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Governing equations for ITG

(Ottaviani et. al., PoP ‘99)

Vorticity equation
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Linearized equations
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Final form of eigenvalue equation
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Basis functions

Field F can represented as F(p,0,¢,t)=e"* > FW, (o)™ " in concentric - circular geometry :
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Matrix (M, JO, Dc) involving Laplacian L

For Bessel basis,
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Matrix (kj, Dglf) involving parallel wavenumber
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Matrix (aw, bw) involving curvature
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Comparison of BOUT++ with eigenvalue solver

In eigenvalue solver, W,,, = (@
m+1

T >"m(

r]ewmenw (p=1~N) is used as basis function.

The fluid equations are then projected on to the set of basis functions.

Eigenvalues are obtained by using matlab.

BOUT++ results agree well with eigenvalues, which means BOUT++ correctly solves the

given equations.

Convergence test for eigenvalue solver
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Gyrofluid Simulation using
BOUT++ GLF Code

in Core Region



Gyrofluid equation for ITG

(M. A. Beer and G. W. Hammett, PoP ‘96)

® Guiding center density equation
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Linear benchmarks

BOUT++ using Beer’s “3+1” field model agrees well with gyrokinetic codes.
Non-Fourier method for Landau damping shows good agreement with Fourier

method.
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Nonlinear simulations of ITG

» Global nonlinear simulations using Beer model performed at fixed profile
* Turbulence suppression by zonal flow observed
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Hands-on Exercise for
Eigenvalue Solver using
MATLAB



0) Run matlab:

> module load matlab-nofonts
> matlab

1) Run eigensolver_init.m and eigensolver_ ITG.m in matlab:

>> eigensolver _init : assign equilibrium profiles, calculate radial basis functions,
arrange mode index, evaluate matrix elements involving integrals

>> eigensolver _|TG : set up matrix and solve the eigenvalue equation for ITG
2) Run plot_eigenvalue.m and plot_eigenmode.m in matlab:

>> plot_eigenvalue : plot linear ITG growth rate and real frequency vs. k_theta*rho i
>> plot_eigenmode : choose toroidal mode number and plot eigenmode structure



Run matlab: > module load matlab-nofonts
> matlab
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Dock Editor:
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Open eigensolver_init.m, eigensolver_ITG.m, plot_eigenvalue.m,
plot_eigenmode.m in tools/eigenvalue_solver.
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Run eigensolver_init.m;
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Runnmg eigensolver_init.m ... : it takes about 5 min.
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o R_Lti
Te_TO
1 akpar
1] akpar_anhat
akpar_tau
akpar_that
I alphaj
I alphamp
i armw
FH armwi
Hanorm
] apw
o aprw

ar
4]

DA D D oA A BRI A A A A TR

Command History
BF%-— 05,/0Z/2017 |
----- g oglfl_4=[0.1
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Run eigensolver_ITG.m;

File Edit Text Go Cell Tools Debug Parallel Desktop  Window  Help
i E| dBEBE9 | F Wil | 7] |Currem Folder: | falobaljul /s /sskirm/bout toolsfeigenvalue_solver |+| .. | =)
Shortcuts [2] How to Add [2] What's Iew

Current Folder [ a x ’ 0 oba ho 00 : 0 0 « Workspace
3 <« tools » eigervalue_solver - o E G- EBE|¥%LE]"J@|Q'=E?'|Hﬁ‘ﬁ-L @)@@%@l@@btacgz |fx, ?lx E@Eﬁ%bp
|Name A | ‘B l;%| B |1'0 | ¥ | = |1'1 | L3 | i 7 | 0, [Run eigensolver_ITG.m (F5) | Hama A |\-"
) cigensolver_init.m 1 Fé F_Lne z
£ eigensolver_ITG.m 2 % Solwe eigenvalue eqguation for ITC : EE‘R_Ltg 6
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15 - Ffinfhikl==nmax]
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17 - end
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20 |= Fphi=0*ones({nmaxndal, Tmax);
21
22 - STatug='*ENFEY  Srart gigenvalue solwer WEEEEE!
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eigensolver_init.m x| eigensolver_ ITG.m =/ plot_eigenmaocte.m x| plot_eigenwalue. m ><|
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Run plot_eigenvalue.m;
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5 - qual=l.4;

A - rwal=0.5;

7 - for nl=mmin:ndel:nnax
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9 - end

10 - R=1.3; a=0.43; % for cyclone base case
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13

14 - figure(2)
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17 - ylabel('sganma and “omegasd (v {tir/l_{nell)'d
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19 - hold on

20 - plot(ktheta_rhoi,onglinsongfactor, ' -ob');
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----- KI=1;
----- clear rssl ns
----- for k=l:knax
----- 1F{nfb(ki==nl
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----- resl{kli=rss(

----- kl=kl+1;

----- end
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Run plot_eigenmode.m:
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