  cyc lone   and  t h e  

d i s cha rge   o u t l e t   of  which  is  c o n s t i t u t e d   by  the  ove r f low  b r a n c h .  

The  s u c t i o n   i n l e t   of  the  j e t   pump  may  be  p r o f i l e d   to  d e c r e a s e   t h e  

p re s su re   t h e r e i n   immedia te ly   downstream  of  the  po in t   of  i n t r o d u c t i o n  

of  the  motive  f l u i d   in  sympathy  with  an  i n c r e a s e   in  the  induced  f l o w  

through  the  j e t   pump. 

It  will  be  a p p r e c i a t e d   t h a t   the  e f f i c i e n c y   of  the  j e t   pump  depends  on 

the  matching  between  the  d i v e r g e n c e   r a t i o   of  the   j e t   pump  nozzle   and 

the  p r e s s u r e   into  which  the  nozzle   d i s c h a r g e s .   By  p r o f i l i n g   t h e  

vortex  f i n d e r   or  suc t ion   i n l e t   of  the  j e t   pump  much  in  the  manner  o f  

a  v e n t u r i ,   s t a b i l i t y   of  the  p r e s s u r e   at  the  po in t   at  which  the  j e t  

d i s c h a r g e s   is  a f f o r d e d   as  f o l l o w s :   When  the  flow  to  the  cyclone  i s  

r e s t r i c t e d   the  induced  flow  th rough  the  j e t   pump  wil l   be  low  so  t h a t  

the  p r e s s u r e   d e p r e s s i o n   in  the  j e t   pump  will  be  high  as  a  consequence  
t h e r e o f .   Should  the  flow  to  the  cyc lone   be  unencumbered  the  i n d u c e d  

flow  will   be  high  as  a  r e s u l t   of  which  the  p r e s s u r e   d e p r e s s i o n   o v e r  

the  p r o f i l e   will   be  high.  The  matching  of  the  i n t e r n a l   p r o f i l e   o f  

the  vor tex   f i n d e r   with  the  j e t   pump  is  merely  a  m a t t e r   for   c a l c u l a t i o n .  

The  ring  j e t   pump  may  a d v a n t a g e o u s l y   inc lude   a  v a r i a b l e   geometry  n o z z l e  

d e s c r i b e d   in  the  p r e s e n t   a p p l i c a n t ' s   co -pend ing   R.S.A.  Pa t en t   A p p l i c a t i o n  

No.  80/4329.   In  t h i s   nozzle   the  inner   and  o u t e r   b o u n d a r i e s   of  t h e  

nozzle  are  m o v a b l e   with  r e s p e c t   to  one  a n o t h e r   to  i n c r e a s e   the  c r o s s -  

s e c t i o n a l   area  of  the  nozzle   and  to  vary  the  expans ion   r a t i o   of  t h e  

nozzle  from  a  high  value  to  un i ty   upon  movement  in  one  d i r e c t i o n   to  a 

p r e d e t e r m i n e d   p o s i t i o n .   Movement  b e y o n d  t h i s   p o s i t i o n   will   i n c r e a s e  

the  c r o s s - s e c t i o n a l   area  of  the  j e t   but  will  not  a l t e r   the  e x p a n s i o n  

r a t i o .   The  r a t i o   of  the  c r o s s - s e c t i o n a l   area  at  the  e x i t   of  t h e  

nozzle  to  t h a t   at  the  t h r o a t   is  the  expans ion   r a t i o .  



The  i n v e n t i o n   inc ludes   a  vacuum  t r a n s f e r   system  using  a  l a r g e  

d iamete r   cyclone  which  precedes   a  r e l a t i v e l y   small  d i a m e t e r   c y c l o n e ,  

or  c y c l o n e s ,   a r ranged   in  p a r a l l e l   and  c o n t a i n i n g   the  r ing  j e t   v o r t e x  

f i n d e r   or  f i n d e r s .   The  vortex  f i n d e r s   may,  of  c o u r s e ,   be  p r o f i l e d  

as  is  d e s c r i b e d   above  and  the  r ing  j e t   pump,  or  pumps,  may  be 

a d j u s t a b l e   as  d e s c r i b e d .  

