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A Review on Development of Helium Pumping

Systems for Tokamak Reactors

Yoshio GOMAY*, Kazuyuki NAKAMURA
and Yoshio MURAKAMI
Division of Thermonuclear Fusion Research,

Tokai Research Establishment, JAERI

(Received March 25, 1982)

Development of helium pumping systems for tokamak reactors has been
investigated. Considerable progress has been made on estimation of the
helium gas pressure at the pumping ports of tokamak reactors by means of
plasma particle balance models. It is shown that the pumping speed of
10° %/sec at 10_3 Torr may be enough for INTOR. Cryopumping has intensively
studied in the TSTA project. It is shown that cryosorption by charcoal
and cryotrapping by argon condensed layers will appear to work successfully
with tokamak reactors. To apply turbomolecular pumps, it seems to be
necessary to develop the pumps with a pumping speed of several thousands

liters per second which may be used as tritium handling systems.

Keywords: Tokamak Reactors, Ash Exhaust, Divertors. Pumped Limiters,
Helium (Hydrogen Isotopes) Pumping Systems, Cryosorption,

Cryotrapping, Status, Review
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TABLE II BNL Compound Cryopump Specifications

1. Physical Dimensions

BNI, Compound TSTA
Cryopump Regquirements

16™ Isopneurop

Input Port flange Same
Regeneration Port 6" Conflat Same
Weight n~o 600 1b
Size 35" 0.D., 32" tall
2. Estimated Pumping Speed
SD (%/s) 13,000 10,000-15,000
2
ST (L/s) 10,400 10,000-15,000
2
S (L/s) 3,200 > 20% of S
He D
2
>
SHe/SD (%) 25 > 20
2
3. Estimated Capacity
DT {T-2/s) > 34,000 34,000
He (T-%4/s) g, 000 5,300
He/DT (%) 20 > 14
4. Cryogen Consumption
LN2 (&/hr) 3
10 hr. operation before
refill.
LHe (2/hr) 2

,,2 4_
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TABLE IV Cryosorption pumping of helium as a function of temperature

{on Molecular Sieve 5A cryosorption panels).

Cryoigiiflon Gas Mizl?im Sticking
P temperature pumping coefficient Reference
temperature (°%) speed a
(°K} (liter/sec- £t?)
17 77 Barely — a
measurable
-2
13.6 77 55 3.7 x 10 a
-2
10 77 720 4.8 x 10 a
4.2 4.2 27000 0.9 Present
work
TABLE V Relative Pumping Speeds of He in N2/He Mixture
T = 13.5°K T = 4.2°K T = 4.2°K
@15 e = o3 c_ = .67 C. = .10 C., = 2.8 C. = .47
He H He H He H
2 2 z
{b) (c) (b) (c) (b) {c)
QH ’/QHe He QH ’/QHe SHe QH ’/QHe SHe
2 2 2
.04 .96 .02 1.00 .02 | .el
.07 .91 .04 .95 .04 .93
.15 .78 .10 .95 .10 .87
.37 .56 .19 .96 .19 .88
.91 .46 .38 .97 .38 .89
1.83 .39 .76 1.00 .76 .88
3.65 .33 ' 1.9¢C 1.19 : 1.52 .83
3.80 1.15 3.80 .83
7.60 .75

(a) C: Surface coverage expressed in T ~£/cm2.
(b On, not corrected for hydrogen cryocondensation.

(c}  SH, relative to pure helium pumping speed at same temperautre.
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Table VI Effective surface area of adsorbents and condensed gas layers

Adsorbents Surface area Reference

Coconug charcoal 889 mz/g
Linde molecular sieve 13x 514 m2/g (24)

" 5a 600 m?/g
Condensed gas layers

Xe 1.4 x 10" m®/mol (105 m®/g)

Xr 0.66 x 10" m?/mol (79 m?/g) (21)

Ar 0.43 x 10* m*/mol (108 m?/g)

co, 1.62 x 10* m®/mol (368 m”/g)




JAERI-M 82-037

(a) Divertor Type

L~
L
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P lasma - _ .
L Separatorix |ine
4 /
LLLLLL G L L Neutralizer
< L Plate
Scrape —off |ayer ’
L
SIS S S L~
Throat ‘ é
Pump
£

(b)Y Pump Limiter Type

Scrape—off layer lonization gone
P lasma
Core
T
d
/'/////)/})}}}//z//f /4

/ Limiter
V' S S S S S Sl L Ll L L L LL

- Pump

TV

Neutralizer Plate

Fig. 1  Schematic expression of particle balance between
main plasmas and neutralizer plates: (a) divertoer

type and (b) pump limiter type
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Fig. 4 Diagnostics and impurity injection system

are shown with a divertor configuration with
open geometry (no divertor throat, no divertor
chamber, and divertor coils outside the vacuum
vessel). To simulate an alpha-burn tokamak,
the measurements were made after the injected
helium reached equilibrium levels
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charge

ionization

Main Plasma Main Plasma

Fig. 9 Trajectories of (a) DT and (b) He particles in the standard
-3
case where Te = 250 eV and n, = 1.7 % lO12 cm in the

scrape-off layer
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Fig. 10 Geometry for the INTOR divertor calcualtion
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Fig. 12 Neutral particle pressure along the field line for the

center of the divertor



Particle density (arb.unit)

Fig.

LOG 4 (polTorr))

Fig. 13
104

JAERI-M 82-037
NEUTRAL PRESSURE OF D

Neutral pressure profile in the INTOR divertor

103

102

Neutralizer
plate

Pumping duct

R R S T S R S T SR T

. 850 100
Distance from the nutt point (cm)

180

14 Density distribution of DT fuel and He ash particles

along divertor channel for the standard case with

12

= -3 .
T =0.5, Tc=250eV, and ne=l.7 x 10 om in the
P

scrape-off layer



JAERI-M 82-037

Iniet 4K BA Regen
; Mole sieve
4K d ™

ﬁ N Conden-—\
A A |Ising
5\\ R Chevrons
A A <<<<<<

aK

Charcoal

Cryosorber Inlet

Regen.

(A) LASL DESIGN (B) BNL DESIGN

Regen.

=

Ar Spray
Tubes

Inlet

RLLLLLLLLLLLKLL

DIDOPIVODIO>

(C) LLL DESIGN

Fig. 15

Ar Trapping
or 4K Charcoal
or 4K Mole Sieve R€geN.

Inlet

MODIF IED BY
ADDITION OF VALVE

(D)

Schematics of vacuum pumps developed for TSTA.
Cryocondensation pumps are used fof evacuating
hydrogen isotopes. The following three methods
are used for helium pumping: {A) MS 5A cryosorptiocn,

{B) charcoal cryesorption, (C) cryotrapping by

argon condensed layers. A conductance limiter is
installed for separating the two pumping volumes

from the others during regeneration in the figure (D)
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condensed layers at 7.3°K. Tf is the
temperature during CO2 layer condensa-
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Fig. 33 Surface areas of condensed gas layers.

Co is the H2 adsorption rates on condensed gas layers

obtained by the Pubinin-Raduschkevich-Kaganer method
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