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Staggered grid structure for smoke simulation

Yang Yang, Yang Xubo
School of software, Shanghai Jiao Tong University, Shanghai 200240, China

Abstract: Objective Fluid animation has recently become more popular and it is widely used in industrial fields, like mov-
ies, animation, and games. Because of the complexity of its movement, various methods have been presented to produce
visibly pleasing effects. The commonly used simulation methods are velocity based methods. However, they suffer from fast
loss of fluid details. In order to maintain details in the simulation process, vorticity based methods produce many impressive
effects. However, they suffer from serious problems when considering boundaries and the problem of stability. Our goal is
to produce methods to get rid of these drawbacks. Method We use vortexes to represent the vorticity of the domain. Simi-
larly to other vortex methods, we also do convection, stretching and adding body force. However, we use a new grid to
compute the velocity. With this new grid structure,, we stagger the different components of vorticity on the center of edges of
each voxel. This grid structure is highly compatible with the commonly used grid structure, which staggers the different
components of velocity on center of faces of each voxel. Using this grid structure, we can easily cope with different bounda-
ries including solid boundaries and free surfaces, and we can easily enforce incompressibility in one voxel. Result We present
several scenes of smoke animation to represent the capability of our method to cope with different boundaries. Moreover, we
also present a chart about the energy changing process in these scenes with fixed vortexes with an initial vorticity vector.
Furthermore, we neglect the body force in this experiment. The chart shows that our method is very stable and the ampli-

tude of the energy wave is less than 0. 005% . Conclusion We present a new vortex method with a new grid structure. By

Y5 H #8:2013-09-17; f& 2 H #§ :2013-12-05
BT : {5 A KRB EST H (61373085,61173105,60970051 )
E—AEER N AGA(1990— ), 5B, LSl s o TR L 7R S 50 AR, EEHFFTT [0 2 T B HLEIE % E-mail: guizya@

gmail. com
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using this new grid structure, our method can process with different boundaries, including solid boundaries and free sur-

face. Moreover, the results show that our method can preserve fluid details in the simulation process and it is very stable.

Key words: fluid simulation; vortex; vorticity based simulation methods; boundaries
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Fig.4 The results of rising smoke
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