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Summary 

A simplc condensing cryopanel has h ~ e n  designed for the 
Doublet 111 neutral beam test tank with a 320,000 liters per second 
pumping capacity for hydrogen. This mainlains a vacuru~~ LI the test 
tank which simulates the Doublet I I I vessel, I ..3 x 10 '3 Pa I- 10" 
torr.) The hydrogen gas load comes from the beam striking the 
test tank calorimeter and amounts to about 7.2 torr liters per second. 
The cryopanel is cylindrical shaped with a liquid helium (LHe) 
ourface that pumps thrnllgh liqi~id nitrogen ILM coqled aluminum I 
chevrons Inrated in squiml-cag~ fwhion around the lnnde surface of 
the cvlinder. The LHe cooled surface is a smooth cvhder  2.09m I 
h~ dik~lebl  by .G9m long with LHo flowing in a :lmm annlllar 
space blwce11 ~ u ~ l ~ t s r ~ t ~ i t .  cylinders. Tho chovrono wmca m not 
blackened are cooled from each end with LN flowing in ring mani- 
folds that serve as the primary cryopanel structure. The LHe is force 
fed at 55.2 kPa rem$ididlf in the liquid p1raut: Uuuu@l the panel. 
External heal exdra~~gc~ upability pcrmib uw of hclium at 
3.8 - 4.2'K. Normal operating flow rate IS 1.4 g/sec for a heat load 
expected to be 12.2 W total. 

The Neutral Beam Injector Program for Doublet IIl has as its ,;& initid god to supply 7.2 MW of power to the hydrogen plasma for 
- - - - , , ,  . = 0.5 sec pulses. l This power is extracted from two neuttal beam 

- injectors, each having two ion sources, accelerators and neutralizers. 
;i The first injector was designed and built by Lawrence Berkeley 

Laboratories with the second being a copy built by commercial 
vendors. Completion of the program will include a pre-operational 
testing period of the fust beamline on a test stand. 

The actual conditions on the Doublet HI machine are simulated 
as closely as possible on the test stand.2 An entrance simulator dupli- 
cates the georr~etry of the vacuum vessel port entrance. Inside the test 
tank which is cylindrical in shape and the same diameter as the 
injector are calorimcter and n cylindrical cryopanel. The calorimeter 
consists of a "Vee" shaped set of cooled copper plates which inter- 
cept the beams, one on each of the two plates. Imbedded thermo- 
couples monitor the plate temperature and, hence, the beam power 
impinging on ~ t .  

The cryopanel described in this paper is cotipled during the 
testing period to the same cryogenic feed lines as the two cryopanels 
used in the first neutral beam i n j e ~ t o r . ~  During the testing phase of 
the program, the performance of the three cryopanel designs will be 
compared. From this comparison, several conclusions can be drawn 
as to the importance of surface emissivity control and configuration 
effirhncy A later paper will report these findings, 

Description 

The test tank cryopanel is installed in the rear of the test tank 
away from the beam entrance port (Figure 1). It essentially surrounds -84; the calorimeter which is mounted onto a frame that bridges the length 

- of the cryopanel. The outside diameter fits concentrically with the 
test tank vessel leaving an annular gap of - 2.5 cm. Within this space 
is lriounted two closely spaced aluminum sheets which provide a 
thermal radiation barrier to the vacuum vessel wall. Without the 

bamer the vcsscl wall would become wet and frosted during 
operation. 

:work supported by DOE Contract DE-AT03-76ET51011. 

Figure 1. Doublet 111 Neutral Beam Test Tank View Looking 
Toward Beamline 

Cryogenic feed lines enter the vessel at 30' from vertical at the 
top of the cryopanel. This unusual arrangement was used in order 
to align the cryogenic feed line manifold with the neutral beam 
cryopanel feed-through ports which use the 30' oKwt to avoid 
interference with Doublet 111 diagnostics. 

Table I 
Basic Parameters 

Pumping Speed, H2 320,000 liters per second 
Effective Pumping Area 4.2 m2 
Llquid He1lu111 P~essule 55.2 kPn 
Operating Temperature, LHe 3.8-4.2OK 
Operating Temperah~re, I-N2 7 7 ' ~  
Pressure Drop Through LHe Circuit 2.55 kPa 
Net Capture ProbabiIity 0.17 
Helium Heat Load 12.2W 

The design approach for the test tank cryopanel was to provide 
a sinde phase liquid helium cooled cylindrical surface with a LN 
cooled concentric cylindrical jacket having chevrons to shadow the 
pumping surface. Basic parameters are summarized in Table I. 
Helium is pumped through a 0.7mm annular space between two 
concentric cylinders which are kept separated by a wire mesh. The 
stainless steel mesh is No. 24 with .04 mm wire size. The LN panel 
consists of two ring manifolds which conduct heat from each end of 
the interconnected chevrons. The design intent for both panels was 
to avoid vapor binding problems due to hot spots by providing redun- 
dant liquid flow paths and vapor collection zones. 

