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Aspect ratio of various magnetic confinement devices
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ST has a possibility to realize smaller fusion reactor.

Smaller device is much preferable to earlier realization

Q~10: ITER Target STEP(3.6m,3.2T,A=1.8)

10 . ‘ . . . 20 fusion triple product [102° m3 keV s]

9 - cuoene CONventional Tokamak |Ha STEP

? ARdee 100

= 16 B ,

7 = i breakeven (Q=1) .o ITER
o " oo ‘o8 tokamaks (projected)
s - . { S 7

0 .m O N = e W° ® ° ®

f IG’NITDR Z 0.1 ..‘ .

0 , = e 0.01 ° l®

18 SphericalTokimgI;, 0.001 . Week B- ST Viddle B~ ST
— =20 : eek By iddle By

% A-2lo |

] ©  0.0001
E® '

o STAR(4.5m,5.1T) | 0.00001

3K : _ B 1960 1970 1980 1990 2000 2010 2020 2030 2040

2 10

1

Progress Exceeded Moore’s Law for 30 years

12 14

A. Mancini Credit: Dr. Greenwald

6

O’?

B(T}
E87) N »

'—5’ 0—SHU UNIVERSITY EXPERIMENT WITH

STEADY-STATE SPHERICAL TOKAMAK

Advanced Fusion Research Center ——




K.U. has started a ST research QUEST since 2008.

QUEST aims at effective plasma start-up and SSO.

~ Design | Achieved
R (m) 0.64 0.64
a(m) 0.4 0.4
B, (T) 0.25 CW 0.25 CW
0.5 SP Plan 0.5 2s
Ip (kA) 100 (300) 100
Power 1 (RF) 0.1 (RF CW)
(MW) 2 (NBI) 0.3 (RF 1s)

OH (Vs) 0.2 0.2
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The major component of PFW on QUEST is APS-W and the
surface is covered with a deposition la

Substrate (W)
Hot Wall (APS-W)

Mid-planeg area
(SS316LY] ™ ¢

i 0
Element (keV) Atomic Con. (at%)

A B C
Imit !\ CK 0277 1753 20.76 0.40
Hot Wall (APS-W) ). * O K 0525 4365 52.07 5.35

CrK 5.411 3.96 4.74 0.08
FeK 6.398 3.34 9.74 4.36
NiK 7.471 2.65 0.66

WM 1774 28.87 12.04 89.81
Total 100 100 100
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QUEST is making a good progress in researching SSO.

6 hour dlschares could be achieved with the hot wall.
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Feature of Materials to understand particle balance.

QUEST is basically equipped all-metal PFW.

SS 316L SS 316L Deposition
coated with layer
APS-W
Method TS

Method FESTA DS NRA
D,[m?%/s] 1.5 x 100" 4.7 x 107 4.3 x 10-10 1.5 x 1077

EpleV] 0.25 "1 0.57 0.48 0.41
ko[m?/s] 3.0 x 1028 3.8 x 10-28 1.0 x 10-15 4.0 x 10-36
E.leV] 0.47 0.55 1.08 0.17
E[eV] 0.85 "1 0.7 1.10 0.5
Crolm-3] 6 x 1026 1 x 1029 3.0 x 1027 1x 1029
deyacelNM] 10 20 30 -
Wpoye@T,,=R.T. 6.5 x 102 3.7 x 102 72 8.2 x 10-6
Wp,y1e@T,,=500K 2.5 3.8 x 104 183 9.9 x 108
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How to decide the Feature of Materials.

TDS, NRA, Transmittance and FESTA are useful to decide.
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The values of W recombination coef. had a large scattering,

especially aroud room temperature.

_ 0.84 [eV
R.A. Anderl: K, = 1.3 x 10~ exp(— %) [1]
1
' _ 0.15 [
: M. Zhao: K, = 3.8 X 10™2%%exp(— ) [2]
le-5 - . _ 0.78
I. Takagi: K, = 4.5 x 10™2%exp(— —[) [3]
: kT
te-10} _ 0.97 [eV
| W. Furuta: K, = 4.1 x 10~2%exp(— 22L& [4]
ek . 3.0x10725 1.06 [
R Pick & Sonnenberg: K, = — 5 exp p( ) [5]
<0 : . 3.0x10725 2. 06 eV
g ' O.V. Ogorodnikova: K, = —— 7 X p( ]) [6]
v [
. ) 3.0x10725 0.59 [eV
le-251 C. Garcia: K, = N exp( k; ]) [7]
L —E&— Anderl
. 8 Zheo 3.0x10725 0.31 [eV]
le-30} A Takasi Franzen: K, = ————exp(— 8
j i;iﬁt; Sonnenberg 4 \/T p( kT ) [ ]
A —fe— 85:;;dnikova
Vel ]| rrenzen [1]R. A. Anderl et al. 1992 Fusion Tech, 21:2P2, 745-752
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[ [2] M. Zhao et al 2020 Fusion Eng. and Des. 160, 111853
1e-40 - : : : - : [3] L Takagi et al 2011 J. Nucl. Mater. 417, 564-567
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[5] M.A. Pick and K. Sonnenberg 1985 J. Nucl. and Mater. 131 208-220
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Doyle’s W parameter is a good candidate to identify the

material feature for fuel recycling.

