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Response of Thin Liquid Film to Microscale Projectiles: MD Simulation
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To investigate the dynamic response of thin liquid film against microscale projectile impingement, we carried out
a series of molecular dynamics simulation. The particle interaction in the liquid is modeled with the Lennard-
Jones (LJ) potential. A rigid spherical projectile with a similar LJ-type interaction is impinged on a thermally
equilibrated thin liquid film, and its trajectory and velocity change are monitored. As expected, a projectile with
sufficiently large momentum can penetrate the film; the intrusion depth is essentially proportional to the initial
momentum, which suggests that the impulse received from the film comes from drag by the surrounding liquid.
When impinged with a slant angle, the projectile also receives resistance parallel to the film due to rippling.
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Tab. 1: Units of simulation system and values corre-
sponding to water.

Unit in simulation Value for water

Length o 0.276 x 107 m
Energy € 5.75 x 10721 J
Mass m 3.00 x 10726 kg
Temperature e/kp 410 K
Time T=0y/m/e 0.630 x 10712 5
Velocity o/T=+/€/m 440 m/s
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Fig. 1: Simulation system of thermally equilibrated lig-
uid film with a rigid projectile (shown as a red sphere).
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Fig. 2: Example of thin liquid film responding to a solid
projectile; sectional views. m, = 100, V,, = 8.0, vertical
impingement case.
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Fig. 3: Example of projectile trajectories; m, = 100,
vertical impingement case. The shadow area represents
the liquid film.
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Fig. 4: Summary of projectile behavior for vertical im-
pingement cases, plotted on (my,, V},) space (top) and on
(mp, mpV)) space (bottom). The threshold shown with
dotted curve is a guide to the eye.
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Fig. 5: Intrusion depth depending on the initial mo-

mentum; vertical impingement cases.
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Vp = 10.0 case. The arrow indicates the impinging di-

rection.
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Fig. 7: Trajectory of impinged projectiles with different
slant angle. The initial speed is constant, V,, = 10.0.
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Fig. 8: Example of a shrinking hole.
myp = 100m, V, = 8.0 case.
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Fig. 9: Radius change of the hole generated during
penetration; m, = 100m, V,, = 8.0 cases.
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