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Abstract

High performance liquid rocket engines are characterized by elevated hot gas temperatures and combustion chamber
pressures leading to high wall heat fluxes, which must be correctly predicted and managed to guarantee safe operation.
In these severe operating conditions, active cooling systems such as regenerative cooling may result insufficient. In such
cases, cooling capabilities can be enhanced by other techniques like film cooling or mixture ratio bias of peripheral
propellant injectors. However, the additional cooling system has a cost in terms of performance, which yields the need to
find a trade-off between overall engine efficiency and safe structural life.

In this framework, a numerical analysis based on axisymmetric Reynolds-averaged Navier-Stokes simulations, with sub-
models accounting for the effects of turbulence, chemistry, and radiation, is performed in this study. The numerical
approach has been previously validated by rebuilding the experimental wall pressure and wall heat flux of the seven-
injector thrust chamber burning gaseous oxygen and methane of the technical university of Munich (TUM) [1, 2]. Building
upon the preliminary parametric analysis made in [3], several injection geometries and mass flow rate repartition strategies
are investigated focusing on the geometry of the TUM liquid rocket engine. Film cooling and mixture ratio bias are
investigated in terms of their beneficial effect on the wall heat flux reduction, but also on the resulting loss in specific
impulse. Different reaction mechanisms with increasing fidelity are considered and compared.

Preliminary results show that, for a fixed overall mixture ratio and mass flow rate, diverting part of the fuel for film
cooling yields a nearly direct proportionality between throat wall heat flux reduction and specific impulse loss. A similar
result is obtained with mixture ratio bias, showing that the best propulsive performance occurs when the throat wall heat
flux is at maximum.
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