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Motivation

Scalability: Data and Theory

 Direct numerical simulation of three dimensional
decaying turbulent flow in a periodic box, using the
lattice-Boltzmann method, is presented. See Fig. 1.

 Tests were performed on both National Center for Atmospheric Research's
(NCAR) Bluefire and the University of Delaware's Chimera machines.
 Complexity Analysis of lattice-Boltzmann for multiple domain decompositions
developed by Orlando Ayala is presented in Fig.3. It includes time for computation,
communication, transmission, and latency.

 Here we explore the parallel scalability of this
approach by comparing the parallel efficiencies of
the code using one, two, and three dimensional
domain decompositions.

 Increasing resolution of lattice points increases computation removing
communication noise from trials. For reference, see difference between 128^3
trials and 256^3 trials in Fig. 4

 The scalability of the lattice-Boltzmann method
using up to 512 processors is discussed using both
actual timing data and a complexity analysis.

 Increasing resolution of lattice points also gives better convergence with
complexity analysis. See Fig. 5 and Fig. 6 for comparison.

 Finally, the lattice-Boltzmann method is then
compared to the pseudo-spectral method for
differences in scalability

 Particle-laden turbulent flows are found in
many applications such as sediment transport,
pollutant dispersion, interaction of cloud droplets,
and chemical processing.
 The need for a highly scalable simulation of 3
dimensional flow grows with the availability of
large clusters used for high performance parallel
computing.
 A large range of length and time scales must be
considered making problems in turbulence very
computationally expensive.

Comparison of Lattice Boltzmann
and Pseudo-spectral methods

Fig. 1

Lattice-Boltzmann Method
 Lattice-Boltzmann method approximates solutions
using a set of distribution functions. Eqn. 1

Fig. 3
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 Macroscopic variables can be easily recovered in
this method. See eqns. 2 and 3 for the recovery of
density and velocity respectively.
 In this model we use D3Q19 – 3 dimensions, with
each lattice point having 19 vectors. Fig. 2
 The lattice-Boltzmann method is highly parallelizable
because it requires only two steps; collision
(computation), which involves only local variables on
each processor, and streaming (communication).
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Domain decomposition
 Division of computational domain to reduce the
amount of computation done by a single processor
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 Efficient communication between processors very
important
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