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Motivation D

Computational fluid dynamics (CFD) simulations are performed across diverse
disciplines ...
.. yet their application is restricted to a small but significant area.
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Motivation

Scaling of Peak hardware FLOPS, and Memory/Interconnect Bandwidth
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Motivation
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FLOP/s improvements have been faster than memory bandwidth improvements

https://medium.com/riselab/ai-and-memory-wall-2cb4265cb0b8
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Introduction to PyFR

How does PyFR tackle these challenges?
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Introduction to PyFR D

How does PyFR tackle these challenges?

- Use of a high-level language (Python) to set up the system ...
.. and a low-level language (domain-specific) for performance portability
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Introduction to PyFR D

How does PyFR tackle these challenges?

- Use of a high-level language (Python) to set up the system ...
.. and a low-level language (domain-specific) for performance portability

- extreme abstraction!

High Performance Research Computing | hprc.tamu.edu



Introduction to PyFR D

How does PyFR tackle these challenges?

Use of a high-level language (Python) to set up the system ...
.. and a low-level language (domain-specific) for performance portability

- extreme abstraction!

Python Outer Layer Matrix Multiply Point-Wise
(Hardware Independent) Kernels Nonlinear Kernels
 Problem setup and /O

e ¢ Data e Flux functions,
e Outer ‘for’ loop schedules hardware specific kernels interpolation/ Riemann solvers
e Distributed memory parallelism (MPI)

extrapolation etc.
e Execute plugins for in-situ post processing etc.

Compile, link, and load kernels at runtime Obtain Kernel

Translate
¢ Vendor BLAS templated code
e libxsmm into low-level
C/OpenmP B OpenCL Metal for * GiMMIK L‘g;iwafe specific
for CPUs GPUs for Intel GPUs Apple GPUs
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Introduction to PyFR D

How does PyFR tackle these challenges?

Use of a high-level language (Python) to set up the system ...
.. and a low-level language (domain-specific) for performance portability

extreme abstraction!

point-to-point non-blocking communication

computation-communication overlap
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Introduction to PyFR
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Introduction to PyFR
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Introduction to PyFR

Notable achievements

- scaletoalarge number of GPUs
- strong-scaled up to 18,000 NVIDIA K20X Titan GPUs [1]
- currently performing a 48,000 GPUs run on Frontier

- heterogeneous computing across CPUs and GPUs
- ran a simulation with OpenMP backend on CPU, OpenCL backend on
AMD W9100 GPU and CUDA backend on NVIDIA K40c GPU [2]

- Finalist for the 2016 ACM Gordon Bell Prize for Supercomputing

[1] https://doi.org/10.1109/SC.2016.1
[2] https://doi.org/10.1016/j.compfluid.2015.07.016
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Introduction to PyFR

Incompressible flow past submarine [1] Flow past airfoil for Martian helicopters [2]

Triple-point shock interaction,

[1] https://doi.org/10.52843/cassyni.y2h animation provided by Tarik Dzanic

[2] https://doi.org/10.52843/cassyni.6rory 1
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https://docs.google.com/file/d/1C7g27y6lI3NWeK_Iat097jxgloclo5hz/preview
https://doi.org/10.52843/cassyni.y2hggy
https://doi.org/10.52843/cassyni.6r5ry1

PYyFR v2.0.0 D

Governing Equations Compressible and incompressible; Euler and Navier Stokes

Spatial Discretization Arbitrary order Flux Reconstruction on mixed unstructured grids (triangles,
quadrilaterals, tetrahedra, pyramids, prisms, hexahedra)

Temporal Discretization | Explicit adaptive Runge-Kutta schemes and implicit SDIRK.

Stabilisation Anti-aliasing, modal filtering, entropy filtering
Shock capturing Artificial viscosity and entropy filtering
Platforms ARM and x86 CPU clusters

AMD, Apple, Intel and NVIDIA GPU clusters

Plugins NaN checker, file writer, progress bar, fluid force, turbulence generation,
Ffowcs—Williams Hawkings, in-situ visualisation, time averaging, point sampler,
expression integrator

1'&]34 High Performance Research Computing | hprc.tamu.edu



Tutorial outline D

This course shall focus on running PyFR simulations on the ACES
testbed.
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Tutorial outline

This course shall focus on running PyFR simulations on the ACES
testbed.

