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High-vacuum  pump. 
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@  A  high-vacuum  pump  comprising  a  rotor  (1)  arranged  for 
high-speed  rotation  around  a  longitudinal  shaft,  the  rotor  and 
the  stator  being  each  built  up,  through  part  of  their  length, 
of  one  or  more  coaxial  sleeves  or  pipes  (8,  9,  1  2,  1  4,  1  7)  of 
different  diameters  and  having  one  free  end,  the  systems  of 
rotor  pipes  and  stator  sleeves  being  mutually  oppositely 
directed  and  fittingly  disposed  one  within  the  other,  so  that 
a  pipe  of  the  system  of  rotor  pipes  is  disposed  between  two 
pipes  or  between  one  pipe  and  the  wall  of  the  system  of 
stator  sleeves,  and  at  least  one  of  each  pair  of  closely-spaced 
opposing  surfaces  of  stator  pipe  or  wall  and  rotor  pipe  or  wall 
being  provided  with  a  helical  or  spiral-shaped  groove  (13,  15, 
16,  18,  19). 
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u t i e :   H i g h - v a c u u m   pump 

The  i n v e n t i o n   r e l a t e s   to  a  h i g h - v a c u u m   pump  c o m p r i s i n g  
a  r o t o r   a r r a n g e d   f o r   h i g h - s p e e d   r o t a t i o n   a r o u n d   a  
l o n g i t u d i n a l   a x i s   ,  and  a  s t a t o r   d i s p o s e d   c o a x i a l l y  
w i t h   s a i d   r o t o r ,   s a i d   r o t o r   and  s a i d   s t a t o r   h a v i n g  
o p p o s i n g   s u r f a c e s   s p a c e d   a  s h o r t   d i s t a n c e   a p a r t ,   a t  
l e a s t   a  p o r t i o n   of  one  of  w h i c h   s u r f a c e s   is  p r o v i d e d  
w i t h   a  v e r t i c a l   or  s p i r a l - s h a p e d   g r o o v e .  

A  pump  of  t h i s   k i n d   is  known  f rom  N e t h e r l a n d s   p a t e n t  
a p p l i c a t i o n   8 1 0 5 6 1 4 .   In  t h i s   p r i o r   pump,  t he   i n n e r   w a l l  
of  t he   s t a t o r   c a s i n g   is  p r o v i d e d   w i t h   a  s p i r a l - s h a p e d  

g r o o v e .   The  r o t o r   is  d i m e n s i o n e d   so  t h a t   t h e r e   is  a  
r e l a t i v e l y   n a r r o w   gap  b e t w e e n   t he   o u t e r   w a l l   of  t h e  
r o t o r   and  t h e   i n n e r   w a l l   of  t h e   s t a t o r   c a s i n g .  

One  p r o b l e m   e n c o u n t e r e d   w i t h   t he   p r i o r   pump  is  t h a t  
t he   v o l u m e   of   t he   pump  s h o u l d   be  l a r g e ,   i f   at   l e a s t   a  
r e a s o n a b l e   p e r f o r m a n c e   of  the   pump  is  r e q u i r e d .   F u r t h e r m o r e ,  
t he   p u m p i n g   s p e e d   is  no t   v e r y   h i g h ,   and  t he   c o m p r e s s i o n  
r a t i o ,   t h a t   is  to  s a y ,   t he   r a t i o   b e t w e e n   t he   p r e - v a c u u m  
p r e s s u r e   and  t h e   h i g h - v a c u u m   p r e s s u r e   ( m e a s u r e d   at   t h e  

same  moment )   is  r e l a t i v e l y   low.   To  r e a l i z e   a  good  p u m p i n g  
s p e e d   and  c o m p r e s s i o n   r a t i o ,   a  h i g h   r o t a r y   s p e e d   of  t h e  

r o t o r   s h o u l d   be  m a i n t a i n e d .   Owing  to  t he   s i z e   of  t h e  

r o t o r ,   t h i s   l e a d s   to  a  v e r y   h i g h   v e l o c i t y   of  t he   o u t e r  
s u r f a c e   of  t he   r o t o r ,   and  h e n c e   to  s u b s t a n t i a l   m e c h a n i c a l  
s t r e s s e s .   F u r t h e r m o r e ,   b o t h   d u r i n g   s t a r t i n g - u p   and  d u r i n g  
n o m i n a l   o p e r a t i o n ,   a  r e l a t i v e l y   low  p r e - p r e s s u r e   is  r e q u i r e d ,  
w h i c h   means   t h a t   s t a r t i n g   is  o n l y   p o s s i b l e   a f t e r   t h e  

p r e s s u r e   in  t he   e n t i r e   s y s t e m   h a s ,   in  one  way  or  a n o t h e r ,  
a l r e a d y   b e e n   d e c r e a s e d   to  a  g i v e n   low  v a l u e .  

