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A LATTICE-BOLTZMANN METHOD SIMULATION OF THE HORIZONTAL OFFSET IN
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Abstract The metal droplet deposition manufacturing technology adopts a point-by-point stacking method, which pro-
vide an unsupported manufacturing method for oblique column deposition with high flexibility. In this paper, a lattice
Boltzmann model is established for simulating the continuous deposition process of the oblique column, and the horizontal
displacement of the droplet on the solidification surface is studied. According to the charging and discharging process of
surface energy, the deposition process is divided into four stages: falling, rapid expansion, slow expansion, and rebound.
The forces on the deposited droplet are analyzed by the trend of surface energy, the gravitational potential energy, the

kinetic energy, and the viscous dissipation. The internal flow of droplet is sliding in the expansion stage and rolling in the
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rebound stage. The internal flow of the droplet shows sliding state in the expansion stage and rolling state in the rebound
stage. The acceleration of the deviation mainly occurs in the expansion stage, while the deviation distance occurs in the
rebound stage. Combined with the forces in the expansion stage, it is concluded that the main driving forces of displace-
ment are gravity and capillary force. With the increase of the droplet axial distance, the acceleration in expansion stage
is shortened, and the peak of velocity is increased, so that the horizontal deviation is first increased and then decreased.
This staged feature stems from the competitive relationship between the acceleration period and the maximum speed in
the deviate motion. Under different deposition heights and solid-liquid wettability, the deviation distance maintains the
same trend. Under a certain axial distance, the deviate distance decreases with the increasing solid-liquid wettability, or
the increasing deposition height. The evolution tendency of the horizontal deviation distance is fitted, and the scanning
step is optimized to realize the uniform deposition of the inclined column whose inclination angle is consistent with the

theoretical result.

Key words oblique column deposition, horizontal offset, capillary force, aluminum droplets, lattice-Boltzmann method
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Fig. 1 Physical process of multi-droplet deposition
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Table 1 Material properties of the aluminum droplets

Properties Symbols Values
density/(kg-m™>) p 2487.92
latent heat/(J ~kg‘l) L 351053
heat capacity/(J-(kg-K)~") C, 1462.5
thermal expansion/K~! B 2.34 %1073
solidification temperature/K Ts 799
liquefaction temperature/K T 944
viscosity/(Pa-s) 1.37x 1073
thermal conductivity/(W-(m-K)‘I ) A 161.98
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Fig. 2 Grid independence verification
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Table 2 Relationship between the SI units and
the lattice units

Properties SIunits  Lattice units Relationships
length m Iu Im=6.0x10*1u

temperature K tu 1K=85x10"*tu
time s ts 1s=3.0x10%ts
mass kg mu 1kg=7.5x10* mu
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Fig. 3 Tendency of energy in the motion of deposit droplet
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Fig. 4 The flow field in spreading and rebound stage
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Fig. 5 Horizontal displacements of the deposit droplets
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Fig. 8 Influence of axial distance on horizontal deviation
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