T h e . i n v e n t i o n   is  f u r t h e r   d e s c r i b e d   with  r e f e r e n c e   to  the  accompanying  

drawings  in  w h i c h ;  

Figure   1  is  an  e l e v a t i o n ,   p a r t l y   in  s e c t i o n ,   of  a  cyc lone   with  a  r i n g  

j e t   pump  i n c o r p o r a t e d   in  the  l i g h t   f r a c t i o n   o u t l e t   t h e r e o f ;  

Figure  2  is  a  d iagrammat ic   r e p r e s e n t a t i o n   of  a  vacuum  t r a n s f e r   sys tem 

u t i l i s i n g   such  a  c y c l o n e ;  

Figure   3  is  a  s ide  e l e v a t i o n   of  the  vacuum  t r a n s f e r   sys tem;   and  

Figure   4  is  a  plan  view  of  the  vacuum  t r a n s f e r   s y s t e m .  

In  vacuum  t r a n s f e r   systems  which  involve   c o n s t a n t l y   vary ing   c o n d i t i o n s  

i t   is  o f ten   very  d i f f i c u l t   to  ma in ta in   a  c o n s t a n t   p r e s s u r e   wi th in   t h e  

pump  which  is  necessa ry   to  main ta in   maximum  e f f i c i e n c y .  

In  Figure   1  a  cyclone  10  has  a  body  compr i s ing   a  c y l i n d e r   12  a t t a c h e d  

to  a  t r u n c a t e d   cone  14,  the  base  of  which  is  c o n t i g u o u s   with  the  open 

end  of  the  c y l i n d e r   12  to  form  a  chamber  16.  The  t r u n c a t e d   apex  o f  

the  cone  14  is  the  heavy  f r a c t i o n   o u t l e t   or  s o l i d s   d i s c h a r g e   point   18. 

The  c y l i n d e r   wall  is  p e r f o r a t e d   t a n g e n t i a l l y   near   the  c lo sed   end  by  a 

condu i t   20  which  does  not  p e n e t r a t e   the  c y l i n d e r .   This  is  the  i n l e t  

or  feed  p i p e .  

The  c y l i n d e r   c lo s ing   p l a t e   22  is  p e r f o r a t e d   a x i a l l y   by  a  tube  24  which 

extends   down  the  cen t r e   of  the  chamber  16.  The  tube  24  i s ,   in  t h i s  

embodiment,   the  suc t ion   i n l e t   of  a  j e t   pump,  g e n e r a l l y   i n d i c a t e d   by  a 

r e f e r e n c e   numeral  2 6 ,  . a d v a n t a g e o u s l y   with  a  v a r i a b l e   geometry  n o z z l e  

as  d e s c r i b e d   in  our  co-pending  a p p l i c a t i o n .  



It  will   be  e v i d e n t   t h a t   the  suc t ion   branch  24  o f  t h e   r ing  j e t  p u m p   26 

has  been  s u b s t i t u t e d   fo r   the  vortex  f i n d e r   of  the  p r io r   a r t   c y c l o n e s  

while  the  ove r f low  branch  of  p r io r   a r t   c y c l o n e s   is  r e p l a c e d   by  t h e  

d i scha rge   nozz le   or  c o n d u i t   28  of  the  j e t   pump  26.  The  motive  f l u i d  

is  brought   in to   the  plenum  30  of  the  j e t   pump  26  via  an  i n l e t   3 2 .  

The  suc t ion   branch  24  is   p r o f i l e d   in  such  a  manner  t h a t ,   as  i n d u c e d  

flow  i n c r e a s e s ,   the  p r e s s u r e   in  the  s u c t i o n   passage  of  the  nozz le   34 

d e c r e a s e s .   But,  as  p r e s s u r e   load ing   a c ro s s   the  pump  i n c r e a s e s ,   t h e  

flow  will   d e c r e a s e   in  compensat ion   so  t h a t   a  v i r t u a l l y   c o n s t a n t  

p r e s su re   is  m a i n t a i n e d   wi th in   the  pump. 

