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Abstract. The paper describes the upgraded version of the PLASMALESS computational
code and presents the results of its application to the calculations of magnetic fields in
tokamak installations. This code is a part of new version of unified software environment
based on approach described in our previous paper [1]. PLASMALESS code is a part of a
TOKSCEN computational block [2] and is designed to calculate magnetic fields and eddy
currents in tokamak installations. PLASMALESS code is based on the numerical solution of a
system of Kirchhoff electrical equations in a two-dimensional model. Comparisons of
experimentally measured and calculated magnetic fields in the Tokamak T-15MD [3-5]
installation were made using the upgraded PLASMALESS code and results are discussed.
The results of the work will be used to calibrate the system of magnetic probes.

1. The concept and set of modules for a unified software and information environment.
At present, Russia is carrying out commissioning work on the T-15MD tokamak [3], which
makes it urgent to create a unified software and information environment that would allow
supporting experiments on this installation. The currently existing numerical codes for
modelling processes in plasma were mostly by different separate scientific groups at different
times. Therefore, a unified system is needed that would make it possible to create a full-
fledged virtual analogue of an object. This problem goes beyond the field of Nuclear Fusion.
The authors of this work were engaged in the development of such a system for tokamak
installations [1]. The functional part of the first version of the unified environment consisted
of module TOKAMEQ for calculating the plasma equilibrium in tokamak installations [6],
the evolution and vertical stability of the plasma TOKSCEN [2], as well as the RPB code for
modeling the magnetic diagnostics system [4]. To assist in carrying out three-dimensional
calculations, a code for generating three-dimensional meshes MESH has been introduced into

environment [7]. Previously, modules of an environment were used in collective works [5, 8].
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The current version of the system [1] consists of information and reference (plasma-fusion.ru)
and functional (nfusion.cs.msu.ru) parts. The functional part of the system is implemented
according to the "client-server" principle. The server part of the system is responsible for
providing access to data and allocating computing resources, for launching modules and
interacting with them, as well as data transfer between the client and the server. The client
part implements the user interface, including graphs, tables and figures, and provides
interactive capabilities for interaction with it. The system provides simultaneous access to
computational resources to multiple users.

2. Description of the new module PLASMALESS. To support in carrying out
commissioning work new module PLASMALESS was added to unified software
environment. This code is designed for modelling of induced magnetic fields and currents
inside the vacuum chamber and on the structural elements of the installation. Eddy currents in

the passive elements are determined by numerical solving of circuit equations:
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Here L is the inductance, I is the vector of eddy currents in passive elements, R is the
resistivity matrix, ¥ is the vector of sum flux from plasma and outer active coils.
For use in a unified environment PLASMALESS was

&m updated with new input system as well as auxiliary

tool for comparison of modelling results with

experimental data.

15 3. Results of mathematical modelling and

comparison to experiments. Several experiments

were carried out, in which the current was run through

0.5
only one of the coils, and measurements were

obtained from the probes that were suitable for

03 calibrating the parameters of the virtual analogue of

the installation.

Using PLASMALESS code we conducted

corresponding numerical experiments and compared

P> the results. When comparing measurements from
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‘ experiments and calculations, good agreement of the
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Figure 1 —Approximate locations of test  Tesults was achieved for all probes, except for the

probes 2, 3 and 4 in Tokamak T15-MD probe located near the branch. Even at a glance at the
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experimental measurements, it becomes clear that magnetic fields are induced there from
branch pipes or some unaccounted-for elements of the final design. Comparison with
computational ones, which show good agreement in all other seven probes in all experiments
shows how strong and localized influence the branch pipes or some other structural elements

have in this zone.
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Figure 2 - Comparison of experimental (orange) and  Figure 3 - Comparison of experimental (orange) and
computational data for probe 2 computational data for probe 3
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Figure 4 -Comparison of experimental (orange) and computational
data for probe 4
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4. Conclusions. Introduction of the PLASMALESS into unified software environment
allows to expand the area of application for environment. This module allows for calculation
of magnetic field configurations favorable for breakdown and of methods to reach them.

The good agreement of experimental data and computational results indicate that it is possible
to create a completely adequate model for magnetic system of Tokamak T-15MD installation,

which will be used in the future for setting up the plasma cord control system.
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