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Fluid, Kinetic and Gyro-fluid

» Fluid model at edge

=  Braginskii model (strongly-collisional, magnetized plasma)
collisional criterion v >> ¥ /L ~ 10°s~*(and A\ fp < Ly)

- Top of pedestal SOL
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=  Anisotropy, trapped particles, Landau damping, FLR effects
become important for weakly-collisional plasma.
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Fluid, Kinetic and Gyro-fluid (cont.)

» Kinetic/gyro-kinetic model
= Extremely expansive computationally

o for both particle and distribution function approaches

o  vast span of spatial and temporal scale depends on interested
problems

=  Complicate collisional operator

> Gyro -fluid model

A compromise of fluid and kinetic model
o contains essential kinetic physics
o is numerical feasible

=  Derived from moment expansion of gyro-kinetic equation,
closed via various closures

"  BOUT++ implements the § f GF formation by Snyder and
Hammett

Snyder and Hammett, PoP, 8, 3199 (2001)
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GLF model in BOUT++

» Forions, retain FLR effects — 4 equations (3+1 model)
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Ma and Xu, NF, 57, 016002 (2017)
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GLF model in BOUT++

»  For electrons, neglecting FLR effects and use isotropic assumption—> reduced

equations
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Ma and Xu, NF, 57, 016002 (2017)
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GLF Closures

> Landau closure
z / 8 ik Tji.e . \/5 ik - ewg
q|ji,e=""T0\] —Vthi,e ooy dLi=—No\/ =Vthi - <T¢¢+—qu>)
(%-,fp) |y |1/ (2A77) 2

Landau damping collision

Hammett and Perkins, PRL, 64, 3019 (1990) Umansky et.al, INM, 463, 506 (2015)

> Toroidal closure
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Beer and Hammett, PoP, 3, 4046 (1996)
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Additional Physics in GLF

» FLR effects (on ions)

= pi(ps) physics — FLR effects correct dispersion and linear
growth rate of gradient driven instabilities

» Landau damping
= Weakly-collisonal limit
= |mportant to drift-type instability

» lon anisotropy (optional for electrons)
= Ty; # T, notrapped particle yet

> Toroidal drift resonance
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BaCk to GLF Equations Ma and Xu, NF, 57, 016002 (2017)

»  All these physics are embedded in GLF equations:

= First order FLR effects are retained via gyro-average operator F(l)/2; i
. Landau damping is included in g, 1;;
. lons have anisotropic pji and pu; “
. Toroidal drift resonance is included in 7 and so on. TDR
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BaCk to GLF Equations Ma and Xu, NF, 57, 016002 (2017)

»  All these physics are embedded in GLF equations:

= First order FLR effects are retained via gyro-average operator ri/2,

0 ’
. Landau damping is included in g, 1;;
= lons have anisotropic pji and pu; “

. Toroidal drift resonance is included in 7 and so on. TDR
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Similarly, for vorticity, perturbed current, gyro-averaged ion density and parallel velocity:
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Numerical implementation

» Most operators are already exist in BOUT++ framework

» Padé approximation for gyro-averaging operator
1 1
r)/? = To=——, T1-To=1L.
O T 14p/270 YT 14y 0

As aresult, V2 d = 2(d, — &), V2 & = 2(d; — &,) where &, = [t/?®, &3 =T/ ?®,

and(rb: (1_ _pzvz)

> Fast non-Fourier method for Landau closure Dpimits etal., Pop, 21, 055907 (2014)

» Solve vorticity for electrostatic potential
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Code flowchart

> ( Physiis_run )

Calculate other fields

!

Get electric field r————

!

Gyro-averaged quantities

Closures >
d d
Evolving equations ~ ———o__ | lon: dtnu ullu Pnu Pu
|  Electron: U A", ~Pies 7, P

e D

¢ Ng, Tlli' T.Li' TIIe: Tle
* JiVie

\ 4

* Real space: n;, u;
» Electrostatic potential: ¢

v
.

D, Ay

« Parallel Heat flux: qi, q1i, e, qLe
* Toroidal resonance
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Hands-on Exercise

> Installation

» Two examples:
=  electrostatic ITG —credit to S. S. Kim
= electromagnetic KBM —credit to C. H. Ma
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Installation

» login Edison
= % Sssh =Y trainXX@edison.nersc.gov
= % module load git

» Get the bout_glf git repository:
= % g@git clone ssh://user@portalauth.nersc.gov/
project/projectdirs/bout_glf/www/git/bout_glf.qgit

» Switch to the modomegad branch:
= % @it checkout bout_modomegad

» e Compile the code (on edison):

= % ./configure.Edison
= % make

» Run examples

= % cd examples/glfkbm3-1 (or, examples/glf_itg3+1)
make
= % sbatch jobscription_edison

o°
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Electrostatic, collisonless ITG

»  For electrostatic, collisonless ITG case, we assume electrons are adiabatic
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Electrostatic, collisonless ITG (cont)

» Run examples
. % cd examples/glf_itg3+1
. % make
. % Sbatch jobscription_edison

» Analysis data

=  plot poloidal snapshot
o) open IDL
. % IDL
o Load data I
. IDL> phi=collect(var="“phi”) o N Y N S R
o) Load grid information
. IDL> g=file_import(“./data/cyclone_260x64.nc”)
o Plot poloidal snapshot at t=50
. IDL> plotpolslice,phi[*,*,%*,49],9,period=10,zangle=0

=  or, get the linear growth rate (see next page)

B CGUT++

Boundary Plasma Turbulence Code

2018 BOUT++ workshop, Livermore, CA | August 16, 2018 | 16



Electromagnetic KBM

» Run examples
. % cd examples/glfkbm3-1
. % make
. % Sbatch jobscription_edison

» Analysis data
= getthe linear growth rate

python growthrate.py -v -f P data

Example output:
Growth rate from linear fit from -20 to -1 is: ©0.1491077

Mode structure P ) ) P

-10
=12
-14
-16

-18

NX
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