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* Brief recall on transport codes and their applications
* Introducing turbulence in mean flow equations

— The ideas from Computational Fluid Dynamics

— The derivation for edge plasma transport codes
 |Implementation in SOLEDGE code and application to

modelling TCV and WEST experiments
 Summary and conclusions
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E Tokamak edge plasma modelling with fluid transport codes

Transport codes provide a coarse grained picture of edge plasma properties integrating the
many actors at play: main plasma, neutrals, impurities, wall properties

80,

Architecture:

60;

— Fluid solver for the quasi-neutral plasma (main w
species + impurities) 2

— Model to describe the plasma sheath

-20|

— Databases or specific model to describe wall «
properties (recycling properties, sputtering...) <0

— Solver for neutrals (fluid or kinetic) o w0 = @
Example of SOLEDGE-EIRENE

Reduction: Radial turbulent transport treated with empirical diffusion coefficients
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simulations for WEST geometry

Non-exhaustive list of transport codes: SOLEDGE-EIRENE, SOLPS-ITER, EDGE2D-EIRENE, EMC3-

EIRENE, COREDIV, SONIC, UEDGE, ...
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E Modelling radial transport in transport codes: the gradient-diffusion closure

' Plasma mean-field transport solver

on
Fr +V.(hu) =S(n,u,...)

Scale separation

n=n+n
u=u+u
on _ — _ o o~
=+ 0. (7 + (), )| = ST, )+, Ty )iy + -
_+ . S 7T e S~

gradient-diffusion closure

(), = —DnP(n)

d(n)
-t V- ((n)vy — D,V(n)) = S,
Solves only the fluctuation averaged fluid equations

Diffusion coefficient is chosen to reproduce outer midplane profiles from experiments
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DERIVATION OF A SEMI-EMPIRICAL MODEL FOR TURBULENT INTENSITY IN EDGE
TOKAMAK PLASMA

Taking inspiration from the Kk — £ model for neutral fluids ([Jones, Launder 1971]) and prey-predator models [Miki,
Diamond 2013]

: : : 1,.
* Transport equation for turbulent intensity k = E (11%) H. Bufferand et al, CPP 2016

o0k oK
—tVK=S.-¢  mmmp ot VK = Vi = Awk?

VBVp; © . ;
Di _ —2> with O the interchange
Bp; R

- Sourceterm:S,_ = Y,k With ¥, is the interchange growth rate y7,, = c? (

threshold so that interchange develops for/li > 0 [X. Garbet et al., Nucl. Fusion 32 (1992)]
14

*  Yint : linear growth rate of the interchange instability (governs a ballooning of the local drive)
- Sinkterm: £ = Awk? represents turbulence non-linear saturation
« Aw is the free parameter - model closure: tuning with scaling law to improve predictive capabilities

« Assuming transport coefficient proportial to turbulent intensity (D « k)
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DERIVATION OF A SEMI-EMPIRICAL MODEL FOR TURBULENT INTENSITY IN EDGE
TOKAMAK PLASMA

 Neglecting transport, steady-state is reached when y;,:k = Awk? thatisk = 0 or k = %
* The SOL balance gives = ~ > hence, recalling that D = kt;; and k = 1nt
L Ao I Aw
L\Yint
« Aw=-1
csAoL

[Scarabosio et al INM 2013]

§

* The free parameter Aw is determined mAUG.
. . -0.80/0.22 1.145-0.03 2
using the scaling law for 45¢; 1.44B; " Pgg"qgs R (mm) ‘
__ qScaling i '}
AsoL = Aoy, ~ 4p;qos £ 6 }
[R.J. Goldston Nucl. Fusion 2012] HES % * ﬁt
MG _aB, 4- + @{ t
P B T RB, i #H
ok + ‘
— — . _ 2 L R®=078
oe H VK= Vi = A0k s
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E IMPLEMENTATION IN SOLEDGE AND APPLICATION TO TCV EXPERIMENT

1 One-equation model implemented in SOLEDGE tested vs very well diagnosed TCV experiment ([Maurizio et

al., NF, 58 (2018); Gallo et al., PPCF, 60 (2018)])

