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LIQUID-NITROGEN-COOLED LINERS FOR 2XIIB 

D. P. Atkinson and M, 0. Calderon 
Lawrence Livermore Laboratory, University of California 

Livermore* California 9^550 

Summary 

Liquid-nitrogen-cooled liners have been installed 
in the neutral-beani source tanks of 2XIIB. The in
stallation has resulted in improvements in vacuum 
pumping, although testing is not complete. The liners 
are stainless-steel-flooded-type liners, using spot-
welded-and-inflatian construction. The natural-
convection flow system must keep the liners cold during 
the high heat loads imposed during Ti gettering. 

Introduction 

In July 1975, a decision was 'aade at. Lawrence 
Livermore Laboratory (LLL) to add linerB cooled by 
liquid nitrogen (LN) to the neutral-beam source tanks 
of the 2XIIB mirror machine (see Fig. l). Calculations 
showed that the thermal gas load on the 2XIIB plasma 
from the neutral-beam injectors would thereby be re
duced by up to two orders of magnitude in the 1- to 
10-ms time span over that for room temperature surfaces. 
This reduction results from the increased pumping speed 
made possible by a higher sticking coefficient and a 
higher possible accumulation of hydrogen at Li.' temper
ature. Our calculations assumed a sticking coefficient 
of 0.01 for room-temperature Ti and 0.^0 at LN tempera
ture and maximum accumulations of 7.8 x 10 and 

5.75 * 10 molecules of hydrogen, respectively. In 
addition to the increased pumping of deuterium, we felt 
that liners kept below *̂ 62 K would aid machine opera
tion by freezing hydrocarbons and inert gases. 

The final design is for flooded, stainless-steel 
liners that are fed by natural convection from phase 
separators mounted high enough to provide the necessary 
gravity head. The phase separator would be supplied 
by flow from the pressurized V. supply tank outside at 
ground lnvel. A schematic of t s system is shown in 
Fig, 2. 

The vendor for these liners was Paul Mueller Co., 
Springfield, Mo. Their product, "Temp-Plate,"M has 
seen some use as LIT panels, and t! * company has had 
years of experience producing cool ng panels and vessels 
for the dairy industry and others. 

• Reference to a company or product ns. s does not imply 
approval or recommendation of the pre iuct by the 
University of California or the Enert - Research and 
Development Administration to the exc :sion of others 
that may be suitable. 
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Figure 1. 2XII3. 
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Fig-Lire 2. Schematic of 2XIIB source tank, 
LN liners arid supply system. 

Liner Configuration 
The LH-cooled liners as installed in the 2XIIB 

source tanks are shown in Figs. 3 and h. In addition 
to providing the cold surfaces, they divide the tank 
into the first and second chambers for differential 
pumping; low-conductance baffles separate the chambers 

The total LN-cooled surface provided in the ma-
2 2 chine Is 200 m , with 39 m in each first chamber and 

p 
11 m in each second chamber. The chamber volumes are 3 3 7 m and 35 m > respectively. The total LN contained 

2 
in each source tank set is 150 litres, or 3 litres/m 
of cooling surface. 

The front surface of the re-entrant tank, from 
which the neutral beams are Injected into the plasma, 
Is not covered by a liner- We felt that covering this 
surface would not be of significant value to warrant 
the difficulty In assuring flow between the horizontal 
source slots and around the many ports. 

Thermocouple and diode sensors are mounted on all 
liners to monitor their temperatures during cooldown 
and running* 

Panel Design 
The necessary LN storage and flow area in the 

liner cross section are based on the heat load from 
three sources; the Ti lettering, the radiation from the 
room-temperature tank surfaces, and the pumped gas. 

Figure 3. Liners installed in south source 
tank. 

A computer code, CONVEC, was written to estimate 
the two-phase LN flow as a function of the heat load 
and of the various flow losses in the downcomer, liner 
panel, and return line. The getter heat load was 
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assumed to be 1.0 W/cm , the limit for nucleate boiling 
of LN; an etniaaivity of 0.3 was assumed' for the tank 
vail (which vas sandblasted clean of accumulated Ti 
before liner installation) and of 0.175 for the pol
ished back side of the liner (based on the specified 
#lt finish). Additional heat sources such as hangers 
or plumbing were minimized by the design, and a factor 
of two applied to the large hoat loads vas expected to 
more than account for them. 

SECOND PUMPING CHAMBER 

ASMA CHAMBER 

These prerequisites led to a quilted, inflated 
panel with the following specifications (see Fig. 5): 

2 
* Spot-weld area = 0.71 cm (equivalent to a 

0.375-in.-diam circle) 
* Spot-weld spacing == 6.35 cm (2.50 in.) 
* Spot-weld spacing along rows - 6.35 cm (2.50 in.) 
* Inflation pressure = 220 psig 
* Pillow depth of not less than 0.38 cm (0.15 in.) 

at 91% of pillows. Pillow depth is defined as the 
maximum separation between sheets measured along 
a straight line between two spot-welds not more 
than 7.62 cm (3-0 in.) apart. 
The vendor was able to fabricate the panels as 

above using a back sheet of 12 gauge (0.25^-cm or 
0.100-in. thick) behind a light sheet of 20-gauge 
(0.091-cm or 0.036-in. thick). 

