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Recycling in SolEdge-EIRENE
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set ad-hoc by the user

often = 1 =» force particle conservation
or <1 =» wall pumping
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Recycling in SolEdge-EIRENE

PLASMA MATERIAL
HI, Recycling handled in EIRENE:
Desorption
' RECYCT =R, + (1 —R,)R,,
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'?G;yec. - Reflection: Rn = Ty,
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1) The Dynamics of Wall Elements (DWE) code
2) Wallinitialisation with the DWE code (before coupled plasma-wall simulation)
3) Reduced model for hydrogen retention as a tool for DWE simulation analysis

4) Conclusions
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1) The Dynamics of Wall Elements (DWE) code

TSVV5 meeting | June 06, 2025 | 5



The Dynamics of Wall Elements (DWE) code
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The Dynamics of Wall Elements (DWE) code
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The Dynamics of Wall Elements (DWE) code

WE-temp: Wall Element temperature

« Temperature profile in thin layer of surface material (< 1 mm)
« Handle different PFC technologies (inertial, actively-cooled) and design (materials)
 Handle steady-state and transient heat loads

- 1D linear heat equation solved using superposition theorem
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bnee() = ) A H(E — ) L :
k=1 Ny (©) ) ﬁ

AT (x,8) =Ty(6) —T(0) = ) ATy P(xt— ;)
k=1

t

PFC step response

= calculated using quadrupole method
+ numerical or analytical inverse Laplace transform

PFC
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The Dynamics of Wall Elements (DWE) code
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via
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The Dynamics of Wall Elements (DWE) code

MHIMS: Migration of Hydrogen Isotopes in MaterialS
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Particles divided in 2 populations :
— Mobile particles (diffusion): mny(x,t)
— Trapped particles: 1, ;(x, t)
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The Dynamics of Wall Elements (DWE) code

MHIMS: Migration of Hydrogen Isotopes in MaterialS
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The Dynamics of Wall Elements (DWE) code

MHIMS: Migration of Hydrogen Isotopes in MaterialS
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The Dynamics of Wall Elements (DWE) code

MHIMS: Migration of Hydrogen Isotopes in MaterialS
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The Dynamics of Wall Elements (DWE) code

MHIMS: Migration of Hydrogen Isotopes in MaterialS
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But the direct coupling with SolEdge3X-EIRENE is not operational
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2) Wallinitialisation with the DWE code (before coupled plasma-wall simulation)
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Indirect coupling of SolEdge-EIRENE and DWE for wall initialisation

SolEdge

AP 4
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DWE outputs:
- Density of mobile hydrogen isotopes [m™3]: n,, (s, x, t)
Density of trapped hydrogen isotopes [m]: n, ; (s, x, t)]‘
Outgassing flux density [m2.s1]: T, (s, t)
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Indirect coupling of SolEdge-EIRENE and DWE for wall initialisation
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Simulation of similar discharges in full-W JET
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Dynamic retention during discharges: retention rate
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Dynamic retention during discharges: retention rate
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Retention rate in the simulation is consistent with experimental observations
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Recycling coefficientatt=2s
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Recycling coefficientatt=2s
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3) Reduced model for hydrogen retention as a tool for DWE simulation analysis
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Reduced model for hydrogen retention

Hypothesis:

(1) Fixed implantation conditions : flux Ty, j, energy Ejmp j
(2) Two point sources : j =H*, H ne; (x) [m] ATimp1 Timp2
(3) Wall temperature constant : T \ / v
(4) Steady-state
fstat,i nl(x)
=» Hydrogen inventory dominated by traps
=» Density of trapped H in subsurface layer (um) at steady-state:
Ngi(X) = fstat,i ni(x)
Trap filling ratio:
1
fstat,i(T: l_‘irnp,j» Eimp,j) = Vit l(T) 0 1 >
1 + y (F - E ) Ximp,l Ximp,Z N:um[ ]
B x Im
t,stat\*1mp,j» ~1mp,J Surface

- whenvgy; » Vistat fstati = 0 (empty traps)

- whenvgy; = Vistat fstati = 0.5
- whenvge; K Vegtar fstati — 1 (saturated traps)

J. Denis et al., Journal of Nuclear Materials 570 (2022)
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Reduced model for hydrogen retention: wall dynamics w.r.t. plasma

- . : 3
Trap filling ratio: i () [M™] 2 Timp1  Timp2
; 1 \ \
stat,i —
1+ Vae,i(T) fstari ni(x) -
Vi stat (Fimp, J» E imp,j )
Constant implantation AT T
Vestat = constant
Vae,i (T) 7 N
fstat,i
H inventory \ 7 3 >
0 Ximp,l Ximp,Z "’,le[ ]
x [m
Wall dynamics w.r.t. plasma Fuelling Pumping Surface
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Reduced model for hydrogen retention: wall dynamics w.r.t. plasma

- . : 3
Trap filling ratio: i () [M™] 2 Timp1  Timp2
; 1 \ \
stat,i —
1+ Vae,i(T) fstati ni(x) - a
Vi stat (Fimp, J» E imp,j )

Constant implantation AT T
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Vae,i (T) 7 N
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H inventory \ 7 3 >
0 Ximp,l Ximp,Z "’,le[ ]

x [m
Wall dynamics w.r.t. plasma Fuelling Pumping Surface
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Reduced model for hydrogen retention: wall dynamics w.r.t. plasma

- . . 3
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Reduced model for hydrogen retention: wall dynamics w.r.t. plasma

oppe . ) -3
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f 1 \ \
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Retention dynamics in low-energy traps during transition H-mode = L-mode
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Reduced model as a tool to explain inventory variation during discharges

Divertor — outer strike-point

f stat

-0 Ith,l(t =25s)- Invt’l(t =055s)
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s [m]
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Decrease in inventory due to temperature increase
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1.5

Reduced model as a tool to explain inventory variation during discharges

T
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4) Conclusions
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