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- Context & Objectives Modeling pellet
trajectory into a guide tube

Currently, no tools exist to predict the maximum velocity, mass, and ice quality
(degree of fragility) of a pellet exiting an injection pipe. However, these
parameters critically influence the ablation process of the pellet. It is essential to
develop a tool capable of :
1. modelling the complex 3D geometries of the injection pipe, as well as

2. simulating the pellet’s trajectory and the resulting damage to the ice.
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Figl. JT-60SA guide tube as an
examplel[Lanq etal. FED 2017]
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Fig2. Geometriczz representation of cylindrical and toroidal sections, and a
simulated pipe

The construction of a pipe involves the assembly of cylindrical sections and
toroidal segments, with characteristics specified by the user. R; represents the
guide tube radius, L is the length of a cylindrical section, R, is the bending radius

of the toroidal segment, and ¢ corresponds to its angular opening.

Ill- Modeling of pellet behavior and trajectories

The pellet is modeled as a sphere, simplifying the analysis by eliminating rotation
iIssues and the need to manage leading edges. The pellet is restricted from
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assoclated with pellet erosion. Thus, the coefficient
(1 - y,) corresponds to the heating of the ice. We
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V- Kinetic energy loss transformation
The proportion of kinetic energy lost to heating,
or energy storage depends on the _
coefficients y; and y,, which are currently ad hoc. Heating Lossin| = <on
v, represents the proportion of perpendicular kinetic (1—v,) Kinetic = (V2)
energy lost, manifesting as defects recorded in the energy

remaining energy
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Bounce only:.
Stored energy (v1)

(damages in the ice)

also consider the heat transfer by conduction (f) as
long as the ice remains in contact with the pipe wall.

V- Pellet breaking limit and bounce dynamics
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VI- Simulation results in the JT60-SA Injection
pipe

Fig4d. Simulated version of

4 the JT60-SA injection pipe
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The simulation was conducted using the geometry of the JT60-SA pipe. Multiple pellets
were launched with random variations in velocity and mass, within ranges achievable by
the Injector, to enable a statistical analysis. We analyze pellet behavior along the
trajectory, with a focus on erosion, heating, and deceleration. We observe dispersion iIn
these parameters at the exit, and see the first rebound. In this study, 30/32 pellets
exceeded their elastic limit, 14/32 reached the necking point, and none fractured. A target
positioned 1m from the pipe exit was used to measure the angular aperture. It _Is
Important to note that these results only demonstrate the code’s capabilities and do
not represent realistic _simulations due to numerous free parameters
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Full prediction tool of guide tube
performance:

Pellet Physical characteristic: {@E}

« Determining ice properties:
Paramters need to be
experimentally determined (SBT-
Grenoble)

AUG guide tube & Test bend
DIPAK-PET In construction
(Eurofusion)

o Pellet physical
characteristics:
(mass, temperature, position
and speed) all along pellet path .

o Pellet survival probability
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