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Transport simulations for W7-X
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W7-X Team
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The results of transport modeling for the W7-X stellarator are presented. A new 1-D
transport code [1] is used to study confinement properties of the W7-X stellarator for the case of
electron cyclotron resonance heating (ECRH). A set of reference calculations assuming neoclas-
sical confinement plus anomalous contributions (dominant at low density and temperature) has
been carried out. The plasma profiles determined in this way will be used to create a profile da-
tabase which is needed for the development of diagnostics software. The energy confinement
time and its dependence on global plasma parameters are compared with the prediction of the
empirical scaling ISS95.

To model transport in W7-X, we use a predictive 1-D transport code which is under de-
velopment [1]. The transport code is based on a system of equations, which consists of particle
and power balance equations augmented by diffusion equations for the radial electric field and
for the poloidal magnetic flux:
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The neoclassical and anomalous fluxes in Eq. (1) are given by expressions:
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where n,, T, and Z, are the density, temperature and charge number of electrons or ions and the

prime denotes the partial derivative with respect to the effective radius r. For evaluation of the

transport coefficients D%, we use a dataset of transport coefficients calculated by the DKES-
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code [2]. In the simulation we determine self—consistently the neoclassical fluxes and the radial
electric field, which strongly affects the transport at the low collisionality. The density is kept
fixed and the equation for the poloidal magnetic flux is not used in these simulations. For sim-
plicity we use a prescribed ECRH power deposition profile Py, o< exp(—(r—rc)2 / wz). In
Fig. 1 the density and temperatures for the ECRH scenario along with the calculated radial elec-
tric field are shown for the case of central density 0.610”°m™ and 3.32MW of slightly off-axis
ECR heating. In the plasma center, the “electron root” with the positive electric field is seen. For
higher density and the same heating conditions the “electron root” disappears and the electric

field becomes negative throughout the entire plasma.
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Fig 1. Plasma profiles for the case of 3.32MW of ECRH:
?; d) (a) the electron density; (b) the electron (V) and ion (A)
0.7 temperatures; (c) the radial electric field; (d) ECRH power
deposition profile. 7g=0.517sec
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Corresponding to Fig. 1, neoclassical transport coefficients D%, and anomalous heat conductivi-
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ties are shown in Fig. 2. Based on the experience of the W7-AS campaign [3] we choose
the diffusion model to be neoclassical in the bulk plasma and anomalous at the edge. In the re-
gion of a high gradient of the density the anomalous transport coefficients are taken in the form

D.. =X =X.. o 1/n, with exponential decay towards the center of the plasma. To maintain

ambipolarity the relation D! = D¢ isimposed.
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The results of transport modeling for different ECRH powers and plasma densities are shown in
Fig. 3. The energy confinement time scales with the plasma density as: 7, o< <ne>_0'8. Power

dependencies are depicted in Fig. 3(right); the confinement time is proportional to P~ for the

low density case and 7, o< P~ for the high density case.
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The almost linear scaling of the energy confinement time with the plasma density is an indica-

tion of neoclassical 1/v transport of electrons. The calculated energy confinement times are com-

pared with ISS95 scaling: 7559 — 0.07942% R*%5 p~05° <ne>0.51 B0'53l§f; '
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scaling [4]; see also the W7-AS data in Fig. 4. Strong neoclassical transport optimization leads to
a further improvement of the plasma confinement in the W7-X.
For comparison with ECRH plasmas we have also simulated NBI-heated plasmas. For

modeling of NBI heating, a newly developed fast NBI module is used. The pencil-beam ap-
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proach is used for the calculation of the birth profiles. In a reasonable approximation, the slow-
ing-down of the fast NBI ions on the flux surfaces is used, allowing a fast Fokker-Planck solver
for the evaluation of the power deposition profiles. The modeling results are shown in Fig.5. We
choose the simulation parameters in such a way to have the same heating power as in the case
shown in Fig. 1. The energy confinement time is almost the same as in the ECRH plasma al-
though ion and electron temperatures are closer to each other and plasma neoclassical transport

follows the “ion” root.
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Fig. 5 Plasma profiles for the case of 3.32MW of NBI heating
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SUMMARY
In the present work we have studied the energy confinement properties of W7-X assum-
ing neoclassical diffusion in the bulk plasma and anomalous at the edge. The modeling has

shown that the energy confinement time scales with the density and ECRHpower as
T, o< <ne>0'8 P~ %7 "The confinement times are one order of magnitude higher than that of

the W7-AS confinement times. We attribute this improvement to the neoclassical transport op-
timization in W7-X. We have also begun predictive modeling of W7-X NBI-heated plasmas.
The plasma profiles determined in this way are used for creating a reference profile database
which is needed for the development of diagnostics software.
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