In  Figure  2  a  vacuum  t r a n s f e r   sys tem 100  compr i ses   a  l a r g e   d i a m e t e r  

cyclone  102  w h i c h  p r e c e d e s   a  r e l a t i v e l y   small  d iameter   cyc lone   104 ,  

or  c y c l o n e s ,   a r r a n g e d   in  p a r a l l e l .   The  small  d iameter   cyc lone   104 

con ta ins   the  r ing  j e t   vor tex   f i n d e r .  

In  o p e r a t i o n   the  j e t   pump  causes  a  d e p r e s s i o n   in  the  small  h i g h  

e f f i c i e n c y   cyc lone   104  the  feed  of  which  is  connected   to  the  o v e r f l o w  

branch  106  of  the  l a r g e ,   low  e f f i c i e n c y   cyc lone   102  which  may  i n c l u d e  

a  l a rge   d i ame te r   nozz le   or  even  a  d i v e r g e n t   nozz l e .   Thus,  a  d e p r e s s i o n  

e x i s t s   in  the  l a r g e   d i ame te r   cyclone  102  as  w e l l ,   inducing  a  flow  a l o n g  

the  condu i t   c o n n e c t e d   to  i t s   feed  branch  108 .  

The  vacuum  t r a n s f e r   system  shown  in  F igures   3  and  4  is  s i m i l a r   to  t h e  

one  shown  in  the  d iagram  in  Figure  2,  the  system  being  pneumat ic   and  

supp l i ed   with  c o m p r e s s e d  a i r   from  a  mani fo ld   110  which  p r o v i d e s   t h e  

motive  f l u i d   fo r   the  j e t   pumps  (not  shown)  in  the  ring  of  s m a l l ,   h i g h  

e f f i c i e n c y   cyc lones   114  su r rounding   the  l a r g e ,   low  e f f i c i e n c y   cyc lone   112. 

In  Figure  4  i t   can  be  seen  tha t   the  ove r f low  branch  116  of  the  l a r g e  

cyclone  112  is  c o n n e c t e d   to  the  i n l e t s   of  the  small  cyc lones   1J4  w h i l e  

the  l a rge   cyclone  112  is  fed  e x t e r n a l l y   by  means  of  a  c o n d u i t   120 

connected  to  the  feed  branch  118  t h e r e o f .  



Solids  in  the  g a s e o u s  c o n v e y i n g   medium  e n t e r   the  large  cyc lone   112 

and  all  l a rge   or  heavy  m a t e r i a l   is  t h e r e i n   removed.  Only  l i g h t   o r  

f ine  ma te r i a l   t h e r e f o r e   passes   to  the  small  cyc lones   114  where  i t  

is  removed  from  the  gas  s t ream.   Only  the  gaseous  medium  i t s e l f  

passes  through  the  j e t   pump.  Thus,  the  l a rge   cyclone  is  s u b j e c t e d  

t o  l i t t l e   wear  owing  to  the  low  gas  and  p a r t i c l e   v e l o c i t i e s   r e s u l t i n g  

from  the  l a rge   c r o s s - s e c t i o n a l   area  of  the  feed  nozzle  e x i t .   The 

small  high  v e l o c i t y   cyc lones   are  s u b j e c t   to  l i t t l e   wear  owing  to  t h e  

small  p a r t i c l e   s i ze   and  mass  of  the  p a r t i c l e s   while  the  j e t   pumps  a r e  

s u b j e c t  t o   l i t t l e   wear  as  only  a  n e g l i g i b l e   c a r r y - o v e r   p a s s e s   t h r o u g h  

them.  In  a d d i t i o n ,   the  annu la r   j e t s   p r o t e c t   the  walls  of  the  m i x i n g  

chambers  in  t h e  d i s c h a r g e   nozz les   of  the  j e t   pumps  from  a b r a s i o n .  

