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Principal Results

Part one: two-fluid model

(1) Fundamental model: 3-field 2-fluid model is a
good enough model for P-B instability and ELM
crashes.

(2) Multi-field 2-fluid models are necessary to describe
heat transport.

(3) BOUT++ simulations show that bright stripes from
visible camera on EAST match ELM filamentary
structures.

Part two: gyro-fluid model

(1) First order FLR corrections from “gyro-viscous
cancellation” in two-fluid model are necessary to
agree with gyro-fluid results for high ion
temperature.

(2) Higher ion temperature introduces more FLR
stabilizing effects, thus reduces ELM size.




BOUT++ code for modeling tokamak edge ELMs and turbulence*

= Framework for writing fluid / plasma
simulations in complex tokamak 3-field model
geometry
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Multi-field two-fluid model in BOUT++

» Three-field (w, P, A||): peeling-ballooning model.

» Four-field (w, P, A, V| ) include sound waves.

» Five-field (w, n, T, T, A I): parallel thermal conductivities

» Six-field (w, n, T, T, A, V| ): combine all the models together,

based on Braginskii equations, the density, momentum and
energy of ions and electrons are described in drift ordering[1].

[1]X. Q. Xu et al., Commun. Comput. Phys. 4, 949 (2008).



ELM crash in BOUT++ simulations
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Five-field model: low density leads to larger stabilizing effects by

diamagnetic drifts, and density gradient drives larger ELM size UL.

3-field: 5-field Density quantity affects linear growth
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Thermal conductivities suppress the

energy transport at inner boundary
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3-field 2-fluid model is good enough to simulate P-B stability

and ELM crashes, additional physics from multi-field contributes
less than 25% corrections
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BOUT++ simulations show that the stripes from visible
camera match ELM filamentary structures UL.

EAST#41019@3034ms BOUT++ simulation shows
Visible camera shows bright that the ELM stripe are
ELM structure® filamentary structures”
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EAST experiments verified BOUT++ predictions

that low-n modes become dominant at high |,
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An isothermal electromagnetic 3-field gyro-fluid model

= We derived an isothermal electromagnetic 3-field gyro-fluid model with
vorticity formulation generalized from Snyder-Hammett gyro-fluid
model [1] for edge plasmas.

= Utilizing the Padé approximation for the modified Bessel functions, this
set of gyro-fluid equations is implemented in the BOUT++ framework
with full ion FLR effects,

* |n long-wavelength limit, this set of gyro-fluid equations is reduced to
previous 3-field two-fluid model with additional gyro-viscous terms
resulting from the incomplete “gyro-viscous cancellation” in two-fluid
model given by Xu et al [2].

» Higher ion temperature introduces more FLR stabilizing effects, thus
reduces ELM size.

[1] P. B. Snyder and G. W. Hammett, Phys. Plasmas 8, 3199 (2001).
[2] X. Q. Xu, R. H. Cohen, T. D. Rognlien, et.al., Phys. Plasma 7, 1951 (2000). 13



In the presence of large density gradient, gyro-fluid and two-fluid

model show qualitative difference when klpi is large
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Gyroviscous terms are necessary to stabilize

lon-Density-Gradient modes, which appear in two-fluid model

* Two-fluid dispersion relation:

0.020 1.0
(b)
ion diamagnetic drift instability 0.015 %= P, VEE 10.8 _
stabilizing on due to ion o E"Elidea'MHD “; 10.6 9_-,‘_
ballooning modes density gradient ©0.010 .A_‘?OMOﬂUId e ' E
=) n= ] =
A\ & T,=3keV : 04 o
1 ) Wh O Wk o0 0.005} oo
T= ﬁ T 4 cos 9 + 9 St 9 ballooning mod 10.2
o2 1 1 & 0.000 0.0
2 T . T
C* = 1+W: cosa = —, Slﬂﬂ:akiLn 04 06 08 1.0 1.2
" Normalized flux y (radial direction)
« At long wavelength limit, gyro-fluid goes 0 tor;::(i;lal m°d§g“mber§0 40
back to two-fluid but with additional 0.25 . ——— :
. terms . : T okey Solid black: ideal MHD
gYroviscous Sods Solid: twofluid with gyroviscosity
0.20 i O—OT,=3keV pagh: gyrofluid
d s =
%+VE'VmGD_EB(VcDT_VET)'vniG: 3‘10'15
dw | 1 oo 5 o = 0.10f
7 125 {Vil¢. Pl = [Vie, P]—[¢. Vi Pl}
c 0.05F
0.00 . -

0.00 0.05 0.10 0.15 0.20 0.25

Normalized wavenumber (kqp;)



Higher ion temperature introduces more FLR stabilizing

effects, thus reduces ELM size

® Hyper-resistivity is necessary to ELM crash, but ELM size is weakly sensitive to hyper-resistivity;
® With fixed pressure profile, high ion temperature introduce stronger FLR effect and thus leads to
smaller ELM size
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Accurate non-Fourier methods for Landau-fluid operators

Tokamak edge:

= Kinetic effects important -> need
Landau-fluid (LF) operators
Y OX— /<:|
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Large spatial inhomogeneities &
complicated boundary

» need non-Fourier implementation
» Useful accurate approximation:
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Principal Results

Part one: two-fluid model

(1) Fundamental model: 3-field 2-fluid model is a
good enough model for P-B stability and ELM
crashes.

(2) High-n P-B mode is strongly stabilized at low
density by diamagnetic drifts at low temperature.

(3) BOUT++ simulations show that bright stripes from
visible camera on EAST match ELM filamentary
structures.

Part two: gyro-fluid model

(1) First order FLR corrections from “gyro-viscous
cancellation” in two-fluid model are necessary to
agree with gyro-fluid results for high ion
temperature.

(2) Higher ion temperature introduces more FLR
stabilizing effects, thus reduces ELM size.
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