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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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VACUUM PUMPING SYSTEM 

~~_I_~_L~ __ O_'P __ U_M __ P __ R __ E_L_I_A __ B_I_L_I_T_Y ______________________________________________________ ~~ 

Introduction 

During the recentheavy-ion run at the Bevatron, we have suffered 
8 to 12 hour s of Helium Refrigerator (20 c K) outage, occurring after 12-
15 days of operation. This almost seems worse than a year ago when 
we had operation times approaching 3 -4 weeks. The primary fault 
characteristic is expander valve icing, which occurs gradually until the 
reefer capacity fades, the cryopanels" warm and the beam disappears. 
Ice on the valves creates leakage, when it builds enough the upstream 
pres sure drops and destroys the reefer yield. Refrigeration capacity 
is a strong function of pressure expansion ratios, high (225-180 psi) 
inlet pressure to low (3-5 psi) exhaust pressure. When the valves leak, 
inlet pressure approaches exhaust pressure and eventually, say 100-120 
psi inlet, the reefer yield disappears. 

There seems to be some unique idiosyncracy with our 20 0 K reefers 
that we have not solved yet. The Hilac 20 0 K unit has run continuous for 
16 weeks, but it has one expander piston and runs at twice our speed. 
It may be less sensitive to valve icing at the high speed.'-The Bevatron 
4 0 K unit on the super conducting magnets has run continuous for 10 -17 
week periods, but it has two expander engines in series at 50 0 K and 
15°K, with associated charcoal traps~, plus one at about 8°K. 

Many suggestions for cures have been made, in general not inex-· 
pensive. The C Ti Model 1400 basic· unit can deliver continuous service 

I as has been demonstrated by some of the models we have in operation. 
Were CTi to provide all extras for 99.5% reliability, the price eould 
de stroy thei. market. 

Our 20 0 K reefers are telling us something that we do not comple­
tely under stand as yet. They run fine for a few weeks and then gradu­
ally build ice on the valves. The ice is suspected to be N2 and 02 
primarily, but may be other gases, as well as HZO (as much as a 
spoonful of H zO has been found in the expansion engine s). The conta­
minant supply can be anyone, or combination of a limited number of 
sources. 

I. Supply Gas 

The helium supply gas is considered to be 'very clean. Our other 
systems take supply gas directly with no trouble. The ZOoK cryopump 
systems only require about 1/3 bottle to charge them., and then theore­
tic ally , the closed circuit gas should clean up completely. However, 
we could be adding small amounts of contaminants from the supply. 

* Sept. 1973 
~------.- ---_._-----------------------------------' 
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To eliminate any problem from this, we should add all new gas, 
and all purge gas through an LN trap, at least for the initial fill. Then 
make-up gas could go in directly if there are no system leaks. Also, 
all bottle changing should be done only by manifold pump and purge a 
minimum of three times. --

II. Air Leakage 

The main suspect for air leakage is the expander piston seal, a 
single 3" dia. 110" ring with a ZII stroke. In the seal area, the piston 
can pump and wipe air into the cylinder. This can be protected with a 
back-up helium gas atmosphere, preferably supplied by regulator. 
The valve rods seals are single 1/8 11 dia. 110

11 rings, ,but their pre s sure 
is always positive, and the stroke short (- 1/8 11

). 

Another suspect might be compressor suction leaks, but the suction 
pressure should never be negative because of the low pressure s\vitch 
(1011 HZO). 

III. Residual Contaminant After Purge and Clean-up 

Standard purge techniques are multiple vacuum pumps and let ups 
to pure He gas. 

i.e. pump to 760f.!. = 10
1
00 atm= 10-

3 
air left. Theoretically, 

-3 3 -9 
3 pumps = (10 ) = 10 contaminant left. Below l00f.!. most of the HZO 
should be removed. Ideally, many more pump downs can be used, say 
up to 15 (CTi uses 50+ on charging their gas thermometers). Each 
successive base pressure should go lower indicating more impurity 
removal. 

High surface absorbants, like charcoal, hold impurities. In general, 
the amount held is a function of temperature and pressure. 

Low T and high Phold impurities. These absorbants also release 
impuritie s . 

High T and low P release. This release -is believed to be our main 
problem. 