Journal of Nuclear Materials 111 & 112 (1982) 628-635
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Thickness and kr modification has little effect , because more than

90% of wall injected hydrogen will recycle in SSO.
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FESTA observation clearly indicated fuel recycling with

her.
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Hot wall covered with APS-W could modify recycling of H, but

the APS-W has a diffusion limit capability in the whole temp.

3 l | l I
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A H barrier between dep. layer and substrate is observed.

The dep. layer is considered as a thin PFW material
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Consideration of trapping site provides us the quantitative

ning and its temp. nendence.

estimation of wall pum

The amount of SS uptake in the trapping site.
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The time constant of balance
between trapping and de-trapping

o, =22C 1—& —C,v,Exp| — £y
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The time constant is very
quick rather than the time
constant of wall saturation.
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Trapping effect is included in the model. Wall pumping

capability and the temp. dependence could be obtained.
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QUEST experiment could be quantitively explained by

the effect of the deposition later.

~10ml=2.7 x 1020 H 1.3x10%27x40nm x9.1m2x21/32x0.5=1.6 1020 H
2 673K->530K
3 Eo0K->440K ~ 2-5%1027x40nmx9.1m?x11/32 % 0.5=1.6 x 102 H
s AT i % 1.6x 100 H,
R 7 s .
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i 77 T T hester oFF ] el
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Wall saturation time has been decided by the stopping time of

fueling to keep plasma density constant.
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Time constant is an important parameter in particle balance.

Trapping effect is not considered in Doyle’s model.

SS 316L SS 316L Deposition
coated layer

with APS-

1.0 :
0.8 - tT=R.T. 0.012 571.6 26.7 7.7X107
s 0.6 . 1 T=500K 0.0012 1rr7 0.016 9.16X108
_,O 0.4 — R2 1
0.2 - WDoyle :R\/}/mK/D T= 1+ >
W D WDo le
0.0 . Doyle 10, 4 g
1.0 T T . 100k 10
b
0.8 — w < 1 — 4L 107 L
® 0.6 . — APS-W
° o4 | | 0.01\ 10|  ss316L
' PRESENT WORK | . 4| \ — Dep. Layer
0.2 - ® Waelbroeck et al — 0r t ten
— tungs
0.0 L L i | i 1 o -
-3 =2 -1 o 1 2 3 4 5 I
log 8 [ ‘ ; ; i . . . . ;
) ) 300 400 500 600 700 300 400 500 600 700
Fig. 6. Recycle flux, J,, normalized to ¢ versus ©. For panel (a)
(W >1), which represents diffusion limited-H transport, €& = Temp [K] Temp [K]

Dt /R? whereas for panel (b) (W <1), in which case H trans-
port is recombination-limited, ® = K,¢7 /D. The solid circles
in panel (b) are taken from [9]; similar calculations were not
available for W>1.
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Analytic solution including trapping effect could be obtained

in the modified H barrier model.

New time constant including trapping effect could be obtained.

oH H

E
OH k T_DH(l _T)H [_0]
W rec = —_ f— TD Exp_
- M Hy ° kgl

rin Tanh |: \/ r ink rec l‘:|

D E, ]
dl 1+ E.
( ¥y xp[kBT )
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Time constant for wall saturation could be explained by the

deposition layer parameters.

) O w/o CS cool down
- \ =
ol ‘@ | ® with CS cool down
J QI EEEEE Without trapping SS316L
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« Spherical tokamak is a good candidate for compact fusion
power plant. But it has a little achievement in SSO.

* QUEST has a capability to conduct SSO. And 6 h discharges
could be achieved.

* QUEST equips all-metal PFW, but the feature of the deposition
layer play an essential role in particle balance on SSO.

« The wall pumping capability is quantitively explained by the
feature of the deposition layer.
« The H barrier model is apdplicable to the deposition layer

including trapping site and it predict the time constant for wall
saturation on QUEST.
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But, ST had little achievement on steady state operation.

TRIAM-1M (K.U.) could obtain more than 5 h. in 2003.
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Wall temperature control on QUEST indicated the fuel

recycling could be modified.
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Plasma induced deposition layer play an essential role.

Hydrogen barrier and enhanced recycling are induced by D.L.
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Plasma facing Temp. is able to control P.B. and fuel recycling.

Its control is effective to achieve SSO on QUEST.
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Parameters of Material
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FESTA result for W could be reconstructed
with the published parameters ot W.
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Feature of Materials to understand wall saturation

SS 316L SS 316L Deposition
coated with layer
APS-W
Method TDS

Method FESTA, TDS DS NRA
D,[m?%/s] 1.5 x 100" 4.7 x 107 4.3 x 10-10 1.5 x 1077

EpleV] 0.25 "1 0.57 0.48 0.41
ko[m?/s] 3.0 x 1028 3.8 x 10-28 1.0 x 10-15 4.0 x 10-36
E.leV] 0.47 0.55 1.08 0.17
E[eV] 0.85 "1 0.7 1.05 0.5
Crolm-3] 6 x 1026 1 x 102 1.5 x 1027 1x 1029
deyacelNM] 10 20 30 10
Wpoye@T,,=R.T. 6.5 x 102 3.7 x 102 72 8.2 x 10-6
Wp,y1e@T,,=500K 2.5 3.8 x 104 183 9.9 x 108
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Fig. 1. Schematic of H concentration in a wall membrane. The
various parameters listed are defined in the text.
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Fig. 1. Schematic of H concentration in a wall membrane. The
various parameters listed are defined in the text.



