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Dewars for Cryogenic Front Ends

The cryogenic refrigerator system needs approximately 50 microns Hg (50 x 10~3 Torr) 
or better vacuum before the refrigerator should be started. 1/  From this point the r e 
frigerator should be able to cryopump to an operating vacuum of 10~5 mm Hg (Torr). 
Gases (with the exception of He) that leak into the dewar are trapped by activated char
coal, which is attached to the cold stage of the refrigerator. When the refrigerator 
warms up to ambient temperature, the trapped gases are relased causing a rapid in
crease in pressure.

It is necessary that the amount of gas leaking into the dewar during maximum operating 
time between scheduled warm-up not saturate the charcoal. For the VLA dewar this 
implies a leak rate of 2 x 10 2 Std cc/min. At this leak rate the dewar would have to be 
rough pumped to < 50 microns Hg after every warm up before the refrigerator could be 
restarted.

_ . ^ 104 Std cc
Leak rate -

1 yr

Leak rate < . 02 Std cc/min

All NRAO dewars with the exception of those with obvious vacuum problem (TRG 6 cm 
dewar and the Rice dewar) seem to meet this requirement. Both NRAO constructed 
dewars have at least an order of magnitude le ss  leak rate. The cooled 21 cm dewar 
leaks 8 x 10 4 Std cc/m in (2 days to leak to 50 microns).

A proposed requirement is  for the dewar to maintain 50 microns Hg (50 x 10“3 Torr) 
vacuum at ambient temperature for a year. This implies a leak rate of 7 x 10~6 Std 
cc/min. The prime advantage of this low leak rate is  that the refrigerator can be 
restarted after a warm up without rough pumping the dewar. This would be desirable 
when the antenna is  disconnected for a move.

Note that the leak rate (7 x 10 6 Std cc/min) is  2 orders of magnitude le ss  than what 

we have achieved on the sim pler dewars that we have built in the past and is  3 orders 
of magnitude le ss  leak than that required if  rough pumping is  allowed after each warm 
up.
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CTI specifics a leak rate of 6 x 10“7 Std cc/m in (1 x 10~8 Std cc/scc) for their r e 
frigerator head assembly. It is  discouraging that the refrigerator alone is  guaranteed 
to 6 x 10 7 when we need 7 x 10“6 for the entire dewar including all 20 RF lines.

Typical  leakage ra te s  f o r  RF l in e s  are:

OSM 208 Feed through 6 x TO"6 Std cc/min

Amphenol Ser ies  48 DC 6 x 10“6 Std cc/min

Amphenol Series  67 DC 6 x 10”5 Std cc/min

Comtech Cold probe was not purchased to any spec.

NRAO waveguide windows est im ate  <10_l+

NRAO coax l ines  estim ate  <10_1+

The^50 micron of  Hg pressure  in a 55 l i t e r  dewar implies 3 .6  Std cc of gas 
in s id e  the dewar. This 3 .6  Std cc of  gas can come not only from leaks but 
a l s o  from outgassing of m a te r ia ls .  Indicat ion-  are t h a t  the  "0-r ings" wil l  
out gas over a 100 Std cc of  gas over a long period of t ime. Also th ere  is  
in the dewar a considerable amount of te f lo n  (beads - d i e l e c t r i c  in semi
r i g i d  l i n e )  which is  notorious fo r  outgassing.  The outgassing r a te s  f o r  
the f e r r i t e s  and other  m ater ia ls  in the Comtech paramps are unknown, but 
the  f a c t  t h a t  Comtech is  unable to meet the  recool without rough pumping 
requirement on t h e i r  systems is  discouraging.

