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ilation of the edge plasma region of a tokamak fusic
tor requires a kinetic model
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uum gyrokinetic models describe the advection o
pution functions in 5D phase space

Gyrokinetic Vlasov equation: \ The phase space velocity
o +VR-(Rf)+a—w(v||f) =0 1
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is divergence-free:
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Gyrokinetic models remove the gyromotion I

phase and frequency, reducing the phase
space dimension from 6 to 5

This is a 4D condition
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cretize the gyrokinetic system using a high-order,
yed-multiblock, finite-volume approach
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e phase space velocity can be written as a skew
tric tensor divergence plus a divergence-free te
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ation of the normal velocity integrals yields a zero
gence via telescoping cancellation

Defining the 2-form \ Applying Stokes’ theorem
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ely exact
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e normal velocity integrals are metric-free and al

Mapping to axisymmetric \ /(NTu)odVa =
configuration coordinates Vi
zo = v)(€o), f(NTu) dVe =
= R(&1,&2) cos(&3). Vi
xo = R(&1, &) sin(&s),
wy = Z(£1.82) Ve
and assuming axisymmetric /(NTu)SdVE _0
fields:

B(&/.&)

) [ %1 90 n -
.: —2mpr(RB)or _T.-’O/EU (E(‘)_fz)&z.gl e +ﬁ1 B(&l 52))

B(El.€)))

B(&Y,&5)

01

.-

OR 0Z
IR

J=27R ( s BZ)

08 06,



formulation also enables the stable high-order
gration of drift waves

2D slab model (d/dz = 0): \ Von Neumann analysis of centered differencing applied to

19, Jd [ c Do d [ c do\

yields the explicit integration stability requirement:
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This is a requirement of nodal potential
cancellation that is
* satisfied by second-order centered
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Model equations:

on bxVo \
g—kv-(c I n)-[]

cd /T, = dn/ng diverencing
* not satisfied by fourth-order centered
: : , differencing
Perturbative, analytic solution: * satisfied by the new formulation (at any
order)
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Note: This is not a zero velocity divergence issue!
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This velocity discretization has enabled the high-order
verification of collisionless (universal) drift instability
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This divergence-free velocity formulation is now a
key part of our COGENT edge plasma code

* Solves the gyrokinetic Vlasov-Poisson
system in
" 4D axisymmetric edge geometry

spanning both sides of the separatrix

* 5D slab geometry

e Electron vorticity model

* Multiple collision operators, including
fully nonlinear Fokker-Planck

e Multiple high-order flux options
(WENOs5, UW3, UWS5, centered)

e Built on Chombo AMR framework

e Arbitrary decomposition of
configuration and phase space

* Implicit-explicit time integration
(next talk)
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