


Fully Nonlinear Ion gyrokinetic equations



Gyrokinetic Poisson equation---Hong Qin
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Full FLR effect

+ +

Orbit squeezing
by large Er shear

( ), ,  -- total gyrocenter distribution function.
Evaluated at the particle coordinates.
F w ux











For the perturbed potential δφ, if we drop δ/δy terms due to the elongated nature 
of the turbulence (k||/k⊥<<1), we obtain

In this formulation, we keep the poloidal variation of the zonal flow Φ0(ψ,θ).







Tempest exhibits collisionless damping of 
GAMs and zonal Flow

• Axis-symmetric mode (no toroidal variation)
– Parallel ion dynamics
– Magnetic curvature
– Acceleration (Nonlinear Landau damping)

TEMPEST should see GAMs
• Tempest model

– Drift kinetic ions with radial drift, streaming, 
and acceleration

– Boltzmann electron
– Gyrokinetic Poisson equation in limit small 

ρs/Lx
– Dirichlet radial boundary conditions

• GAMs provide opportunity to “verify” TEMPEST 
physics

– Rosenbluth-Hinton residual

– Frequency
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Tempest exhibits collisionless damping of 
GAMs and zonal Flow
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GAMs simulations converge with nv, nθ, and KEmax

KEmax=15
rtol=10-7, 
atol=10-12

r/R=0.02
q=2.23

nψ=30, nθ=50, nE=30, nμ=15

nψ=30, nθ=50, nE=60, nμ=30

nψ=30, nθ=50, nE=100, nμ=50

nψ=30, nθ=100, nE=60, nϖψ=30

nψ=30, nθ=50, nE=30, nμ=15, KEmax=10

Rosenbluth-Hinton 
Residual zonal flow

Time(vti/R0)



GAMs simulations converge with nv and nθ

KEmax=10
rtol=10-7, 
atol=10-12

r/R=0.02
q=2.2

nψ=30, nθ=50,  nE=30, nμ=15

nψ=30, nθ=100, nE=30, nμ=15

nψ=30, nθ=50,   nE=60, nμ=30

Time(vti/R0)



Maximum kinetic energy has to be 10x thermal energy

nψ=30, nθ=50, nE=30, nμ=15
rtol=10-7, atol=10-12

r/R=0.02,q=2.2

KEmax=15

KEmax=10

KEmax=5

Time(vti/R0)



Contour plot of distribution 
function

Time=0 Time=75
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5D development plan
• Completed formulation of 5D 

gyrokinetic simulation model
– A basic set of equations

• Electrostatic turbulence
• Arbitrary wavelength limit

– Choice of coordinate system
• Field-aligned coordinates

• Planned numerical implementation
– Implementing special processor scheduling 

for 5D data communication
– Designing dual coordinate sets for radial 

difference 
– Adding toroidal drift

• Change the 2D spatial loop to 3D
• Add toroidal convection

– Extend field solve to 3D
– Developing gyroaverging module

• Defined benchmark test problems
– ITG turbulence

• Rosenbluth-Hinton zonal flow residual
• Linear growth rates of ITG modes

– Drift wave turbulence
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