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Abstract

Results & Conclusions

The paper discusses the concepts of the solutions to improve
functionality and performance of unmanned aerial vehicles. The
analysis of the unmanned aerial vehicle market was performed with
particular emphasis on innovative ideas. The paper describes the
project on the application of intelligent materials in main rotor
blades. The change of geometric characteristics such as the
geometric twist angle will be fully controllable by simple
temperature or magnetic field controllers with compensation due to
ambient conditions (external temperature).

The paper presents selected results of an aerodynamic optimisation
study of the main rotor. Simulation studies using computational fluid
dynamics were carried out to determine the optimum blade twist
angle for the assumed operating conditions. This process is
particularly important, as it directly determines the efficiency of the
final product. The work was realised using the Ansys software
environment.

Concept of the rotor blades with actuators
Many research works in the global aviation industry focus on the
application of intelligent materials in aircraft. The majority of such
studies is devoted to solutions improving the performance of fixedwing aircraft. This is related to their currently dominant market
share. However, the recent years have brought an intensive
development of rotorcraft, including not only helicopters but also
gyroplanes, unmanned aerial vehicles with rotors, and vertical takeoff and landing (VTOL) aircraft. High market dynamics, limitations of
simulation systems, e.g. in numerical fluid mechanics (difficulties in
turbulence modelling) and innovative potential of intelligent
materials have resulted in the creation of a technological niche for
new solutions in the rotorcraft sector.

Visualisation of the turbulence intensity in the aerodynamic path
behind the blades for different angles of attack
The research process started with the determination of three rotor
characteristics for different rotational speeds. The range of attack
angles studied was from -2 to 16 degrees. The developed
characteristics provided a comparative basis for testing blade
models subjected to the twisting process.

Velocity distribution around the tested rotor. Rotational speed
1520 rpm. Blade angle of attack 0 deg. Linear twist 12 and 8 deg.

The idea of this project is to develop a technology to increase
aerodynamic performance by changing geometric features. This can
be achieved by using an integrated composite structure of main
rotor blades with built-in systems of actuators made of intelligent
materials.

Depending on the type of mission, rotorcraft blades are expected to
have different parameters, including a proper selection of geometric
blade twist angle. The currently applied solutions are a compromise
between the requirements for aircraft during take-off/landing and
horizontal flight at cruising speeds or at maximum speeds
corresponding to the maximum continuous power of the rotorcraft
engine, hence numerous elements such as flaps, trimmers and
complicated shapes of the blade tip itself are applied.
The application of smart materials integrated into composite
structures is considered as one of the methods to increase the
aerodynamic performance of aerial vehicles. The conducted
research made it possible to determine the optimum angle of attack
in order to intensify the lifting force. The obtained results give the
grounds for making prototypes to be tested on the test stand.
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