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Project Overview g S

We aim to develop a model capable of v\
simulating the surface chemistry and )
material erosion involved when a re-entry
vehicle descends through the atmosphere. Ejected
Our starting point is to simulate the erosion » atoms
of a fcc crystal slab due to cluster <

bombardment, using the model Lennard-
Jones potential. From this, we plan to scale
up towards Direct Simulation Monte Carlo
approaches for the gas dynamics above the

Clusters stuck on the surface
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> :m;gg:g > A slab generator was created to build slabs,
g % g g which will be used to represent the surface of a
303 = spacecraft, with the specified dimensions and
«» n

the correct crystallographic surface on the top
of the slab. The slab was then forced to relax
with a slab minimizer, reducing the slab’s
potential energy to its minimum. From there,
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Angle of Incidence 0 20 40 60 80 the free layers were allowed to move but the
Angle of incidence slab’s temperature was controlled with a
_ _ _ _ thermostat, scaling the energy of the slab’s
R_esults obtained from S|rr_1ulat|ons p(_arformed Imgge Credit: Hanson et al; J. Vac. movements until it reached 300K .
with the code created during the project Sci. Technol. A 19, 820 (2001) «
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1 - T , r To simulate the erosion effects on the slab,
0o NI*/Ni(111) monatomic clusters, which will be used to
0.8 } represent the air in the upper atmosphere, were
>>»0.8 ég?' !
£ Ny N = added above the slab’s surface. These were
EO'G AN S o6l given random positions above the slab’s
o \\ E' surface and were impacted with a pre-set
Q0% ey energy at a fixed angle to the surface. If the
)] & 04} :
E%%  Nis0ev S cluster atom fails to attach to the surface or a
So3 N S surface atom is ejected from the surface,
0 o.2 @ o2t details of the atom are recorded to provide an
| \—-- . . . . p
0.1 insight into the behaviour of the slab.
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There Is a poor correlation between datasets for the sputter yields especially for more energetic Retry comparison using the Sutton-Chen model

Impacts at low incident angles.

Move on to gas molecule impacts
The sticking probabilities didn’t recover as expected above 60 degrees and didn’t decrease as

rapidly as expected for 50 eV between 30 degrees and 60 degrees. Include reaction chemistry on the surface
From this, it can be concluded that Lennard-Jones potential can’t capture the behaviour of the Scale the model up towards DSMC scale
Qetal slabs accurately so a new model is needed. / \ /
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