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Note

• The following research was performed under the HPC Advisory Council activities

– Compute resource - HPC Advisory Council Cluster Center

• The following was done to provide best practices

– Star-CCM+ performance overview over AMD EPYC based platforms

– Understanding Star-CCM+ communication patterns

• More info on Star-CCM+

– https://mdx.plm.automation.siemens.com/star-ccm-plus

https://mdx.plm.automation.siemens.com/star-ccm-plus
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Star-CCM+

• Computational Fluid Dynamics (CFD)

– Enables the study of the dynamics of things that flow

– Enable better understanding of qualitative and quantitative physical phenomena in the flow which is used to 

improve engineering design

• CFD brings together a number of different disciplines

– Fluid dynamics, mathematical theory of partial differential systems, computational geometry, numerical analysis, 

Computer science

• Star-CCM+ is a leading CFD application from Siemens

– Widely used in almost every industry sector and manufactured product.
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Cluster Configuration

Venus cluster

• Supermicro AS -2023US-TR4 8-node cluster

– Dual Socket AMD EPYC 7551 32-Core Processor @ 2.00GHz

– Mellanox ConnectX-5 EDR 100Gb/s InfiniBand

– Mellanox Switch-IB 2 SB7800 36-Port 100Gb/s EDR InfiniBand switch

– Memory: 256GB DDR4 2677MHz RDIMMs per node

– 240GB 7.2K RPM SSD 2.5" hard drive per node

• Software 

– OS: RHEL 7.5, MLNX_OFED 4.4

– MPI: Intel MPI

– Star-CCM+ : 13.04.010
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Star-CCM+ Performance  

Higher is better

99%
97%
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Star-CCM+ Performance  

Higher is better

99% 96%
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Star-CCM+ Performance  

Higher is better

100%
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Star-CCM+ Application Profile on “reactor.sim” 

• 34% MPI and WallClock
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Star-CCM+ Application Profile 

• Sparse Communication between the ranks, more communication between close ranks
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Star-CCM+ Application Profile 

• Communication Pattern 
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Star-CCM+ Summary

• Star-CCM+ performance testing over AMD EYPC based platform

– An average of 98% scaling was achieved from 4 to 8 nodes among all 5 different input files

• Star-CCM+ MPI profiling on “reactor”

– MPI communication accounts for 34% of overall wall clock time at 8 nodes

– MPI_Recv is 33% of MPI, MPI_Isend is 30% of MPI and MPI_Waitall is 20% of MPI

– Most communication is sparse, among all nodes. Some more communication between near ranks
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