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©  Hydronic  cooling  of  particle  accelerator  window. 

©  A  novel  electron  beam  apparatus  window  (35) 
having  improved  cooling  associated  therewith,  which 
is  in  the  form  of  heat  pipes  (37,39,41)  located  on  the 
window  of  such  apparatus  for  the  cooling  of  such 
window  by  such  heat  pipes,  whereby  the  heat  pipes 
eliminates  the  need  for  air  cooling  and  thus  eliminate 
the  production  of  ozone. 
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BACKGROUND  OF  THE  INVENTION 

This  invention  relates  generally  to  the  art  of 
electron  beam  accelerators  and  more  particularly  to 
the  art  of  cooling  such  electron  beam  accelerators. 

Electron  beam  accelerators  are  used  in  a  vari- 
ety  of  environments.  The  most  readily  known  envi- 
ronment  is  that  of  cathode  ray  tubes  which  in  and 
of  themselves  have  an  extremely  diverse  variety  of 
applications. 

While  cathode  ray  tubes  maintain  accelerated 
electrons  within  the  environment  of  the  tube  enclo- 
sure,  applications  exist  for  electron  accelerators 
where  the  electrons  must  pass  through  a  window 
for  further  utilization.  Examples  of  this  are  applica- 
tions  such  as  crosslinking  and  grafting  of  polymeric 
materials,  the  curing  of  coatings  and  inks,  the  pas- 
teurization  of  food  stuffs  or  the  sterilization  of  medi- 
cal  products  wherein  the  electrons  pass  through  a 
thin  foil  window  to  reach  the  product  treatment 
area. 

Windows  utilized  in  conventional  electron  beam 
accelerators  in  such  applications  are  generally 
formed  of  a  foil  which  is  reasonably  transparent  to 
an  electron  beam.  Generally  such  foils  are  formed 
of  titanium  or  titanium  alloys  that  are  very  thin,  e.g. 
approximately  0.4  to  1.5  mils  in  thickness.  In  par- 
ticular,  a  preferred  alloy  is  formed  of  96%  (weight 
percent)  titanium  with  3%  aluminum  and  1%  vana- 
dium. 

When  such  windows  are  contacted  by  the  ac- 
celerated  electrons,  a  significant  portion  of  the 
electron  energy  is  imparted  to  the  window  resulting 
in  heating  thereof.  This  heat  must  be  removed  from 
the  thin  foil  window  or  the  window  will  overheat  and 
melt  resulting  in  catastrophic  failure  of  the  electron 
beam  accelerator. 

Currently  such  windows  are  cooled  by  one  of 
two  methods.  Water  cooled  support  structures 
which  are  either  ribbed  or  perforated  cool  the  win- 
dow  by  conduction.  Such  conduction  cooling,  how- 
ever,  has  not  been  totally  satisfactory  since  the 
windows  have  relatively  short  lives. 

A  more  effective  method  of  window  cooling 
utilizes  a  high  velocity  jet  of  air  which  passes  over 
the  exterior  window  surface.  Windows  cooled  in 
this  manner  have  long  service  lives,  but  there  is  a 
problem  associated  with  the  production  of  ozone 
when  such  air  is  irradiated  by  the  electrons  passing 
therethrough. 

There  is  thus  a  significant  need  for  improve- 
ment  with  regard  to  the  cooling  of  electron  beam 
accelerator  windows. 

SUMMARY  OF  THE  INVENTION 

It  is  thus  an  object  of  this  invention  to  provide  a 
novel  electron  beam  apparatus  window  having  im- 

proved  cooling  associated  therewith. 
It  is  further  an  object  of  this  invention  to  pro- 

vide  such  an  improvement  which  reduces  or  elimi- 
nates  the  air  available  for  ionization  during  the 

5  cooling  of  such  windows. 
These  as  well  as  other  objects  are  accom- 

plished  by  an  improvement  to  an  electron  beam 
accelerator  in  the  form  of  heat  pipes  located  on  the 
window  structures  of  such  a  generator  for  the  cool- 

io  ing  of  such  window  by  such  heat  pipes.  The  heat 
pipes  eliminate  the  need  for  air  cooling  and  thus 
reduce  or  eliminate  the  production  of  ozone. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
75 

Figure  1  of  the  drawings  illustrates  schemati- 
cally  the  operation  of  a  heat  pipe. 

