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Implementation and performance evaluation of
FPGA-based parallel computing machine for fluid dynamics
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Abstract In our research project, we are developing an FPGA-based custom computing machine for parallel fluid
computation based on the building-cube method (BCM). In BCM, large-scale parallel computation is performed with
cubes. The cubes have various sizes and an orthogonal grid with the same resolution of cells. Although BCM is
expected to provide efficient load balancing with cubes, the sustained performance is limited in the case of an
incompressible fluid simulation due to its low operational intensity. In this paper, we present prototype implementation
and performance evaluation of a custom computing module, called a cube engine, which computes fluid simulation for
cubes. As a result, we demonstrated this 4 cube engines for 128x128 on an FPGA performed 59.8 Gflops.
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Logic utization ~ %  Registers %  BRAM[kbits] %  27-bitDSPs %  S%hi4RE P[GFlops]  Rsal[%)]
Stratix V 5SGXEA7N2 234720 100.0 469440 100.0 51200 100.0 256 100.0 - -
Cube engine for 64x64 55780 238 59924 12.8 9360 18.3 50 19.5 12.75 0.18
Cube engine for 128x128 56144 239 61068 13.0 9520 18.6 50 195 14.95 0.042
Cube engine for 256x256 56938 24.3 62395 13.3 13640 26.6 50 195 15.42 0.011
Cube engine for 512x512 57515 24.5 63454 135 21740 425 50 19.5 15.32 0.018
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