I t   is   an  o b j e c t   of  t he   i n v e n t i o n   to  i m p r o v e   t h e  

p r i o r   h i g h - v a c u u m   pump  so  t h a t   t he   p r o b l e m s   o u t l i n e d  
above   o c c u r   no  l o n g e r ,   or  at  any  r a t e   to  a  c o n s i d e r a b l y  
l e s s e r   e x t e n t .  
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The  o b j e c t   c o n t e m p l a t e d   is  a c h i e v e d ,   a c c o r d i n g   t o  

:he  i n v e n t i o n ,   w i t h   a  pump  in  w h i c h   t he   r o t o r   and  t h e  

i t a t o r   a r e   e a c h   b u i l t   up,   t h r o u g h   p a r t   of  t h e i r   l e n g t h ,  

if  one  of  more  c o a x i a l   s l e e v e s   or  p i p e s   of  d i f f e r e n t  

l i a m e t e r   and  h a v i n g   one  f r e e   end ,   t he   s y s t e m s   of  r o t o r  

) i p e s   and  s t a t o r   s l e e v e s   b e i n g   m u t u a l l y   o p p o s i t e l y  

l i r e c t e d   and  f i t t i n g l y   d i s p o s e d   one  w i t h i n   t h e   o t h e r ,  

;o  t h a t   "a  p i p e   of  t he   s y s t e m   of  r o t o r   p i p e s   is  d i s p o s e d  

j e t w e e n   two  p i p e s   or  b e t w e e n   a  p i p e   and  t he   w a l l   of  t h e  

; y s t e m   of  s t a t o r   s l e e v e s ,   and  a t   l e a s t   one  of  e a c h   p a i r  

)f  c l o s e l y -   spaced  o p p o s i n g   s u r f a c e s   of  s t a t o r   p i p e   o r  

t fal l   and  r o t o r   p i p e   or  w a l l   is   p r o v i d e d   w i t h   a  h e l i c a l  

>r  s p i r a l - s h a p e d   g r o o v e .  

As  r o t o r   and  s t a t o r   e a c h   c o m p r i s e   at   l e a s t   o n e  

: o a x i a l   s l e e v e   in  a d d i t i o n   to  t h e   r o t o r   or  s t a t o r   p r o p e r ,  

the  pump  a c c o r d i n g   to  t h e   i n v e n t i o n   c o m p r i s e s   at   l e a s t  

t h r e e   p a i r s   of  o p p o s i n g   s u r f a c e s ,   a t   l e a s t   one  of  w h i c h  

is  p r o v i d e d   w i t h   a  h e l i c a l   or  s p i r a l - s h a p e d   g r o o v e .   F o r  

such   a  l e n g t h   of  s u r f a c e s ,   t h e   p r i o r   pump  n e e d s   a  l a r g e r  

h e i g h t "   ( a b o u t   t w i c e   t h e   l e n g t h   of  t h e   c o a x i a l   s l e e v e  

more)   .  The  pump  a c c o r d i n g   to  t he   i n v e n t i o n   can   t h u s   b e  

c o n s t r u c t e d   in  more  c o m p a c t   f o r m .   As  t h e   f i t t i n g   s l e e v e s  

fo rm  a  l a b y r i n t h   s t r u c t u r e ,   t h e   pump  a c c o r d i n g   to  t h e  

i n v e n t i o n   is   f u r t h e r   much  b e t t e r   o p t i c a l l y   b l i n d   t h a n  

t h e   p r i o r   pump  ( In   t he   p r i o r   pump,  a  gas  m o l e c u l e   p r e s e n t  

a t   t h e   p r e - v a c u u m   s i d e   " s e e s "   t h e   h i g h   v a c u u m   s i d e   -  

in   t he   pump  a c c o r d i n g   to  t h e   i n v e n t i o n   t h i s   is  i m p o s s i b l e )   . 

As  a  r e s u l t ,   b a c k - l e a k a g e ,   in  p a r t i c u l a r   of  l i g h t   g a s e s ,  

is  p r e v e n t e d   b e t t e r   t h a n   in  t h e   p r i o r   pump,   w h i c h   f o r  

l i g h t   g a s e s   was  f o u n d   n o t   to  have   a  good  p u m p i n g   s p e e d   i n  

p r a c t i c e ,   j u s t   b e c a u s e   of  t he   o c c u r r i n g   b a c k - l e a k a g e .  