T h e  r e s u l t   is  a  vacuum  t r a n s f e r   system  which  has  a  s t a b i l i t y   o f  

opera t ing   po in t   not  p o s s i b l e   with  any  o the r   pneumatic  system  and  

which  e x h i b i t s   a  very  low  wear  ra te   and  has  t h e  a d v a n t a g e   o f  

s i m p l i c i t y .  



1 .  

A  cyc lone   compr i s ing   a  body  formed  with  an  i n l e t   for   a  p a r t i c l e - l a d e n  

f l u i d ,   a  heaving  f r a c t i o n   o u t l e t   and  a  l i g h t   f r a c t i o n   o u t l e t ,   which  

i n c l u d e s   a  vor tex   f i n d e r   and  an  o v e r f l o w   b ranch ,   c h a r a c t e r i s e d   in  t h a t  

the  l i g h t   f r a c t i o n   o u t l e t   is  p r o v i d e d   with  a  j e t   pump  a r r a n g e d   t o  

promote  the  flow  of  the  f l u i d   a long  the  l i g h t   f r a c t i o n   o u t l e t .  

2 .  

A  cyclone  a c c o r d i n g   to  claim  1  c h a r a c t e r i s e d   in  t h a t  t h e   j e t   pump  i s  

a  r ing  j e t   pump,  the  s u c t i o n   i n l e t   of  which  is  c o n s t i t u t e d   by  t h e  

vor tex  f i n d e r   and  the  d i s c h a r g e   o u t l e t   of  which  is  c o n s t i t u t e d   by  t h e  

over f low  b r a n c h .  

3 .  

A  cyc lone   a c c o r d i n g   to  c la im  1  c h a r a c t e r i s e d   in  t ha t   the  j e t   pump  is  a 

ring  j e t   pump,  the  s u c t i o n   i n l e t   of  which  is  c o n s t i t u t e d   b y  t h e   v o r t e x  

f i n d e r   and  the  d i s c h a r g e   o u t l e t   of  which  is  c o n s t i t u t e d   by  the  o v e r f l o w  

branch,   the  nozz le   of  the  j e t   pump  i n c l u d i n g   i nne r   and  o u t e r   b o u n d a r i e s  

which  are  a x i a l l y   movable  with  r e s p e c t   to  one  ano the r   to  i n c r e a s e   t h e  

c r o s s - s e c t i o n a l   area  of  the  nozz le   and  to  vary  the  expans ion   r a t i o   o f  

the  nozz le   from  a  high  va lue   t o  u n i t y   upon  movement  in  one  d i r e c t i o n   t o  

a  p r e d e t e r m i n e d   p o s i t i o n ,   movement  beyond  the  p r e d e t e r m i n e d   p o s i t i o n  

i n c r e a s i n g   the  c r o s s - s e c t i o n a l   a r e a  o f  t h e   j e t   but  not  a l t e r i n g   t h e  

e x p a n s i o n   r a t i o .  



4 .  

A  cyclone  a c c o r d i n g   to  c la im  3  c h a r a c t e r i s e d   in  t h a t   the  s u c t i o n   i n l e t  

of  the  j e t   pump is  p r o f i l e d   to  d e c r e a s e  t h e   p r e s s u r e   t h e r e i n   i m m e d i a t e l y  

downstream  of  the  point   of  i n t r o d u c t i o n   of  the  motive  f l u i d   in  sympa thy  

with  an  i n c r e a s e   in  the  induced  f l o w .  

5 .  

A  vacuum  t r a n s f e r   system  i n c l u d i n g   a  r e l a t i v e l y   small  d i ame te r   c y c l o n e  

preceded  by  a  r e l a t i v e l y   l a r g e   d i a m e t e r   c y c l o n e ,   c h a r a c t e r i s e d   in  t h a t  

the  small  d i a m e t e r   cyc lone   c o n t a i n s   a  r ing  j e t   v o r t e x . f i n d e r .  

6 .  

A  vacuum  t r a n s f e r   system  a c c o r d i n g   to  claim  5  c h a r a c t e r i s e d   in  t h a t   i t  

includes   a  small  d i ame te r   cyc lone   a c c o r d i n g   to  any  one  of  c l a i m s  

1  to  4 . .  
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