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Simulations of a Ping-pong Ball Suspended by a Jet Using Adaptively Mesh-refined Lattice Boltzmann Method
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Mechanisms of stable floating of a ping-pong ball suspended by a jet are not well understood. In this study, we aim to analyze this

phenomenon by the lattice Boltzmann method and to obtain knowledge about the stable floating of a ping-pong ball. In order to

reduce the computational time, the adaptive mesh refinement (AMR) method adapting the high-resolution grid to the jet and the

sphere is introduced into the lattice Boltzmann method. We realize large-scale AMR simulations by multiple GPU computation

with a dynamic domain decomposition method based on the space-filling curve. We simulate the floating sphere by the jet under

different inlet sizes. From this simulation, it was confirmed that the motion of the ping-pong ball in the narrow inlet is stabler than

the case of the wide inlet. This is because, in the case of a wide inflow, when the ping-pong ball approaches the central axis of the

jet, lift acts outward on the ping-pong ball.
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Fig. 1: Block-structured mesh based on octree data structure.

Each block has 8 × 8 × 8 cells.
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Fig. 2: Domain decomposition of refined mesh using Morton

curve (black arrow). Block index is given by Morton curve.

Blocks of same color are assigned to same MPI process.

Fig. 3: Computational domain and boundary conditions for

jet-sphere interaction simulation. The left is the main com-

putational domain for calculating the jet, and the right is the

cylindrical domain for calculating the inflow conditions of

the jet. The distribution functions on the red surface in the

cylindrical domain are copied to the inlet in the main com-

putational domain at each time step.
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Fig. 4: Velocity profiles of x-z plane at four different resolutions in computation for drag acting on the fixed sphere. Note that

these figures do not show the entire domain. In the region of x ≥ xc, blocks of 8 × 8 × 8 lattice points are shown.
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Fig. 5: Results of drag acting on the fixed sphere.
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Fig. 7: Results of the motion and forces of floating ping-

pong ball (Din = D).
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Fig. 8: Results of the motion and forces of floating ping-

pong ball (Din = 1.25D).
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Fig. 9: Relation of r/D to lift of the sphere suspended by the

jet (Din = 1.25D). The red dash line indicates lift=0.
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