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Objectives and methodology

* Evaluate the impact of monoblock shape on power exhaust in DTT

1) During steady state conditions or slow transients

2) During fast transients (ELMS)
* Codes: plasma background: SOLEDGE2D-EIRENE

plasma-material interaction: ion-orbit code [1]
PIC code ‘DESPICCO’ [2]

* Test and propose possible solutions for power exhaust mitigation
* Evaluate the power load to poloidal gaps, toroidal gaps and possible hotspots

[1] J. Gunn et al., Nucl. Fus. (2017)
[2] F. Cichocki et al, Nucl. Fus. (2023)
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Plasma interaction with castellated PFC O

=.

Optical

 Reduction of wetted area : .
approximation

lon orbit
modelling

* Gyrokinetic effects
PIC

_ modelling

e Other effects — Sheath acceleration
_ Collissions
— Secondary electron emission
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DTT is equiped w/ ITER-like castellated PFC (@)

ITER DTT

Inter-PFU gap
Feature Location  Dimension (mm) Tolerance (mm) Feature Location  Dimension (mm) Tolerance (mm) Monoblock 0.5£0.2 mm
Gap Intra-PFU emp= 0.4 IVT: mpo = £0.2 Gap Intra-PFU £MB = 0.4 Mot = £ 0.2 2,4 mm
OVT: mpoy = £0.1 | Intra-cassete gap  Half target Inter-PFU R ¢
Inter-PFU  IVT: gppy = 0.5 — 1.0 My =02 Inter-PFU gpFU = 0.5 Myor =+ 0.2 | 2.7-35mm radial step radial step P
L ~ 8 [ -1.5#1.0 mm . 0.5+0.2 mm b
OVT: gppy = 0.5
Intra- IVT: gppy = 2.7 — 3.5 Mye = £1.0
cassette OVT: gpru = 2.8
Inter- gery =20 =5 Inter- gppy= da7.5a12 Ao =13
cassette cassette
Radial step Intra-PFU Ar=00 Meag = £0.3° Radial step Intra-PFU Ar=0.0 M=l 0.2
Inter-PFU Ar=-0.5 Mg = £0.3 Inter-PFU Ar=10 Mg =+0.3
Intra- Ar=-15 Mg = 1.0
cassette it
Inter- Ar=—40 M= £2.0 Inter- Ar= 35 Mpad = 42 |
cassette cassette
Toroidal _ Both VTs hioe=0.5 £0.1  Toroidal Both VTs [A—— £0.1 "1" R
bevel bevel 1°

* Monoblock technology analogous to ITER’s with some geometrical
differences
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ITER-like castellated target surface (@)
N/
g &
Inter-PFU gap
Monoblock 0.5+0.2 mm
24 mm
e Intra-cassete gap HE:F tlar?et Inter-PFU R
2.7-3.5 mm radial step i
-15+1.0 mm Jadalsten g J

IVT: R 1565

£/

* Monoblock technology analogous to ITER’s with some geometrical SHRCELDESPES iy
differences 13133833811

* Toroidal bevel to “optically” protect the leading edges
* The engineering spec gy, obtained assuming toroidally simmetric divertor
should be mapped on the 3D shaped PFC

[3] S. Roccella, 32™ SOFT 2022
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Poloidal gaps

_ at 8bevel + gtilt
qsurf - qtg a

(dsry —19 .

qtg opt

a=2.05°—1.9° Grazing angle for SN scenario

0, =1° In\rjer target - outer target
4 K

6,,=h,/l_=0.85°-0.65°

3
3

(1] -
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3
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The beveling angle and the cassete tilting
completely protects the leading edges.

No relevant gyrokinetic effects

Leading edges are not exposed even if
maximum radial displacement is assumed
(Mag=0.2mm)

5,>5;
5,55,
5,+5,=25;

Ll

3
!
[=]
3
3

Mza=-0.3 mm m=0.3 mm
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Toroidal gaps

* Poloidal gaps are protected by the toroidal wedge,
but toroidal gaps are stil exposed

[ e

* No poloidal bevelling and therefore toroidal gaps are exposed

e Single poloidal bevelling could be applied only at the outer
divertor
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Toroidal gaps

Inner vertical target Outer vertical target

T %
7

N W
T T
1 1

qsurf / qtg
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v = o
L 1 o 2
L L L L 0 1 1 | 1 1 1 1 1

