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The Design of Cryogenic System for KSTAR TOKAMAK
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Abstract - Cryogenic technology is one
of the key technologies for fusion reactor
equipped with superconducting coil for
plasma confinement. The KSTAR(Korea
Superconducting Tokamak Advanced
Research)Project 1is in progress since
1996. Major parameters of the KSTAR
tokamak are : major radius 1.8m, minor
radius 0.5m, toroidal field 3.5 Tesla and
plasma current 2MA with a strongly
shaped plasma cross-section and double
-null  diverter. Considering practical
engineering constraints, the KSTAR
device is designed for a pulse length of
300 sec in up-graded operation mode but
in the initial configuration would provide
a pulse length of 20 sec provided by the
poloidal coil system in base-line
operation mode. The cryogenic system is
composed as follows cold box, helium
compressor system, distribution box,
helium gas buffer tank, helium gas
purifying system, gas recovery system,
liquid helium storage dewar, current lead
box, current bus line and liquid nitrogen
storage tank.
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t}. KSTAR TOKAMAK® F8 AA8iE,
major radius 1.8m. minor radius 0.5m,
toroidal field 3.5 Tesla Z128]3 plasma
current 2MA°|tt. KSTAREe Z%7]d79
base-line operationd®l* < pulse-length 20
22 &Ad5Y up-graded operationolAdE
pulse-length 300% $H o=z HAAHALT.

2. Cryogenic System 72

Large scale cryogenic systemS 24
KSTAR cryogenic system® 8 AALKLEE
g 2o 1) WE71Y uiF dAsd, 2)
st A modeo] W3t Al (cryogen)e F
B3 Ao], 3) AlaEle dEA, 4) 2AEAA
o] kA A P Alx"e] AFA O Folrt

Cryogenic system2 4L oS3 2o :
dEYE7], e5LFAI 2%, distribution box,
&7}~ buffer tank, EE7FE FA A 2,
7tag A2 AAE AFL7), current
lead box, current bus line, A4 e

So|t}. Distribution boxdls ZAZ=XFA
Wzts Y8 2YAE E (supercritical helium,
SHE) ZA<83A 9 in-vessel cryopump&
Ae AANAFTIFFA €9 Uk, 2" 19
Alx"le] Ve E Bl

Cryostat W¥ol& cryogenic system 225
Bl @ztglojxol & ozl HA|xElo] itk &
TF coil, PF coil, coil structure, in-vessel
cryopump, current lead I8l3 thermal
shield E°lt}.

KSTAR TOKAMAK® plasma ¥ & $3
BE AzMol xdARELE YZAHE CICC
(cable-in conduit conductor)¥ el A =x}A
oz @ A WA Aol KSTAR #A &,



ZAEAM 2D thermal shield systeme AA
4 WzrEol F8 AL2r|Eeltt. CICCEY
ZzRAEAAe  Wzpgye A (forced
flow type)22ZA ZA=AAML 4 5K A&
£B7E e 2UALELRZ WzEn. o
AL 2AALEF 3N 2dATEY AA,
WE=E& % transient heat load 59 Aol
ATt
Cryogenic system® +312=9492 80K He
7}~2) shield temperature 99, 5K =44
A F9 coil temperature 9, current lead
2 9% 43K AALELE=YS 2 in-vessel
cryopumps ¥ 3.7K JAIEFLzPgez
BRI El=
¥ 19 cryogenic system® +AZZAZ BRIt}
AN AL Aade] A FEe X7)¥z
AN cold boxolA FuBIE EIl9
AE7t2E WA 7)7] $18tedA AbEErt
KSTAR TOKAMAK System® W¥Z 5%
ok 380%0]4, base-line operation mode®l
A 10kW, up-graded operation modecl A&
12kWe] WzZsdo] 879,
base-line operation modeclr, & & 53t
o] ¢ 45% % 2AEAMY W7, o 2% =
A=A o AFE FF37] A3 current lead
oA @AY, 22 E F8(Cu) current
lead2HE ol R E ZFol7] sty n2x2A
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Table 1. Cryogenic Requirement for
Cooling
System Temp. |Pressure| Coolant
- Shield Temp.:
Thermal Shield
Coil Supp.Post
In-vessel 60~80K| 20bar | Gas He
Cryopump
Current Bus
Line
- Coil Temp.
gg CO% Super-
.F. coi ..
Coil Structure 4.5K | 3~5bar | critical
Current Bus He
Line
Current Lead 4.3K 1.3Bar LII(_IIUId
e
In-vessel 3 7K 0.6Bar Liquid
Cryopump He
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Fig. 1. Cryogenic System and Fluid Line.
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