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Nozzle Design in Cold Spray Applications

Julio Gutierrez, Materials Technology (HSU/UniBw H)
Hauke PreuB, High Performance Computing (HSU/UniBw H)
Johann Duffek, High Performance Computing (HSU/UniBw H)

Abstract

The successful bonding of particles on a substrate to create a coating via Cold Spray
requires that the individual particles exceed a so-called critical velocity. The nozzle
of the cold spray gun is responsible for transforming the heat and pressure of the gas,
which transports the powder, into high velocities, accelerating the suspended particles.
Nozzle design studies have been conducted in the past with one- or two-dimensional
models, which not only increases the simplification of the models but also prevents the
possibility of investigating non-axisymmetric solutions. We investigate the nozzle design
via automatic parameter studies of nozzle key dimensions conducted by the CFD software
ANSYS-Fluent. Such parameter studies rely on a finely discretized 3D model to return
accurate results. The parameter studies cannot be carried out on regular workstations
within feasible time scales due to the high parameter dimensionality and the derived
computation-intensive models. Additionally, an increased computing capacity offers the
possibility of including further elements into the models, which were excluded just to
reduce the mesh sizes. Our aim with this project is to facilitate the change from a regular
workstation simulation workflow to an automated and parallelized workflow on high
performance computers. This will significantly reduce the time required to obtain results
from simulations and improve accuracy.

Project Results

We provided a dedicated virtual machine on our ISCC computing platform. This Linux
machine with an ANSYS installation has been set up in order to provide a near work-
station experience with a performance closer to a supercomputer.

We furthermore provided a guide to the principal way on how to utilize the ANSYS Fluent
installation on our HSU cluster HSUper. This included instructions on how to parallelize
ANSYS Fluent simulation across multiple compute nodes effectively allowing much
bigger models and faster simulations.

Additional explanations on the general scripting approach for ANSYS-Workbench have

been provided with the intent to lower the transitioning barrier from a GUI (graphical user
interface) workflow to a batch-job approach with the cluster management system Slurm.
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Outlook

The contribution of the above described transition from a regular workstation to the use of
an HPC has not only helped to reduce the time in which the simulations are finished and
ready to be analyzed but has also opened the possibility of studying the original problem
from new perspectives. Having a higher computing capacity available allows us to study
the heat exchange of the cold spray gun with the cooling system and the environment,
instead of using adiabatic boundary conditions; and to study the potential of tilting the
substrate, which is a non-symmetric problem, which can only be addressed with full 3D
models.
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