Test by R. Schafer, E. N. M4495, on 190 grn of charcoal pellets 
exposed to air showed: 

60°F lZ hour pump removed . · · · . . 4.5 gm HZO 
11 5 time pump and purge, removed 4.4 gm 

150 0 F - pump removed additional. 1. 3 gm 
Z50"F 11 11 11 0.4 gm · · · ... 
350"F - 11 11 11 O. Z gm · · · . . 
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"The test showed it is mandatory to heat to at least 150 0 F, regard-
less of whether a long time pump or 5 He gas purges are used for the 
basic clean-up." 

"Further test showed exposure to air for 1 to Z minutes was enough 
to absorb almost as much H ° as exposure for several days." There­
fore, our ZOoK reefer shoul~ not be exposed to air, during expansion 
engine valve and piston maintenance, unless we can properly reactivate 
the charcoal. 

CTi recommends system clean-up by circulation of pure gas with 
'an external LN charcoal trap for Z4 hour s • 

Items· that can hold HZO in the CTi Model 1400 systell} are: 

1. Linen base phenolic expansion pistons. These should be baked 
and installed hot (M4495). 

Z. Linen base phenolic expansion valve assembly (see 1.). 

3. About a mile or two of cotton sash, cord in the low side heat 
exchanger. 

4. Two large internal charcoal traps. One operates at about 50 0 K 
and one at l5 0 K to 30 0 K. This latter one may be the culprit. 
These traps were expected to stop only gas, no H

2
0, and have 

no heating provision other than external gas circuIation. 

5. One large charcoal external trap on the compressor at ambient. 
Thi's one we can, heat and bake so it should be OK. 

6. Compressor oil, it is all prebaked and degassed before use, and 
during normal operation runs at - 80- Z50° F. Any H

2
0 release 

should stop in 5. above, and the oil should be clean In an hour 
or so of operation. 

7. The cryopanel circuits, maybe ZOO- 500 feet of plumbing. This 
usually runs at 80 0 K when the LN circuits are cold, and HZO 
should all be stopped here. 

IV. Operations 

We may be able to extend operations by small procedure changes. 
and this has to do with careful tenlperature and pre s sure control of the 
final charcoal trap. If we start the reefer on itself (SV -3 open) after a 
clean-up it has no load ,and soon chugs down to lZ-lS"K, with a good 
input pre s sure (-180 psi). At this T and P, the charcoal grabs Nand 
0z and holds it. We then valve onto the Bevatron cryopanels and ~he 
heat load goes up. The charcoal T goes up and a littleN

2
,OZ release 
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to the valves; they leak a little and the pressure drops a little. This 
releases a little more N , 02 and so on. After 2 or 3 weeks, the 
pressure is at 140 psi an~ the temperature is at 30 0 K, and we can1t 
hold the heat load. Experience has shown that the Bevatron vacuum 
is insensitive u to about 25° K. Des eration measures durin p p g the last 
run were to start the second compre s sor (expander at the same r. p. m.) 
and this held through the run. This doubled the thru-put and made the ~ 
iced valves less sensitive, holding the pressure up. 

Proposed cure is to not cool the reefer do'\Vll a11 the way to l5°K by 
itself, but to put the load on with the initial cool-down. 

To justify this idea, compare our other reefer s. The 4° K magnet 
system has one charcoal trap at 50° K, one at 15° K and one at 6° K. 
These traps rea11y hold contaminant gases tightly at their fixed T and 
P levels, although experience has shown that if we have any outage for 
-1/ 2 hour or more, the traps warm up and tile engine valves crud, 
requiring warm up. 

The Hilac 20 0 K reef~r has no isolation valves likes ours (SV-l,2,3). 
Consequently, they can never cool the reefer down without load, and so 
the final charcoal trap temperature never goes below its normal oper­
ating temperature. Hence, it cannot grab impurity at one temperature 
for later release at a higher T. 

Short-Term Cures 

Attempt to correct a11 items above I through IV as best as possible. 

Long-Term Cures 

More expensive, when we get into opening up the reefer. Install 
heater s on the charcoal pots, heater s on the valve bodies. Install dual 
purifier s for on-line reactivation, dual expansion engine s for in-flight 
changes, pure gas storage syste,m, etc. Approach 100% redundancy for 
99% reliability. 

RB/ml 
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This report was done with support from the 
Department of Energy. Any conclusions or opinions 
expressed in this report represent solely those of the 
author(s) and not necessarily those of The Regents of 
the University of California. the Lawrence l:lerkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable. 
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