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mendation, or favoring by the United Slates Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily stale or 
reflect (hose of the United States Government or any agency zhereof. 
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ABSTRACT 

The cryogenic system for the Mirror Fusion Test Facility (MFTF) 
at Lawrence Livermore National Laboratory (LLNL) was designed to cool the 
entire MFTF-B system from ambient to operating temperature in less than 
10 days. The system was successfully operated in the recent plant and 
capital equipment (PACE) acceptance tests, and results from these tests 
helped us correct problem areas and improve the system, 

INTRODUCTION 

The cryogenic system for the MFTF-B at LLNL wa3 successfully operated 
with the entire MFTF-B system in February 1986, with the conclusion of the 
PACE acceptance tests.1 This series of tests, from September 1985 to 
February 1986, demonstrated the overall capability of the MFTF project. 
Figure 1 presents the general layout of the MFTF-B cryogenic equipment 
as installed at LLNL. 

The first phase (MFTF-A) was completed in February 1982, with a 
technical demonstration of the east vessel. In April 198̂ :, the single-
cell MFTF was changed to an axicell tandem-mirror facility (MFTF-B), the 
configuration in which it was finally tested In the PACE acceptance tests. 

The cryogenic system at MFTF-B consists of several subsystems: two 
helium refrigerators, two nitrogen subcoolers, a nitrogen rellquefier, a 
helium recovery system, an extensive helium distribution system with a 
forced-flow cooling sy3te;L, and a nitrogen distribution system. 
CRYOGENIC SYSTEM REQUIREMENTS 

MFTF-B cryogenic system must provide: 

• Liquid helium refrigeration at 1.35 K to superconducting magnets 
having a total weight of 1.05 million kg. 
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Fig. 1. Layout for HFTF-B cryogenic equipment. 



• Liquid helium refrigeration at 4.35 K to cryopanela having •? 
2 total area of 900 m . 

• Liquid helium at 1.5 K to approximately 40 small loads requiring 
a total refrigeration of 1060 U. These loads Include 10 external 
cryopod pumps, 22 small cryopanels (about 10 m ) used locally to 
pump neutral-beam tanks, beam dumps, and several small loads 
associated with electronic and diagnostic equipment. 

• Liquid nitrogen a*. 80 to 90 K to shield helium surfaces and to 
provide system cooldown refrigeration from ambient to 100 K. 

The entire system is to be cooled from ambient to operating 
temperature in less than ten days. In addition to these heat loads, the 
system must satisfy neutron heating generated from deuterium/deuterium 
reactions during 30-s plasma pulses. The system also must operate In the 
magnetic field and radiation environment associated with MFTF-B. 

The various helium and nitrogen heat loads resulting from the MFTF-B 
system requirements are presented in Slack et al. 2 

CRYOGENIC SYSTEM OVERVIEW 

Figure 2 presents a block diagram of the entire cryogenic system. 
The east system (cross-hatched area of Fig. 2) was tested in 1982; the 
remainder of the system was successfully operated with the east system 
during the PACE acceptance te3ts. 

Figure 3 shows part of the magnet vessel and the cryogenic and 
ambient piping from the northwest end of the vessel. The total volume of 
the vacuum vessel is 4200 nr. The vessel purapdown time to 10 ̂  torr wa3 
less than 36 n, as required in the specifications. The overall system 

o 
outgassing was also satisfied. The pumping 3peed of the 90O-m liquid 
helium cryopanels was approximately 25 million L/s at a vessel pressure of 
10" 6 torr. 

Figure 4 shows the west end of the fourth-floor of the experiment 
building, at the time field erection was in progress. The 60,000-L 
storage dewar, the auxiliary system skid, the 8-kW vacuum Insulated cold 
box, and a vacuum pump shed are visible. 

