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ÁStellarators are becoming a viable alternative to tokamaks

ÁSo far, no global fluid simulations of stellarators that take into account the boundary

ÁPlasma boundary determines the heat flux on plasma-facing materials

ÁIn the boundary: collisionality may be high and turbulence time-scales much longer than 
‫

Åfluid drift-reduced Braginskii equations [Zeiler, IPP 5/88 1999]

ÁGBS is a two-fluid, global, flux-driven turbulence code that solves the drift-reduced 
Braginskii equations

Introduction
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GBS has been used to simulate 
the edge of tokamaks
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Giacomin et al., NF 2020

Ricci and Rogers, PoP 2013 

Giacomin et al., submitted to JCP



This talk: 
Global GBS simulations in a stellarator with an 
island divertor
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Á No separation between equilibrium and fluctuating quantities 



This talk: 
Global GBS simulations in a stellarator with an 
island divertor
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Á Density and temperature sources generate the gradients that drive turbulence



GBS solves the drift-reduced Braginskiiequations
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ÁSet of equations for Îȟ4ȟ4ȟ6᷆ ȟ6᷆ȟה‫ȟ

Å Density (ὲ) equation:

Å Electron and ion temperatures (ὝȟὝ) equations: energy conservation

Å Parallel electron and ion velocities (ὠ᷆ ȟὠ᷆ ): parallel force balance

Å Electrostatic potential (ɮ): obtained from vorticity (quasi-neutrality)
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What stellarator vacuum field do we use in the 
simulation?
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ÁDommaschk potentials [Dommaschk, CPC 1986] are a solution of 

Laplaceôs equation in a torus:

2

ὤ



8

5-field period stellarator
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5-field period stellarator with a 5/9 chain of islands

ÁAll rotational transform from rotation of the ellipses



GBS domain boundary intersects divertorislands
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GBS domain boundary intersects divertorislands
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Steady-state of simulation dominated by coherent 
mode
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density
density



Steady-state of simulation dominated by coherent 
mode
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ÁAn m=4 mode that dominates the global dynamics is present in the steady-state

ÁMode rotates with ~ ion diamagnetic frequency

ÁNo broad-band turbulence

ÁRadial transport due to ɜ ὲὠ balances source

density
density



Equilibrium profiles
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density potential



Effectiveness of the island divertor
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ÁOn the TOP of the simulation box, pressure is maximum where field lines strike:



Non-local linear theory predicts the observed m=4 mode

16

r

r

ÁLinearize GBS equations by assuming quantities vary as:
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Non-local linear theory predicts the observed m=4 mode
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LCFScore


