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In this work, the resulting thermal hot spots in a propellant bed
caused by the gas flow of the primer in a gun system are
investigated. In this process the distribution of the propellant
bed is simulated by a three-dimensional discrete element
method (DEM) in a generic ammunition case using the DEM-
software RockyDEM. The chemical reaction of the solid ignition
charge is assumed to be completed and therefore the ignition is
simplified by a hot gas flow without microparticles. With the
given DEM-Output and the named assumption the heating of
the particles by the gas flow emitted by the ignition charge is
simulated using an Eulerian computational fluid dynamics (CFD)
approach. Ansys Fluent is used to solve the conservation
equations with heat transfer. Based on this model, the influence
of the center core igniter on the uniformity of the resulting
distribution of thermal hotspots as well as the resulting
workflow is discussed.

Simulation of the propellant bed

A possible method to simulate the interaction between the individual
propellants as well as the interaction between the propellants and the
cartridge including the center core igniter is the DEM In which the
propellants are treated as sole particles and are subject to the laws of
motion by Newton? for their corresponding translational and
rotational behavior in the form of the following equations :
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To create a consistent workflow RockyDEM, which is part of the Ansys
software package, was used. Several particle behaviors like breakage
and a variety of material parameters and material models can be
considered. The center core igniter is simplified by a solid cylinder
without any perforations. Also, the propellants are assumed
unperforated cylinders but can be any arbitrary shape due to the
possible Import of STL-files.

1 Fraunhofer Institute for Chemical Technology ICT

Simulation of the fluid flow
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To compute the numerical solution of the fluid flow the computational domain is
discretized by subtracting the volume defined by the particle pour from the outer volume
defined by the combustion chamber to receive only the void region as region of fluid
flow. For the underlying mathematical model, the flow is assumed to be transient and
compressible, heat effects are modeled via an energy equation and occurring turbulence
is modeled via the k-w-SST model. For initial feasibility studies, the fluid flowing in the
center core igniter was assumed to be hot air with a temperature of 2000 Kelvin and its
density defined by the ideal gas law.
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Conclusion and future work

A workflow based on the Ansys software package to first simulate a propellant bed, and
then simulate a flow of hot gas through its void areas to detect hotspots in the ignition
process was developed. Several assumptions were made, which allow Tfurther
investigations. First and foremost, the center core igniter and its vents need to be
discretized more realistically to examine their influence more closely on the ignition
process. Due to the focus on the creation of the workflow, the generic parameters used,
such as the convective heat coefficient, as well as the mass flow of the ignition gases is
to be identified in more detail. In addition, the resulting propellant bed and the handling
of the computational domain which results from perforated propellants as well as the
coupling with a chemical reaction solver and the simulation of the detailed deflagration
based on the occurring hot spots will be investigated.
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