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(54)  Improvements  in  diffusion  pumps  

(57)  A  diffusion  pump  1  comprises  a  hollow  outer 
body  2  containing  a  vapour  chimney  8  with  at  least  one 
jet  stage  12.  At  least  a  portion  of  the  internal  surface  of 
the  hollow  outer  body  2  is  covered  with  a  wicking  mate- 
rial  20  for  absorbing  a  working  fluid.  The  use  of  the  wick- 
ing  material  20  allows  the  diffusion  pump  to  be  used  in 
orientations  other  than  the  conventional  upright  configu- 
ration. 
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Description 

The  present  invention  relates  to  vacuum  pumps  of 
the  type  known  as  diffusion  pumps. 

Diffusion  pumps  are  well  known  and  widely  used  for  5 
the  attainment  of  high  and  ultra  high  vacuum.  When 
used  with  modern  working  fluids  and  accessories,  they 
can  produce  pressures  approaching  10"10  mbar.  The 
pumps  are  generally  incapable  of  exhausting  directly  to 
the  atmosphere  and  require  the  use  of  a  backing  pump,  w 
commonly  an  oil  sealed  rotary  vacuum  pump,  in  con- 
junction  with  the  diffusion  pump  itself. 

Diffusion  pumps  generally  comprise  a  substantially 
cylindrical  outer  body  which  is  cooled  by,  for  example, 
coils  helically  wound  around  the  outside  of  the  body  is 
through  which  cooling  water  can  be  circulated  or  alter- 
natively  by  air  cooled  fins  attached  to  the  outside  of  the 
body. 

Within  the  outer  body  is  positioned  a  hollow 
"chimney"  sitting  at,  or  close  to,  the  base  of  the  outer  20 
body  and  which  tapers  (continuously  or,  more  usually,  in 
stages)  upwardly  from  the  base.  The  chimney  is  gener- 
ally  contained  within  the  outer  body  and  is  positioned 
substantially  concentrically  therein. 

Across  the  top  of  the  chimney  but  not  in  contact  25 
therewith  is  a  top  cap  having  a  generally  circular  portion 
of  somewhat  larger  diameter  than  the  top  of  the  chim- 
ney  and  positioned  symmetrically  with  regard  to  the 
chimney  and  having  a  downwardly  projecting  annular 
side  portion  whose  lower  edge  is  somewhat  beneath  30 
the  upper  edge  of  the  chimney.  The  top  cap  is  therefore 
substantially  an  inverted  "cup  shaped"  component  posi- 
tioned  about  the  top  of  the  chimney  with  a  circular  or 
annular  passageway  therebetween.  The  top  cap  and 
the  adjacent  portion  of  the  chimney  defining  the  annular  35 
passageway  is  known  as  a  'jet  stage'. 

A  heater  is  provided  in  the  base  of  the  outer  body 
and,  prior  to  use  of  the  pump,  a  working  fluid  is  placed 
in  the  base  of  the  body  to  a  height  above  the  lower  edge 
of  the  chimney  positioned  within  the  body.  The  fluid  is  40 
usually  a  low  vapour  pressure  oil  although  some  ver- 
sions  of  diffusion  pumps  use  mercury. 

A  pump  inlet  is  positioned  in  the  outer  body  above 
the  top  cap  and  an  outlet  in  the  side  of  the  body  towards 
the  base  of  the  chimney  but  above  the  oil  level.  The  out-  45 
let  is  normally  connected  to  a  backing  pump  as 
described  above. 

In  use  of  pumps  of  this  type,  the  backing  (rotary) 
pump  is  turned  on  and  left  running  continuously,  a  pres- 
sure  of  at  least  0.1  mbar  being  required  on  the  exhaust  so 
side  of  the  diffusion  pump.  The  cooling  system  (water  or 
air)  for  the  outer  body  is  turned  on  and  the  oil  can  now 
be  heated  by  the  heater  for,  for  example,  fifteen  to 
twenty  minutes,  when  it  begins  to  boil.  Hot  vapour  rises 
up  the  chimney  and  forms  (aided  by  the  taper)  a  rela-  55 
tively  high  oil  pressure  at  the  top  of  the  chimney.  The 
vapour  is  then  urged  through  the  passageway  between 
the  chimney  and  the  top  cap,  the  jet  stage,  to  an  area  of 
much  lower  pressure  and  creates  an  annular  vapour  jet. 

