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Introduction

Formation of the ETB is the most outstanding feature of the H-mode
performance

Parameters at the barrier region can determine both the local and,
due to profile stiffness, the global plasma behavior

For the modeling of plasma parameters, it is important to have the
ETB description in a transport code

Recently, 1-D transport code RITM was amended by introducing the
model for the edge transport which allows for the modeling

of the ETB formation ’ '




RITM code

RITM solves one-dimensional transport equations for the densities and
temperatures of electrons, main and impurity ions and the current diffusion
equation.

particle sources are due to 1onization of neutrals recycling from limiters,
from neutral beam injection and impurities eroded or puffed into the plasma

heat sources are due to Ohmic and auxiliary heating and energy exchange
between different plasma components

particle fluxes include diffusive and convective components
heat fluxes are composed of conductive and convective contributions

all charged states of impurities as He, C, O, Ne, Si, Ar can be considered

simultaneously
D.Kalupin et al, (2005) NF 45 468 ‘Jl



Transport model
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Bifurcation into improved confinement state
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global power balance: !
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Transport coefficients

Improved mixing 4 y
length approximation N
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Total transport coefficients
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Preparatory modeling

experiment in TEXTOR
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Influence of the boundary conditions on the
ETB formation
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Sudden improvement of confinement occurs if the fraction of the

convective heat losses reduces below 50 % "

(D.Kalupin et al, (2006) PPCF 48 accepted for publication)



Improved two point model for the SOL

power balance in SOL:
P.. =4mR3(yT +E )V, siny

particle balance in SOL:

T oys = 4RoN V. sinyexp(—n, o.dg,, )
pressure balance:

2n, T, =n.Ts

parallel heat transport:
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Two point model for the SOL
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Both, decreasing density and decreasing dy,, lead to the increase of
convective losses

For a given heating power, a larger convection fraction results in lower
temperature and its gradient, this hinders the ETB formation
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Comparison with multi-machine scaling

@® The multi-machine scaling established from divertor machine data
predicts that the transition to the H-mode takes place when the total

power transported through the LCMS exceeds:
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Computed threshold power coincides with the scaling predictions if the

fraction of convective heat losses does not exceed 50%
(D.Kalupin et al, (2006) POP 13 032504)

This can explain the deviation of the thresold power from the scaling at

low densities (JET, Y.Andrew et al, (2006) PPCF 48 479)
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Predictions for TEXTOR

Typical e-folding lengths for the edge density
and temperature in TEXTOR L-mode:
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(more details in the presentation by
B.Unterberg at this meeting)

The first indication for the ETB formation is observed at the power just

experiment

above the critical one computed with the RITM code prior to the ’ '



Gas puff triggered ETB

Is it possible to reduce the threshold power?

Gas puffing can trigger the ETB (TUMAN tokamak, Lebedev et al, (1996) PPCF 38 1103)
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Critical gas puff intensity
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Computations predict the critical intensity of the gas puffing allowing to

trigger H-mode onset

Injection of the same amount of particles but with intensity lower than a
critical one do not trigger the ETB formation, on contrary, it leads
to the amplification of the edge transport due to increased collisionality
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Role of the ExB shear in the barrier
formation under different scenarios
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Coupling to the JETTO code

The model can be used in other transport codes to provide a self-consistent
description of the ETB
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To set up the default settings of the model, the ’ '

benchmarking against JET data should be done



Conclusions

The transport model allows a self-consistent modeling of L and H-mode plasmas. The
ETB forms if the total heating power exceeds the certain critical value which increases
with density and magnetic field.

For the given heating power, the transition to improved confinement occurs if the e-
folding length of density is increased and the temperature e-folding length is reduced.
This can be explained by the change of the dominant mechanism for the heat losses at
the plasma edge, where the strong convective heat losses hinder the H-mode onset

The pulsed gas puffing can be an effective tool to reduce the threshold power. In this
case, the suppression of the turbulent transport by the radial electric field, increased
due to increased pressure gradient, is the dominant mechanism for the ETB formation.

The transport model was coupled with JETTO transport code, where the formation of
ETB with increasing heating power was observed. The benchmarking of the coupled

version is to be done.



Discussions 1
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