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Abstract

Saturn’s largest natural satellite, Titan, has emerged as a primary frontier for future extraterrestrial
rotorcraft and aerial exploration. Unlike the hyper-thin atmosphere of Mars, Titan presents a profoundly
different aerodynamic environment characterized by a significantly higher surface atmospheric density
compared to Earth, combined with extreme cryogenic temperatures. While this high-density regime is
theoretically advantageous for lift generation, the extreme cold drastically reduces the local speed of
sound. Consequently, aerial vehicles on Titan face unique aerodynamic conditions, potentially encounter-
ing critical Mach numbers and compressibility effects at much lower true airspeeds. This paper presents
a parametric Computational Fluid Dynamics (CFD) study investigating the performance metrics and
aerodynamic behavior of standard aeronautical airfoils when operating in Titan’s unique atmospheric
conditions.

The primary objective of this study is to evaluate and compare the aerodynamic variations (specifically
lift-to-drag (L/D) ratios, boundary layer behavior, and potential drag amplification) experienced by
conventional geometries in a simulated Titan environment. Three distinct airfoil geometries are selected
for comparative analysis: the NACA 0012 (a symmetric baseline rotor profile), the NACA 4412 (a highly
cambered, traditional high-lift profile), and the NASA SC(2)-0714 (a supercritical profile specifically
designed to delay transonic drag rise).

The methodology involves conducting high-fidelity 2D CFD simulations. Initially, a baseline is estab-
lished using a standard Earth atmosphere model. Subsequently, the boundary conditions are modified to
represent Titan’s specific atmospheric properties (reflecting a high-density, cryogenic Nitrogen-Methane
composition). The analysis focuses on evaluating the onset of transonic drag rise and investigating the
potential for localized shock wave formation on the airfoil surfaces due to the diminished speed of sound.

By systematically comparing these performance metrics across the selected airfoils, this study aims
to provide a comprehensive understanding of how high-density, cryogenic environments alter standard
fluid dynamics. The comparative findings are intended to contribute to the foundational aerodynamic
knowledge required for selecting or designing optimized rotorcraft and fixed-wing geometries for future
Titan exploration missions.
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