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Outline

Reduced ITG-like model

Simple fluid model used to illustrate concepts
Damped eigenmodes affect on energy, fluxes

GerkinetiC Simulations (cyclone base case ITG)

Are damped eigenmodes necessary to account for saturation?

Deviation from pressure/potential phase of ITG mode.

Damped eigenmodes — affect on fluxes
Quasilinear flux overestimates true flux.

GLF23 transport code eigenvalue solver - eight mode frequencies
growth rates (can only get fastest mode from initial value
codes).

Damped eigenmode frequencies appear in nonlinear frequency
spectrum.




Impoertance of Danpead Viodes

Excitation of Damped Modes

Affect on energy transfer and saturation:
Dissipates energy.
Different from viscous damping at high k.

Additional saturation mechanism.

Affect on Transport:
Contributes to an inward component of flux.

Reduces net transport.




Damped VMedes - Energy.

Two eigenmode energy transfer

Manifold of unstable
eigenmode

Manifold of stable
eigenmode

ransfer

Quasilinear theory: all
transfer is in this plane

Nonlinear theory: trans-
fer to stable manifold
dominates saturation




Reduced |ITG-like Model

Three field local model.
Nonlinearites and linear coupling capture ITG physics.
ITG -- Slab Branch, Fluid Limit
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Linear Elgennmode Basis
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Linearize system of equations.

Solve dispersion relation for mode frequencies.

Solve for eigenvectors associated with each frequency.
Linear transformation changes to eigenmode basis.

Eigenmode basis diagonalizes linear coupling.




Nonlinear Excitation ofi Damped Vlodes

How are damped modes excited, and when are they important in
the dynamics?

X, Is an unstable eigenmode, X, is a damped or marginally stable mode.

: 2
X1 =YXy + Cixy + Dyxpx;. : : :
St bt Bt Evolution equations: linear growth

; and important coupling terms.
\2 ==Yy + Cz.\' {t ....

Initial behavior of growing (x1) and damped (x2) modes.

exp(= y21)] + x; exp(= 1)

Damped mode affects

saturation if:
DG Criterion for damped

Pj=—m———=] : -
"=+ i) modes influencing
saturation.




Reduced Viodel' — Dispersion Relation

Frequencies

Three modes:
1. Marginal
2. Growing
3. Damped

Growth Rates

Blue: Growing Mode
Red: Damped Mode
Black Marginal Mode

Region of linear growth is
the same as stability region
of the stable mode.

Hyper-viscous damping at
high k.




Reduced Model

Energy evolution and distribution In ITG simulation

Total Energy
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Total energy expressed in
eigenmode basis

Damped and marginal mode energies excited to significant amplitudes.




Reduced Model — Growth Rates

Time Averaged Nonlinear Growth Rate Linear Growth Rate
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—— Damping in region of linear excitation.

Fastest growing Fourier modes at lower k than peak linear growth rate.
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shows where
damping and excitation occur.




Reduced Model - Heat Flux

D= 2 ky Im(p"p).
k

Heat Flux
Q=2 kyip Imf|B1|?b) + |Bol 3 + |B3 b3
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Heat Flux in eigenmode basis.




Reduced Modelr- Heat Eltx

Pressure and quas €

ation time histo
—o— pressure flux
—a— quasilinear flux

Quasilinear Heat Flux accounts
only for contribution from
fastest growing mode.
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Inward flux from damped
modes reduces true value in
comparison to

guasilinear value.




DanipeadrEIgennodes in
Gyrokinetic Simulations

= |s damped eigenmode excitation
Aecessary to account fier saturation?

= How! do damped elgenmodes affect fillx?

= Quasilinear vs. true nonlinear fiux

= Deviation fifem phase angle defined: oy
Upstakle elgenmode.

5 EregUencies off damped eIgenmedes
Seen In the nenlinealr spectiiim




GyroeKinetics:
Growtir Rates ana-lntensity: k;

Intensity and Growth Rate — ky = .1 Intensity and Growth Rate — ky = .2
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If only the unstable mode affects dynamics,

Fluctuation amplitude is small beyond the instability region.




GyroeKinetics:
Growth Rates anadiIntensity: k.

Intensity and Growth Rate —ky =. 3 Intensity and Growth Rate — ky = .4
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In all cases fluctuation amplitude is very small beyond the instability region.




GyroeKinetics:
Growin Rates and Intensity: Kk,

Intensity and Growth Rate —k,= 0
et T it Spectrum peaks at lower

k, than linear growth rate.

Nonlinear growth rate
diagnostic would answer

0.0 0.2 04 0.6 !
ke (1/(0)) the question
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Again, fluctuation amplitude is contained in the region of instability.




GVIGKINECS:
Energy Balance

Intensity (integrated over K,)

-08 -04 -02 0.C c.2 0.4 0.6

koy (1/0e2)

Intensity spectrum dominated by zonal modes which are not linearly damped
with the exception of GAMSs.




