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Table 1 Wake Model Parameters

Parameters

Value

Artificial Viscous Parameter
Initial Vortex Core Size
Wake Update Frequency

Number of Inboard Wake Trailers

Number of Wake Revolutions

1.2x10*
0.15¢ (c=chord length)
every 6°
10

Hovering : 15 / Forward Flight : 4
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@ Experiment [18]
—Hybnd CFD

Pressure Coefficient
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x/c

/R =0.96

@ Experiment [18]
—Hybrid CFD

Pressure Coefficient
<o

L5

x/¢c

Figure 2 Pressure Coefficient in Hovering Flight
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Figure 3 Sectional Thrust Coefficient in Forward Flight
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Design Of Experiment
OLHS method
Aerodynamic Analysis

Efficient Global Optimization
DOE + EI + Estimated Samples

Obtain Optimal Solution
(Using Multi-Objective

Aeroacoustic Analysis Construction of Kriging Model Genetic Algorithm)
>
( N ™
Construction of S
- ;
B Kriging Model - Converge? Optimal Solution
(w/ N points) YES
Define Analysis
Design — DOE H NO R %
Problem (N Points)
Analysis Select p——
EI sample points | +—|  EI sample points e
N=N+m (m points) Optimal Solution
N/ - J

REFINEMENT w/ Expected Improvement (EI)

Figure S Flowchart of overall design process
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ABSTRACT

Improvement of Aerodynamic and Noise
Performance for Light Civil Helicopter Rotor

through Blade Tip Geometry Optimization
Yoonpyo Hong

Mechanical and Aerospace Engineering
The Graduate School

Seoul National University

The shape of the helicopter rotor blades can dramatically affects the overall
performance, including aerodynamics, noise and structure performances. This
is due to the vortex generated by the rotor blade rotating. This vortex descends
below the rotor and directly or indirectly bumps into the wing, fuselage, and
tail rotor, resulting in complicated flow and performance degradation. In order
to weaken the effect of this vortex, rotor blade shape research has been ongoing
worldwide. In recent years, design optimization has been achieved through

CFD and optimization techniques.

Meanwhile, Korea has been developing a light armed helicopter and a light
civil helicopter as well as a Korean utility helicopter, Surion. For these
helicopter developments, existing parts were used and therefore, many
restrictions on the improvement works hindered the development. Mainly, in
the case of the improvement of the main rotor blades, changing only the tip
shape and the tab attachment is made possible. As the requirements are also
highly coupled with the aerodynamic and noise performance, lots of difficulties

exist.
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In this study, the design optimization for higher aerodynamic and noise
performance was conducted by changing blade tip and tab shape under the
harsh conditions. Through the tip parameter study, five tip shape parameters
and one tap angle parameter were used as design parameters, and the
aerodynamic and noise performance in various conditions were set as the
objective function. Three hovering conditions and three forward flight
conditions were taken into consideration. Hybrid CFD solver, which simulates
the wake as the model was used for efficient flow field analysis. Thickness
noise and loading noise were considered for noise analysis using Farassat 1A
equation. For optimization technique, the efficient global optimization using

expected improvement was used with Kriging model as a surrogate model.

As a result, the optimal solutions were improved both in aerodynamic and
noise performance in various conditions. The relationships between each
variable and performance are identified and the cause of performance
improvement was figured out through the analysis of flow field. In case of the
aerodynamic performance, it is possible to increase some performance of
hovering and forward flight, but there is a limit on increasing overall
performance. In addition, reducing the noise by changing the directivity is more

effective than diminishing the intensity of the noise.

keywords : Helicopter Rotor, Blade Planform, Aerodynamic
Performance, Noise Performance, Design Optimization
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