The central control panel, also ideated on the fourth floor of the 
experiment building, is presented in Fig. 5. This central panel 
interfaces with the control building, allowing us to control the cryogenic 
system from either location* Another local control panel is in the 
compressor building about 150 ra east of the experiment building. The 
relative location of this experiment can be visloned by reference to 
Fig. 1. 

The cold box, assembled at CVI Corp., is about 4 m in diameter and 
8 m high. The nitrogen system includes a 150,000-L LN„ storage dewar and 
a 500-kW nitrogen reliquefier. The helium system includes a refrigerator 
capable of delivering 8 kW at 4.35 K plus 30.8 g/s of liquid helium. 
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Fig. 3, Magnet vessel and the cryogenic and ambient piping from the northwest end of the 
3 

vessel. The total volume of the magnet vessel is 4200 m . The vessel pumpdown time 
-3 2 

to 10 torr is less than 36 h. The pumping speed of the 900-m liquid helium 
cryopanels is approximately 25 million L/s at a vessel pressure of 10 torr. 



Fig. 1). West end of the fourth floor of the experiment building, including the 60,000-L 
storage dewar, the auxiliary system skid, the 8-kW vacuum insulated cold box, and the 
vacuum pump shed. 



Fig. 5. Central control panel, located on the fourth floor of the experiment building. This 
panel interfaces with the control building, allowing us to control the cryogenic 
system from either location. 



PACE TEST RESULTS 
The cryogenic system performed well in the PACE test3 anc met t*-.rf 

established objectives. However, several minor problems occurred during 
the test program. 

The heat load appeared to be larger than expected. The additional 
load could result from the increased conduction load caused by high vessel 
pressure or from incompletely cooled LN^ panels. 

The cooldown time was longer than specified, but the flow rate 
\-hrough the load was less than specified. This problem can be corrected 
by allowing more flow to the loads, by adjusting the mechanical stops in 
the control valves. 

The cryogenic system experienced several problems. The more 
significant problems involved the turbines, oil carryover, and the 
nitrogen reliquefier compressor. 

Turbine Problems 

Two gas-bearing turbines were incorporated in the 8-kW refrigerator 
design. Several failures occurred, each resulting in seizing and 
destroying the bearings. We determined that oil contamination, at least 
in part, was responsible for the failures. LLNL rebuilt the t.rbines and 
improved the gas-bearing filter systetc, which eliminated additional 
failures. 

Oil Carryover 

Oil carryover from the compressor system for the 8-kW refrigerator 
occurred despite a well-designed removal system. The rough oil remnval 
system located in each compressor skid did not remove the required anunt 
3f oil. The final three stages of coale3cers and one stage of charcoal 
allowed oil to bypass and communicate with the cold-box heat exchangers 
and turbines. We much continue to Investigate the problom, but we are 
presently considering the possibility of oil trtakdown as a result of 
opf^ating temperatures or high compression ratios, or & combination: of 
both. Also, removal systems of this type with lower Tlow rates operate 
longer, and the absolute amount of oil carryover for the same time period 
is less. Therefore, Improvements for high-flow, long-terra systems must be 
developed. 

Nitrogen Rellquefler Compressor 

During the early nhases of testing, the first-stage compressor wheel 
failed because an Improperly installed bellows shroud failed and passed 
through the compressor wheel. We determined that if we removed the wheel, 
the compressor could operate at half its rated load. Consequently, the 
additional liquid was supplied by truck for the remaining test3. 

^isce11aneous Problems 

Minor problems occurred that were related to progracuning the 
Hodicon 58U controllers. Spot programming changes solved these problems, 
and as a result, the system operated more smoothly as tt.e testing 
progressed. 
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CONCLUSIONS 
The HFTF-B cryogenic system performed well and met the PACE 

acceptance test objectives. Control of filling and monitoring the liquid 
levels in the 13 supply dewars was smooth and problem-free. Three times 
during the FACE acceptance tests, the system was secured with liquid In 
the dewarj and magnets. Control of the system and restart were smooth and 
orderly. 
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