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Abstract Results: ELM Heat Pulse -~ I Dynamic Plasma-Wall Coupling
The PSI SciDAC is developing coupled models for the dynamic interaction COGENT solves the guiding center kinetic equation in slab geometry . Mo Our first goal is to test the explicit coupling strategy Recychng Coefficient
between plasma and material surfaces at the edge of a magnetically confined QB*f n VR(RB*f) + 0y (0B f) =0 u= (R, ) N using simplified models: the 2D UEDGE [9] edge
fusion energy reactor. Our goals are to determine the importance of intermittent ot | | 11 1 3 | plasma transport code and the 1D FACE wall model [5].
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guiding center COGENT kinetic code and a model of divertor plasma turbulence Pe pe G = 2V, + Ev,B b= B/[B] i » outgassing neutral flux Midpoir:tmeI(DS)ensity

using the 3D BOUT++ framework. Ultimately, we will couple these models 0 |

together with microscopic models of the walls and study the physics of the The ELM heat pulse benchmark [7-8] is specified by imposing Maxwellian source o | o . i

coupled system. . TER with T=1.5 keV and S=9.1x1023/m3; initial conditions chosen to match Ref. [8]. Example of a dynamic simulation of an initially pure _ jf _N _-

Rl tungsten wall that absorbs hydrogen until the recycling O,E J-N.

= =N '] tokamak Simulations here use kinetic ions and adiabatic electrons: coefficient becomes nearly unity. The evolution of the £+ |
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ITER will be the first tokamak to achieve Q>10 and produce 500 MW of fusion 3 < = 1T .
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power. An |mport_ant goal of the PS_I SciDAC is to develop m_odels that pre_dlct the : e Coupling is performed via explicit data exchange on . — _
perform.ance of dlvertor_ plasma fgcmg components (PFC) with respect to impurity 7 ;’u \ J each coupling time step. Each code subcycles its own
production and material migration, because these surfaces are exposed to 2 ¢ i o 2f ]

time step using backward Euler implicit integration.

extreme particle and heat loads. However, such predictions are challenging Coupling time step increases exponentially as

becelluse they require multiphysics models that span many orders of magnitude in % ez o3 0, ~ TRE simulation proceeds (x1.024/step). time (s)
spatial and temporal scales. time (me) S 8RX322X32V ol . Wome o e o0, .
Moreover, the plasma fluxes are dominated by intermittent and turbulent events, Results for 0.4 MW ELM pulse =i _m”._jjj; CO"CI USIoONsS RO e Lt ee .
such as ELMs, which are intense filamentary structures that are ejected from the lasting 200ps =] _ _ _ _ "n® ., - @ ? © 0 .®Q SR
core to the edge. Fundamental research questions are: Do plasma-wall - Q peaks at ~5.5 GW/m*® after -4 The PSI SciDAC is developing dynamically jwwc® o ° .= .~ §
interactions cause new types of coupled oscillations & instabilities? Will plasma- ~60ps 1] °°”P'9d plasmg-wall mo_dels | , | I, o \; % \f
wall interactions change the character of turbulence near material surfaces? - Peak heat flux saturatesasa | ¢ . — - Ultimate goal Is to predict the dynamic recycling | f”‘“”\\- \ ko] g,
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05 tanf induce Do S|g;|F|f|ca|ntIy nqn—l\lﬂa;?(welllan for transient events such as ELMs R i
emission collisionless simulation
U B {EC e near walls - Anisotropic temperature T ELM heat pulse benchmark has been simulated using an adiabatic
N7 4 and cause T << T,ep = 1.5 keV . Boltzmann electron model | | - |
AppI’OaCh % (X " & target plate - Sonic outflow near target plates | Il - Results compare well to previous flgld and_ kinetic st.udles
' erosion > transition to % Maxwellian Lo - Future work will extend to two kinetic species: both ions and electrons
In order to develop predictive capability, high-fidelity models for both the edge " ;
plasma and material PFCs must be coupled together. We plan to study the Drift-Resistive Ballooning Mode  Divertor-relevant turbulence model is being developed within BOUT++
physics as well as the dependence of simulation performance on the choice of Dive rtor Tu rbu Ience L ey | framework
numerical coupling algorithm. Our main focus will be on simplified slab and o demonds-codet - Model passes linear verification tests for growth rate and real frequency of
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fastest growing eigenmodes including both curvature and sheath driving terms
- Future work will extend to include neutral dynamics

cylindrical geometry, which nonetheless can handle the most important effects of
toroidal geometry: magnetic field line pitch and field line curvature «.
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BOUT++ Divertor Turbulence Model

Divertor turbulence has characteristics of curvature-driven 0
drift-resistive ballooning modes (DRBM) at the midplane |
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Initial tests of dynamic recycling between coupled plasma and wall codes

Conformal and electron temperature (T.) gradient driven conducting  °®" %% &% ;/i 0o wo e have been performed
mapping can be ‘i 0 wall modes (CWM) in the pre-sheath region near the . - PFCs are observed to load with H particles until a slowly evolving quasi-
used to simulate divertor target. Plasma model equations: - lines -analytc . equilibrium state is achieved
divertor geometry JN. . JT ok camonds-code | - Future work will focus on coupling more complex plasma and wall models
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