The flow circuits for the LHe and LN are shown in Figure 2. 
LHe is supplied from a refrigeration system designed by Vander 
.4rend3 (Figure 2a). An extension of the transfer lines used to supply 
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Figure 2a. Liquid Helium Flow Path 
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the injectors provides the cryogens necessary for the test tank. The 
LN system is a simple once through evaporation scheme as shown 
in Figure 2b. 

cc* 
The LHe enters at the bottom of the cryopanel and exits at  the 

top. The cryogenic feed line enters the vessel at 30' off-vertical and 
follows the outside diameter of the helium panel, avoiding direct 
exposure to room temperature surfaces (Figure 2a). A manifold at  the 
bottom of the helium panel distributes the helium uniformly across 
the 0.69m length. Entering the annular space through a series of 
holes, the LHe flows upward t o  a manifold at  the top which also con- 
tains two rupture discs. Gaseous helium collects in this volume 
allowing the liquid to  be drawn into the return line located in the 
middle of  the manifold. At each end of the upper manifold, liquid 
return lines allow excess liquid to  recirculate to  the lower manifold. 
This allows for liquid storage and fist response to liqrlid demand 
before the J T  valve can respond, thus, minimizing the potential for 
oscillations. Within the annular flow space, wire mesh keeps the inner 
and outer surfaces from touching but allows space for LHe to  circu- 
late. A path is left in the center of the panel without mesh t o  ensure 
startup circulation and allow n "wick" effect to  draw liquid into the 
spacing mesh. These design features are shown in Figure 3. 
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Figure 2b. Liquid Nitrogen Flow Path 

In case of an up-to-air accident, the helium panel is exposed t o  
a rapid change in heat transfer from radiative t o  convective. The  
result is that the LHe flashes to  gas and cannot be vented fast enough 
to  prevent a run-away rise in pressure. Since the stress limited pres- 
sure differential for the cryopanel wall is 203 kPa (29.5 psi), two 
rupture discs are included in the upper manifold t o  limit the peak 
pressure to  157 kPa (22.8 psi). Should the rupture.disc release the 
helium inventory into the test tank vessel, the pressure rise would be 
less than 1 atmosphere ensuring no  pressure vessel type failure. 

The LHe panel is suspended at  each end within the LN cooled 
structure with 8mm diameter rods that wrap 180' around the cir- 
cumference. Three equally spaced sets of  stainless steel rods stabilize 
the LHe panel in all radial directions. Six, axial 8mm'diameter rods 
are welded onto  the LHe panel and are bolted to  the outside of  the 
LN outer enclosure. The entire assembly is mounted to  the test tank 
vacuum vessel with four posts that bear on the bottom of the vessel 
30' off center and attach to  the LN panel. 

The cryopanel is fabricated from Type 304  stainless steel and 
type 6061-T6 aluminum. The LN surfaces are aluminum up t o  the 
cryogenic feed lines. An aluminum to  stainless transition is welded 
into the LN vessel wall and to  the stainless steel feed lines. The entire 
LHe circuit is fabricated from 304 SS. A foil type seal is used at  the 
transition t o  the main cryogenic feed line. 

The two hollow cylindrical rings that support each end of the 
chevrons and provide the basic cryopanel structure are also the LN 
supply reservoirs (Figure 4). From the feed-line entrance, the LN is 
supplied through a "Tee" to  both ring reservoirs; vapor and liquid 
are removed from the top of the rings in a similar fashion. Nested in 
each ring is a liquid return tube that allows for liquid recirculation t o  
the bottom. The chevrons are arranged around the inside of the cryo- 
panel in a squirrel-cage fashion and welded to  the end rings. Typical 
spacing is 3 7  mm max. for the standard 5 1 x 5 1 ~ 0 6  mm (2x2x%) angle 
sections used. 