In  t he   pump  a c c o r d i n g   to  t he   i n v e n t i o n ,   when  a  

p l u r a l i t y   of  p i p e s   a r e   u s e d ,   t he   r o t o r - c o n n e c t e d   p i p e s  

or  s l e e v e s   h a v i n g   t h e   s m a l l e r   or  s m a l l e s t   d i a m e t e r s   w i l l  

have   a  l o w e r   s u r f a c e   v e l o c i t y   a t   a  g i v e n   r o t a t i o n   f r e q u e n c y  
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t h a n   the   p i p e s   o±  l a r g e r   d i a m e t e r   l o c a t e d   more  o u t w a r d l y .  
As  a  c o n s e q u e n c e ,   t he   s m a l l e r   p i p e s   a re   s u b j e c t e d   t o  
l o w e r   m e c h a n i c a l   s t r e s s e s   d u r i n g   r o t a t i o n ,   and  w i l l  

e x p a n d   to  a  l e s s e r   e x t e n t   t h a n   do  the   l a r g e r   p i p e s .  
5  As  a  r e s u l t ,   t he   w a l l s   (of   t he   s t a t o r   s l e e v e s )   a d j o i n i n g  

t he   s m a l l e r   p i p e s   w i l l   a d j o i n   t he   r o t o r   p i p e s   m o r e  
c l o s e l y .   T h i s   a l s o   r e s u l t s   in  a  h i g h   c o m p r e s s i o n   r a t i o  
of  t he   pump.  I n d e e d ,   in  a  p r e f e r r e d   e m b o d i m e n t   of  t h e  

pump  a c c o r d i n g   to  t h e   i n v e n t i o n   the   r a d i a l   d i m e n s i o n  
10  of  t he   r o t a t i o n   gap  d e c r e a s e s   f rom  the   s i d e   of  h i g h  

vacuum  in  t he   pump  to  t he   s i d e   of  h i g h e r   p r e s s u r e s .  
F u r t h e r m o r e ,   in  t he   pump  a c c o r d i n g   to  t he   i n v e n t i o n ,  
t he   g r o o v e s   in  t h e   s u r f a c e s   c o n c e r n e d   w i l l   p r e f e r a b l y  
be  d i m e n s i o n e d   so  t h a t   t he   d e p t h   of  the   g r o o v e s   d e c r e a s e s  

15  f rom  t he   s i d e   of  h i g h   vacuum  in  t he   pump  to  the   s i d e  
of   h i g h e r   p r e s s u r e s .   T h i s ,   t o o ,   c o n t r i b u t e s   t o w a r d s  
i m p r o v i n g   t he   c o m p r e s s i o n   r a t i o   and  h e n c e   t he   p u m p i n g  
s p e e d .  

In  t he   a b o v e   s u i t a b l e   e m b o d i m e n t   of  t he   pump  a c c o r d i n g  
20  to  t he   i n v e n t i o n ,   a t   t he   h i g h - v a c u u m   s i d e ,   w h e r e   e s p e c i a l l y  

t he   p u m p i n g   s p e e d   is  of  i m p o r t a n c e ,   t he   c o n s t r u c t i o n  
is  d i m e n s i o n e d   more  l i b e r a l l y ,   and  t h e   t o l e r a n c e s   w i t h  
r e g a r d   to  t h e   d i m e n s i o n s   a re   much  l a r g e r   t h a n   at   t h e  

p r e - v a c u u m   s i d e ,   w h e r e   i t   is  e s p e c i a l l y   t h e   c o m p r e s s i o n  
•5  r a t i o   w h i c h   is  i m p o r t a n t ,   and  w h e r e   t he   d i m e n s i o n s   o f  

g r o o v e s   and  t he   r o t a t i o n   gap  a r e   much  s m a l l e r .  
The  d i m e n s i o n s   of  t he   r o t a t i o n   gap  a r e   p a r t l y  

d e t e r m i n e d   by  t he   d y n a m i c   b e h a v i o u r   of  t he   r o t o r ,   i n  
p a r t i c u l a r   w o b b l e   and  v i b r a t i o n   d u r i n g   r u n - u p  

>°  and  d u r i n g   p a r t i c u l a r   c o n d i t i o n s ,   s u c h   as  t he   i n g r e s s  
of  a i r .   The  use   at   t he   top   of  a  m a g n e t i c   b e a r i n g   w i t h  
a  h i g h   r a d i a l   s t i f f n e s s   is  f a v o u r a b l e   in  t h i s   c a s e .   A 

m a g n e t i c   b e a r i n g   has   a d d i t i o n a l l y   good  p r o p e r t i e s   f r o m  
the   p o i n t   of  v i e w   of  vacuum  e n g i n e e r i n g .  

>5  The  c o m p a c t   i n s t r u c t i o n ,   t he   good  v i s u a l   b l i n d n e s s  
and  t he   g r a d u a l   t r a n s i t i o n   t o w a r d s   a  s m a l l   d i a m e t e r   h a v e  
f o r   t h e i r   r e s u l t   t h a t   an  e f f e c t i v e   pump  a c t i o n   is  o b t a i n e d ,  
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so  t h a t   t he   r o t a t i o n   f r e q u e n c y   n e e d   n o t   be  e x t r e m e l y  

h i g h   to  r e t a i n   a  r e a s o n a b l e   n e t t   p u m p i n g   s p e e d   at   t h e  

h i g h - v a c u u m   s i d e .   As  a  r e s u l t ,   t he   s t r e s s   l e v e l   in  t h e  

r o t o r   c o m p o n e n t s   w i l l   a l w a y s   have   a  t o l e r a b l e   l e v e l .  

