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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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HELIUM REFRIGERATOR CROSS-CONNECT STUDY 

SUMMARY 

It has been proposed that a cross-connect line be made between the 
two Helium Refrigerators for the Bevatron cryopump. This would per
mit single :reefer operation and possibly provide more reliability and 
less outage, particularly during heavy-ion runs. Reliability becomes 
even more important during future time- sharing operation. Motivation 
source has been some refrigerator outage during last year heavy-ion 
runs. However, the record has been good considering the first year 
learning curve. Recent local refrigerator continuous operation records 
have been 16.7 weeks (2800 hours) (Hilac) and 9 + weeks fBev. S.C. 
magnets). Estimated cross-connect transfer line cost is $25,000 + lOo/o. 

Recommendation is to leave the system as is, and seek to reduce 
outage. Scheduled refrigerator maintenance during regular Mondays 
should help as well as minimizing short on-off periods such as 24 hour 
PEP tests. Engineering design work could continue as back-up prepara
tion if future reliability is still considered unacceptable. 

INDEX 

Ref. 

Discussion .. 

Cost Estimate . 

Refrigerator Arrangements . 

Schematic . 

Operation Modes ••.. 

Refrigerator Capacity . 

. . . . . . . . . . . 

Refrigerator Operation Conditions •.•. 

Heat Loads - East Refrigerator .•..•. 

Dwg. 17K4666 

Distribution: 

R. Aita 
D. Evans 
H. Grunder 

RL-3220-2 (Rev.4/64) 

W. Hartsough 
K. Lou 
G. White 

R. Byrns 
File (1) 

2 

3 

4 

5 

6 

7 

8 

9 

9 

f ~ 



:~ 

.11:.._, 

LAWRENCE RADIATION LABORATORY - UNIVERSITY OF CALIFORNIA CODE SERIAL PAGE 

ENGINEERING NOTE BW2007 M4631 2 Of" 9 
AUTHOR LOCATION DATE 

R. Byrns !
DEPARTMENT 

Mechanical Engineering Berkeley August 1, 1973 

DISCUSSION 

Historically, main sources of cryogenic refrigerator outages have 
been: 1. Compressors, and 2. Valve icing due to contaminants. Com
pressor trouble stemmed from poor lubrication with the lighter gases 
such as helium and hydrogen. The C Ti Model 1400 compressor has 
essentially solved the compressor problem and gives reliable service 
for 3500-7000 hours continuous operation. 

Contamination trouble can occur suddenly or over a long term pro
gression. Contaminant sourcesare: 1. Supply gas, 2. Leakage during 
operation, 3. Residual gas due to insufficient purge, including gas left 
in charcoal traps and filters. Our helium supply gas has proven to be 
very clean and the vendor (Poxco) is reliable. We have no known history 
of dirty Poxco bottle5(although we have from other vendors). The only 
logical source of air leakage during operation is the expander piston 
seal. This, we have protected with a helium back-up can and its pres
sure only seems to go negative during cool-down. We plan to improve 
purge procedures, using as many as 12-15 rapid pump and purges with 
careful pressure decay monitoring. This should delay· valve icing and 
extend operations to 12 weeks or more. 

Additionally, we have added a fast valve warm-up circuit which 
should permit valve de-icing and return to operation in 1 to 3 hours. 

The enclosed estimate for the eros s -connect transfer line of 
$25,000 is for the minimum, most economic option. There are 
some uncertainties in its operation. 

1: Heat Load and Mass Flow 

With the added lines and valves, the heat load may exceed the capa
city of one compressor. Always with refrigeration, it is good to have 
more capacity than load by 50-100%, because things never get better 
(2nd Law). It might be necessary to operate with two compressors, 
or one compressor plus LN. 

In any of these mode.s, balancing the flow to the four cryopanel cir
cuits would be required. Presently, with one compressor (60 scfrn) 
to 2 cryopanel circuits, the balance is automatic. One compressor to 
4, may require some valve throttling and trimming. Two compressors 
to 4 could possibly be self-adjusting. 

2. Outage Time 

It might take as long to cool down the transfer line and balance the 
system for one refrigerator as it does to warm-up one sick reefer and 
de-ice (say 2 hours). However, on a planned change-over one reefer 
could be taken out of service for a complete warm-up and purge cycle. 
This would provide more flexibility and hence re.liability. Also, emer
gency repair is more easily handled. 

RB/ml 

RL-3220-2a (Bev.4/64) 
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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 Berkeley 
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. 



TECHNICAL INFORMATION DEPARTMENT 

LAWRENCE BERKELEY LABORATORY 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 

,. 