To understand the fundamentals of the flux reconstruction
approach, the design philosophy of PyFR, and its achievements,

participants are requested to refer to resources provided towards
the end of this short course.

Start with https://www.pyfr.org/
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PyFR v2.0.0 D

Governing Equations Compressible and incompressible; Euler and Navier Stokes

Spatial Discretization Arbitrary order Flux Reconstruction on mixed unstructured grids (triangles,
quadrilaterals, tetrahedra, pyramids, prisms, hexahedra)

Temporal Discretization | Explicit adaptive Runge-Kutta schemes and implicit SDIRK.

Stabilisation Anti-aliasing, modal filtering, entropy filtering
Shock capturing Artificial viscosity and entropy filtering
Platforms ARM and x86 CPU clusters

AMD, Apple, Intel and NVIDIA GPU clusters

Plugins NaN checker, file writer, progress bar, fluid force, turbulence generation,
Ffowecs—Williams Hawkings, in-situ visualisation, time averaging, point sampler,
expression integrator
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Tutorial outline D

This short-course is divided into four parts.

Participants are requested to complete the questions asked over the
polls.
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Tutorial outline D

This short-course is divided into four parts.

Participants are requested to complete the questions asked over the
polls.

Course will only progress after all participants are on the same
page.
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Tutorial outline

This short-course is divided into four parts.

Participants are requested to complete the questions asked over the
polls.

Course will only progress after all participants are on the same
page.

The final postprocessing of the test simulation shall be performed
offline in Paraview: https://www.paraview.org/download/.
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Tutorial outline

Recommended process for learning how to use PyFR:

Familiarise yourself with PyFR with examples:
https://pyfr.readthedocs.io/en/latest/examples.ntml

If stuck, go through the user’s guide:
https://pyfr.readthedocs.io/en/latest/user_guide.html

If still stuck, ask on the Discourse forum:
https://oyfr.discourse.group/
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Tutorial outline

Recommended process for learning how to use PyFR for this
course:

Familiarise yourself with PyFR with examples:
https://pyfr.readthedocs.io/en/latest/examples.html

If stuck, ASK ME ge-threugh-the-usersguide:

If still stuck, ASK ME ask-erthe-btscourseforarm:
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Tutorial outline

A briet e | L
BREAK: [[Q&A session]]

PART 2: Setting up of PyFR on the ACES testbed (hands-on)
BREAK: [[Q&A session]]

PART 3: Preprocessing and running simulations (hands-on)
BREAK: [[Q&A session]]

PART 4: Viewing results and post-processing
BREAK: [[Q&A session]]

High Performance Research Computing | hprc.tamu.edu



END OF PART 1
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10 minutes break

10:00

Any questions?

PyFR Homepage: https://www.pyfr.org/

PyFR usage documentation: https://pyfr.readthedocs.io/en/latest/index.html
PyFR community: https:/pyfr.discourse.group/

All scripts and case files are available at /scratch/training/pyfr

High Performance Research Computing | hprc.tamu.edu
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PART 2
Setting up of PyFR on the ACES testbed
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PYFR setup

Log on to access portal for ACES

ZACCESS

If you had an XSEDE account, please enter your XSEDE
username and password for ACCESS login.

ACCESS U

smishra9

Register foran ACCESS ID
Forgot your password?

Need Help?

High Performance Research Computing | hprc.tamu.edu



PYFR setup

Open terminal on ACES: Clusters » aces Shell Access

ACES OnDemand Portal  Files ~ obs ~ usters ~  Interactive s -~ Affinity Groups ~ Dashboard ~ @ My Interactive Sessions @Help - & Logged in as u.sm121949 @ Log Out

ACCELERATING COMPUTING
FOR EMERGING SCIENCES

OnDemand provides an integrated, single access point for all of your HPC

High Performance Research Computing | hprc.tamu.edu



PYFR setup

Run source /scratch/training/pyfr/.local/setup script

Host: login.aces

[2024-03-25 18:12:07] [u.sm121949@alogin3 ~]$ source /scratch/training/pyfr/.local/setup script

setup_all:
test_all:

For detailed instructions and more information on each step of the setup, view the script directly:

Py P av
Run pyfr cleanup all to clean up all paths and directories created by the functions
[2024-03-25 18:12:24] [u.sm121949@alogin3 ~]$

High Performance Research Computing | hprc.tamu.edu



PYFR setup

Run setup all

0:13] [u.sm121949@alogin3 ~

Currently Loaded Hodulaa
1 4. 13) uC 19) FlexiBLAS/3.3.1 libreadline/8.2 yptography/41.0.1
GCCcorai13.3.0 &) Libuitz/2.11.4 Vibtabric/1.16.0 20) FFTW/3.3.10 26) Tcl/8.6.13 32) virtualenv/20.23.1
21ib/1.2.13 9) libpciaccess/8.17 PMIX/4.2.4 ) FF .10 SQLite/3.42.0  33) Python-bundle-PyPI/2623.9
binutils/2.40  10) hwloc/2.9.1 uCC/1.2 ScalAPACK/2.2.0-b Uibffi/3.4.4 Cython/3.0.7
6CC/12.3.0 11) OpenSSL/1.1 OpenMPI/4.1.5 bzip2/1.0.8 2 Python/3.11.3 numpy/1.26.4
numact1/2.0.16 12) libevent/2.1.12  18) OpenBLAS/0.3.23 24) ncurses/6.4 cffi/1.15.1 6) PyFR/2.0.0

I

Cloning into 'PyFR-Test
: Enumerating obj 72, done.
Counting objects: 100% (43/43), don
e: Compressing objects: 100% (28/28), done
: Total 72 (delta 20), reused 28 (delta 15), pack-reused 29
Receiving obj 106% (72/72), 2.65 MiB | 13.69 MiB/s, done
Resolving deltas: 100% (25/25), done.

[2024-03-26 07:40:18] [u.sm121949

https://pyfr.readthedocs.io/en/latest/index.html
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PYFR setup

If confused, look into pyfr help

pyfr_srun_help:
setup_all:
setup_base:
setup_modules:
setup_ascent:
setup_metis:
setup_libxsmm:
setup_tests_for_pyfr:
test_all:
pyfr_decompress_and_import:
quick_test:
quick_test_one_nvidia_gpu:
quick_test_one_max_gpu:
quick_test_one_cpu:
make_a_tgv_video:
[2024-03-26 07:47:14][u.sm121949@alogin3 3d-taylor-green]$

https://pyfr.readthedocs.io/en/latest/index.html
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PYFR setup

If the scripts do not run as expected, close the terminal window and
rerun the two commands

source /scratch/training/pyfr/.local/setup script
setup all

https://pyfr.readthedocs.io/en/latest/index.html

High Performance Research Computing | hprc.tamu.edu
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Tutorial outline

BREAK: [[Q&A session]]

PART 3: Preprocessing and running simulations (hands-on)
BREAK: [[Q&A session]]

PART 4: Viewing results and post-processing
BREAK: [[Q&A session]]
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10 minutes break

10:00

Any questions?

PyFR Homepage: https://www.pyfr.org/

PyFR usage documentation: https://pyfr.readthedocs.io/en/latest/index.html
PyFR community: https:/pyfr.discourse.group/

All scripts and case files are available at /scratch/training/pyfr
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PART 3
Preprocessing and running simulations
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Running a simulation on ACES D

Complete PyFR and test cases setup
a. Ensure that the directories and files have been set up

Log into a compute node
Preprocess

Partition the mesh

Run simulation

Postprocess

High Performance Research Computing | hprc.tamu.edu



Running a simulation on ACES D

I—Complete Py RaRdtesteasessetup
| I ! : e I

Log into a compute node
Preprocess

Partition the mesh

Run simulation

Postprocess
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Running a simulation on ACES D

Log into a compute node

e CPU node
e NVIDIA H1I00 GPU node
e Intel MAX 1100 GPU node

High Performance Research Computing | hprc.tamu.edu



Running a simulation on ACES D

Log into a compute node
e CPU node
O  Check availability
e NVIDIA HI00 GPU node
O  Check availability
o Intel MAXTIOO GPU node
O  Check availability