5  T o w a r d s   t h e   p r e - v a c u u m   s i d e ,   t he   r e q u i r e d   p u m p i n g  

v e l o c i t y   b e c o m e s   l o w e r   as  t he   p r e s s u r e   is  i n c r e a s i n g ;  

f o r   t h i s   r e a s o n ,   t h e r e f o r e ,   i t   is   h e r e   s u f f i c i e n t   t o  

h a v e   l o w e r   c i r c u m f e r e n t i a l   v e l o c i t y   and  s m a l l e r   r a d i a l  

g r o o v e   and  r o t a t i o n   gap  d i m e n s i o n s ;   a t   t h e   p r e - v a c u u m  

0  s i d e ,   t h e   s p e c i f i c   d i m e n s i o n s   a r e   g e n e r a l l y   much  s m a l l e r  

t h a n   a t   t he   h i g h - v a c u u m   s i d e .  

I t   i s   f u r t h e r   n o t e d   t h a t ,   i f   d e s i r e d ,   t h e   pump 

a c c o r d i n g   to  t h e   i n v e n t i o n   can   be  p r o v i d e d   w i t h   a  r o t o r  

h a v i n g   a  b l a d e d   w h e e l ,   f o r   e x a m p l e ,   as  d e s c r i b e d   i n  

15  N e t h e r l a n d s   p a t e n t   a p p l i c a t i o n   8 3 0 3 9 2 7 .  

In  a  v e r y   s u i t a b l e   e m b o d i m e n t   of  t h e   pump  a c c o r d i n g  

to  t he   i n v e n t i o n ,   an  o u t l e t   d u c t   i s   p r o v i d e d   in  t he   s t a t o r  

b e t w e e n   one  or  more  p a i r s   of  s u c c e s s i v e   s l e e v e s   a n d / o r  

b e t w e e n   a  s l e e v e   and  an  a d j a c e n t   w a l l ,   s a i d   d u c t   h a v i n g  

20  a  n o n - r e t u r n   v a l v e ,   and  s a i d   d u c t   or  d u c t s   c o m m u n i c a t i n g  

w i t h   t h e   s u r r o u n d i n g   s p a c e   or  w i t h   a  p r e - v a c u u m   p u m p .  

Such   a  c o n s t r u c t i o n ,   in  w h i c h   t h e r e   i s   a l w a y s   an  o u t l e t  

d u c t   w i t h   n o n - r e t u r n   v a l v e s   b e t w e e n   s u c c e s s i v e   p a i r s  

of  w a l l s ,   makes   r u n - u p   of   t h e   pump  s i m p l e r   and  p e r m i t s  

25  t h i s   to '   be  e f f e c t e d   more  r a p i d l y .   T h i s   can   be  f u r t h e r  

e x p l a i n e d   as  f o l l o w s .  

When,  a t   h i g h   p r e s s u r e s   in  t h e   s p a c e   to  be  e v a c u a t e d ,  

t h e   pump  is   s t a r t e d ,   t h e   pump  is  c a p a b l e   of  b u i l d i n g  

up  a  p r e s s u r e   h i g h e r   t h a n   1  b a r   a l r e a d y   a f t e r   one  s i n g l e  

30  c o m p r e s s i o n   s t a g e ,   d e p e n d i n g   on  t h e   p r e s s u r e   in  t h e   s p a c e  

to  be  e v a c u a t e d   and  on  t he   r o t a t i o n   f r e q u e n c y .   As  s o o n  

a s ,   f o r   e x a m p l e ,   t h e   p r e s s u r e   a t   t h e   end  of  t he   f i r s t  

p a i r   of  w a l l s   is   h i g h e r   t h a n   1  a t m o s p h e r e ,   t h e   f i r s t  
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n o n - r e t u r n   v a l v e   is  o p e n e d   a u t o m a t i c a l l y ,   m e c h a n i c a l l y  
or  e l e c t r o n i c a l l y ,   and  the   gas  is  pumped  at  a  h i g h   r a t e ,  
even   d u r i n g   r u n - u p .   In  t h i s   way  i t   is  a v o i d e d   t h a t   t h e  

gas  must   be  c o m p r e s s e d   s t i l l   f u r t h e r   f o r   i t   to  b e  
5  t r a n s p o r t e d ,   i . e . ,   p r e s s e d ,   t h r o u g h   the   d u c t s   w h i c h  

u l t i m a t e l y   become  v e r y   n a r r o w .   As  the   same  t i m e   i t   i s  
t h u s   a c h i e v e d   t h a t   even   at  r e a s o n a b l y   h i g h   p r e s s u r e s  
the   pump  can  y e t   be  s t a r t e d   u p .  