This  jet  is  designed  to  move  at  a  velocity  which  is  super- 
sonic  and  which  impinges  on  the  inside  surface  of  the 
cooled  outer  body  where  the  vapour  condenses  and 
condensed  oil  flows  down  the  inside  wall  of  the  outer 
body  and  returns  to  the  oil  reservoir  at  the  base  of  the 
body. 

With  the  diffusion  pump  turned  on,  gas  molecules 
being  pumped  in  to  the  inlet  of  the  diffusion  pump  are 
likely  to  collide  with  the  much  heavier  oil  vapour  mole- 
cules  and  be  provided  with  a  velocity  component  which 
will  direct  the  gas  molecules  towards  the  outlet  of  the 
diffusion  pump  where  they  will  be  subsequently 
removed  from  the  diffusion  pump  via  the  backing  pump. 
A  pressure  difference  is  thereby  established  across  the 
continuously  flowing  vapour  jet. 

A  limitation  of  known  diffusion  pumps  whether  they 
be  air  or  water  cooled,  is  that  they  can  operate  in  only 
one  orientation;  that  is  to  say,  vertically  with  the  chimney 
extending  vertically  upwardly  from  the  base  within  the 
hollow  body,  which  thereby  allows  the  condensed  work- 
ing  fluid  to  drain  back  to  the  base. 

This  places  a  limitation  on  the  utility  of  the  known 
diffusion  pumps. 

It  is  an  aim  of  the  present  invention  to  provide  a  dif- 
fusion  pump  which  can  operate  efficiently  or  be  trans- 
ported  in  any  orientation  or  provide  a  pump  that  can  be 
transported  in  any  orientation. 

According  to  the  present  invention,  a  diffusion 
pump  comprises; 

a)  a  hollow  outer  body  including  an  outlet  for  con- 
nection  to  a  backing  pump  and  an  inlet  for  connec- 
tion  to  a  chamber  to  be  evacuated; 

b)  a  vapour  chimney  located  within  the  outer  body 
and  including  at  least  one  jet  stage; 

c)  a  wick  material  for  absorbing  a  working  fluid 
extending  over  at  least  a  portion  of  the  internal  sur- 
face  of  the  outer  body;  and 

d)  means  for  heating  the  working  fluid. 

Preferably,  the  wick  material  is  a  sintered  material. 
An  embodiment  of  the  invention  will  now  be 

described,  by  way  of  example,  reference  being  made  to 
the  Figures  of  the  accompanying  diagrammatic  draw- 
ings  in  which:- 

Figure  1  is  a  cross-section  through  a  known  diffu- 
sion  pump  in  its  normal  orientation  ready  for  use; 

Figure  2  is  a  cross-section  through  a  first  embodi- 
ment  of  a  diffusion  pump  according  to  the  present 
invention;  and 

Figure  3  is  a  cross-section  through  a  second 
embodiment  of  a  diffusion  pump  according  to  the 
present  invention 
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Referring  first  to  Figure  1  ,  a  known  diffusion  pump  1 
comprises  a  hollow  outer  body  2  of  generally  circular 
cross-section,  a  major  portion  of  which  is  provided  with 
cooling  coils  4  for  circulation  of  cooling  fluid,  for  example 
water.  The  body  2  includes  a  base  6  and  vapour  chim- 
ney  8  is  positioned  within  the  outer  body  2  and  extends 
upwardly  from  the  base  6.  A  working  fluid  7  is  located  in 
the  base  of  the  chimney  8  and,  as  shown,  a  heater  10  is 
located  immediately  below  the  base  6. 

As  shown,  the  chimney  is  formed  with  a  single  jet 
stage  12. 

The  diffusion  pump  1  also  includes  an  outlet  14  for 
connection  to  a  backing  vacuum  pump  and  an  inlet  16 
for  connection  to  a  chamber  to  be  evacuated.  As  shown, 
the  jet  stage  1  2  is  located  adjacent  the  inlet  1  6. 