High Performance Research Computing | hprc.tamu.edu


http://www.youtube.com/watch?v=tWoo8i_VkvI

Running a simulation on ACES D

Log into a compute node
e CPU node

O  Check availability: pestat -pcpu
e NVIDIA HI00 GPU node
O Check availability: pestat -pgpu -G

e Intel MAX 1100 GPU node

O  Check availability: pestat -ppve -G

High Performance Research Computing | hprc.tamu.edu



Running a simulation on ACES D

Log into a compute node
e CPU node
ol it
O Logintoanode

e NVIDIA HI00 GPU node
C el R

O Logintoanode

e Intel MAX 1100 GPU node
el o

O Logintoanode
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Running a simulation on ACES D

Log into a compute node
e CPU node
eel it
O Logintoanode: srun -N 1 --reservation=training -pcpu --mem=50G --time=02:00:00 --tasks-per-node=24
--pty bash

e NVIDIA H100 GPU node
e i

O Log into a node: srun -N 1 --reservation=training -pgpu --mem=50G --gres=gpu:hl00:2 --time=02:00:00
--tasks-per-node=1 --pty bash

e Intel MAX 1100 GPU node
el .

O Log into a node: srun -N 1 -ppvc --mem=50G --gres=gpu:pvc:2 --time=02:00:00 --tasks-per-node=2 --pty
bash

00:30

High Performance Research Computing | hprc.tamu.edu
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Running a simulation on ACES D

Log into a compute node
e CPU node
eel it
O Logintoanode: srun -N 1 --reservation=training -pcpu --mem=50G --time=02:00:00 --tasks-per-node=24
--pty bash

e NVIDIA H100 GPU node
e i

O Log into a node: srun -N 1 --reservation=training -pgpu --mem=50G --gres=gpu:hl00:2 --time=02:00:00
--tasks-per-node=2 --pty bash

e Intel MAX 1100 GPU node
el .

O Log into a node: srun -N 1 -ppvc --mem=50G --gres=gpu:pvc:2 --time=02:00:00 --tasks-per-node=2 --pty
bash

Make sure you are within a compute node: [2024-03-26 08:31:50] [u.sm121949@ac073 3d-taylor-green] $

00:30
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Q

Preprocess

Partition the mesh

Run simulation

Postprocess
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Running a simulation on ACES D

Preprocess
e Uncompress mesh file

High Performance Research Computing | hprc.tamu.edu
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Running a simulation on ACES D

Preprocess
e Uncompress mesh file: unxz ${mMEss MsH xz} ${MESH MSH}

High Performance Research Computing | hprc.tamu.edu
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Running a simulation on ACES D

Preprocess
e |Importto PyFR format

https://pyfr.readthedocs.io/en/latest/index.html

High Performance Research Computing | hprc.tamu.edu
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Running a simulation on ACES

Preprocess

e |Importto PyFR format: pyfr import ${MESH MsH} ${MESH PYFRM}

https://pyfr.readthedocs.io/en/latest/index.html

High Performance Research Computing | hprc.tamu.edu
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Set up the configuration file.

https://pyfr.readthedocs.io/en/latest/index.html
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Set up the configuration file.

/ scratch / user / u.sm121949 / short-course_pyfr / 01_introduction / PyFR-Test-Cases / 3d-taylor-green / [# Change dlreclory] [DCopy path

[J Show Owner/Mode Show Dotfiles  Filter:
Showing 4 rows - 0 rows selected

4 Name - Size Modified at
taylor-green-ascent.ini B 1.66 KB 3/26/2024 7:47:12 AM

taylor-green.ini u 1.09 KB 3/26/2024 7:47:12 AM

taylor-green.msh © View B 3/26/2024 7:47:12 AM

B’Edil
taylor-green.pyfrm A Rename 1B 3/26/2024 7:54:33 AM

& Download

W Delete

https://pyfr.readthedocs.io/en/latest/index.html
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Set up the configuration file.