When  t he   p r e s s u r e   in  t he   h i g h - v a c u u m   s p a c e   d e c r e a s e s  
10  d u r i n g   t he   s t a r t   i n g - u p   p r o c e d u r e   or  t h e r e a f t e r ,   t he   p r e s s u r e  

at   t he   f i r s t   v a l v e   w i l l   a l s o   d e c r e a s e   b e l o w   1  b a r ,   a n d  
the   v a l v e   w i l l   c l o s e   a u t o m a t i c a l l y .   A  p r o c e s s   s i m i l a r  
to  t h a t   d e s c r i b e d   f o r   t he   f i r s t   v a l v e   w i l l   s u b s e q u e n t l y  
be  r e p e a t e d   a t   t he   S e c o n d   v a l v e .   Thus  s u c c e s s i v e l y   a l l  

15  v a l v e s   w i l l   be  c l o s e d   as  e v a c u a t i o n   is  i n c r e a s i n g ,   e x c e p t  
f o r   t he   l a s t   v a l v e ,   and  t h i s   w i l l   o f t e n   be  e f f e c t e d   a l r e a d y  
b e f o r e   t he   o p e r a t i o n a l   s p e e d   is  r e a c h e d .   When  the   p u m p  
is  s w i t c h e d   o f f ,   a l l   v a l v e s   ,  i n c l u d i n g   t he   l a s t   one  w i l l  

n o r m a l l y   be  c o n t i n u o u s l y   c l o s e d .   The  v a l v e s   s h o u l d   p r e f e r a b l y  
10  be  d e s i g n e d   so ,   and  t he   c h o i c e   of  m a t e r i a l   s h o u l d   b e  

s u c h   t h a t   t he   l e a k - t i g h t n e s s   p e r   v a l v e   is  much  l e s s   t h a n  
the   l o c a l   v o l u m e   r a t e   of  t h e   p u m p .  

I t   is  even   p o s s i b l e   f o r   t he   pump  to  be  c o n s t r u c t e d  
w i t h   r o t a t i o n   gaps   and  g r o o v e s   w h i c h   a r e   so  s m a l l   t h a t ,  

IS  at   t he   h i g h - p r e s s u r e   s i d e ,   t he   pump  d i r e c t l y   pumps  t o  
t he   o u t s i d e   p r e s s u r e   of  1  a t m o s p h e r e .  

In  t h e   pump  a c c o r d i n g   to  t he   i n v e n t i o n ,   t h e   l a s t  

p r e s s u r e   s t a g e   Cat  t he   s i d e   of  t he   h i g h   p r e s s u r e s )   m a y ,  
i f   d e s i r e d ,   f u n c t i o n   as  an  a i r   b e a r i n g .   I f   t h i s   is  n o t  

50  d o n e ,   a  c o n v e n t i o n a l   b e a r i n g ,   f o r   e x a m p l e ,   a  b a l l   b e a r i n g  
or  m a g n e t i c   b e a r i n g ,   can  be  u s e d .  

The  i n v e n t i o n   is  i l l u s t r a t e d   w i t h   r e f e r e n c e   to  t h e  

a c c o m p a n y i n g   d r a w i n g ,   in  w h i c h   t he   s i n g l e   f i g u r e   is  a  
c r o s s - s e c t i o n a l   v i e w   of  p a r t   of  an  e m b o d i m e n t   of  t h e  

>5  h i g h - v a c u u m   pump  a c c o r d i n g   to  t he   i n v e n t i o n .  
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to  t he   i n v e n t i o n   c o m p r i s e s   a  r o t o r   1  .  R o t o r   1  ,  w h i c h   i s  

r o t a t i o n a l l y   s y m m e t r i c a l ,   is   o n l y   shown  as  to  one  h a l f  

Cthe  h a l f   l e f t   of  t h e   a x i s   of  r o t a t i o n ,   which"   is   a l s o  

t h e   a x i s   of  s y m m e t r y   2  )  .  The  r o t o r   1  c o n s i s t s   e s s e n t i a l l y  

of  a  c y l i n d r i c a l   c a s i n g   3,  w h i c h   a t   t he   b o t t o m   t e r m i n a t e s  

in  a  f r u s t o - c o n i c a l   end  4.  At  t h e   t o p ,   r o t o r   1  c o m p r i s e s  

a  c y l i n d r i c a l   p o r t i o n   5  of  a  d i a m e t e r   l a r g e r   t h a n   t h a t  

of  c a s i n g   3.  C a s i n g   3  and  c y l i n d r i c a l   p o r t i o n   5  a r e   i n t e r -  

c o n n e c t e d   by  d i s c   6.  On  t h e   o u t e r   w a l l   of  t h e   c y l i n d r i c a l  

p o r t i o n   5,  b l a d e s   7  may  be  p r o v i d e d   in  known  m a n n e r ,  

w h i c h   b l a d e s   7  w i t h   c y l i n d r i c a l   p o r t i o n   5  f o rm  a  b l a d e d  

w h e e l   w i t h   t he   f u n c t i o n   d e s c r i b e d   in  N e t h e r l a n d s   p a t e n t  

a p p l i c a t i o n   8 3 0 3 9 2 7 .  

