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METHANE/OXYGEN SPACE PROPULSION

Abstract

Emerging applications of space transportation infrastructure place high demands on propulsion sys-
tems regarding specific impulse, thrust, reliability, and cost efficiency. Methane/oxygen has recently
emerged as a promising propellant combination for reusable launchers. As the combination yields a high
specific impulse and is non-toxic, it could also address the requirements of in-space propulsion systems.

For a given operating point, the injector geometry has a decisive influence on the flame shape, and
thus on combustion efficiency and heat transfer to the wall. Shear coaxial injectors are flight-tested and
have already been studied in detail. They are comprised of a centered oxidizer tube, surrounded by an
annular fuel stream. The central body injector is a modification of this type, which includes a bluff
body inside the oxygen post, increasing the contact perimeter of both propellants with respect to the
cross-sectional area of the injector channels. Previous work showed that the central body injector can
yield higher combustion efficiency at high mass flow rates per element, compared to a conventional shear
coaxial injector [1]. The concept was not followed further due to the high costs associated with the precise
manufacturing of this injector type. Recent advancements in additive manufacturing, namely Selective
Laser Melting (SLM), allow for the manufacturing of intricate injector geometries with high precision
and at low cost, sparking renewed interest in unconventional injector types. In this study, a conventional
shear coaxial injector is compared to a central body injector with regards to the combustion efficiency and
the heat transfer to the wall, utilizing a 500-N-class gaseous methane/oxygen thruster. The injectors are
manufactured as monolithic components from 1.4404 stainless steel using SLM and tested over a matrix
of varying mixture ratios and chamber pressures. To identify experimental trends and identify differences
in the flow field, numerical simulations of the reactive flow inside the combustor are performed utilizing
Reynolds-Averaged Navier-Stokes (RANS) equations and finite-rate chemistry. Experimental pressure
data are used for validation.

Overall, the work presents a systematic comparison of a conventional shear coaxial injector with a
central body injector, combining both experimental and simulation methods. It thereby supports injector
design choices for future reusable launchers and in-space propulsion applications.
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