GVIOKINETICS:
Energy Balance

“Intensity” : E : "Inl':ensitg Input'Rate" &+
"Intensity {unstable region}" M "Intensity Damping Rate" M

_ ] Red: Intensity input raf
Red: ¢ Intensity Green: Intensity |
Green: Intensity in 1 damping rate (estimats

unstable region s

Very little intensity extends into

i : : Intensity input rate much larger
regions of linear damping. y Inp g

than damping rates at all k,.




GVIGKINECS:
Energy Balance

Intensity Balance:

Total intensity input rate (assuming only unstable mode)
01857 (p/L; Tle)?vr/Ly)
Total high k damping rate

-.00545 (estimate)
GAM contribution




Phase Angles Deviate

Potential and Pressure Phase Angle -k =.3

Phase angle is defined by
linear eigenmode.

Deviation =» Superposition
of unstable and damped
modes

Black: linear
Red: nonlinear

1.0

cy_lin.out.n¢

Deviation increases at finite k,




Phase Angles Deviate

Pressure and Potential Phase Angle — k=0 Pressure and Potential Phase Angle — k =.1
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Difference in phase angle increases with k..




Quasilinear and Nonlinear Elux

Quasilinear and True Heat Flux Quasilinear and True Heat Flux

Red: Quasilinear Heat flux (midplane) Quasilinear fluxtracks true fluxin
Black: Heat flux (midplane) linear regime.
Blue: Heat flux (flux surface averaged)

Quasilinear estimate larger than true flux ~ 36%.




Quasilinear and Nonlinear Eltx
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GLE23 Erequencies and GR'S

GLF23 — Transport model based on eight field gyro-landau fluid model.
Eigenvalue solver — eight modes.

Frequencies and Growth Rates (V;/L;) Frequencies and Growth Rates (V;/L;)
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3E Solid — frequencies
- Dashed — growth rates

0.2 0.4 0.6 3 1.0 T oz o4 o8
ky (1/rho) ky {1/rho}

roots.nc

roots.n¢

mode (ITG) and _ are very high frequency and
weakly damped modes with frequencies  girongly damped — probably unimportant
similar to ITG. in dynamics.




GLE23 Erequencies and GR'S

Frequencies and Growth Rates (V;/L;)
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Black: ITG Mode

Solid — frequencies

Dashed — growth rates
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The six modes at ky = .3




GLE2S, GYRO Comparnsen

Frequencies and Growth Rates (V;/L;)

Blue: GLF23 frequency (solid) and growth rate
Red: GYRO growth rate
Black: GYRO Frequency

0.3 0.4

kar (1/40))

Frequencies and growth rate are close but not perfect. (GLF23 input file
could be improved) Good enough for qualitative comparisons.




SpPectrumrand Ereguency
Comparisons K,=0

Intensity Spectrum

B 2 ITG and Damped Mode Frequencies
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All five damped mode frequencies are within the nonlinear spectrum and
are in a sense representative of the spectrum, spreading as k, increases.




0.1

SPECcttm andrErequeEnCY,
Comparisons: kK, =.2

Intensity Spectrum

N @200 ITG and Damped Mode Frequencies
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SPEctitmIand Erequency.
Comparnisons k,=.5

Intensity Spectrum

I ] ITG and Damped Mode Frequencies
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SPEctitmIand Erequency.
Compansons K,=0, K =5

Intensity Spectrum and Mode Frequencies All five damped mode

""""" s e b T e frequencies fall in the spread

Y(Vti/L) — of the nonlinear spectrum.
" I 0.038 (ITG) ]

- I -0.09 :
g -0.07 . Vertical lines are the mode
i =:g-(1); frequencies. The ITG mode
| -0.025 : frequency taken from linear
GYRO data, the other five

frequencies taken from GLF23.

Growth rates of each mode
shown on left.

Width of the spectrum is
2 il B B . due to frequencies of
o excited damped

eigenmodes.

Expected: Aw ~ y ~ 0.04




SPECcttm andrErequeEnCY,
Comparisons K=0, K =.2

Intensity Spectrum and Mode Frequencies

400 All five damped mode
Y(VH/L)

.03 (ITG) frequencies fall in the spread

I -0.06 of the nonlinear spectrum.
-0.06

B-0.10
o -0.06

B-0.025 Width of the spectrum is

due to frequencies of
excited damped
eigenmodes.
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Expected: Aw ~ y ~0.03




SPECttm andrErequeEnCy,
Comparisons k,=0, low'k,

Intensity Spectrum and Mode Frequencies Intensity Spectrum and Mode Frequencies
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Conclusiens
For GYRO simulation of cyclone ITG:

Difficult to account for saturation without
iInvoking damped eigenmodes.

Deviation from ITG phase angle for phi/pressure.

Damped eigenmode excitation reduces heat
flux — quasilinear overestimates true flux.

Damped mode frequencies appear in nonlinear
spectrum, accounting for large Aw.




Euture Work

Derive gyrokinetic nonlinear growth rate and
Implement diagnostic.

Examine CTEM for damped eigenmode excitation.
Expand reduced model to 3-D nonlocal to understand

damped eigenmodes and relation to parallel
mode structure.

Examine damped eigenmodes in gyrofluid models.




Euttre \Work - Noenlinear
Growith Rate