O This experiment consists in L-mode, LSN discharges with same main plasma parameters and varying magnetic

divertor geometry (L;;,)-
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IMPLEMENTATION IN SOLEDGE AND APPLICATION TO TCV EXPERIMENT

Q simulation parameters: pure deuterium, nge, opp = 0.7 - 10'? m™3 and P, = 100 kW;
U By changing the magnetic equilibrium, the main plasma is not affected;
O Very good agreement between simulation results (==) with HRTS data (*) in the SOL.
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E GENERALIZATION TO 2-EQUATIONS MODEL FOR TURBULENCE INTENSITY

Two transport equations on turbulent intensity and its dissipation rate from a heuristic

approach (Baschetti et al. NF 2021):

ok
— 4+ V.K = ViK — € 1 _ Kinetic energy per unit mass of the
ot K= P (D1) fluctuating transverse velocity
€ Rate of turbulent energy dissipation
+ V. E = Vo€ — ,3 82 E= K/‘L',CS (drive the damping of the fluctuations)
ot € € with 7, characteristic time of turbulence

* Quadratic saturation term for ¢ * Linear driving terms
2
1% . . Cg Vp VBt K
e =i with V= pcs Vx=Ve=V=§]RZ e
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E APPLICATION TO WEST EXPERIMENT #55049

WEST
55049

o Plasma composition

* Pure Deuterium

o Wall parameters
* Recycling coefficients of the wall is 0.99.

Z(m)

* Red line on the wall represent the passive
pumping with the recycling coefficient 0.9

o Core boundary conditions

¢ Pin=Ptot-Pradiated,bulk-PrippIe= 1MW
* Plasma density controlled by gas puff injection

o Transport coefficients obtained from k — € model

G. Ciraolo, EPS 2022
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@ APPLICATION TO WEST EXPERIMENT #55049

Contour plot of k/k,., Diffusion coefficient
in the poloidal plan D in the poloidal plan
(logarithmic scale) (logarithmic scale)
0 * Recovering the
ballooned radial
[ transport
» Spreading of x and D
B governed by parallel
transport in the near
-1.5 SOL region
2

2 25 3
R(m)

Baschetti et al. NF 2021
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E RADIAL TRANSPORT AND COMPARISON WITH 3D TURBULENT SIMULATIONS

Contour plot of k/k,,,, in Diffusion coefficient D in Poloidal map of density
the poloidal plan the poloidal plan fluctuations obtained from 3D
(logarithmic scale) (logarithmic scale) turbulence simulation

performed with SOLEDGE3X.
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Baschetti et al. NF 2021
H. Bufferand et al, NF 2022
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COMPARISON BETWEEN EXPERIMENTAL AND SIMULATION PROFILES
(WEST #55049)

outer midplane profiles outer target profiles

WEST-55049

WEST-55049
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T, and n, radial profiles at the outer midplane

lon saturation current and parallel heat flux at the
(radial extension where experimental data are available)

outer strike point

* Agreement in the near SOL region (0.01m < R — R, < 0.03m)

* Too strong numerical gradients in the far SOL (0.03m < R — Ry, < 0.05m) Raschetti et al. NF 2021
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E SUMMARY AND CONCLUSIONS

 We address the issue of modelling radial transport in edge plasma transport codes

* Taking inspiration from what have been done in CFD community we introduced a self-consistent
approach for turbulent intensity from which one can derive the radial transport coefficients

* asingle scalar to be fixed
* 2D map of radial transport obtained with this approach (recovering the ballooning feature)

* Results from SOLEDGE simulations in L-mode plasma coupling transport equations with k—€ model
for radial transport: good match with the experimental profiles, both at the divertor and at the

midplane is found for TCV and WEST experiments

* Increasing the database and comparison with turbulent 3D simulations

* Generalization to transport simulations with impurities

* Ongoing work for introducing in the k—€ model the dependence of the radial coefficients on ExB shear
flow intensity in order to address the L-H transition
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