[backend]
precision = single [solver-interfaces-quad]
flux-pts = gauss-legendre
[CO”Stf”fJ‘ [solver-elements-hex]
gamma: = 1. soln-pts = gauss-legendre
8.71 [soln-plugin-integrate]
Ps = 111.607 nsteps = 500
file = integral.csv

[Salver] header = true

. 3
system = navierl-stokes el = 4l
order = 3 5

5 vorl = (grad_w_y - grad_v_z)
[solver-time-integrator] 3 vorz = \(gradiusz ‘- gradinmx)
e Rmediiog $ vor3 = (grad_v_x - grad_u_y)
zz:;gl}eg =pi 5 ANt-E = rho*(u*u + v*v + w*w)

; int-enst = rho*(%(vor1)s*%(vorl)s + %(vor2)s*%(vor2)s + %(vor3)s*%(vor3)s
e e (h(vor1)s*(vor1)s + %(vor2)s*%(vor2)s + %(vor3)s*#(vor3)s)
dt = 5e-4 [soln-plugin-writer]

dt-max = 2e-3 dt-out = 1

atol = 0.00001 basedir =
rtol = 0.80001 basename = taylor-green-{t:.2f}
errest-norm = uniform EolnitgTnidtetats]
safety-fact = 0.9 flushsteps = 1000

min-fact = 0.3 file = dtstats.csv

max-fact = 2.5 header true

2
- [soln-ics]
[solver-interfaces] rho = 1 + (1.0/(16.0%Ps))*(cos(2%x) + cos(2*y))*(cos(2*z) + 2)
riemann-solver = rusanov sin(x)*cos(y)*cos(z)
1dg-beta = 0.5 cos(x)*sin(y)*cos(z)
1dg-tau = 0.1
= Ps + (1.0/16.0)*(cos(2*x) + cos(2*y))*(cos(2*z) + 2)
[solver-interfaces-quad] 1
flux-pts = gauss-legendre

[solver-elements-hex]
soln-pts = gauss-legendre

https://pyfr.readthedocs.io/en/latest/index.html
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Set up the configuration file.

[backend]
recision = single solver-interfaces-quad
P g

flux-pts = gauss-legendre
[constants]

gamma = 1.4 [solver-elements-hex]

soln-pts = gauss-legendre

0.71 [soln-plugin-integrate]
Ps = 111.607 nsteps = 500
file = 1

[solver] header =

system = navier-stokes Z int-vol 4— Q: What doeS thls (j()'7

order = 3

5 vorl = (grad_w_y -
[solver-time-integrator] 5 vor2 = (grad_u_z -

scheme = rk34 ; vor3 = (grad_v_x - grad_u_y)
controller = pi
tstart = 0

tend = 10 ; 20

3 ANt-E = rho*(u*u + v*v + wéw)
; int-enst = rho*(%(vor1)s*%(vorl)s + %(vor2)s*%(vor2)s + %(vor3)s*%(vor3)s)

dt = 5e-4

dt-max = 2e-3

atol = 0.00001

rtol = 0.00001
errest-norm = uniform
safety-fact = 0.9
min-fact = 0.3
max-fact = 2.5

[solver-interfaces]
riemann-solver = rusanov
1dg-beta = 0.5

1dg-tau = 0.1

[solver-interfaces-quad]
flux-pts = gauss-legendre

[solver-elements-hex]
soln-pts = gauss-legendre

[soln-plugin-writer]

dt-out = 1

basedir = .

basename = taylor-green-{t:.2f}

[soln-plugin-dtstats]
flushsteps = 1000
file = dtstats.csv
header = true

[soln-ics

rho = 1 + (1.0/(16.0*Ps))*(cos(2*x)

sin(x)*cos(y)*cos(z)
cos(x)*sin(y)*cos(z)

= Ps + (1.0/16.0)*(cos(2*x) + cos(2*y))*(cos(2*z) + 2)
1

+ cos(2*y))*(cos(2*z) + 2)

https://pyfr.readthedocs.io/en/latest/index.html
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Q

4. Partition

5. Run

6. Postprocess
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http://www.youtube.com/watch?v=tWoo8i_VkvI

Running a simulation on ACES D

Partition (if simulation is too slow, or memory requirements are too big)
e OnaCPUnode
o Check available physical cores
e OnaGPU node
o Check available devices
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http://www.youtube.com/watch?v=tWoo8i_VkvI

Running a simulation on ACES D

Partition (if simulation is too slow, or memory requirements are too big)