In view^of the d i f f i c u l t y  involved in meeting the proposed requirement of 
7 x 10 Std cc/min a l t e r n a t e  s o lu t io n  should be in v e s t i g a t e d .  Two possible  
s o lu t io n s  are:

1. Rough pump the dewar a f t e r  warm-up ( l i k e  everybody e ls e  does ).  
The c h ie f  disadvantage is  t h a t  a mechanical roughing pump 
must be c a r r ie d  to  the ver tex  room of the antenna.  Pumps 
must be kept horizontal  which precludes mounting one perma
nently in the vertex  room unless complicated and expensive 
gimbols are used. Newer models of roughing pumps are l i g h t e r  
and more por ta ble  than the ones we p resen t ly  use. The pumping 
operat ion could lengthen the down time between moves by as much 
as two_^ours. Even i f  the dewars did leak less  than the
7 x 10 Std cc/min, the por ta ble  pump and gauges are needed in 
the event of a f a i l u r e .

2.  Keep the dewar cold by maintaining power to the r e f r i g e r a t o r  
and compressor during an antenna move. The r e f r i g e r a t o r  can 
be turned o f f  for  s h o r t  periods (20-30  minutes)  wi thout the 
temperature r i s in g  enough t o  destroy the vacuum. This would 
shorten the cool down time a f t e r  an antenna move to  p r a c t i c a l l y  
zero.  I f  power were kept on a l l  e l e c t r o n i c s  and temperature 
control  systems, so much the b e t t e r .
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Pressurized Waveguide

The TEqi waveguide must be pressur ized  with dry nitorgen  with an impurity 
of less  than .02% oxygen (.1% ai r ) 2 .  Like everything e l s e  the waveguide wi ll  
leak.  With a j o i n t  every 5 meters in the p ipe ,  the allowable leak r a t e  per 
j o i n t  is  14 Std cc/time between purges.  I f  the des ired  time between purges 
is  6 months, t h i s  implies a maximum leak r a t e  of  5 x 10~5 Std cc/min for  
each j o i n t .  For a f i e l d  assembled j o i n t  checked with p o r ta b le  leak t e s t i n g  
equipment t h i s  may bg marginal.  The Parker 0 - r in g  Handbook claims a helium 
leak r a t e  of 3 x 10” Std cc/min f o r  the s iz e  0 - r in g  needed. Admittedly the 
oxygen leak r a t e  w il l  be l e s s ,  the 6 months between purges i s  a r b i t r a r y ,  and 
the .1% a i r  is su b je c t  to some modifica tion; however, i t  i s  c l e a r  t h a t  leaks 
in the waveguide are a p o te n t ia l  problem area.

Two possib le  techniques to a l l e v i a t e  the leak problem are:

1. weld some or a l l  of  the j o i n t s  in the waveguide

2.  continuously purge the waveguide with n i t rogen .  I t  would 
cost  approximately $ 1 5 ,000/year  to  change nitrogen once a 
day in_the waveguide. This would allow a leak r a t e  of
9 x 10"3 Std c c / m in/ jo in t  which should be easy.

Helium Lines f o r  Cryogenic R efr igera tors

Contamination seems to  be the p e r s i s t e n t  problem with our cryogenics systems. 
For small leaks in helium l i n e s ,  helium d i ffu s es  out and a i r  d i f fuses  i n .  Note 
t h a t  the high pressure in s id e  of the helium lines  does not i n h i b i t  the amount 
of  a i r  d i f f u s in g  in to  the l i n e .  No data i s  a v a i lab le  t h a t  I know of on how 
much contamination is  allowable in the r e f r i g e r a t o r  l in e s  before  i t  causes 
t ro u b le .  One good way of obtaining t h is  data  is  to  keep careful  records of how 
much helium must be added to  the present  systems to replenish  the helium l o s t  
through leaks .  Correlat ing  t h i s  data with f a i l u r e s  in our present system would 
give a good in d ic a t io n  of  the leak r a t e  necessary f o r  cryogenic l i n e s .

^Operator's  Manual, CRYODYNE Helium R e f r i g e r a t o r , Model 340LS, April 1966 
Arthur D. L i t t l e ,  I n c . ,  Division 500,  Cambridge, Massachusetts.

Read Predmore p r iv a te  communication (= 1/2 dB l o s s ) .
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