R o t o r   1  f u r t h e r   c o m p r i s e s   two  c y l i n d r i c a l   p i p e s  

or  s l e e v e s   8  and  9,  w h i c h   p i p e s   e x t e n d   c o a x i a l l y   w i t h  

t h e   c y l i n d r i c a l   c a s i n g   3,  have   m u t u a l l y   d i f f e r e n t   d i a m e t e r s ,  

l a r g e r   t h a n   t h a t   of  c a s i n g   3,  and  a r e   f i x e d l y   s e c u r e d  

to  d i s c   6 .  

R o t o r   1  i s   j o u r n a l l e d   at   t h e   t op   in  a  m a g n e t i c   b e a r i n g  

10.  Such   m a g n e t i c   b e a r i n g s   a r e   g e n e r a l l y "   k n o w n .  

D i s p o s e d   c o a x i a l l y   w i t h   r o t o r   1  is   s t a t o r   1 1 .  

S t a t o r   11  c o m p r i s e s   an  o u t e r m o s t   w a l l   12  w h i c h   at  t h e  

i n s i d e   is   p r o v i d e d   w i t h   s p i r a l - s h a p e d   g r o o v e   13.  G r o o v e  

13  has   a  d e p t h   w h i c h   d e c r e a s e s   f rom  t h e   s i d e   o p p o s i t e  

b l a d e s   7  on  c y l i n d r i c a l   p o r t i o n   5  of  r o t o r   1  to  t h e   b o t t o m  

of  t h e   c a s i n g   f o r m e d   by  s t a t o r   1 1 .  

D i s p o s e d   c o a x i a l l y   w i t h i n   t he   o u t e r m o s t   w a l l   12 

of  s t a t o r   11  is   s l e e v e   14,  w h i c h   e x t e n d s   o u t w a r d l y   f r o m  

l  t h e   b o t t o m   of  t h e   s t a t o r   c a s i n g .   S l e e v e   14  i s   p r o v i d e d  

on  o p p o s i t e   s i d e s   w i t h   a  s p i r a l - s h a p e d   g r o o v e   15,  1 6 ,  

r e s p e c t i v e l y .   The  d e p t h   of   g r o o v e   15  at  t h e   o u t s i d e   o f  

s l e e v e   14  d e c r e a s e s   f rom  t he   b o t t o m   to  t h e   f r e e   end  o f  

s l e e v e   14.  The  d e p t h   of  g r o o v e   16  on  t h e   i n s i d e   s u r f a c e  

5  of  s l e e v e   14  d e c r e a s e s   f rom  t he   f r e e   end  to  t h e   b o t t o m .  
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D i s p o s e d   c o a x i a l l y   w i t h i n   s l e e v e   14  is  s l e e v e   1 7 ,  
w h i c h   e x t e n d s   u p w a r d l y   f rom  the   b o t t o m   of  t he   s t a t o r  

c a s i n g .   S l e e v e   17  is  a l s o   p r o v i d e d   on  o p p o s i t e   s i d e s  

w i t h   s p i r a l - s h a p e d   g r o o v e s   18,  19,  r e s p e c t i v e l y   w i t h  

d e c r e a s i n g   d e p t h s   in  c o r r e s p o n d i n g   d i r e c t i o n s   as  w i t h  

g r o o v e s   15,  16,  r e s p e c t i v e l y   ,  in  s l e e v e   1 4 .  

R o t o r   p i p e s   8  and  9  e x t e n d   i n t o   the   s y s t e m   o f  

s t a t o r   s l e e v e s   14  and  17  and  s t a t o r   w a l l   12.  R o t o r   p i p e  
8  t h u s   o p p o s e s   w a l l   12  and  the   o u t s i d e   of  s t a t o r   s l e e v e  