Partition mesh

https://pyfr.readthedocs.io/en/latest/index.html
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Running a simulation on ACES D

Partition (if simulation is too slow, or memory requirements are too big)

Partition mesh: pytr partition 8 ${MESH PYFRM}

https://pyfr.readthedocs.io/en/latest/index.html
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Running a simulation on ACES Q

Partition (if simulation is too slow, or memory requirements are too big)

Partition mesh: pytr partition 8 ${MESH PYFRM}

https://pyfr.readthedocs.io/en/latest/index.html
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Q

5. Run

6. Postprocess
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http://www.youtube.com/watch?v=tWoo8i_VkvI

Running a simulation on ACES D

Run simulation

https:/www.open-mpi.org/doc/v4.1/manl/mpirun.l.php
https://pyfr.readthedocs.io/en/latest/index.html
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Running a simulation on ACES D

Run simulation: mpirun -n ${NRANKS} pyfr --progress run --backend ${BACKEND} ${MESH PYFRM} ${CONFIG INI}

https:/www.open-mpi.org/doc/v4.1/manl/mpirun.l.php
https://pyfr.readthedocs.io/en/latest/index.html
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e Check simulation

https:/www.open-mpi.org/doc/v4.1/manl/mpirun.l.php
https://pyfr.readthedocs.io/en/latest/index.html
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Check simulation

[2024-03-26 08:40:34] [u.sm121949@ac073 3d-taylor-green]$ mpirun -mca btl “ofi -n 24 pyfr --progress run -b openmp ${case name}.pyfrm ${case name}-ascent.ini
0.3% [> ] 0.06/20.00 ela: 00:00:08 rem: 00:49:52

[2024-03-26 08:43:02] [u.sm121949@ac052 3d-taylor-green]$ mpirun -mca btl “ofi -n 2 pyfr --progress run -b cuda ${case name}.pyfrm ${case name}-ascent.ini
2.7% [===> ] 0.55/20.00 ela: 00:00:04 rem: 00:02:42

[2024-03-26 08:47:23] [u.sm121949@ac051 3d-taylor-green]$ mpirun -mca btl “ofi -n 2 pyfr --progress run -b opencl ${case name}.pyfrm ${case name}-ascent.ini
2.6% [===> ] 0.52/20.00 ela: 00:00:07 rem: 00:04:23

https:/www.open-mpi.org/doc/v4.1/manl/mpirun.l.php
https://pyfr.readthedocs.io/en/latest/index.html
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Check simulation
o onthe CPU node
o on NVIDIA H100 GPU node
o on Intel MAX GPU node

[2024-03-26 08:40:34] [u.sm121949@ac073 3d-taylor-green]$ mpirun -mca btl “ofi -n 24 pyfr --progress run -b openmp ${case name}.pyfrm ${case name}-ascent.ini
0.3% [> ] 0.06/20.00 ela: 00:00:08 rem: 00:49:52

[2024-03-26 08:43:02] [u.sm121949@ac052 3d-taylor-green]$ mpirun -mca btl “ofi -n 2 pyfr --progress run -b cuda ${case name}.pyfrm ${case name}-ascent.ini
2.7% [===> ] 0.55/20.00 ela: 00:00:04 rem: 00:02:42

[2024-03-26 08:47:23] [u.sm121949@ac051 3d-taylor-green]$ mpirun -mca btl “ofi -n 2 pyfr --progress run -b opencl ${case name}.pyfrm ${case name}-ascent.ini
2.6% [===> ] 0.52/20.00 ela: 00:00:07 rem: 00:04:23

https:/www.open-mpi.org/doc/v4.1/manl/mpirun.l.php
https://pyfr.readthedocs.io/en/latest/index.html
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Check simulation
o onthe CPU node: top
o on NVIDIA H100 GPU node: nvidia-smi
o on Intel MAX GPU node: sysmon

[2024-03-26 08:40:34][u.sm121949@ac073 3d-taylor-green]$ mpirun -mca btl ~ofi -n 24 pyfr

--progress run -b openmp ${case name}.pyfrm ${case name}-ascent.ini
0.3% [>

] 0.06/20.00 ela: 00:00:08 rem: 00:49:52

[2024-03-26 08:43:02] [u.sm121949@ac052 3d-taylor-green]$ mpirun -mca btl ~ofi -n 2 pyfr

