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Abstract
One of the main need in modern combustion chamber design technique is to foresee the maximum temperature
condition on the components subjected to high thermal stresses.
In this frame, a model to investigate on the temperature of the injector dome is proposed and analyzed in detail. The
model consists of two iterative steps integrating the hot domain and the cold one. The numerical model is so composed:

e Hot domain: reacting CFD simulations performed in the OpenFOAM environment by the integrated

OpenSMOKE solver

e Cold domain: RANS compressible steady-state CFD simulations performed by Ansys Fluent 2021 R2 [1]

e Hot/Cold domain connected: FEM thermo-structural simulations by MSC MARC 2021.
The iteration loop begins with the design process based on AVIO and literature state of the art in which the geometry
dimensions are defined; the geometry is the used in CFD and FEM simulation.
The first iteration loop starts with CFD simulations in which the reacting part and the steady state part share the
boundaries on the firing plate of the injector head system. Firstly the OpenSMOKE code runs reacting flow simulation
using tabular properties for combustion and gives as output the wall heat flux through the firing plate surface. This
output is taken as input, as the geometry, for the CFD steady state simulation performed by Ansys Fluent; the provided
output is the wall temperature, to be used as boundary condition for the reacting flow simulations. The loop ends after
a consistency check on both the wall heat fluxes and the wall temperatures on the firing plate.
The second iteration step is dedicated to FEM simulations performed by MSC software to obtain feedback in terms of
stress and strain to be checked with the mechanical properties. The heat flux through the firing plate, the convection
heat transfer coefficient, the fluid temperature in the injector dome and the geometry are taken from the MSC software
as input for thermo-structural calculations.
In the last step, the firing plate wall temperature calculated from FEM analysis and Ansys Fluent simulations is checked
for consistency before to give feedback on the design and, if needed, a geometry change proposal to restart the design
process verification loop.
All the three simulation codes have been validated and calibrated through experimental tests and in-house code
developed by AVIO and they will be thoroughly described in the full paper. The paper will also report the results obtained
by applying the described model to the design of a real injector dome.
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