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CCS CONCEPTS
• Computing methodologies→Massively parallel and high-
performance simulations.
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1 SUMMARY
Combustion processes have historically been the predominant
source of energy for world industry. High-fidelity simulations of
turbulent combustion at exascale will play a major role in predictive
design of efficient, clean engines. PeleC [3] is an application funded
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by the US Exascale Computing Project (ECP) for simulating com-
bustion with complex geometries and adaptive mesh refinement
(AMR) that is able to efficiently scale to the largest supercomput-
ers currently available. PeleC is built on top of the AMReX [8, 11]
framework which provides distributed parallelism, AMR, I/O, and
implements an embedded boundary (EB).

PeleC is verified formally to second order accuracy for the fluid
transport operators through the use of the Method of Manufactured
Solutions (MMS) [9]. PeleC originally focused on CPU performance
targeting the Intel Xeon Phi. Original PeleC development utilized
C++ routines that called Fortran “kernels”, which contain most
computations. OpenMP was implemented for shared memory par-
allelism within MPI ranks, which favored CPUs.

PeleC allows for different chemistry mechanisms to be plugged
into the code. PeleCwas observed to be notably slower on Intel Xeon
Phi processors (Theta [5]) than Intel Skylake processors (Eagle [2])
for all chemistry mechanisms.

With the Xeon Phi discontinued and the first exascale machines
employing GPUs, PeleC required GPU capability. OpenACC was
used to prototype PeleC for GPUs using the Fortran code. PeleC was
also prototyped in AMReX’s lambda-based C++ GPU performance
portability framework.

Performance between both prototypes was similar. The AMReX
C++ framework was chosen because of its advantages in portability
between CPUs and multiple GPU vendors, code readability, code
reduction, a single language solution, and ultimately ease of use.
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Figure 1: Strong scaling of PMF case with DRM19 chemistry
on the Summit and Eagle machines. 164M cells with 2 levels
of AMR. Using the Intel 2018.4 compiler on Eagle.

Two test cases have been designed to exercise the new program-
ming model for benchmarking. A pre-mixed flame (PMF) case and
a piston bowl case.

PeleC was run on the Eagle [2] machine at National Renew-
able Energy Laboratory (NREL) with Intel Skylake CPUs, and the
Summit [4] machine at Oak Ridge National Laboratory (ORNL)
with Nvidia V100 GPUs. EB routines were observed to be insignif-
icant in the piston bowl case and so only results from the PMF
case are listed. Figure 1 shows the performance results of the GPU
framework showcasing chemistry integrator options.

• Note the C++ kernels gain a 2× speedup on the CPU
• The original Fortran (F90) code on CPU with the DVODE [6]
integrator is similar to the initial GPU port using PeleC’s
builtin explicit RK64 (RK) integrator

• Implementation of the SUNDIALS [7] integrator provides a
6× speedup over the original F90 CPU code

In Figure 2, PeleC demonstrates its ability to run a 160B cell
simulation and continue to provide speedup from 6M cells per GPU
down to 3k cells per GPU. Weak scaling is shown in Figure 3 where
PeleC scales to a 20B cell problem using the entire Summit machine
while experiencing a parallel efficiency drop of only 34%.
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Figure 2: Strong scaling of PMF case with DRM19 chemistry
on 4096 Summit nodes. Varying number of cells with 2 levels
of AMR.
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Figure 3: Weak scaling of PMF case with DRM19 chemistry.
Approximately 750k cells perGPUwith 2 levels ofAMR.The
baseline is the average time per timestep for the single node
case.
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