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A numerical approach for robust and accurate simulation of supercritical cryogenic flows is proposed. The compressible

energy-based flow equations are conventionally used for simulations of supercritical fluids in liquid rocket engine.
However, the problem of using the energy-based equations is that a contact surface with a large density/temperature
contrasts often lead to unphysical pressure oscillations. The use of pressure-based equations has been proposed in order
to prevent such unphysical pressure oscillations, although there is a significant issue of poor energy conservation property.
In the present study, we thus propose a hybrid numerical approach to achieve oscillation-free and energy conservation
properties for supercritical cryogenic flows. A one-dimensional advection problem of a contact discontinuity is simulated
to demonstrate the performance of the hybrid approach. The proposed hybrid approach successfully suppresses severe
pressure oscillations and makes the conservation error smaller compared to the pressure-based method.
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Fig. 1. Density-temperature diagram at supercritical pressure.
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Fig. 2. Initial profiles of compressible factor.
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Table 1. Initial conditions for advection problem.

Species, p [kg/m’], T[K], Z

Case AZ
0.25 =x[m] =0.75 Otherwise

A N2, 500, 124,0.27 N2, 50,333, 1.01 0.74

B Na, 500, 124,027 Hz,4.0,295,1.03 0.76
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