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Background: Transport Barriers
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Background: H-mode, I-mode and L-mode

v'H-mode : Steep temperature and density gradients in pedestals.

v I-mode : Steep temperature gradient comparable to H-mode and
density gradient comparable to L-mode.

v L-mode : Medium temperature and density gradients.
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Background: Unconventional Structures and Streamer

Conventional ballooning structure
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Background: Simulations Agree with the Experimental Results

v Agreement between the experimental Rl
eye . . a = (R/L) + 4(R/L )=22
results and the quasilinear gyrokinetic 12 e
simulation 1s qualitatively satisfactory. 10 »/
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Physical Model and Equation

v" The ballooning representation

v The s-a equilibrium model with circular flux surfaces (here a=0 )
v" The electron is adiabatic and the ion is nonadiabatic

v" The non-adiabatic response # is determined by
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Physical Model and Equation - ITG

The integral eigenmode equation from quasineutrality condition
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Typical parameters adopted: n, =0.80, k,p, =0.6, g =3,
=16, 7, =0.80, ¢, =0.048,

=125, €=0.23
<> Updated HD7 code

* For quasi-linear mixing length estimation
* For quasi-linear turbulent particle flux estimation
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Physical Model and Equation - TEM

v" Neglect the finite Larmor radius effect of trapped electrons

v' The perturbation of trapped electron density

2
26 dt\fe f dK The perturbation of TE density
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Physical Model and Equation — Estimate Transport

v" For quasi-linear mixing length estimation

v kePs(Cs 2) ~2 2 2.2,
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v" For quasi-linear turbulent particle flux
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Multiple Eigenfunctions

Nucl. Fusion 57 046019

Typlcal elgenfunctlons of ITG mode Typical elgenfunctlons of TEM
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v' At the steep gradients region, multiple eigenfunctions of TEM and
ITG modes can be found.

v" TEM has a more extended mode structures in ballooning space.
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Different Temperature Gradient Effects for ITG and TEM
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» TEM'’s unstable region is larger than the ITG L00f

modes. This is agree with the experiment. L.
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Ion Temperature Gradient Effect for ITG and TEM

lon flux of the ITG modes - lon flux of the TE-ITG modes
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v' Suppose: € ;= € . Other parameters are the same as the typical TB’s parameters.

Ion flux of the ITG modes are comparable, but not for the TE-ITG modes.

Steep €; enlarge the 10on inwardly transport of the ITG mode, but decrease the 1on
outwardly transport of TEM.

v" When the ion temperature gradient is steep enough, ion transport of the TE-ITG
modes changed into outwardly
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Different Turbulent Transport Estimations

Quasi-linear mixing length Quasi-linear particle flux
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v' Mixing length estimation of the diffusion coefficient decrease with kgp..
v’ Particle flux estimations of the transport are inwardly and first increase
with kyp, 1ncreasing and then decrease with kgp, .
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Simulations Agree with the Experimental Results

Experimental results from HL-2A HD7 simulation results based on the typical TB’s
. Shot: 25108 ; parameters of HL-2A
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v" Under the typical TB’s parameter, the dominant
instabilities 1s TEM and the real frequency is in
electron diagmagnetic drift direction.

v' The typical TB’s parameters n,=0.80, k,p, =0.6,g =3,
§=16, 1,=0.80, ¢, =0.048,
T=125, €¢=0.23
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Simulations Agree with the Experimental Results

Tore Supra experimental results  HD7 simulation results
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Thank vou very much!




