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1.1) Introduction 30F 2) Modeling of JET with carbon wall
JT—(_SOSA main objec?tlves. near fusion scenarios fgr ITER andlDEMO. s.cl:;‘s;?:z JET #69890 Diff Compatible Jet pulse is found.
Major open issue: divertor heat and particle handling in ITER-like plasma. - Similarity parameters:
Goal of this work: simulating JT-60SA ITER-like scenario with carbon wall ,, jfoiceleklIERT 225 2L & rarity p: :
scrape of layer (SOL) and divertor plasma: Plasma C_“”E"' le [MA] 55 20 64% + Size »
+ 41MW input power [1] Major radius R [m] 2.96 3.0 1% . eralllzo:nposmor)sfl " Maior
« Full carbon walls Parameter 1ol Minor radius r [m] 1.18 0.9 3% . oroidal magnetlc lela. i I
. . Elongation Kx 1.87 16 14% « Plasma shape influence
* Inductive single null guesses N
n, .,,=1.0x10%m= (major challenge) Safety factor Qg 3 35 16% « Confinement mode on plasma
'e,sep’ - 9 . if
Similar studies have been made for lower power z" 4 109 ms 3; 2;3 f:n//" . g?:;!\txvald density fraction parameters
JT-60SA scenario [2] while the 41 MW scenario has ore dens. n [10%? m?] L aatoty factor Y
been simulated with higher densities with the I-I Sep. dens. n, [10 m-] 102 3 200150% Y
integrated divertor simulation code SONIC [3] non, 63 23 61/22%
&, ders. Frac 05 06 20% 16420 Ol 4650 tne
. dens. . . o
J nput Yes Heating Power Py, [MW] 41 21 49% § 8
1.2) Methodology parameters P,, (normalized  [MW] a1 286 30% 1E+19 Y
Divertor plasma conditions depend on: JT-60 sep. surf) 4 ® I
< perpendicular transport parameters :::: Conf. Hen m::g SN Han m:”g N é TE+18 | 4 oxp SPECT Clll4650 o
« recycling coefficients 80, , " 3 ’ * o
A . - Strik int . 2 vertical 1 vert., 1 horiz. - o
- sputtering yields. 20 30 20 rike poin P°S vertial vert. 1 horiz 1Es17 | ORO702 4
Precise predictions require benchmark of those parameters with experimental Z;%L‘ Sg’-EDGEZDZ"'ESg fW, ‘JL DG S S : "R(?f‘”
data from similar pulses of existing machines, similarly to what was done in [4] for conario 2. Simulated Seeding NelAr N : I
h - volume in red; carbon wall in black; Pumping speed [m?s] Up to 100 - - Inner Div. Outer Div. Horizontal  Vertical
core analysis. Compatible JET pulses were found, a model was benchmarked by absorbing pump surfaces in light - - . -
using JET data and then applied to JT-60SA ITER-like scenario. blue Tab. 1: JT-60SA ITER like scecnario and the considered JET pulse  Fig. 3a: Carbon recycling parameters scan
Run e» ©C D Div/ 1/B; gf;:r?;ﬂy
3) JT60-SA ITER-like scenario early modelling results # (sep) (sep) SOL Fact. | chords map
Standard Input 32 30 016 028 x4 No
parameters | 33 30 0.16 028 x6  Yes |
20
36 30 018 035 x4 No
Input power Py, 36 MW [5]
37 40 018 035 x4 No
10 Recycling D/Ar/Ne 1.0 38 30 018 035 x6 No
Recycling C 0.0 39 30 018 035 x6 Yes B ey
Strike
00 D, fueling point positions D puffing 1.0x102 571 Tab.2:Tested transport parameters chords map
Fig.2: JT-60SA divertor area, Ar seeding 1.0x1020s1 _ 16E¥06 Transport parameters to be determined:
pump ducts details and strike T 14s0 | O¥0_BOLO T it £ t th trix:
1.0 point_positions _calculated for N seeding 4.0x10%s-1 £ o132 A ransport parameters at the separatrix;
ITER-like scenario . 2128406 4 37 o « Transport parameters in the far SOL and
Tab. 3: JT-60SA standard simulations input parameters é 1.08+06 a below the x-point.
