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2Computational Fluid Dynamics

Wyoming Wind and Aerospace Applications Komputation Environment



3Motivation

NVIDIA A100

9.7 TFLOPS Double Precision

• Leadership-Class Supercomputing Facilities: Heterogeneous Computing



4Governing Equations

Compressible Euler Equations

Cartesian Meshes



5Discretization

Discontinuous Galerkin 

Method
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Lagrange Interpolating Polynomial

One-Dimensional 

Nodal Basis Functions



6HPC

MPI + X Programming Model

MPI: coarse-grained parallelism X: fine-grained parallelism



7OCCA

A Unified API for programming devices



8MIT Satori Results

64 Nodes

• 2 IBM Power9 CPUs

• 4 NVIDIA Volta V100

• EDR Infiniband

Total

• 256 GPUs

• #7 Green500



9ORNL Summit

4,608 Nodes

• 2 IBM Power9 CPUs

• 6 NVIDIA Volta V100

Total

• 27,648 GPUs

• 200 PFLOPs



10ORNL Summit

34x

Non-CUDA-Aware MPI

30% Speedup with 

CUDA-Aware MPI



11Conclusion

Results

• Demonstrated good 

performance on GPUs 

~30x speedup

• Demonstrated 24-30% 

improvement using GPU-

Direct MPI

Future Work
• Extend GPU implementation 

to Adaptive Mesh Refinement 
on unstructured hex/quad 
meshes

• Extend GPU implementation 
to overset mesh capabilities

• 1 Trillion DOF Simulations
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Thank You
Questions?


