
Addressing computational fluid 
dynamics challenges
Computational fluid dynamics (CFD) is the practice of modeling 
steady or unsteady fluid flows in a wide variety of engineering 
disciplines. Design engineers use CFD software to simulate 
and analyze how products will perform as gas and liquid flow 
around them. These workloads involve complex, unstructured 
meshes with tens of millions of cells, and they demand high 
memory bandwidth for solvers to perform efficiently. 

From hardware and software to memory and interconnect, 
manufacturers rely on Intel’s comprehensive product set 
to design better products faster and on budget. Intel Xeon 
Platinum 9200 processors offer the industry’s highest memory 
bandwidth at 12 DDR4 channels, which is critical for memory-
bound applications like OpenFOAM.1 As a result, Intel delivers 
the industry’s best OpenFOAM performance with the same 
number or fewer cores than the competition.3 Intel Xeon 
Scalable processors offer a range of core counts and clock 
speeds for outstanding per-core performance and scalability, 
including the industry’s highest available frequencies for 
outstanding generational improvements.2,4

About OpenFOAM  
OpenFOAM (derived from “Open-source Field Operation 
and Manipulation”) is a C++ toolbox for the development of 
customized numerical solvers and pre-/post-processing utilities 
for CFD solutions. It is a unique and highly extensible software 
development kit (devkit) for CFD, consisting of 1 million lines of 
C++ code. OpenFOAM includes hundreds of robust CFD
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applications built from the devkit, which can be 
extended and customized quickly and conveniently. 
The applications are used to perform CFD simulations 
by industrial, academic, research, and governmental 
institutions across all fields of engineering and science.

OpenFOAM is distributed as open source code by  
The OpenFOAM Foundation, under the terms of the 
GNU General Public License. OpenFOAM is developed 
by multiple contributors led by Henry Weller, creator 
of OpenFOAM and Director of CFD Direct and The 
OpenFOAM Foundation. The current version of 
OpenFOAM can be downloaded at  
https://openfoam.org/download/. Downloads are 
available for Ubuntu Linux, other Linux distributions, 
and Windows or macOS versions of the software. Users 
can download and compile OpenFOAM from source 
code as well.

Optimizing OpenFOAM performance 
with Intel
CFD workloads tend to be memory-bandwidth-bound, 
where increased memory channels matter far more 
than core counts or clock speeds. OpenFOAM is the 
epitome of a memory-bound code, consuming more 
than 90 percent of available memory bandwidth, on 
average. In addition, more than 70 percent of the job 
is limited by memory bandwidth, based on Intel 
internal measurements.6

With the industry’s highest available memory 
bandwidth (12 channels versus 8 from the closest 
competitor), Intel Xeon Platinum 9200 processors 
provide unparalleled performance for OpenFOAM 
workloads.1 The Intel Xeon Platinum 9200 processor 
is the best choice when throughput is a top priority, 
whereas the Intel Xeon Platinum 8200 processor  
series and the Intel Xeon Gold 6200 processor series  
offer a range of SKUs with lower core counts and  
higher clock speeds, which can also contribute to  
better OpenFOAM performance.

To reduce system footprint, some users choose lower-
core-count CPUs with higher frequencies from Intel 
Xeon Gold 6200 processors, which offer up to 3.9 
GHz base and up to 4.5 GHz turbo frequencies. When 
performance is paramount, many users choose the 
higher core counts available with Intel Xeon Gold 6200 
processors, Intel Xeon Platinum 8200 processors, 
or Intel Xeon Platinum 9200 processors (with up 
to 56 cores/socket), which provide a range of base 
frequencies from 2.2 GHz to 3.9 GHz. Choosing a 
moderate core count and frequency SKU is ideal for 
product engineers running multiple types of workloads 
and applications on the same system as OpenFOAM. 
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Figure 1. OpenFOAM performance on systems powered by 64-core AMD EPYC processors compared to systems 
powered by 32-core and 48-core Intel Xeon Scalable processors (these numbers are a geometric mean [geomean] 
of the testing results)5 

Figure 2. OpenFOAM normalized performance running two benchmark tests on systems powered by Intel Xeon 
Scalable processors—performance increases significantly with each successive generation (these numbers are a 
geometric mean [geomean] of the testing results)4
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Learn more
For more information about Intel Xeon Scalable processors for HPC, 
visit intel.com/hpc.

For details on Intel Software Tools and Libraries, 
visit intel.com/content/www/us/en/software/software-overview.html.

For more information about OpenFOAM visit openfoam.org/.