Figure  2  of  the  drawings  illustrates  schemati- 
cally  an  electron  beam  accelerator  in  association 

20  with  an  x-ray  target  or  product  to  be  irradiated. 
Figure  3  of  the  drawings  is  an  isometric  view  of 

an  electron  beam  accelerator  window  assembly  in 
accordance  with  this  invention, 

25  DETAILED  DESCRIPTION 

In  accordance  with  this  invention,  it  has  been 
found  that  the  window  of  an  electron  beam  accel- 
erator  may  be  cooled  by  the  placement  thereon  of 

30  heat  pipes  for  the  conduction  of  heat  away  there- 
from.  It  is  most  surprising  in  accordance  with  this 
invention  that  heat  pipes  function  without  deteriora- 
tion  in  the  environment  of  an  electron  beam  accel- 
erator.  Various  other  advantages  and  features  will 

35  become  apparent  from  a  reading  of  the  following 
description  given  with  reference  to  the  various  fig- 
ures  of  drawing. 

Heat  pipes  have  been  utilized  in  a  variety  of 
applications  since  their  inception.  They  have  been 

40  most  utilized  in  the  art  of  injection  molding  but  also 
utilized  in  the  nuclear  reactor  art.  As  used  herein 
and  shown  schematically  in  figure  1  ,  a  heat  pipe  is 
generally  a  hollow  tube  having  a  volatile  substance 
therein.  The  heat  pipe  is  normally  formed  of  ther- 

45  mally  conductive  material  and  upon  placement  of 
the  tube  within  a  heat  environment,  the  volatile 
liquid  within  the  heat  pipe  vaporizes  and  absorbs 
the  heat  energy  from  the  portion  of  the  heat  pipe 
subjected  to  the  heat  load.  This  causes  the  liquid 

50  at  that  point  to  boil  and  enter  a  vapor  state.  When 
that  happens,  the  liquid  picks  up  the  latent  heat  of 
vaporization  in  passing  from  the  liquid  to  vapor 
state.  The  gas  which  then  has  a  higher  pressure 
moves  toward  the  center  of  the  sealed  container 

55  and  away  from  the  heat  source  to  a  cooler  location 
where  it  is  condensed  by  external  means  of  cool- 
ing.  When  the  gas  is  condensed,  it  gives  up  the 
latent  heat  of  vaporization.  The  liquid  medium  is 
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then  returned  toward  the  heat  source  through  the 
heat  pipe  wick. 

The  heat  pipe  thus  functions  to  transfer  heat 
from  the  input  to  output  end  of  the  heat  pipe  with 
effective  thermal  conductivities  many  thousands  of 
times  that  of  copper  heat  sinks.  For  example,  a 
heat  pipe  is  described  in  U.S.  Patent  No.  4,601,331 
which  utilizes  a  heat  pipe  in  the  environment  of  a 
microwave  tube  collector.  Such  patent  is  hereby 
incorporated  by  reference. 

Figure  2  of  the  drawings  illustrates  an  electron 
beam  accelerator  and/or  x-ray  generator  of  the 
type  applicable  to  the  current  invention.  Referring 
to  figure  2  of  the  drawings,  there  is  illustrated  an 
electron  beam  accelerator  1  and  an  x-ray  generator 
3.  The  electron  beam  accelerator  generally  has  a 
filament  5  from  which  electrons  are  emitted  and 
passed  through  a  high  voltage  divider  network  7 
through  a  plurality  of  anodes  9  to  arrive  in  a  scan 
coil  assembly  11.  In  passing  through  the  scan  coil 
assembly,  the  electrons  are  scanned  through  a 
scanning  horn  13  to  contact  a  window  15  such  as 
that  described  above.  An  electron  17  is  illustrated 
as  having  passed  through  the  window  and  headed 
toward  a  metal  x-ray  target  21  or  product  to  be 
irradiated. 

After  traversing  through  the  window  the  high 
speed  electrons  interact  with  the  stream  of  air 
being  used  to  cool  the  window  resulting  in  ioniza- 
tion  of  the  air  molecules  and  consequently  the 
formation  of  ozone  and  NOx  products. 

Referring  to  figure  3  of  the  drawings,  a  window 
assembly  31  is  illustrated  having  a  window  mount- 
ing  bracket  33,  foil  window  35  and  a  plurality  of 
heat  pipes  illustrated  here  as  37,  39  and  41.  Heat 
pipes  37,  39  and  41  rest  upon  window  35  for  the 
conducting  of  heat  away  therefrom.  There  is  illus- 
trated  also  as  a  part  of  the  window  assembly  31, 
external  cooling  means  45  which  are  preferably 
water  cooling  for  the  heat  pipes  37,  39  and  41  . 

A  preferred  heat  pipe  for  utilization  with  this 
invention  is  a  heat  pipe  from  Noren  Company  of 
Menlow  Park,  California,  which  utilizes  either  mer- 
cury  or  water  as  the  volatile  liquid.  Surprisingly, 
both  have  been  found  to  operate  in  the  environ- 
ment  of  the  electron  accelerator. 

