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Abstract: It is planned to install a cryogenic pump in the Previous experience with cryogenic coaxial transfer lines sug-
lower divertor portion of the DIII-D tokamak with a pumping gested that the cooldown time may be excessive. Hence, the
speed of 50000 t/s and an exhaust of 2670 Pa-l/s (20 Torr-t/s). experiment described in this paper was performed.

A coaxial counter flow configuration has been chosen for the Details of the cryopump design and the out-of-vessel sys-
helium panel of this crycge_ic pump. This paper evaluates cool- tem are described in two other papers in this meeting [3,4]. Ther-
down rates and fluid stability of this configuration. A prototypic real analysis undertaken to design the cryopump is described in
test was performed at General Atomics (GA) to increase coati- l_f. 5.
dence in the design. It was concluded that the helium panel

cooldown rate agreed qu;.te well with analytical prediction and Experimental Procedure
was within acceptable limits. The design flow rate proved stable
and two-phase pressure drop can be predicted quite accurately.

A schematic of the experimental set up is shown in Fig. 2.
Introduction The most important part of the setup, the helium panel, was

prototypic. The dimensions of the inside and outside tubes of
the panel were identical to the proposed design (1.59 and 2.54 cm

The advanced divertor [1] has been operational inside o.d. with 0.9 mm wall thickness). The flow path length of helium
DIII-D si'_ce April 1990, and has been successfully used in bias through the helium panel (10.4 m) (Fig. 2) was similar to the
and bafBe modes. Next, it is planned to install a cryogenic pump proposed design. The only variation was that, in the experiment,
inside the baffle chamber of the advanced divertor for particle _he shield was made from straight tubes, where as in DIII-D,

the helium panel will be located along an arc of a 3 m diameter
exhaust in order to control plasma density. The dimensions circle.
under the advanced divertor as well as the optimum orienta-

The helium panel was surrounded by a liquid nitrogen-tion of the pump have been optimized using the particle trans-
port code DEGAS [2]. The calculations show that the desired cooled radiation shield consisting of a 10 cm diameter copper
exhaust of 2670 Pa-l/s (20 Torr-t/s) can be obtaimd by provid- tube. The nitrogen shield was contained within a vacuum cham-

ber and separated from the vacuum chamber by super insulation.ing a pumping speed of 50000 l/s. A r_view of various pumping

options indicated that the best way to achieve this pumping The liquid helium supply was obtained from a 3800 £ Dewar
would be by a cryopump located under the bailie plate of the at a pressure of 142 kPa (20.7 psia). Thus, the inlet condition to
advanced divertor, the helium panel could be near the design condition of 116 kPa

The geometry of the helium panel of the cryopump is dic- pressure and saturated condition.

tated by the space available and the surface area necessary to The heat input to the helium panel was simulated by pass-
provide the required pumping speed. A coaxial geometry con- ing an electric current through the outer tube of the helium
sisting of standard 304 stainless tubes satisfied these conditions, panel. A power input of up to 60 W could be achieved.
Tl_ coaxial configuration (Fig. 1) posed two conditions:

1. Will the coaxial counter flow arrangement increase the cool- In order to measure the helium flow rate accurately, the
down time from room temperature to liquid helium temper- exiting helium from the helium panel was heated by a series of
ature beyond an acceptable time of a few minutes? electrical heaters to about 300 K. The resulting gas flow was

measured by a calibrated pitot tube.
2. Does the stability criteria based on the Baker diagram apply

to helium and coaxial geometry? The vacuum tank was evacuated to a pressure of about
1.33 × 10 -s Pa (1.0 × 10 -s Torr). Liquid nitrogen flow was
started and the nitrogen shield was cooled to and maintained

X---L X= 0 X = +/ below 100 K. Warm helium gas was flowed through the helium

J [l] panel to prevent pre-cooling of the helium panel. A heat load of

_-- 6 W was imposed on the helium panel by adjusting the voltage

_ _=- -"_ applied to the panel.

_1 ? With the helium panel temp,crature slightly below 300 K,'*_ liquid helium flow was started to si._nulate cooldown of the panel.
After the cooldown of the helium panel was completed, helium
flow and heat load on the shield were varied to obtain data on

FIG. 1. Flow directions in the coaxial helium panel, flow stability and pressure drop. Helium gas was introduced in
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FIG. 2. Experimental setup.

the vacuum tank to study the effect of pressure in the vacuum
tank on flow stability. 300

Helium panel temperatures at the inlet, location "M" _ LNa Shield
(Fig. 2), and at the exit were monitored with silicon diodes and -..O-- Inlet
recorded as a function of time. Nitrogen radiation shield tem- _ Intermediate
perature, vacuum tarLk pressure, and helium panel pressure drop _ Outlet
and applied voltage and current were measured. The helium gas
temperature (at exit) and pitot tube readings were measured 200
and, in a few cases, the power supplied to the heaters was mea-

sured to cross check the helium flow rate by calorimetry.
al

Resultsand Comparisonto Analysis

Figure 3 shows the results oi"the helicun panel cooldown 100
test. The helium flow rate was 3.5 g/sec at the beginning of
cooldown. The inlet pressure to the experiment was constant as
the panel cooled down and the quality of outlet fluid improved
from gas to almost 100% liquid while the flow rate increased
from 3.5 to 4.25 g/sec.