-1 0 1 2 3 4 5 6 7 8 9 -1 0 1 2 3 4 5 6 7 8 9

spol [mm] spQI [mm]

Electrons and ions impact on opposite leading edges  Electrons and ions impact on the same leading edge
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Case to be studied
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* The analysis is conducted for Sc. A (Day 0) and Sc. E (Day 1)

* Plasma background provided by SOLEDGEZ2D-EIRENE simulation
* Detached cases for steady state
* Attached cases for slow transients

DTT Sc.E (FP) DTT Sc.A (Day 0)
Ip [MA] 5.5 2
Bt [T] 5.85 3
ne_ave [m?] 1.7x10%° 6x10%°
ne [m3] 8x10%° 3x10%°
R [m] 2.19 2.19
a[m] 0.7 0.7
95 3.0 3.9
geyl 2.2 3.2
Padd [MW] 45 7
Psol [MW] 25
Seeding Ne N s 15 17 18 12 zo 21 22
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Steady-state conditions (@

* Power deposition by photons not affected by divertor 2D or 3D shape.

* In detached cases the power flux to Inner divertor Dome
the divertor carried by particles is
negligible

outer divertor — Mo

I'E,Rad
1.0 -

— TE,Par

I (MW/m?)

— Tee
VA .
| . ——
| —— NS a
: .

Poloidal coordinate along wall [m]

0.5 1

0.0

0

* Two case studies:

* Temperary loss of detachment (slow transient)
* Intra-ELM phase
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Slow transients:

temporary loss of detachment
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 DTT simulations show that, in high density cases in steady-state conditions, divertor
plasma is either fully detached or attached.
* We used an attached case with f;.a=50%

| = TE.tot
T'E.Rad
1 = TE.Par

— [Ee
— Tgi Inner div

Ter (MW/m?)

Inner div

1
Poloidal coordinate along wall [m]
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- 0 2 6 8 1
y [mm] y [mm]
* The gyrokinetic effect is relevant and toroidal leading edges are exposed to 6 times higher
power flux than the axisymmetric outer divertor and 4 more at the inner divertor
* The effect of radial misallignement is also not negligible (up to a factor 6.7 at the outer target)
* Thermal analysis may be required to evaluate the maximum exposure time to this kind of
plasma
T004-D001 - Study of the shaping effect on the monoblock heat load | 17/07/23 | L.Balbinot | 12




\
N
A
z

(@
\\\Q'_

L/

Fast transient modelling

(

Modelling the worst possible ELM

* Type | ELMs

 Assume T. and T; at the PFC equal to pedestal top

Calculate the peak of the power flux

Assume that there is no ELM power dissipation in the inter-ELM phase
Assume that the scaling law applies to the inner target as well

A simple 1D thermal model of the PFU can be made for fast transients

AN
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Fast transients: ELMs @)

Which will be the expected tipe-I ELM peak power flux to the SOL?

0.30

S Ml AW, =(3<n__>At
ped p

ELM

B aucp -
> WPED - 3nped-rped\/plasma

+3< Tped>Anped,ELM) VELM [4] [5]

ed,ELM

%’&
3 o5 Ve = volume of plasma affected by the ELM
3 . An/T . zv= density and temperature drops caused by ELMs
| \ = total plasma volume
0.05- ’. plasma
10-2 10-! 10° V*:O46q95R[m]/T[keV]
’ V*DTT:O'23 @ptor,norm:O'94