14  at   a  s h o r t   d i s t a n c e .   R o t o r   p i p e   9  o p p o s e s   t he   i n s i d e  

of  s t a t o r   s l e e v e   14  and  t he   o u t s i d e   of  s t a t o r   s l e e v e  
1  7  at   a  s h o r t   d i s t a n c e .   The  i n s i d e   of  s t a t o r   s l e e v e   17 
is  s p a c e d   a  s h o r t   d i s t a n c e   f rom  the   o u t e r   w a l l   of  c y l i n d r i c a l  

c a s i n g   3  of  r o t o r   1.  As  shown  in  t he   f i g u r e ,   at  l e a s t  

one  of  e a c h   p a i r   of  o p p o s i n g   w a l l s   of  r o t o r   p a r t s   a n d  

s t a t o r   p a r t s   is  a l w a y s   p r o v i d e d   w i t h   a  s p i r a l - s h a p e d  

g r o o v e   . 
In  t he   b o t t o m   of  t he   s t a t o r   c a s i n g ,   o u t l e t   d u c t s  

20,  21  a r e   p r o v i d e d ,   w h i c h   r e s p e c t i v e l y   c o n n e c t   t he   s p a c e  
b e t w e e n   w a l l   12  and  s l e e v e   14,  i n t o   w h i c h   r o t o r   p i p e  
8  e x t e n d s ,   and  the   s p a c e   b e t w e e n   s l e e v e   14  and  s l e e v e  

17,  i n t o   w h i c h   r o t o r   p i p e   9  e x t e n d s ,   w i t h   t he   s u r r o u n d i n g  

s p a c e   or  w i t h   a  p r e - v a c u u m   pump.  Duct   20  may  be  p r o v i d e d  
w i t h   a  n o n - r e t u r n   v a l v e   22  and  d u c t   21  w i t h   a  n o n - r e t u r n  

v a l v e   2 3 .  

Fo rmed   in  t h e   b o t t o m   of  t he   s t a t o r   c a s i n g ,   in  t h e  

c e n t r e   t h e r e o f ,   is   a  r e c e s s e d   p o r t i o n   w h i c h   a c c o m m o d a t e s  

the   c o n i c a l   end  4  of  r o t o r   1  .  The  w a l l   of  t he   r e c e s s e d  

p o r t i o n   of  t he   s t a t o r   c a s i n g   is  p r o v i d e d   w i t h   a  s p i r a l -  

s h a p e d   g r o o v e   24.  The  r e c e s s e d   p o r t i o n   p r o v i d e d   w i t h  

g r o o v e   24  f o r m s   an  a i r   b e a r i n g   f o r   t he   c o n i c a l   end  4 

of  r o t o r   1.  The  end  4  is  p r o v i d e d   w i t h   a  s m a l l   cone  2 5 ,  
t he   end  of  w h i c h   r e s t s   on  the   f l a t   b o t t o m   of  t he   r e c e s s e d  

p o r t i o n .   Cone  25  p r e v e n t s   t he   b e a r i n g   s u r f a c e s   of  t h e  

c o n i c a l   end  4  of  r o t o r   1  f rom  s e i z i n g   to  t he   a i r   b e a r i n g  
f o r m e d   by  t he   g r o o v e d ,   r e c e s s e d   p o r t i o n   of  t he   b o t t o m  
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b o t t o m   of  t h e   r e c e s s e d   p o r t i o n   is  a  d u c t   26,  in  w h i c h  

a  n o n - r e t u r n   v a l v e   27  is  i n c o r p o r a t e d .   Duc t   26  c o m m u n i c a t e s  

w i t h   t he   s u r r o u n d i n g   s p a c e   or  w i t h   a  p r e - v a c u u m   p u m p .  

In  t h e   e m b o d i m e n t   of  t he   pump  a c c o r d i n g   to  t h e  

i n v e n t i o n   shown ,   r o t o r   1  is  d r i v e n   by  means   of  a n  

e l e c t r i c   m o t o r   28  d i s p o s e d   w i t h i n   t he   s t a t o r   c a s i n g   a n d  

a  d r i v i n g   r i n g   29,  w h i c h   is   s e c u r e d   to  t he   c y l i n d r i c a l  

c a s i n g   3  of  r o t o r   1  . 

,  The  p a r t s   of  t he   pump  a c c o r d i n g   to  t he   i n v e n t i o n  

c o n s i s t   of  m a t e r i a l s   w h i c h   a r e   c o n v e n t i o n a l   f o r   t h e  

p u r p o s e .   Thus  r o t o r   p i p e s   8  and  9  may  c o n s i s t ,   f o r   e x a m p l e ,  

of  s t a i n l e s s   s t e e l   and  have   a  t h i c k n e s s   of  s e v e r a l   t e n t h s  

to  h a l f   a  m i l l i m e t e r   and  m o r e .   The  s t a t o r   w a l l s   and  s l e e v e s  

5  p r e f e r a b l y   c o n s i s t   of  an  e a s i l y   m a c h i n e d   m a t e r i a l ,   f o r  

e x a m p l e ,   of  a l u m i n i u m .   The  d i m e n s i o n s   of  r o t o r ,   r o t o r  

p i p e s ,   s t a t o r   w a l l   and  s t a t o r   s l e e v e s   a r e   f u r t h e r   s u c h  

t h a t   t he   d i s t a n c e   b e t w e e n   p a i r s   of  o p p o s i n g   w a l l s   d e c r e a s e s  

f rom  t h e   o u t e r m o s t   s t a t o r   w a l l   12  to  t h e   c y l i n d r i c a l  

0  c a s i n g   3  of  r o t o r   1  . 
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L  L A   1  M o .  

