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Introduction SMITER Field-line Tracing SIERRA Multiphysics Suite

A new multi-physics modelling workflow has been
applied to SNL-led material exposure experiments at the
DIlI-D National Fusion Facility. Diagnostic data is
combined with magnetic field-line tracing and finite-

The SIERRA Multimechanics Module: Aria was
developed at SNL under the ASC program to
approximate linear and nonlinear continuum models
of heat transfer. Aria uses the SIERRA Framework
[4] to facilitate the development of coupled, multi-
mechanics applications for massively-paralleled
simulations. Current capabilities include thermal
energy transport, species transport, electrostatics,

element thermomechanical modelling tools to interpret
the complex surface evolution of specially-shaped
samples after ELMing H-mode plasma exposure.

Modeling Workflow and generalized scalar, vector, and tensor transport
equations. For this application, the impinging g,
profiles from SMITER serve as input for 3D, time-
« Collect IRTV (60°) heat flux data along flat A ——— dependent thermal modelling of the DIII-D
tiles, EFIT equilibria, FASTCAM data, other ield-line Tracing wi -D wa samples and their DIMES holder.
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* Inter- and intra-ELM heat loads
Temperature-dependent material properties
Conductive & radiative heat losses

Variable thermal contact efficiency
» Use SMITER field-line tracing to calculate Top View il Phase change
inter-ELM distribution on 3D first-wall (Local Shadowing) Electric current flows
components, including DIMES holder and
angled samples

» Use CAD files for high-resolution 3D DIII-D The SMITER code package is a GUI framework for
wall meshes performing magnetic field-line tracing and power Mfﬁsiilti%fnbggtsﬂ\ﬂvgg‘g;fs- SIERRA Results for Shot #187181
deposition mapping for tokamak plasma-facing

components (PFCs) [3]. SMITER provides a 3D map
of g, impinging on surfaces, accounting for local

shaping and flux shadowing. Parallelization allows
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« Use SIERRA thermal modeling to estimate

internal temperature evolution for all samples for fast simulation times (~minutes). The.code
+ Layer inter-ELM & intra-ELM onto 3D package has been developed for ITER, but is open
DIMES model for use by any ITER member and can be utilized
for similar modelling of any tokamak
environment. It is version-controlled and T —~4100 K
incorporated within ITER Integrated Modeling and | |
Analysis Suite (IMAS). DIII-D results will be used in ' :"t:l" +intra-ELM heat | 2 BeRriade Bk~ = = =S i T
, validation studies by the ITER Organization. oadsat 110%Isessentialto ¢,
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_ _ 30 - The SMITER + SIERRA workflow has been invaluable for
Wld‘e range of m_aterlal response. near'SL{rfa‘;e 25 = matching the timing and extent of observed melt formation in
cracking, dispersoid evaporation, recrystallization, = previous DIII-D experiments. Knowledge of the final surface
macroscopic melting & JxB melt motion P and bulk temperatures also helped explain the post-
5 experiment SEM observations of PMI-induced surface
’ damage as well as the recrystallization profiles in sample
Shot #187181, r = 147mm 0 CI’OSS-SECtiOﬂS
800 ; ; . ; . . 1000 2000 3000 4000 5000 .

time [ms]

Feiyg =42Hz
ELM —e— 187179 —e—187180 —e—187181

These modelling tools are actively being implemented for
experiment planning at DIII-D, allowing for optimized
experiment conditions (q,,T, exposure time) for a range of
experiments. This includes low-power L-mode retention
experiments as well as more high-power H-mode exposures
with ELMs. Further desired additions and improvements to
modelling capabilities include:

Local sheath physics effects

Time-dependent mesh deformation & melt flow
~pum-scale erosion/redeposition effects

Local stress/strain
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