An analysis was performed at the beginning of the cryo- 0 i ; "^'Y -.,'_
pump designphase [6]to calculatethe cooldown of the cryo- 0 200 400 600 800 I000 1200

pump from 300K (the cryopump may attain this temperature Time(sec)
after glow discharge). Figure 4 shows the experimental results

for the panel surface temperature at location "M" (Fig. 2) ob- FiG. 3. Test results for rapid cooldown of
tained during rapid cooldown of the panel. The solid line shows helium panel (flow = 3.5 g/sec).the analyticalpredictionfrom Ref.6.

TableIsummarizesotherdatacollected,suchas:thepres-

suredrop acrosstheheliumpanel,pressureinthevacuum ta_Ik, power inputs.The lastfivelinesinTable I show the resultsof
and flowstabilityobservedat varioushelium flow ratesand gas injectionintothe vacuum tank.
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FIG. 4. Comparison of analysis and expe- FIG. 5. Flow stability for helium panel. The
riment for cooldown of helium panel (flow region above the curve is unstable.
= 3.5 g/see; temperature (K) at location "M"
in Fig. 2).

on the same plot. (The flow instability results in sudden reduc-
tion in flow and concomitant increase in shield temperature.)

Table 1: Summary of Data The comparison in Fig. 5 indicated that, for the ADP geometry,

the Baker Diagram predictions give a very good estimate. ThisPressure Drop V_uum Tank is surprising in light of the facts that the Baker Diagram was de-
Flow I Load Across Helium Flow Pressure veloped for water ftow through a tube, and the experiment was

(g/see) _ Panel (Pa) Stability (Pa) for a Liquid helium flow through an annular geometry. These
4.50 6. 348 Stable 0.0013 results show that, at the design flow rate of 5 g/see, flow will be
4.50 12. 348 Stable 0.0013 stable for heat loads up to 54 W. The expected heat load on the
4.50 24. 398 Stable 0.0013 helium panel during operation is about 10 W.

4.50 44. 373 Stable 0.0013 The pressure drop for two phase flow with heat transfer
4.00 34. 398 Stable 0.0013 can be calculated by Lockhart-MartinelLi correlation [8]. This
4.00 38. 398 Stable 0.0013 relation is complicated enough to require a computer program
4.00 41. 423 Stable 0.0013 for calculations. Ft,r the ADP design point of 5 g/see flow and
3.25 0. 298 Stable 0.0013 10 W heat input a pressure drop of 400 Pa (1.6 in. of water)
3.25 6. 298 Stable 0.0013 had been predicted. In the experiment, the value measured was
3.30 11.6 298 Stable 0.0013 350 Pa (1.4 in. of water).
3.40 18. 298 Stable 0.0013

3.40 24. 298 Stable 0.0013 Sumrnary/Condusions
3.40 30. 298 Stable 0.0013
3.40 36. m Unstable 0.0013
5.25 0. 423 Stable 0.0013 The prototypic test performed has shown that the counter-

' flow configuration is a sound design for the advanced divertor5.25 42. 600 Stable 0.0013
: cryogenic pump. Results confirm that a cooldown of the helium5.25 48. 622 Stable 0.0013

5.25 54. 660 Stable 0.0013 panel from 300 K to Liquid helium temperature can be achieved
5.25 59. 697 Stable . 0.0013 in the few minutes available between plasma "shots." Helium

flow results indicate that, at the design flow rate of 5 g/see, flow5.25 60. -- Unstable 0.0013
will be stable for heat loads up to 54 W. The expected heat load5 6. 348 Stable 0.0013
on the helium panel during operation is about 10 W.4.5 6. 361 Stable 0.0013

4.5 6. 373 Stable 0.266
4.5 6. 423 Stable 0.4 Acknowledgements
4.5 6. -- Unstable 2.0
4.25 6. 398 Stable 0.266 The authors wish to thank H.M. Lizarraga, D.K. Cum-
4.25 6. -- Unstable 0.4 mings, and E.J. Taylor for help with the experiment.
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