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Abstract: This study focuses on validating and enhancing BEMT models for
coaxial rotor designs. Coaxial rotors offer significant advantages in efficiency and
torque cancellation, making them highly suitable for a variety of UAV applications.
The research leverages the Rotare code, an open-source MATLAB implementation
renowned for its versatility in analyzing rotor systems, including coaxial configura-
tions.

The research builds upon the existing implementation in the Rotare code, in-
troducing modifications to better account for previously neglected physical aspects.
These enhancements include incorporating tangential velocity effects in rotor inter-
actions while maintaining angular momentum conservation. Furthermore, improve-
ments eliminate the far-field approximation where the lower rotor operates within
the fully developed wake of the upper rotor. Instead, operational conditions and ro-
tor geometry are now accurately considered in coaxial models, enhancing fidelity. A
critical enhancement integrates the elimination of total torque into the code, crucial
for functional design optimization.

This study validates BEMT models and coaxial models within the Rotare code
for coaxial rotor designs. Validation efforts confirm the accuracy of these models.
For single-rotor configurations, various solution methods demonstrate good corre-
spondence with experimental data, with the induced velocities approach proving the
most effective. Coaxial rotor models similarly align well with experimental results.
The general Multiple Stream Tube (MST) model, identified for its superior fidelity
in representing velocity and angle distributions while maintaining computational
efficiency, is recommended as optimal for coaxial rotor design applications.

In the design phase, the study optimized coaxial rotor systems through BEMT
simulations, focusing on counter-rotating coaxial rotors with SAB blades tested by
Generix. Computational predictions closely matched experimental thrust measure-
ments, validating model reliability. Torque balance predictions also aligned well
with experimental data. Critical design parameters, including the collective pitch
of the lower rotor, airfoil geometry, chord length, and differential blade diameters,
have been identified as essential for enhancing drone performance.



