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Summary:

This study proposes an optimization process of helicopter rotor blades in hover for
aerodynamic performance enhancements. The Caradonna-Tung rotor is used as a
baseline to start the optimization, ending up with new geometry with enhanced
characteristics. The study starts with searching for optimal blade airfoil shape using
the adjoint method, hence this optimal shape is used to redesign the baseline blade with
a genetic algorithm code. This study considers helicopter rotor in hover only, so that
the hovering required power is chosen as the objective function which is formulated in
figure of merit parameter, in addition to the main rotor total thrust as a second
objective. Verification of this process is performed with a steady Reynolds-averaged
Navier-stokes CFD simulation by comparing the two blades and checking the
optimization process accuracy. Optimal blade should show the required improvements
comparing to the baseline.
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Abstract

The aerodynamic shape design of a helicopter rotor is a challenging problem that is
required for designing a rotor disk with high efficiency. This work proposes a CFD
validated process to find the optimal blade configuration of a helicopter blade in hover.
The adjoint method is used to find the optimal shape of the blade sectional airfoil when
NACA 0012 is used as a baseline airfoil to start the optimization process. Objective
function of airfoil optimization is chosen to be lift to drag coefficients ratio that showed
a 17% total increase. A noticeable enhancement in blade performance is detected by an
increase in figure of merit by 9.8 % due to new airfoil geometry only. Multi-objective
optimization is carried out on the Caradonna-Tung rotor with figure of merit and
coefficient of thrust as objective functions. Coefficient of thrust is included in this study
to limit the reduction of total thrust due to figure of merit enhancements. The multi-
objective genetic algorithm (MOGA) optimization technique is applied with the
equivalent thrust solidity ratio as a physical constraint, and blade root chord, tip chord,
point of taper initiation, twist distribution as design parameters in addition to the airfoil
shape. The aerodynamic performance calculations are performed using the corrected
blade element momentum theory (BEMT) that matches the wind-tunnel experimental
data of the baseline rotor with 4% maximum error. Final results of the optimal blade is
compared to the baseline (CT) and showed objective function increase of 17.7% with
acceptable reduction in blade tip losses. In order to study the sensitivity of the maximum
twist angle on the other design parameters, finding the optimal values of the design
parameters process is divided into two main steps: planform geometry enhancement and
then full blade geometry optimization. Inflow ratio —at each step — shows a more uniform
spanwise distribution comparing to it in the previous step. A RANS CFD-Based
simulation is used to evaluate both the baseline Caradonna-Tung and the optimal blade
aerodynamic characteristics with an ideal gas k-w SST turbulence model using
FLUENT’s solver. Results show a great enhancement in the inflow ratio and blade tip
vortices of the optimal blade. Simulation model is verified by comparing results with
experimental results in order to use the same setup in optimal blade simulation. This
optimization method can be used to achieve satisfactory results with less computational
power comparing to high-fidelity CFD based optimization approaches.
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