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SIMPLIFIED DESIGN OF LONG LINEAR VACUUM SYSTEMS 

I n  t h e  des ign  of long l i n e a r  vacuum systems, such as p a r t i c l e  acce le r -  

a t o r s  and beam t r a n s p o r t  systems, i t  i s  convenient and t i m e  saving t o  have 

a l i s t  showing t h e  requi red  spacing of vacuum pumps t o  maintain s p e c i f i e d  

p re s su re  drops f o r  va r ious  combinations of tube  diameters  and outgass ing  

rates.  A computer program VAG w a s  w r i t t e n  t o  provide such a l i s t .  I n  t h i s  

program t h e  vacuum chamber tube  diameter v a r i e s  from 2" through 8", t h e  out-  

gass ing  r a t e  v a r i e s  from 1 x 

p res su re  drops were s e l e c t e d  as 1, 3 ,  5, 7 and 9 x t o r r .  

through 9 x t o r r  Q/sec cm2, and t h e  

Af t e r  s e l e c t i n g  t h e  pump spacing from t h e  l i s t  t h e  requi red  pump speed 

i s  c a l c u l a t e d  from S = Q/P. 

Discussion 

I n  designing a vacuum system f o r  long p a r t i c l e  a c c e l e r a t o r s  and beam 

t r a n s p o r t  systems a simple approach i s  t o  f i r s t  c a l c u l a t e  t h e  number and spac- 

ing  of pump-out p o r t s  requi red  t o  maintain t h e  d e s i r e d  p res su re  drop along t h e  

vacuum p ipe  and then  t o  s i z e  t h e  pumps based on t h e  outgass ing  r a t e  of t h e  

vacuum chamber ma te r i a l s .  

F igure  1. 
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Re fe r r ing  t o  F igure  1, f o r  a i r  a t  2OoC i n  t h e  molecular flow reg ion  

t h e  maximum pres su re  drop ( P i  - Po) i s  g iven  by 

Q = C (P i  - Po) = C AP 

where Q i s  t h e  throughput (amount of gas pumped) i n  Ta/sec and C i s  t h e  

conductance ( r e s i s t a n c e  t o  "flow") between p o i n t s  P i  and Po i n  a / sec .  

The p res su re  drop AP i s  given i n  t o r r .  

Knudsen(2) g ives  f o r  t h e  molecular conductance of a tube  of const-ant 

c ros s  s e c t i o n  f o r  a i r  a t  2 0 ' ~  

2 
C = 62 ,g/sec 

BL 

where K = a dimensionless cons tan t  (K = 1 f o r  c i r c u l a r  c ros s  s e c t i o n ) ,  

A i s  t h e  c ros s - sec t iona l  area of t h e  tube i n  cm2, B i s  t h e  per imeter  of t h e  

tube  i n  cm, and L i s  t h e  d i s t a n c e  between pumps i n  cm. 

I f  w e  consider  t h e  p re s su re  drop along t h e  l eng th  L/2 and from 

Q = (IT D L/2)  q 

w e  have 

q = CAP = 62 A' AP 
BL 

where D i s  t h e  tube  diameter i n  cm and q t h e  s p e c i f i c  ou tgass ing  r a t e  of 

t h e  vacuum tube  i n  TR/sec cm2. 

Solving f o r  AP 

AP = n DBqL2 t o r r  
124 

and f o r  a c i r c u l a r  tube  

AP = 1 
7.75 

and t h e  d i s t a n c e  between pumps 

AZ 

q L' t o r r  
D2 

i s  

(I) Molecular Flow Region PD < 151.1 - cm 

Viscous Flow Region 
- 
PD > 500 IJI - cm 



o r  
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i; 

L = (.0328) t A 7 .  75 

A L c e r  L i s  known and t h e  number o pumps determ-ned t h e  pumping speed o 

t h e  pumps i s  c a l c u l a t e d  from S = QL/P, QL being t h e  outgass ing  from a tube 

of length  L. 

It must be  noted t h a t  t h e  pumping speed requi red  i s  only adequate  t o  

handle  t h e  p l ane  vacuum tube wi th  a s p e c i f i c  q and a g iven  AP. I n  genera l ,  

however, a d d i t i o n a l  elements are added t o  t h e  vacuum system such as d e t e c t i o n  

equipment, t a r g e t s ,  l a r g e  vacuum boxes, e t c .  and a d d i t i o n a l  pumping capac i ty  

must b e  added t o  handle t h e s e  added gas  loads.  

L i s t ed  on a t tached  s h e e t s  i s  t h e  computer ou tput  from t h e  VAC program. 

(2) A. Guthr ie  and R.K. Wakerling, "Vacuum Equipment and Techniques", page 35, 
McGraw-Hill, 1949 
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