One  of  the  advantages  associated  with  the  use 
of  heat  pipes  for  cooling  an  electron  window  is  that 
the  entire  electron  beam  x-ray  generator  or  product 
irradiation  chamber  may  be  isolated  in  nitrogen  and 
generally  the  entire  environment  is  isolated  except 
for  the  cooling  water.  Therefore,  there  are  no  ad- 
verse  affects  to  the  environment  associated  with 
ozone  production.  The  generally  inert  surrounding 
of  nitrogen  also  provides  for  the  likelihood  of  a 
longer  life  of  all  equipment  in  that  environment. 

It  is  thus  seen  that  this  invention  provides  a 
significant  improvement  in  the  cooling  of  electron 

beam  accelerator  windows.  It  further  seen  that  this 
improvement  eliminates  the  production  of  ozone 
which  has  heretofore  been  associated  with  electron 
beam  accelerators.  As  many  variations  become 

5  apparent  to  those  of  skill  in  the  art  from  a  reading 
of  the  foregoing  description,  such  variations  are 
embodied  within  the  spirit  and  scope  of  this  inven- 
tion  as  defined  by  the  following  appended  claims. 

w  Claims 

1.  In  an  electron  beam  accelerator  having  a  win- 
dow  through  which  accelerated  electrons  pass, 
the  improvement  comprising: 

is  heat  pipes  in  contact  with  said  window  for 
conducting  heat  away  from  said  window. 

2.  The  improvement  according  to  claim  1  further 
comprising  cooling  means  in  contact  with  a 

20  portion  of  said  heat  pipes  at  a  point  remote 
from  said  window. 

3 



EP  0  651  398  A1 

F I G .  

H E A T   I N  

L I Q U I D   W I C K  

H E A T   O U T  

E V A P O R A T O R  

S E C T I O N  

C O N D E N S E R  

S E C T I O N  

V A P O R  

4 



EP  0  651  398  A1 

2 3  



EP  0  651  398  A1 

F I G .   3  

6 



European  Patent 
Office 

EUROPEAN  SEARCH  REPORT Application  Number 
EP  93  30  8518 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

Category  Nation  of  £ £ £   A^UCAHO™  n t . ™  

X  DATABASE  WPI  1,2  G21K5/04 
Week  8149,  H01J33/04 
Derwent  Publ icat ions   Ltd.,  London,  GB; 
AN  81-M5523D 
&  SU-A-679  089  (IVANOV)  23  July  1981 
*  abs t rac t   * 

A  DATABASE  INSPEC  1 
INSTITUTE  OF  ELECTRICAL  ENGINEERS, 
STEVENAGE,  GB 
Inspec  No.  890890 
1  COLWELL  ET  AL.:  Performance  of  a  heat  
pipe  in  a  microwave  f ie ld1  
*  <ibstr*<ict  * 
&  JOURNAL  OF  MICROWAVE  POWER 
vol.  10,  no.  4  ,  December  1975 
pages  369  -  390 

A  DATABASE  INSPEC  1 
TKKTTTMTF  nF  Fl  Fr.TRTHAI  FNRTNFFRS  , 
STFVFNAGE  GB  technical  fields SILVtNAUt,  ~™  SEARCHED  (Int.CI.6) 
Inspec  No.  689588 
'BASSETT  ET  AL.  :  High  power  microwave  G21K 
window  design  1  HOD 
*  abs t rac t   *  H05H 
&  MICROWAVE  SYMPOSIUM.  DIGEST  OF  TECHNICAL 
PAPERS  ,  12-14  JUNE  1974  ATLANTA,  USA 
pages  145  -  147 

A  US-A-4  409  511  (L0DA  ET  AL.)  1 
*  column  2,  line  3  -  column  3,  line  50  * 

A  US-A-3  105  916  (MARKER  ET  AL.)  2 
*  column  4,  line  48  -  line  63  * 
*  column  5,  line  29  -  line  34  * 
*  f igures  3,5,7  * 

The  present  search  report  has  been  drawn  up  for  all  claims 
Place  of  search  Date  of  completkw  of  the  March  Examiner 
THE  HAGUE  15  March  1994  Capostagno,  E 

CATEGORY  OF  CITED  DOCUMENTS  T  :  theory  or  principle  underlying  the  invention E  :  earlier  patent  document,  but  published  on,  or X  :  particularly  relevant  if  taken  alone  after  the  filing  date 
Y  :  particularly  relevant  if  combined  with  another  D  :  document  cited  in  the  application document  of  the  same  category  L  :  document  cited  for  other  reasons 
O  :  non-written  disclosure  &  :  member  of  the  same  patent  family,  corresponding P  :  intermediate  document  document 


	bibliography
	description
	claims
	drawings
	search report

