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Abstract

A Study on the Aerodynamic Characteristics of Discretized

Morphing Airfoils Regenerated by Splines and NURB Curves

The study focuses on the generation of airfoil panels, the reconfiguration of the morphing
airfoils and its method. The first assumption is the air and its flow are assumed
incompressible, irrotational, inviscid and subsonic for simplicity. The second assumption made
is the morphing airfoils form the airfoil shapes generated by conventionally existing low
thickness/chord(T/C) ratio and high T/C ratio airfoils. The next assumption made is, thereon,
since airfoils in continuous morphing stages are generated from both proper airfoils, they
should, therefore, show proper pressure distributions; that is the regenerated morphing airfoils
are apt for flying objects as UCAVs and general airplanes. For analysis, the continuous

morphing stages are discretized.

To regenerate the airfoil, numerical curve fitting methods such as natural cubic spline,
piecewise polynomial fitting, and NURB curves were tested successively in a routine for
better pressure distribution, and for higher efficiency. In the course of panel regeneration,
airfoils by NURB showed positive tendency that it generated dense panels at both leading and
trailing edges while maintaining proper Cp distribution, leaving wide panels at the middle
without further vigorous manipulation. The pressure distribution graphs using the linear
strength vortex panel(LSVP) method were obtained as the results. In order to verify the
results, XFOIL was used for validification. The study finds the concept of morphing airfoils
and its approaching method described in this study feasible. The study also suggests another

method for finding ‘aerodynamic center' by deriving the positional (total) moment coefficient

( €m.e@x,) on the chord.

Key Word: Morphing, Airfoil, Spline, NURB, Regeneration, Aerodynamic Center,
Linear Strength Vortex Panel Method
v
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3. (Result)
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Fig. 7 Schematic chart showing work flow, in brevity
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Fig. 8 NACA64a204 and its Fourier approximation, not in 1:1 ratio

lowfourier.f
1548
3 . c
c (magnitude)
bias error
. NACAG64a204
thickness/chord ratio . ¢
i) i)
ay, by by
s 8
chord

- 19 =



I
— MNACARLaZ04
""" goel&k
— goelik
=== uagtd14320
===+ miley
— g5020
usasl
049915

¥ 0.08
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3.2.2 NURB
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Fig.11 Airfoils created by spline, and piecewise polynomial at LE & TE
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Fig.14 Cp distribution of Fig.13

- 23 -
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Fig.16 Reconfiguration of Miley-mix airfoil at the mid section
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Fig.17 Positional total moment coefficient using Eq. [3.7]
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Ref.[4] [2.48]

Morphing mean chord line

Cp Decomposition and Resultant Moment Coefficient, Conceptual Diagram
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— e
Figure Pressure Distribution trend for NURB generated NACA64a204
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Figure Pressure Distribution trend for NURB generated Morphing Stagel airfoil
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Figure Pressure Distribution trend for NURB generated Morphing Stage3 airfoil
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Figure Miley-mix panel reconfigured by piece