Conclusion
Intel architecture offers an industry-leading combination of the highest available memory bandwidth and floating-
point operations per second (FLOPS) per cycle, in addition to out-of-the-box optimization, resulting in top 
performance for OpenFOAM users.7 2nd Generation Intel Xeon Scalable processors offer optimal performance 
per core in addition to breakthrough performance over previous generations. And with Intel Xeon Platinum 9200 
processors, users will see the industry’s best OpenFOAM performance with the same number or fewer cores than 
the competition.3 

Intel has a long history of innovation for improving hardware and software performance. The company also 
collaborates with the OpenFOAM development team and others to identify additional optimizations. For example, 
one recent study looks at improving OpenFOAM computational performance by restructuring data to make it less 
bandwidth-dependent.

As a result, Intel can help OpenFOAM users reduce project timelines while ensuring high-fidelity modeling for 
faster delivery of better products, today and into the future.
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1 As of August 25, 2020, Intel offers up to 12 DDR4 memory channels for Intel Xeon processors, as compared to 8 for AMD EPYC.
2 As of August 25, 2020, no CPU provider offers higher frequencies than Intel, with base frequencies up to 3.9 GHz and turbo frequencies up to 4.5 GHz.
3 When compared against an AMD EPYC 7742 processor (64 cores), the Intel Xeon Platinum 9242 processor (48 cores) performs 40 percent better. Application/workload build details: AMD 

EPYC 7742 processor–based configuration: OpenFOAM app version 7. Intel Xeon Platinum 9242 processor–based configuration: OpenFOAM app version 7. Platform details: AMD EPYC 
7742 processor–based configuration (tested by Intel as of July 2020): 64 cores, 2 sockets, stepping 0, 2.25 GHz, 225 W; RAM: 256 GB (16 x 16 GB 3,200 MHz DDR4); BIOS: 2.0b dt 11/15/2019, 
microcode: 0x8301025; running CentOS 7.6 kernel 3.10.0-1127.13.1.el7.crt1.x86_64. Intel Xeon Platinum 9242 processor–based configuration (tested by Intel as of July 2020): 48 cores (24 
cores/CPU, 2 CPUs/die), 2 sockets, stepping 7, 2.3 GHz, 350 W; RAM: 384 GB (24 x 16 GB, 2,933 megatransfers per second [MT/s]); BIOS: SE5C620.86B.0D.01.0552.06022019191, 2, microcode: 
0x500002c; running CentOS 7.7 kernel 3.10.0-1127.13.1.el7.crt1.x86_64.

4 Intel Xeon processor E5-2699 v4 configuration, tested as of 7/13/2020: Intel Xeon processor E5-2699 v4 (2 sockets, 22 cores, 2.2 GHz base, 3.6 GHz max, 145 W); RAM: 128 GB (8 x 16 GB 
2,400 MHz DDR4); BIOS: SE5C610.86B.01.01.0028.121720182203; microcode: 0xb000030; operating system: base installation Oracle Linux Server 7.6, updated to CentOS Linux 7.7.1908 
(compatible with Red Hat Enterprise Linux [RHEL]); kernel: 3.10.0-1127.13.1.el7.crt1.x86_64. Intel Xeon Gold 6148 processor configuration, tested as of 7/13/2020: Intel Xeon Gold 6148 
processor (2 sockets, 20 cores, 2.4 GHz base, 3.7 GHz max, 150 W); RAM: 192 GB (12 x 16 GB 2,666 MHz DDR4); BIOS: SE5C620.86B.02.01.0008.031920191559; microcode: 0x200005a; 
operating system: base installation Oracle Linux Server 7.6, updated to CentOS Linux 7.7.1908 (compatible with RHEL); kernel: 3.10.0, 1127.13.1.el7.crt1.x86_64. Intel Xeon Gold 6248R 
processor configuration, tested as of 7/13/2020: Intel Xeon Gold 6248R processor (2 sockets, 24 cores, 3.0 GHz base, 4.0 GHz max, 205 W); RAM: 192 GB (12 x 16 GB 2,933 MHz DDR4); BIOS: 
SE5C620.86B.02.01.0011.032620200659; microcode: 0x500002c; operating system: base installation Oracle Linux Server 7.6, updated to CentOS Linux 7.7.1908 (compatible with RHEL); 
kernel: 3.10.0-1127.13.1.el7.crt1.x86_64.

