
Introduction to Eigenvalue Solver for ITG and  
Gyrofluid Simulation using BOUT++ GLF code  

in Core Region 

 

S. S. Kim, H. Jhang, P. H. Diamond, T. Rhee, G. Y. Park 

WCI Center for Fusion Theory, NFRI, Korea  

 

X. Q. Xu, P. W. Xi, A. Dimits, M. Umansky 

LLNL 

 

BOUT++ 2013 Workshop 

 
 

 



Introduction to  

Eigenvalue Solver for ITG 



Governing equations for ITG 

• Vorticity equation 
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• Ion temperature equation 
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• Ion parallel velocity equation 

response adiabatic  :   ,  , vorticitydgeneralize :  where 1
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Linearized equations 
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Those operators can be  
represented as matrices  
in a functional space. 
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Basis functions 
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• Radial basis function 



Matrix (M, J0, Dc) involving Laplacian L 

For Bessel basis, 
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Comparison of BOUT++ with eigenvalue solver 

Convergence test for eigenvalue solver 

N=number of radial basis 

functions 

• In eigenvalue solver,                                                         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. 
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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 

 Guiding center parallel velocity equation 

 Guiding center parallel & perpendicular pressure 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.  

Cyclone base case  TFTR-like case [Levinton et.al., PRL’95] 

[Idomura et.al., NF’03]   



ci (i
2 vti /Ln ) vs. time(a/ vti) 

Potential fluctuation 

Without ZF With ZF 

w/ ZF 

w/o ZF 

Nonlinear simulations of ITG 

• Global nonlinear simulations using Beer model performed at fixed profile  

• Turbulence suppression by zonal flow observed   



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_ITG : 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   



> module load matlab-nofonts 
> matlab 

Run matlab : 
 



Run Editor : 
 



Dock Editor: 
Push this button 
 





Open eigensolver_init.m, eigensolver_ITG.m, plot_eigenvalue.m, 
plot_eigenmode.m   in   tools/eigenvalue_solver. 
 



Run eigensolver_init.m; 
 





Running eigensolver_init.m … : it takes about 5 min. 
 





Run eigensolver_ITG.m; 
 



Running eigensolver_ITG.m … : it takes about 10 min. 
 



Run plot_eigenvalue.m; 
 





Run plot_eigenmode.m: 
 

You can choose here  
toroidal mode number. 
 





Exit matlab: 
 