The heat load on  a LHe surface in a cryopanel is due to  several 
contributions. These are conduction along supports, radiation, and 
the arrival of  warm gas (warm being defined here as warmer than the 
pumping surface) at the cold surface. The heat load due to  radiation 
is a function of the emissivities of the various surfaces involved: LHe 
surface, LN chevrons, and surrounding room temperature items. 
Based upon the photon transport model assumed below, a study was 
made t o  determine the radiation heat load on  the cryopanel as a func- 
tion of the emissivities of  the surfaces involved. Conclusions as to  the  
necessity of blackening the LN chevrons can then be drawn. 

Our model assumes that the fraction of photons incident on a 
surface of emissivity, E ,  which rebound from that surface is 1 - e ;  
the remaining fraction, E,  is adsorbed. We assume that this 
attenuation mechanism is valid on both the LN and the LHe surfaces. 
(Unity sticking probability is not assumed for incident radiation. In 
the present analysis the incident photon flux can be tremendously 
reduced by interation with the chevrons.) 

interactions with the surfaces were analyzed with a Monte darlo 
computer code.4 Specular reflection was assumed. Two thousand 
trajectories were randomly initiated outside the chevrons and followed 
until they either reemerged or  suffered 100 interactions. Surface 
interactions were noted along with the type of surface involved. 
The incident photon heat flux was normalized t o  

where eroom is the emissivity of tne surrounding room temperature 
surfaces; crOom = 0.7 here. 
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Results of this analysis are shown in Figure 5, where the heat 
load is displayed as a function of E L N  with E L H ~  as a parameter. 
Unpainted aluminum should have an initial emissivity of -0.2 which 
requires that eLHe < 0.2 to keep the total radiation heat load to  
< 10 watts for a 4.2 m2 cryopanel. A shiny LHe surface is therefore 
required. As both surfaces become coated with condensibles, the heat 
load is decreased. If heat loads of 10 watts are acceptable due to 
radiation alone, then blackening of the aluminum chevrons appears 
unwarranted. 

Figure 5. Heat Load to  LHe Panel Due to  Specular Reflection 

The radiative heat load is the largest contributor to the helium 
system and the one most sensitive to surface emissivity changes. 
Assuming the chevrons oxidize and frost with use, E LN will approacll 
-0.3 or, perhaps, larger. The stainless steel will start at  about 0.1 and 
gradually increase to -0.2. This will give a radiative heat load of 
-8W total. Heat leaks from other sources include 1.7W from radial 
support rods and 1.3W from axial stabilizing rods. The heat load 
due to frosting hydrogen is estimated assuming 77' gas temperature. 
Cool down and latent heat of freezing amount to  1.2W (0.6W each). 
The only other contribution to the helium panel heat load is the 
resorption exchange between the LHe and LN panels. Gas molecules 
will come off the LN panel and migrate to the LHe panel at some rate 
expected to be small. The resulting heat load is therefore considered 
insignificant compared with the other contributions. This brings the 
total estimated heat load (less the pass-through heat leak) to the 
refrigeration system of 12.2W. 

Diaanostics 

Thc cryopanel performance is monitored by ;l~sasurinl: Lhe tem- 
perature and flow rate of the LHe entering and exiting. A simple 
calculation can then give the heat transferred to the fluid: 

" wnere, 

mf = mass flow rate of LHe 

Clp ' 5i)biific. uf LHt 
3 T = measured temperatures 

A venturi flow meter located on the inlet line measures the liquid 
flow rate. Vapor bulb thermometers are used to measure tempera- 
ture. 

The temperatures of several locations on the panel surfaces are 
measured with carbon glass resistors.' On the helium panel, these 
are located on the inlet and outlet manifolds and a point midway up 
the pumping surface. On the LN panel, these are located on the inlet 
manifold surface, a chevron at the reservoir and at the middle of the 
same chevron. Special care was taken to  ensure that heat leaks down 
the resistor leads would not affect the readings. High resistance wire 
was used with cold shorting both on the, LN and LHe panels. A 
stainless steel tab was welded over the resistor attached to  the LHe t o  
avoid the effects of radiation heat transfer. 

The hydrogen pumping speed will be measured .by injecting gas 
at a known rate and monitoring the pressure with an ion gage. When 
equilibrium is reached, the inlet flow rate should be the pumping 
speed. 

Conclusions 

The cryopanel designed for the Doublet 111 tank incorporates 
several unique features that have simplified the fabrication and reduced 
the risk of cool-down and system oscillation problems. The 
annular design is inherently less resistant to up-to-air accidents, but 
the replaceable rupture discs should prevent damage to the panel 
itself. 

The operational performance comparison of this cryopanel 
design with the neutral beam cryopanel designs should prove both 
interesting and useful for designing future cryopanels. 
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