--progress run -b cuda ${case name}.pyfrm ${case name}-ascent.ini
2.7% [===>

] 0.55/20.00 ela: 00:00:04 rem: 00:02:42

[2024-03-26 08:47:23][u.sm121949@ac051 3d-taylor-green]$ mpirun -mca btl ~ofi -n 2 pyfr

--progress run -b opencl ${case name}.pyfrm ${case name}-ascent.ini
2. 0% [===>

] 0.52/20.00 ela: 00:00:07 rem: 00:04:23

https:/www.open-mpi.org/doc/v4.1/manl/mpirun.l.php
https://pyfr.readthedocs.io/en/latest/index.html
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e Ensure that all output files are being appropriately created

https:/www.open-mpi.org/doc/v4.1/manl/mpirun.l.php
https://pyfr.readthedocs.io/en/latest/index.html
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Q

6. Postprocess
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10 minutes break

10:00

Any questions?

Please install Paraview for the final part: https://www.paraview.org/download/

PyFR Homepage: https://www.pyfr.org/

PyFR usage documentation: https:/pyfr.readthedocs.io/en/latest/index.html
PyFR community: https:/pyfr.discourse.group/

All scripts and case files are available at /scratch/training/pyfr
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https://www.paraview.org/download/

PART 4
Viewing results and post-processing
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Tutorial outline

PART 4: Viewing results and post-processing
BREAK: [[Q&A session]]
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Q

6. Postprocess
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http://www.youtube.com/watch?v=tWoo8i_VkvI

Running a simulation on ACES D

Postprocess
e (Optional) RUN make a tgv video.

https://pyfr.readthedocs.io/en/latest/index.html
https://www.paraview.org/download/
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Running a simulation on ACES D

Postprocess

e (Optional) RuNn make a tgv wvideo. It runs the following:
ml FFmpeg/6.0
ffmpeg -framerate 10 -pattern type glob -i 'taylor-green-*.png' -c:v 1libx264 -r 30 -pix fmt yuv420p
output.mp4

https://pyfr.readthedocs.io/en/latest/index.html
https://www.paraview.org/download/
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e EXxport solution file: pyfr export ${MESH PYFRM} ${MESH PYFRS} ${SOLN VTU}

https://pyfr.readthedocs.io/en/latest/index.html
https://www.paraview.org/download/
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Running a simulation on ACES

Postprocess

e—ml—FFmpeg/6-6

output-—mp4

e Download the vtu file.

https://pyfr.readthedocs.io/en/latest/index.html
https://www.paraview.org/download/
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http://www.youtube.com/watch?v=tWoo8i_VkvI
https://pyfr.readthedocs.io/en/latest/index.html
https://www.paraview.org/download/

Running a simulation on ACES

Postprocess

e—ml—FFmpeg/6-6
¢ . . amera

—Dowrload-theviatHe:
e Open Paraview.

https://pyfr.readthedocs.io/en/latest/index.html
https://www.paraview.org/download/
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Wish to repeat the simulation? D

source /scratch/training/pyfr/.local/setup script
setup all

test all

High Performance Research Computing | hprc.tamu.edu



User support

Research-level implementation of PyFR:
e Literature search for PyFR papers
e All presentations of researchers using PyFR: https://cassyni.com/s/pyfr

PyFR Homepage: https://www.pyfr.org/

PyFR usage documentation: https://pyfr.readthedocs.io/en/latest/index.html

PyFR community: https:/pyfr.discourse.group/

Participants can reach out to me for help (creating unstructured mesh files, set up SBATCH scripts etc.)
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High Performance
AII.VI Research Computing

DIVISION OF RESEARCH

https:/hprc.tamu.edu

HPRC Helpdesk:

help@hprc.tamu.edu
Phone: 979-845-0219

Help us help you. Please include details in your request for support, such as,
Cluster (ACES, Faster, Grace, ViDal), NetID (UserlD), Job information (Job id(s),
Location of your jobfile, input/output files, Application, Module(s) loaded, Error
messages, etc), and Steps you have taken, so we can reproduce the problem.
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