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Thermal Capability of JT-60 Magnetic Limiter Plate

Toshiro ANDO and Hiroo NAKAMURA

Department of Large Tokamak Development,

Tokai Research Establishment, JAERI

(Received November 22, 1983)

Thermal analysis of the JT-60 magnetic limiter (ML) platé has been
made to iﬁvestigate the thermal capability for its use in the ML operatien.
The following heat load models are considered to simulate the possible
thermal conditions in the operation. Gaussian heat flux distribution
with a half width of 3 cm is considered as charged particle heat load.
In order to simulate the swing of the separatrix magnetic surface on the
M. plate, both time averaged and sinuscidally moving heat flux are used.
The effect of remote cooling by radiation (photon and charge excﬁanged
neutrai particle) in the ML reéion is modeled by the spacially distributed
fédiative heat sources. The ML platé is modeled by 2-dimensional slab
geometry allowing interface conductance between the ML plate and the
cooling duct. The effect of radiative heat transfer to the cooling duct
and convective heat transfer to the cooling gas are included. Results
show that in general the operation with the maximum heating pulse length
of 10 s is not allowable in the absence of remote cooling. In a typical
case when radiation loss in the ML region amounts to 70 % of the total
power flow to the ML chamber, the power flow to the ML plate reduces by
half and the peak heat flux also reduces by half or more. In addition,
this heat flux is further decreased by half with T 3.5 cm swing. This
analysis presents the relationship between various heat loads and the ML
plate temperature and hence the thermally allowable operational range on

the ML plate.

Key Words; Heat Flux, Temperature, First Wall, Magnetic Limiter,

JT-60, Thermal Analysis, Radiation, Remote Cooling.
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Table | ®WSRY I HONFHRRRICHES HRKIE

pano W @ TR o
{(cm) (¢m) (MW, “cm) ( cm?) (cm) (w,/cm?)
3 0> 0.91 3.25 4558 320
6 £ 1.5) 0454 13.0 453.2 160
10 (4 3.5 0.273 36.0 4539 96

Table 2 @y E—F2—U ¥ I EEL BBA0
J T —60% 1 8 5 { FHEAFEHR

Face No Radiative Heat Flux Face No Radiative Heat Flux
(w/cm?® ) {(w/cm® )
1 0.5 20 16.2
2 0.7 21 24.3
3. 15 22 32.1
4 1.7 23 1.1
5 1.6 24 17.8
6 1.1 25 201
7 0.9 26 8.5
8 ¢.9 27 35.3
9 0.5 28 75.3
10 0.5 29 52.0
11 0.5 30 40.5
12 11 31 27.4
13 2.3 32 22.3
14 4.4 33 19.4
15 6.6 34 16.6
16 11.2 35 15.3
17 17.6 36 10.0
18 2 1.0 37 6.5
19 16.9 38 4.2

Face No 1~10 : Main vacuum vessel first walls

Face Noll~19 : Sub magnetic limiter coil liners
Face No20~25 : Magnetic limiter chamber liners

Face No26~33 . Magnetic limiter plate

Face No34~38 [ Main magnetic limiter coil liners

_9__
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Table 3 &Y 3 FIROBMER
Dlasma Energy Loss Half Swin Heat Load on Magnetic
¢ g\\ -at,
d Limiter Plate
Case T — d,(or_le SPI et)‘ [ Width (Width/ _ TV
adiatjon rarticle ower ow Max eat ux
QW) (Mwy  (em) (em) (MW cm)  (w/cm® )
CASE1 7.1 2.9 3 0 5.3 395
CASE1A 0 io0 3 C 0) 10 1100
%2
CASE2 7.1 2.9 6 (+1.5) 5.3 245
% 2
CASEZA 0 10 6 (£1.5) 10 550
2
CASE3 7.1 2.9 10 (3.5 5.3 175
sk 2
CASE3A ¥ 10 10 (+35) 10 330
* 1 Along magnetic limiter plate
%2 Time averaged heat flux
Table 4 HRY I 975 FoBEHEE
Therma | Density Specific Heat Notes
Conductivity )
(w/cmC) (g/cm® ) (J/787C)
Molybudenum 1.17 10.2 0.285 at 550°TC
SUS 660 0.184 7.93 0.557 SUS304L at 30C°T
Inconel 625 0123 8.44 0.455 at~200%C
0.138 8.44 0.477 at~300°7C
- Table 5 AA v 7 OREEG L UIRE
Case No 1 2 3 4 5 6
Frequency (Hz) 1.0 1.0 2.5 2.5 5.0 5.0
Swing Width (cm) T 1.5 +£35 +15 +3.5 +1.5 +3.5

—10-
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