In  use,  when  the  inlet  16  is  attached  to  the  chamber 
to  be  evacuated,  the  backing  pump  is  turned  on  to 
reduce  the  pressure  within  the  diffusion  pump  1  and,  if 
necessary,  a  coolant  is  passed  through  the  coils  4. 

Heating  of  the  working  fluid  by  means  of  the  heater 
10  causes  boiled  vapour  to  rise  up  the  chimney  8  in  the 
general  manner  described  earlier  and  to  emerge 
through  the  jet  stage  12  and  thereafter  to  fall  down- 
wardly  in  the  general  direction  of  the  base  6  along  the 
inner  surface  of  the  outer  body  2. 

As  explained  earlier,  this  known  diffusion  pump  is 
very  sensitive  to  orientation  and  will  only  operate  in  the 
orientation  illustrated  in  Figure  1  . 

In  accordance  with  the  present  invention,  the  hollow 
outer  body  2  of  the  diffusion  pump  1  is  provided  on  its 
inside  surface  with  a  layout  of  wick  material  20  (see  Fig- 
ure  2)  which  will  absorb  the  working  fluid. 

Referring  now  to  Figure  2,  this  illustrates  a  diffusion 
pump  according  to  the  present  invention  which  has 
been  inverted  through  180  degrees  and  generally  utilis- 
ing  the  same  reference  numerals  as  shown  in  Figure  1  . 
In  use,  the  working  fluid  present  in  the  wick  from  a  res- 
ervoir  at  the  base  of  the  pump  in  normal  orientation  or 
otherwise  rises  through  the  wick  material  20  by  capil- 
liary  action  as  indicated  by  the  arrows  A  to  arrive  at  or 
adjacent  the  heater  10  where  it  is  evaporated. 

The  vaporised  working  fluid  then  passes  through 
the  chimney  8  and  out  via  the  jet  stage  1  2  in  the  conven- 
tional  manner.  It  will  be  evident  that  by  using  a  layer  of 
wick  material  20  which  covers  the  whole  or  a  substantial 
portion  of  the  inner  surface  of  the  outer  body  2,  the  dif- 
fusion  pump  1  can  be  used  effectively  in  any  orientation. 
This  is  a  particularly  useful  attribute  when  evacuating 
small  portable  devices  such  as  portable  mass  spec- 
trometers  which  require  a  secondary  pump  to  operate  in 
any  orientation. 

Referring  now  to  Figure  3,  this  illustrates  a  diffusion 
pump  according  to  the  present  invention  which  as 
shown  is  in  a  conventional  orientation.  In  this  embodi- 
ment  the  wick  material  20'  is  located  over  the  base  6'  of 
the  body  2'  as  well  as  a  portion  of  the  inner  surface  of 
the  outer  body  2'  adjacent  the  heater  1  0'.  This  will  allow 
the  diffusion  pump  to  be  transported  in  any  orientation 
without  the  loss  of  working  fluid  or  the  contamination  of 

system  parts.  This  diffusion  pump  can  be  operated  in 
the  upright  conventional  orientation  or  at  a  considerable 
angle  to  the  upright  when  compared  with  a  conventional 
diffusion  pump. 

5 
Claims 

1  .  A  diffusion  pump  1  comprising  a  hollow  outer  body 
2  including  an  outlet  14  for  connection  to  a  backing 

10  pump  and  an  inlet  16  for  connection  to  a  chamber 
to  be  evacuated,  a  vapour  chimney  8  located  within 
the  outer  body  2  including  at  least  one  jet  stage  12 
and  means  10  for  healing  a  working  fluid,  charac- 
terised  by  a  wick  material  20  for  absorbing  the 

15  working  fluid  extending  over  at  least  a  portion  of  the 
internal  surface  of  the  outer  body  2. 

2.  A  diffusion  pump  as  claimed  in  Claim  1  ,  in  which  the 
wick  material  20  extends  over  a  base  6  of  the  hol- 

20  low  outer  body  2. 

3.  A  diffusion  pump  as  claimed  in  Claim  1  or  2,  in 
which  the  wick  material  20  is  a  sintered  material. 

25 

30 

35 

40 

45 

50 

55 

3 



EP  0  806  572  A2 



F I G .   2  



EP  0  806  572  A2 

6 


	bibliography
	description
	claims
	drawings

