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The SOLEDGE3X code and setup: 

SOLEDGE3X:First

  Fluid multispecies (Zhdanov closure), 3D-turbulent or 2D-mean-field plasma solver coupled to kinetic neutrals from EIRENE or fluid neutrals Simulation setup: Based on SOLPS-ITER cases (#103027-#103030) 2D-mean-field (transport) mode, prescribed diff. coeffs. L-mode transport Most recent magnetic equilibrium from DINA scenarios & wall contour Pure H 20MW (PFPO-1) No fluid drifts Advanced options in EIRENE (elastic ion col., MAR, neutral-neutral col.) [H. Bufferand et al. 2021 Nucl. Fusion 61 116052] [J.S. Park et al. 2021 Nucl. Fusion 61 016021] Commissariat à l'énergie atomique et aux énergies alternatives 2. Up-to-the-wall domain challenge for ITER cases Stiffness of physics in cold divertor conditions 9 Collisional energy & momentum exchange terms become very large at low T, especially during transients Coulomb Log 𝚲 produces unphysical values in Braginskii/Zhdanov formulation at T0 : Quantum effects correction [Hong-sup Hahn and E. A. Mason, The Physics of Fluids 14, 278 (1971)] medium throughput (3.31 x 10 22 e -.s -1 ): 𝒏 𝒆 [m -3 ] OMP 𝝀 𝒒 [mm] Throughput [e -.s -1 ] from attached to partially detached (colors are different throughputsblue: low  red: high) 𝑻 𝒊 [eV] 𝑻 𝒆 [eV] 𝒏 𝒆 [m -3 ] 𝒒 𝒔𝒚𝒎,⊥,𝒕𝒐𝒕𝒂𝒍 [W/m²] Outer Target Upstream (Outer midplane) 𝑻 𝒊 [eV] 𝒏 𝒆 [m -3 ] 𝑻 𝒆 [eV] Commissariat à l'énergie atomique et aux énergies alternatives 3. Impact of throughput FW heat load: well within design limits 14 deposition on the FW 𝒒 𝒔𝒚𝒎,⊥,𝒕𝒐𝒕𝒂𝒍 [W/m²]: (2D-axisym., perp. no shaping, pl+neut.+rad) Commissariat à l'énergie atomique et aux énergies alternatives 3. Impact of throughput Quantities at the FW: counter action of 𝚪 vs 𝑻 Commissariat à l'énergie atomique et aux énergies alternatives 3. Impact of throughput Gross Be erosion figures: x6 between scan extremes 17 Caveat: Trends analysis only (rough estimation, H + & H°only, no 3D), better calculations done with specialized codes (ERO, WALLDYN) of enhanced far-SOL transport (shoulder formation): Modelling through increased coeff. in far-SOL 20 Modelling: Prescribed perpendicular diffusivity coefficients 𝐷 ⊥ , 𝜒 ⊥𝑒 , 𝜒 ⊥𝑖 , 𝜈 ⊥ profile at the outer midplane: & closest shoulder (in blue): Commissariat à l'énergie atomique et aux énergies alternatives 4. Impact of enhanced far-SOL transport (shoulder formation): Increased FW heat load above outer baffle and machine top 21 deposition on the FW 𝒒 𝒔𝒚𝒎,⊥,𝒕𝒐𝒕𝒂𝒍 [W/m²]: (2D-axisym., perp. no shaping, pl+neut.+rad) Commissariat à l'énergie atomique et aux énergies alternatives 4. Impact of enhanced far-SOL transport (shoulder formation): Impact on quantities at the FW: combined action of 𝚪 & 𝑻 'énergie atomique et aux énergies alternatives 4. Impact of enhanced far-SOL transport (shoulder formation): Gross Be erosion figures: x40 between scan extremes 24 Caveat: Trends analysis only (sputtering from H+ & H°only), rough estimation, better calculations done with specialized codes ERO, self-consistent full vessel simulations for ITER with SOLEDGE3X applied to ITER low power phase (20MW): grid up to the FW in main chamber critical for FW impact studies Overall good agreement with SOLPS on throughput scan on common parts of the domain In both scans, increase in 𝒒 ⊥,𝒔𝒚𝒎 on FW, but still very low values (for 20MW cases) Impact of throughput: Counter action 𝚪 ↗ while 𝐓 ↘ at the FW Overall throughput impact moderate on FW gross erosion rate (x6 between scan extremes, only from CX atoms) Impact of enhanced far-SOL transport (shoulders): Combined increase of 𝜞 ↗ and 𝐓 ↗ at the FW Much greater impact than throughput on FW gross erosion rate (x40 between scan extremes, mainly from ions)