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Fig. 3. The two-phase model in the Shan-chen method is composed of
two separate models
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Fig. 4. The barrier effect of the oxide network during the approach of
two bubbles in the molten environment
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Table 1. Simulation conditions for two inline bubbles by modified
model Shan-chen

OpenLB COMSOL
VoxVe Yoxy. (mm) aiel> slal
YIv YIv (g/em?) Jlw J&
RIS o[+ A (g/lem’) ;5 J&s
=+ mm/s V=+ mm/s
P=\ atm P=\ atm olde
u=\YmN.s/m>  p=)/) mN.s/m?
adgl blyd
V=Y mm/s V=Y mm/s
P=\ atm P=\ atm ols
4=VAY mN.s/m? p=-+/+\2 mN.s/m?
A A (mm) aJol Jlad
WY N/va (mm) s b

0.04 5 0.07s 0.11s 0.15s

0.19s 0.22s 0.26 s 0.30s

0.33s 0.37s 0.41 s 0.44s

0.48 s 0.56 s

=
in
[
w

=
in
s
w

0.67 s 0.74 s

0.78 5 0.81s 0.85s 0.89s

Fig. 6. Simulation of two inline bubbles by finite element level-set
method using COMSOL commercial software
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Fig. 5. Schematic steps of precursor and aluminum A356 foam making
using formgrip method
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Table 2. Simulation conditions for two bubbles aligned based on the
modified Shan-Chen model

OpenLLB
Yox¥o (mm) aiel> slel
YIV /em?) o J&s
g >
RIS (g/em’) 5 J&s
V=« mm/s
P=\ atm olde
#=\/\+ mN.s/m?
B gl Ll
=Y mm/s
P=\ atm ols
1=+/+Y2 mN.s/m?
gl & bl
A (mm) aJol \lad
WY (mm) sl b

0.23s 0.29s
0.55s 0.60 s
0.80s 091s

Fig. 8. Simulation of two inline bubbles integration by modified
“Shan-chen” model using OpenLB Open Source Software
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Fig. 7. Simulation of two inline bubbles integration by the lattice
Boltzmann “Shan-chen” model using OpenLLB Open Source Software
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Fig. 11. Virtual metallurgy porous structure of solid aluminum foam
resulting from the mirror repetition of Fig. 10 simulation results
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Fig. 12. Metallographic images of aluminum A356 foam at three differ-
ent temperatures: a)675°C b)725°C C)775°C
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Fig. 9. Simulation results of six bubbles growth by modified Shan-chen
model with mirror boundary conditions using OpenLB open source
software. For a small domain of the cellular aluminum foam structure
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Fig. 10. Simulation of bubbles cell wall thinning during growth in a
small domain of aluminum foam (in two upper right cavities)
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Fig. 14. Aluminum A356 metal foam simulation compared with form-
grip foam processed at 725°C (left) and 775°C (right)
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