M3D CDX-U Nonlinear Simulation

Josh Breslau

CEMM Project Meeting
Albuguerque, NM
October 26, 2003



CDX Series: Initial g profile

- 0.95<q,<0.96

JSolver CDX run05, time09



Linear phase: growth rate

1,1 mode
y — (4.755 + 0.005)x10-3

~ 30.4 wall clock hours on 32 processors

Converged in 31,317 steps




Mode Structure

perturbed J,




Poloidal Meshes for the Benchmark
Case
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CDX Series (0.95<q,<0.96)

constant density

666.06, chopped x €

t

666.04

Initial state, t

N=5.1x107; u=5.1x10%; k = 9.09x104

16 planes, 71 radial grids

y=0.004755 — 1~210.3



CDX Series (0.95<q,<0.96)

constant density

t=1099.13

t=1045.93

N=5.1x107; u=5.1x10%; k = 9.09x104

16 planes, 71 radial grids

y=0.004755 — 1~210.3



CDX Series (0.95<q,<0.96)

constant density
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t=1202.55

t=1153.44

N=5.1x107; u=5.1x10%; k = 9.09x104

16 planes, 71 radial grids

y=0.004755 — 1~210.3



Kinetic Energy History by Toroidal
I\/Iode Number




Try again with no chop

constant density

Initial state, t=666.04 t=676.04

v=0.004755 — 12210.3 16 planes, 71 radial grids N=5.1x107; u=5.1x104; k = 9.09x104



Constant density, no chop, cont.

t=1066.92 t=1131.57

v=0.004755 — 12210.3 16 planes, 71 radial grids N=5.1x107; u=5.1x104; k = 9.09x104



Constant density, no chop, cont.
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t=1256.85

t=1197.70

N=5.1x107; u=5.1x104; k = 9.09x104

16 planes, 71 radial grids

y=0.004755 — 1~210.3



Kinetic Energy History




Kinetic Energy History by Toroidal
Mode Number

Constant Density: Kinetic
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Kinetic Energy

Constant Density Klnetlc Energy “Pre-history” (15t 10 Alfvén times)
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Evolving Density, pdiss=1e-3

Linear phase: growth rate

1,1 mode .
y — (3.685 + 0.001)x103 1

Converged In 82,725 steps
~ 83.2 wall clock hours on 32 processors

Vans




CDX Series (0.95<q,<0.96)

=le-3

evolving density, pdiss
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t=1770.54, no chop

1760.72

Initial state, t

N=5.1x10"°; u=5.1x104; k = 9.09x104

16 planes, 71 radial grids

v=0.003685 —> 1~271.37



CDX Series (0.95<q,<0.96)

=le-3

evolving density, pdiss
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t=2251.95

t=2185.45

N=5.1x10"°; u=5.1x104; k = 9.09x104

16 planes, 71 radial grids

v=0.003685 —> 1~271.37



=le-3

evolving density, pdiss

CDX Series (0.95<q,<0.96)
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N=5.1x10"°; u=5.1x104; k = 9.09x104

16 planes, 71 radial grids

v=0.003685 —> 1~271.37



Kinetic Energy History ™"




Kinetic Energy History by Toroidal
Mode Number

Evolvmg Density: |/<|we1:|a, Energy Dy Mode Number
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CDX Series: Initial g profile

Case: Pr=100

- 0.95<q,<0.96

JSolver CDX run05, time09



Linear phase: growth rate

1,1 & 2,1 modes il

Best fit to decaying exponential indicates
v— 4.4044 x 104 ]
(t/t,— 2270.46 = 0.03) :

DDDDDD

Ran 149,994 steps
~ 196.6 wall clock hours on 32 processors |
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perturbed J,




Nonlinear Total Kinetic Energy History
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Kinetic Energy History by Toroidal
Mode Number
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CDX Series '(0.95<q0<0.96)

-0

t=1338.66, nonlinear, no chop

1338.57

Initial state, t

4.4044x104 — 1~2270.46 16 planes, 81 radial grids n1=5.1x10; u=5.1x1073; k = 9.09x10-

’Y:



CDX Series '(0.95<q0<0.96)
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4.4044x104 — 1~2270.46 16 planes, 81 radial grids n=5.1x10; u=5.1x1073; k = 9.09x10-

’Y:



CDX Series '(0.95<q0<0.96)
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4.4044x104 — 1~2270.46 16 planes, 81 radial grids n=5.1x10; u=5.1x1073; k = 9.09x10-

’Y:



CDX Series '(0.95<q0<0.96)
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Current Flattening in the Nonlinear
Phase
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Calculated Error for run05timeQ9 eq.

log10{(@s error):MAF’DSKD.NC

NIMROD G-S error
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