AW, /W, _=9.8% AW, ,=0.34MJ

ED

[4] A.Loarte et al., Phys Scri. (2007)
[5] lgitkhanov et al., IEEE (2014)
[6] I. Casiraghi et al, PPFC (2023)
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Type-I ELM power and time in DTT O
: o peak— . 0.75+0.15 0.98+0.1 0.52+0.16 1.0+0.4
wre o & 0.28+0.14n,_ . T, o L00AW,,, R
10 W AUGC 7
_ > AUG-W o g PeakbTT=2 10MJ/m?
5 MAST 0’ "
E ¢ TER(Q=10) *
é 10° 4 ;’ ITER (7.5MA) r
z . /’ _. According to the free-streaming-particle model [7]:
10~ PR
o [9]
¥ =2r_ . (f |
0= /, e [8] Tdecay ELM ( rom sca Ing) 10°
1072 10-1 100 10! o
,rcgrcssion[MJ _2] d i .
N ) * qrs(t) =T} rs(O)TE* [(g) + 1} z
=
9 pped cped o\ 2 7\ 2 B @ AUG
Fyps(t) = —=2— (—) exp | — (—) 7 JET
I L||/LELM t 2 B JT-60U
. . . . P DEMO
(7] Fundamenski, PPCF (2006) Through ion-orbit simulations ; m
[8] T.Eich, Nucl Mat and Energy. 2017 we can map d to Qsur 1024
[9] T. Eich, J. Nucl. Mat. 2009 10° 2X10° 3x10° 4x10°
7| [ps]
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X 2
g, [MJ/m’]

Optical approx. (ELM impact on target temperature) @

T[°C]
1.5 vy - ; T —]>3422

43000

0.0 R
500 1000 1500 2000 2500 3000

T [°C ]
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* During an ELM event, the heat flow
along the monoblock is negligible

12500 * Use the 1D heat trasmission model to

estimate the effect of an ELM event on

2000
target temperature
1500 « Use the ion orbit model to estimate
peak peak ]
w00 &, 5% from g Peaiscaling
500
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Optical approx. (ELM impact on target temperature) ()
035 — 'm=-0.2mm'’
T—[:;a}zz 03 — 'm0 omm Inner target
__ 025 ‘m=+0.2mm'
L 13000 % 02
= - 2 0.15
S ® 0.1
- 2000 0.05
= 0
. 1500 1 0 1 2 3 4 5 6 7 8 9
Y S [mm] poloidal prof.
0.35
1000 m—'m=-0.2mm’
0.3 Outer target — 1=0.Om
500 0.25 'm=+0.2mm'
500 1000 1500 2000 2500 3000 g
E o2
Tin'ﬂ [°C] %0.15 7
2 01
— : _ 2 0.05
€g=€ SIN(0)=0.7MJ/m .

-1 0 1 2 3 4 5 6 7 8 9
S [mm] poloidal prof.
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Activity scheduled for the remaining part of 2023
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J. Gunn et al., Nucl. Fus. (2017)

1) Test the full 3D geometry to identify possible
hotspots with the current geometry

2) Comparison with the newly developed PIC code DESPICCO

3) Test the possible advantage of poloidal beveling at the outer target (thermal analysis
needed)

4) Increase the number of case studies including SX configuration which has the outer
S.p. on the dome
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Conclusions
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* The toroidal bevelling effectively protects the poloidal gaps

 ELMs may lead to re-crystallization, possible of bevelling

* Thermal analysis required to evaluate surface temperatures when
plasma attaches

* Possible hotspots and the relative power flux have to be identified in the
next 3D ion-orbit modelling
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Thank you for yout attention
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Power flow

gy rs(t) =T ps(t) TP [(%)2 + 1}

* The power flux to the divertor targets can be calculated

according to this time-trace.
* The model or from the simplified triangular signal

approximation
e Through ion-orbit simulations we can map g to gsur

0.5

1.0 15
t—teLm [ms]

20 25

« Estimation on particle flux can be used for sputtering

estimation.
2 nped gped -\ 2 T\ 2
Bl =A(_) - [_(_)}
1.Fs(t) T B i p -
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Power flow (@)

SN (out. tar.) SN (dome) XD (dome)

|, [MA] IMA] 5.5 4.5 4.5

€1 [MJ/m2] 2.1 2.1 2.1

€, or [MJ/m2] 2.1 2.1 2.1

Grazing IT [°] 1.9 1.31 0.95

Grazing OT [°] 1.9 1.7 0.35

Oenir [°] 1.65 1.65 1.65

Opevor [°] 1.45 - -
bev,dome [°] - 8.6 8.6

€ [MJ/m2] 0.13+0.05 0.11+0.04 0.01+0.04

surf,IT

3 [MJ/m2] 0.12+0.05 0.38%0.15 0.33%+0.13

surf,OT



Toroidal gaps

* Poloidal gaps are protected by the toroidal
wedge, but toroidal gaps are stil exposed

* At the moment, no poloidal bevelling so toroidal |

are exposed

» Single poloidal bevelling could be applied only at the outer

divertor
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