
77th International Astronautical Congress 2026

IAF SPACE EXPLORATION SYMPOSIUM (A3)
Interactive Presentations - IAF SPACE EXPLORATION SYMPOSIUM (IP)

Author: Mr. Jose Luis Segundo Manayay
Universidad Nacional de Ingenieŕıa (Lima, Perù), Peru
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AERODYNAMIC TORQUES AND THERMAL TURBULENCE IN COAXIAL DRONES FOR

SUBSURFACE EXPLORATION

Abstract

Subsurface exploration of planetary bodies, such as lava tubes on Mars or lunar caverns, represents
a critical challenge for astrobiology and In-Situ Resource Utilization (ISRU). Coaxial drones emerge as
a promising solution due to their maneuverability in confined spaces and high thrust density; however,
they face severe limitations stemming from non-linear dynamics, uncertain aerodynamic couplings, and
stochastic thermal turbulence generated by temperature gradients in confined cavities. These effects com-
promise attitude stability and trajectory tracking precision, reducing autonomy and operational safety.
This paper proposes an Adaptive Backstepping Control scheme to enhance the stability of coaxial drones
in underground environments characterized by parametric uncertainty and exogenous disturbances. The
methodology is grounded in a Lyapunov analysis to ensure global asymptotic stability, integrating real-
time adaptation laws that estimate and compensate for unmodeled aerodynamic coupling terms and
unpredictable thermal fluctuations. The approach is validated using a high-fidelity multiphysics simula-
tion framework, incorporating 6-DOF rigid body models coupled with stochastic thermal flow dynamics.
A comparative analysis is performed against PID control, sliding mode control, and classical adaptive
approaches, evaluating performance metrics such as attitude tracking error, control effort, and robustness
against variations in atmospheric density and thermal gradients. Expected results include a significant re-
duction in attitude error, improved resilience to thermal turbulence, and robust behavior against uncertain
aerodynamic couplings, demonstrating the superiority of the proposed adaptive approach over conven-
tional methods. This research contributes to the advancement of autonomous navigation and control
systems for planetary subsurface exploration, offering a reproducible framework for the safe operation
of aircraft in high-uncertainty environments, with potential applicability in future ISRU missions and
scientific exploration of planetary cavities.
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