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High pressure LOx/GH2 rocket engines typically operate at pressures which exceed the
critical pressure of the injected propellants. In addition, oxygen is often injected at
cryogenic temperatures near the pseudo-boiling temperature. The common assumption
of vanishing molecular volume, i.e. the ideal gas assumption, is not justified at this
operating point. Instead real-gas thermodynamic effects need to be considered to model
the processes relevant to mixing and ignition correctly. In this context, we extended the
scope of OpenFOAM to use real-gas thermophysical models on the basis of the cubic
Peng-Robinson equation of state. The implementation was successfully tested for trans-
and supercritical nitrogen jets [1].

The current work focuses on the extension of our implementation to binary mixtures
under consideration of differential diffusion effects. Therefore, real-gas mixing rules are
implemented. The approach to model differential diffusion follows at large the formalism
of Miller et al. [2]. They include both Soret and Dufour effects and account for the
influence of real-gas effects on diffusion. The experimental data to verify the implementa-
tion are provided by Oschwald et al. [3]. They investigated coaxial injection of nitrogen
and hydrogen at conditions that resemble the conditions in real rocket combustors. By
substituting oxygen with the thermodynamically similar but inert fluid nitrogen, the ex-
periments allow for an isolated validation of the mixing process without the overlapping
effects that would result from combustion. Thus, the setup is well suited to assess the
used mixing and diffusion models.

The numerical setup comprises approximately 2 × 106 grid cells. Turbulence on the
subgrid scales is modeled using the algebraic eddy-viscosity model of Vreman [4]. An
instantaneous LES realization of the near injector flow field is shown on the left side of
figure 1. While the red density iso-surface (ρred = 48kg/m3) marks the dissolution of
the dense nitrogen core, the blue density iso-surface (ρblue = 5kg/m3) visualizes the pure
hydrogen region. The downstream evolution of the turbulent mixing region is visualized by
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the numerical Schlieren picture. The right plot of figure 1 compares the averaged nitrogen-
and hydrogen densities of the present simulation with the experimental measurements on
the symmetry axis of the chamber. These preliminary results imply that differential
diffusion effects have a significant influence on the location of jet-breakup. However,
further averaging and parameter variation is required to substantiate the conclusion.

  

Figure 1: Left: LES snapshot of density iso-surfaces (ρblue = 5kg/m3, ρred = 48kg/m3) and numerical
Schlieren picture. Right: Averaged axial nitrogen- and hydrogen densities; Symbols: Experiments by
Oschwald et al. [3], —LES Le = 1, −− LES differential Diffusion
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