-20 Fig. 8: D fueling is from . . S 8.0E+05 A
the outer midplane and On JT-60SA ITER-like scenario a scan on Zoom0s . - Transport  parameters
Imp. seeding|  impurities seeding from transport parameters was done around the 3 408005 value ~ and  shape
20 30 0 the dome ’ previously validated values on JET with using & 508408 o8 validation with JET data
2 input parameter shown in [Tab. 3] = oes0o0 300 ‘
~e-Attached - ° Bometer ints » »
1.00 L] « To reduce power to divertor plates below Fig. 5: Transport fbration by T —
® Detached > - . h ' 8.E+20 o
15MW/m [1] n minimum value is simulations output to spectrometer data
5080 Pl 2.0x101 :; [_,e_,sle)p4] 76420 ¢ exp_SPECT_
3 © Partially ° =~ 2.0x m-3 [Ta D-ALPHA
5 detached . °
S 060 etache +  Eich scaling predicts A, , < 2mm; with The best set of transport parameters is zzz o3
oo PSR Zeitson = 3.5, higher A, , is required to compatible with Eich scaling, (Run #33 in 3 =38
< have sustainable pomq/ér flux to the outer Tab. 2). Different separatrix density and E Dt 030
020 divertor [fig. 10] transport parameters have worst agreement SE20 °
° o1 02 03 04 05 08 « Higher impurity level is required if the with temperature, density and exp. data from 28420 .
Fig. 9: Transport  th P gher impurity a bolometry and spectroscopy [fig. 5, fig.6] 1E20 8
9. 9: Transport, atthe or scaling is respected 0E+0 ° °
JT-60SA simulations. - Inner Div.  Outer Div. ~ Horizontal ~ Vertical
Fig. 6: Transport parameters analysis by comparing
0 Element n.., Pso. Zettsep Pmaxtar Outer 20E+05 simulations output to bolometer data
,sep ,sep 4
+ —8—Attached s [x101°m3] [MW] [MW/m?]  divertor 1.8E+06 | —¥-exp_BOLO . o ) )
200 16E+06 | “®33 To decrease radiation at the strike-points and to
= © Detached © 36 N .
Yo 1.4E406 replicate turbulence effects, the transport is
= ° dF‘a;\arI’\yd 1:2E+06 L3 increased below the divertor and rescaled by a
5100 Ty ool 1.08+06 factor 1/By. Fig. 7 shows that best agreement
< e S 808105 with experimental data is achieved
50 I 1 6.0E405 p .
D+C+Ar 117 36 47 50  Partial detach
Zoeop=34 o o I | 408405 The model: 1) R(C) = 0.0
oo o s 25 e ! bic+ar 20 36 34 95 Low detach. 1 EEE’ZZ 2) Eich scaling compatibility
N
Fig. 10: Maxi M:/[m;] the divertor plat iati LTb_4_S_ Tosults of the simulations with iransporl parameters profies = < 3) /B, factor
19. . Maximum power flux to the divertor plates variation ab. 4: Some results of e wil franspol rofiles N .
over heat flux decay length as ealoulated from fiting the ool e P P Fig. 7: Transport parameters analysis, results from selected 4) x6 below Xpoint and far SOL
output of the simulations at the outer midplane. transport parameters are in green
10
T, [eV] 4.1) Conclusions
8 « A JET pulse similar to JT-60SA ITER-like scenario has been selected;
« Transport parameters shape was validated with JET data;
6 * It was found that Eich scaling is respected with respect to the calculated A,
« The model has been applied to JT-60SA ITER-like scenario
4 » 20 MW is the maximum input power to obtain sustainable heat flux to the divertor in simulations with only carbon impurities;
put p y P!
> Full power scenario may be sustainable with Z ;24 with Ar impurities only if ng o, = 2.0x10'°m if the scaling is respected;
2 > Lower density would require higher Z ., thus, producing higher core radiation.
a) Attached plasma b) Low detachment c) Detachment 0 4_2) Future perspectives Po—
B H H . . i i i i - [1] JT60-SA R h Plan: http://www.jt60sa.org/pdfs/JT-60SA_Res_Plan.pdf
Three different divertor plasma obtained: Scan in puffing levels of both deuterium and argon is foreseen; M. Romaneli otal, In\al:stiganon of sustainable high-B scenarios i the JT-60SA C-wal,
. . Sj i i i i iti i Nuel. F 57 (2017)
Attached, low detachment and fully detached. Simulations with lower heat flux decay length and higher impurities will be | FetFlem @YD o o of heat and particie controllatilty on the JT-605A
* High asymmetry level between inner and outer divertor performed; divertor, J. Nucl. Mater. 415 (2011)
. . . . .. . a: . [4] J. Garcia et al., Physics comparison and modelling of the JET and JT-60U core and
» Validated transport model predicts attached plasma at outer divertor « A comparison between the minimum amount of impurities required for | edge: towards JT-60SA predictions, Nucl. Fusion 54 (2014) )
with using standard input parameters Argon and Neon case will be done. R o merie anabyses of JT-60SA scenarios wil COREDIV code.
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