
1.Effects of shaping on the Dimits nonlinear shift
with Emily Belli

2. Implementation of equilibrium sheared flows in GS2
with Bill Dorland & Nuno Loureiro

3.Algorithm studies  
(improved GMRES, Krylov solvers, TVD/CWENO shock-capturing algorithms, semi-implicit methods) 

(interactions with Jin Chen, Steve Jardin, Ravi Samtaney, David Keyes, 
Mark Adams, Jim Stone, Prateek Sharma, Nuno Loureiro, Eitan Tadmor)

Highlights of recent work: 

Greg Hammett
PPPL theory microseminar 11/16/2006

(I only showed about half these slides for a ~10 min talk.)

Candy & Waltz, General Atomics



Unlike the linear results, the nonlinear critical 
temperature gradient increases with strong shaping.

(∂ρ β is varied with κ & R/LT)

R/LTi = R/LTe
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Nonlinear ion and electron heat fluxes vs. R/LT

(Electrostatic)

Belli, Ph.D. Thesis 2006
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A model prediction for the scaling 
of the R-H* h with shaping was 
found empirically based on the 
GS2 data.  We assume:

where 

(C=0.887 to match GS2 circular case (κ=1) 
with original R-H model.) 

We found a good fit with:

The larger upshift of the nonlinear critical gradient with 
higher shaping may be due to enhanced zonal flows.

Overall, the geometry of residual zonal flows is 
important and may help explain why strong 

shaping is favorable in experiments.
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* M. Rosenbluth & F. Hinton, Phys. Rev. Lett. 80, 724 (1998).

Amplitude of R-H residual zonal flows vs. κ
(data points are the GS2 results;

the lines are the analytic model prediction)
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Analytic confirmation: Yong Xiao & Catto ‘06



Classical polarization density:
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Neoclassical polarization density (enhanced by larger banana widths):
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Hinton-Rosenbluth residual flow:
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Physical picture of Hinton-Rosenbluth residual flow:



Implementation of
Equilibrium-Scale
ExB shear in GS2

Hammett, Dorland, Loureiro



( ) ( ) ( ) sNonlinTermtkkfEkkLtEkkf
t yxyxyx +=

∂
∂ ,...,,,,,,,,,,, μθμθ

GS2 solves Eq. of form:

Include equilbrium scale ExB shear by substitution: 
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GS2 treats all linear terms implicitly.  Recalculating all of the implicit  response 
matrices every time step when kx changes a little bit would be very expensive.

Instead of recalculating response matrices, just use Nearest-Grid-Point 
interpolations.  Most easily implemented in reverse:

Whenever kx(t) differes from kx0 by more than Δkx/2, shift f :

( ) ( )yxxiyxi kkkfkkf ,, Δ+⇐



(Could generalize to true 2cd order accuracy by 
doing 2 iterations per time step and interpolating.)







Shearing rate

G
ro

w
th

 ra
te

Discontinuous jump in growth rate
as shearing rate --> 0 
(Connor, Taylor, Wilson, PRL 93)

Hammett, Dorland, Loureiro



γ = 0.26
γExB = 0

Floquet mode representation (Waltz, Dewar, Garbet 98) shows large growth of wave 
packet while in bad curvature region, even though time-averaged growth rate is small.

Hammett, Dorland, Loureiro



Based on David Keyes, Columbia Univ.

CG w/ modified ILU     Reid / Gustafson (BIT 78)

Multigrid

Restarted GMRES                                     n5     

Loose GMRES/CG   (Baker 2005)                            ~n4

Loose GMRES/CG with                                 ~n3.5

modified ILU preconditioning

If n=64, implies
X16 Million speedup:
6 months -> 1 second



David Keyes, Columbia Univ.



 1

 10

 100

 1000

 1  10  100  1000

# 
ite

ra
tio

ns
 to

 e
rr

 <
 1

.e
-1

0

matrix size N

GMRES(2)
GMRES(5)

GMRES(10)
N2

2cd Order Richardson/GMRES
2 N

1-D Poisson Problem:   ∂2 Φ/ ∂ x2 = ρ,   with n grid points
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Improved method for restarting GMRES

• “The Tortoise and the Hare Restart GMRES,” Mark Embree (2003) 
http://epubs.siam.org/sam-bin/dbq/article/39961
shows examples where GMRES(1) converges, GMRES(2) stagnates

• I developed a way to significantly improve restarted GMRES, by keeping 
information from previous search directions.  Like “Dynamic Relaxation” (see 
Jardin’s course notes), but time step & damping rate chosen optimally each 
iteration to minimize error.   (“Dynamic Relaxation” = 2cd order Richardson 
iteration, related to 2cd order Chebyshev iteration).  Nonlinear/Newton-Krylov.

/u/hammett/codes/gmres/dr_gmres

• Turns out to be equivalent to LGMRES(1,1) “Loose GMRES”:   
“A Technique for Accelerating the Convergence of Restarted GMRES”, A. H. 
Baker, E. R. Jessup, T. Manteuffel, SIAM Journal on Matrix Analysis and 
Applications Volume 26, Number 4, pp. 962-984 (2005)

• Standard ILU preconditioning is of no benefit.  Essential to use “Modified ILU”
preconditioning, Gustafsson BIT 18, 142 (1978)    (but MILU broken in Matlab)
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