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Abstract: To explore the characteristics of compressible flow and influential factors of complex hydrocar-
bon fuels in scramjet engines, the role of real gas effect in compressible flow is revealed under typical operating
conditions. The crucial influence of fundamental derivative of gas dynamics (I”) is illustrated theoretically based
on the equilibrium thermodynamics, and the characteristics close to critical point of various hydrocarbon fuels are
clarified by exploiting the fundamental derivative. It is found that the minimum value of I" decreases and even be-
comes negative as the molecular structure of hydrocarbon fuels getting more complex, and the negative value re-
gion is mainly concentrated near the saturated steam line. Meanwhile, a serial of numerical simulations are con-

ducted for two—dimensional supercritical pipe flow by leveraging the equation of state in cubic form. It is con-
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firmed that the abnormal decrease of Mach number in supersonic expansion flow is mainly dominated by the non-

linear dependence of sound speed on the fluid density. Further parametric studies also exhibit that the thermal dy-

namic routes of pressure and temperature along the channel approach the saturated steam line in the p—T phase di-

agram with increased inlet pressure or decreased inlet temperature,, which induces more remarkable non—classi-

cal aerodynamic phenomena.

Key words: Supercritical fluid; Hydrocarbon fuel; Real gas effect; Compressible flow; Numerical simu-

lation
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Fig.2 Contour of the fundamental derivatives for typical hydrocarbon fuel
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Table 1 Physical properties of n-dodecane at critical point

Parameter Value
Molecular weight/( g/mol) 170.337
Temperature/K 658.2

Pressure/MPa 1.84
Acentric factor 0.5752

Table 2 Operation conditions for simulation
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