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In this study, an accurate and robust numerical method for simulating
transcritical turbulent flows at supercritical pressure is proposed, and fully-developed
transcritical turbulent boundary layers (TBLs) at supercritical pressures are studied by solving the

full compressible Navier-Stokes equations using direct numerical simulation (DNS). From the DNS
results, besides the mean thermodynamic property variations, different from the conventional
ideal-gas TBLs, significant density fluctuations that originate from the strong real fluid effects
and the mechanisms of the non-negligible interactions between the real fluid effects and wall
turbulence are identified in the transcritical TBLs. Then, based on the DNS analysis, a RANS model
that accounts for the effects of density fluctuations is proposed, which improves the prediction
accuracy of the TBLs at supercritical pressure, something that existing RANS models fail to do
robustly.
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