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code, developed in Frascati and recently ported to the Integrated Tokamak Modelling (ITM) Gateway platform.

Fusion Advanced Studies Torus (FAST) has been proposed as a possible option for a European ITER Satellite facility, aimed at supporting the preparation of ITER operation scenarios and the exploration of technologies relevant to
DEMO physics and technology issues in a wider (dimensionless) parameter space than JT-60SA and with characteristic values closer to ITER. FAST equilibrium configurations were designed in order to reproduce those of ITER with
scaled plasma current. These equilibria, suitable to fulfil plasma conditions of relevance for studying integrated burning plasma physics, have been calculated using FIXFREE, a FORTRAN toroidal multipolar expansions equilibrium

The European ITM Task Force opted for the open source workflow system Kepler to link various codes (actors) and coordinate the data flow among them. These actors are independent of a particular device and interact with each
other via consistent physical objects (CPOs), i.e. data structures containing all relevant information on machine description and plasma parameters. In order to design the FAST equilibria, the FIXFREE code has been modified to be run
as an actor in the Kepler environment. The configurations for FAST H-mode and Advanced Tokamak scenarios are presented.

FAST MACHINE DESIGN

The design is based on a compact, high toroidal field tokamak able to operate
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! up to 8.5T, I, up to 8 MA) to the Advanced Tokamak operation (I, up to 3
ring

MA, not inductive current ratio up to 100%, pulse duration up to 160 s).

The toroidal field in FAST is produced by 18 Toroidal Field copper coils,
cooled by 30 K Helium gas. This configuration will permit to place a NNBI
heating system and a quantity of diagnostic measurements in the
machine.The Poloidal Field System is made up 6 Central Solenoid and 6
External copper coils, cooled by 30 K Helium gas.

The Vacuum Vessel is made of Inconel 625 and houses a First Wall comprising
a bundle of water cooled tubes armored with plasma-sprayed Tungsten and
an actively cooled divertor based on the hot radial pressing Tungsten
monoblock tiles technology, which has been developed in ENEA and
successfully tested up to 35 MW/m? heat flux.

The additional heating and Current Drive (CD) is provided by several systems:
»lon Cyclotron Resonance Heating (ICRH), 30 MW used as main radio-
frequency heating system and to bring a large fraction of the minority species
to very high energy in order to make it possible to investigate energetic
particle physics in conditions to those of burning plasma;

» Lower Hybrid (LH), 6 MW used for CD in the AT scenarios and to control the
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in a wide range of plasma scenarios from the high performance H-Mode (B;

FIXFREE CODE AND THE GRAD-SHAFRANOV EQUATION

The FIXFREE equilibrium code solves the
Grad-Shafranov equation by using the
semi-analytical expansion of the scalar
flux function @ in terms of toroidal
multipoles based on the full toroidal
coordinates The equilibrium is solved
iteratively, using an integration mesh
with a circular cross section, both for free
and fixed conditions. The data - i.e.
currents in the external poloidal circuits,
toroidal plasma current |,, poloidal B,
and functional forms of the kinetic
plasma pressure P(y) and of the
diamagnetic total plasma current 12(y) -
are easily interpreted in terms of toroidal
multipoles. The semi-analytical method
makes the code extremely flexible in
modifying the geometry because the
dependence on the integration mesh is
extremely reduced with respect to other
fully numerical solution methods.
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The Grad-Shafranov equation describes the plasma force balance in
terms of the magnetic scalar flux function @ which can be expanded in
a series of toroidal multi-poles, by using the toroidal coordinate
system. In this equilibrium equation p(y) is the kinetic plasma pressure
function and I(y) is the diamagnetic plasma current function.
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> Outside the plasma M and M¢ are constants and depend on the
conditions at the boundary of the domain.

» Inside the plasma; M"n (9 and M (9) are internal and external
multi-polar moments of order m=1,2,... of the toroidal current density
Jo

» In the explicit expression of the internal and external moments
Jo(00,®,) is the current density, 8,4 is the Kronecker's symbol, f, and
8., are Fock's functions given in terms of half integer order, first degree
Legendre functions of the first and second kinds.
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> Electron Cyclotron Resonance Heating (ECRH), 4 MW used for MHD control  TOROIDAL COORDINATE (m*-1/4) o 20 (cosh@, —cosay)
and for electrons heating and CD at lower densities; —
> Negative Neutral Beam Injection (NNBI), additional system up to 10 MW. SYSTEM (9, (D,(p) M (6) = ,uUR (2 10) Izﬂj (COShQU)COS(m%)ddeg ’
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The FIXFREE equilibrium configurations have been used to carry out transport simulations by purpose output display
means of JETTO (P1.1007, EPS 2010) and CRONOS (P5.142, EPS 2010) codes. The next stage actor native of Kepler.
of ITM FIXFREE further development will be its coupling to the European Transport Solver » Actor "ualinit" initializes the Universal Access Layer (UAL) that acts as the communication layer of the ITM

(ETS) within the Kepler workflow system. FIXFREE then may become one of the reference free-
boundary equilibrium codes for the ITM.

and opinions expressed herein do not necessarily reflect those of the European Commission.

infrastructure, retrieves the engineering machine description for the machine from the ITM database and
populates it with experimental (or simulated) “shot” data. As no experimental data exist, the input FAST CPOs
have been populated with “design” data from FAST configuration.
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