5  AMD EPYC 7742 processor configuration, tested as of 7/13/2020: AMD EPYC 7742 processor (64 cores, 2 sockets, stepping 0, 2.25 GHz base, 3.4 GHz max, 225 W); RAM: 256 GB (16 x 16 GB 
3,200 MHz DDR4); BIOS: 2.0b dt 11/15/2019; microcode: 0x8301025; operating system: base installation Oracle Linux Server 7.6, updated to CentOS Linux 7.7.1908 (compatible with RHEL 7.7); 
kernel: 3.10.0-1127.13.1.el7.crt1.x86_64. Intel Xeon Platinum 9221 processor configuration, tested as of 7/13/2020: Intel Xeon Platinum 9221 processor (32 cores [16 cores/CPU, 2 CPUs/
die], 2 sockets, stepping B1, 2.3 GHz base, 3.7 GHz max, 250 W); RAM: 384 GB (24 x 16 GB, 2 933 MT/s); BIOS: SE5C620.86B.22.01.0091.101520190636; microcode: 0x500002c; operating 
system: base installation Oracle Linux Server 7.6, updated to CentOS Linux 7.7.1908 (compatible with RHEL); kernel: 3.10.0-1127.13.1.el7.crt1.x86_64. Intel Xeon Platinum 9242 processor 
configuration, tested as of 7/13/2020: Intel Xeon Platinum 9242 (48 cores, 2 sockets, stepping 7, 2.30 GHz base, 3.8 GHz max, 350 W); RAM: 384 GB (24 x16 GB, 2,933 MT/s); BIOS: SE5C62
0.86B.0D.01.0552.06022019191, 2; microcode: 0x500002c; operating system: base installation Oracle Linux Server 7.6, updated to CentOS Linux 7.7.1908 (compatible with RHEL); kernel: 
3.10.0-1127.13.1.el7.crt1.x86_64. Intel Xeon processor E5-2699 v4 configuration, tested as of 7/13/2020: Intel Xeon processor E5-2699 v4 (2 sockets, 22 cores, 2.2 GHz base, 3.6 GHz 
max, 145 W); RAM: 128 GB (8 x 16 GB 2,400 MHz DDR4); BIOS: SE5C610.86B.01.01.0028.121720182203; microcode: 0xb000030; operating system: base installation Oracle Linux Server 7.6, 
updated to CentOS Linux 7.7.1908 (compatible with RHEL); kernel: 3.10.0-1127.13.1.el7.crt1.x86_64. Intel Xeon Gold 6148 processor configuration, tested as of 7/13/2020: Intel Xeon Gold 
6148 processor (2 sockets, 20 cores, 2.4 GHz base, 3.7 GHz max, 150 W); RAM: 192 GB (12 x 16 GB 2,666 MHz DDR4); BIOS: SE5C620.86B.02.01.0008.031920191559; microcode: 0x200005a; 
operating system: base installation Oracle Linux Server 7.6, updated to CentOS Linux 7.7.1908 (compatible with RHEL); kernel: 3.10.0, 1127.13.1.el7.crt1.x86_64. Intel Xeon Gold 6248R 
processor configuration, tested as of 7/13/2020: Intel Xeon Gold 6248R processor (2 sockets, 24 cores, 3.0 GHz base, 4.0 GHz max, 205 W); RAM: 192 GB (12 x 16 GB 2,933 MHz DDR4); BIOS: 
SE5C620.86B.02.01.0011.032620200659; microcode: 0x500002c; operating system: base installation Oracle Linux Server 7.6, updated to CentOS Linux 7.7.1908 (compatible with RHEL); 
kernel: 3.10.0-1127.13.1.el7.crt1.x86_64.

6  Source: Intel internal testing as of 5/13/2020. This result was obtained from Motorbike 42M cell workload run on Intel Xeon Scalable processor 8268 using Intel® VTune™ Profiler.
7 Intel AVX-512 has double the width of data registers, double the number of registers, and double the width of FMA units, compared to Intel AVX2. Source: Intel. “Accelerate Your Compute-

Intensive Workloads.” intel.com/content/www/us/en/architecture-and-technology/avx-512-overview.html.

  Performance varies by use, configuration and other factors. Learn more at www.Intel.com/PerformanceIndex.

Performance results are based on testing as of dates shown in configurations and may not reflect all publicly available updates. See backup for configuration details. No product or component 
can be absolutely secure. 

Intel technologies may require enabled hardware, software or service activation.

Intel Advanced Vector Extensions (Intel AVX) provides higher throughput to certain processor operations. Due to varying processor power characteristics, utilizing AVX instructions may cause 
a) some parts to operate at less than the rated frequency and b) some parts with Intel Turbo Boost Technology 2.0 to not achieve any or maximum turbo frequencies. Performance varies 
depending on hardware, software, and system configuration and you can learn more at http://www.intel.com/go/turbo.

This offering is not approved or endorsed by OpenCFD Limited, producer and distributor of the OpenFOAM software via www.openfoam.com, and owner of the OPENFOAM® and OpenCFD® 
trade marks.
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