1.  a  n i g n - v a c u u m   pump  c o m p r i s i n g   a  r o t o r   a r r a n g e d   f o r  
h i g h - s p e e d   r o t a t i o n   a r o u n d   a  l o n g i t u d i n a l   a x i s ,   a n d  
a  s t a t o r   d i s p o s e d   c o a x i a l l y   w i t h   s a i d   r o t o r ,   s a i d   r o t o r  
and  s a i d   s t a t o r   h a v i n g   o p p o s i n g   s u r f a c e s   s p a c e d   a  s h o r t  
d i s t a n c e   a p a r t ,   at  l e a s t   a  p o r t i o n   of  one  of  w h i c h   s u r f a c e s  
is  p r o v i d e d   w i t h   a  h e l i c a l   or  s p i r a l - s h a p e d   g r o o v e ,  
c h a r a c t e r i z e d   in  t h a t   t he   r o t o r   and  s t a t o r   a r e   e a c h   b u i l t  

up,  t h r o u g h   p a r t   of  t h e i r   l e n g t h ,   of  one  or  more  c o a x i a l  
s l e e v e s   or  p i p e s   of  d i f f e r e n t   d i a m e t e r s   and  h a v i n g   o n e  
f r e e   end ,   t he   s y s t e m s   of  r o t o r   p i p e s   and  s t a t o r   s l e e v e s  
b e i n g   m u t u a l l y   o p p o s i t e l y   d i r e c t e d   and  f i t t i n g l y   d i s p o s e d  
one  w i t h i n   t he   o t h e r ,   so  t h a t   a  p i p e   of  t he   s y s t e m   o f  
r o t o r   p i p e s   is  d i s p o s e d   b e t w e e n   two  p i p e s   or  b e t w e e n  
a  p i p e   and  the   w a l l   of  t he   s y s t e m   of  s t a t o r   s l e e v e s ,  
and  at  l e a s t   one  of  e a c h   p a i r   of  c l o s e l y - s p a c e d   o p p o s i n g  
s u r f a c e s   of  s t a t o r   p i p e   or  w a l l   and  r o t o r   p i p e   or  w a l l  
is  p r o v i d e d   w i t h   a  h e l i c a l   or  s p i r a l - s h a p e d   g r o o v e .  
2.  A  h i g h - v a c u u m   pump  as  c l a i m e d   in  c l a i m   1,  c h a r a c t e r i z e d  
in  t h a t   t he   g r o o v e s   in  t he   s u r f a c e s   c o n c e r n e d   a re   d i m e n s i o n e d  
so  t h a t   t he   d e p t h   of  t he   g r o o v e s   d e c r e a s e s   f rom  the   s i d e  
3f  h i g h   vacuum  in  t he   pump  to  t he   s i d e   of  h i g h e r   p r e s s u r e s .  
3.  A  h i g h - v a c u u m   pump  as  c l a i m e d   in  c l a i m s   1 - 2 ,   c h a r a c t e r i z e d  
in  t h a t   t h e   r a d i a l   d i m e n s i o n   of  t he   r o t a t i o n   gap  d e c r e a s e s  
from  t he   s i d e   of  h i g h   vacuum  in  t he   pump  to  t he   s i d e  
Df  h i g h e r   p r e s s u r e .  
1.  A  h i g h - v a c u u m   pump  as  c l a i m e d   in  c l a i m s   1 - 3 ,  
: h a r a c t e r i z e d   in  t h a t   an  o u t l e t   d u c t   is  p r o v i d e d   in  t h e  
s t a t o r   b e t w e e n   one  or  more  p a i r s   of  s u c c e s s i v e   s l e e v e s  
a n d / o r   b e t w e e n   a  s l e e v e   and  an  a d j a c e n t   w a l l ,   s a i d   d u c t  
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m m u n i c a t i n g   w i t h   t h e   s u r r o u n d i n g   s p a c e   or  w i t h   a  p r e -  

cuum  pump  . 
A  h i g h - v a c u u m   pump  as  c l a i m e d   in  c l a i m s   1 - 4 ,  

L a r a c t e r i z e d   in  t h a t   t he   l a s t   p r e s s u r e   s t a g e   a t   t h e  

• e - v a c u u m   s i d e   is  c o n s t r u c t e d   as  an  a i r   b e a r i n g .   • 
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