It was further specified that there would be no 
spliced sheets within the perimeters of the panels. 
If the panels were spliced, it vould be extremely dif
ficult for LLL to repair any leak in the back sheet of 
a panel once installation was complete. 

The pillowed side (20-gauge sheet} vas sandblasted 
to facilitate sticking of and pumping by the gettered 
Ti. 

The material selected for use in all panels, mani
folds s plumbing, and related hardware was 316 or 3l6L corrosion-resisting steel (CRES). Experience at LLL 
has shown that use of 30^ CRES, although more common, 
has often led to poor seal welds for vacuum use when 
welds were subject to cycled cryogenic temperatures. 

Supply System 
A. schematic of the LR supply system is shown in 

Fig. 2. All plumbing external to the machine other 
than the vent lines is vacuum-Jacketed and continuously 

Figure 5- epical panel showing spotwelds 
and pillows. 

pumped, as are the phase separators. Each of the five 
basic liners has valves on the inlet and outlet lines 
at the vacuum-tank fftedthroughs. This means that liners 
which tend to short-out the system, hampering flow 
through panels of higher impedance, can be throttled. 
Also, a panel that develops a vacuum leak during a ma
chine run period can be valved off and differentially 
pumped through the vacuum pumpout included just down
stream of the inlet valve. 

The phase separators are designed tc centrifugally 
separate the liquid against the wall, where it can then 
run down around the baffle to the reservoir. The sepa
rator capacity is 95 litres, or approximately twice the 
anticipated boiloff during a getter pulse. The level 
contrcl is set to fill vhen the reservoir level reaches 
^ 7 litres. 

A large, three-way valve is installed in the riser 
line; this line avoids the inducing of additional boil-
off in the separator by routing the warm gas produced 
by the liners during cooldown to the atmosphere. 

Safety controls included in the system stop both 
flow into the separator and in the downcomer in the 
event of accidents such as over-pressurization of the 
liners (which will cause rupture of the blow-out disc 
in the downcomer) or loss cf machine vacuum (vhich 
could ultimately lead to overpressurization of the 
liners). 

Installation 
The liners were designed in pieces so that they 

could be installed in the source tanks while the tanks 
are in place. In addition, because the short re
entrant veesel could not be removed, split cylinders 
are used for the wall and around the re-entrant tank, 
and the bottom liner is in quarters. 

These segments are then connected by l80° tube 
Jumpers. These Jumpers and all internal piping have 
all-welded joints. The inlet lines are 2.5^-om (1-in.) 
o.d. tube, and the outlet lines are 5.08 cm (2-in.) 
o.d. tube. Bellows are included in the outlet lines 
for contraction, but none are needed in the more flexi
ble inlet lines. 

All liners were leak-checked before installation 
using a helium spectrometer and all field welds of 
Jumpers and internal piping were checked before being 
cooled in the machine vacuum. No new leaks have been 
found during machine runs since the final inspection. 
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Results Acknowledgments 

At the line of this writing, ion gauges are being 
installed in the machine, one each in the first and 
second chambers of the south source tank and one in the 
plasma, chamber. These will give us a quantitative 
measurement of the pressure rise in the machine, and 
thus of the effectiveness of the LN-cooled surfaces. 

In a qualitative sense, we have observed that the 
new cooled surfaces have resulted in certain improve
ments. The pressure rise during gettering, which 
previously was approximately an order of magnitude, is 
now very small if seen at all. This indicates gases 
are staying on the pumping surfaces instead of being 
driven off by a temperature rise. The time necessary 
for the inach±ne to reach base pressure following an 
experimental "shot" has also been decreased. 

For cooldown, we have found that no throttling of 
the liners has beer, necessary, with cooldown taking 
approximately three hours. The experiment can run 
before the panels are completely cold without affecting 
their cooldown time or operation. 

The 2XIIB experiment is headed by F. H. Coensgen 
and assisted by T. C. Simonen. The design tear, in
cluded D. W. Depue, S. M. Hibbs, T. A. Kozman, and 
T. T. Yokota. Invaluable assistance was provided by a 
technician team including H. C. Saulter, G. H. Cobb, 
J. J. Murphy, E. A. Espinoza, and J. J. Jolly. This 
work was performed under the auspices of the U.S. 
Energy Research and Development Administration under 
contract No. \\'-7h05-Eng-h8. 
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The originally estimated cost of the system was 
$2SQ thousand, including engineering, procurement, and 
installation of the liners and supply system.. The final 
cost was higher, with the liners costing $B6o/m rather 
than the estimated 5590/nT. This, however, was a minor 
increase; unanticipated costs in the supply system 
materials and manpower requirements resulted in the 
final cost of approximately $520 thousand. This repre
sents an almost two-fold increase, mostly due tc man
power for engineering and installation. 
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