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Abstract. Morphing airfoil technology can enable an aircraft to adapt its shape to enhance
mission performance and replace the traditional flap, ailerons, elevator and rudders to optimize
flight attitude control efficiency. A set of optimal airfoil shapes are obtained aimed to minimize
the aerodynamic drag character by optimizing morphing configurations at different C; under the
two-dimensional steady-flow simulation. The traditional airfoil and morphing airfoil at different
C, are compared. It is proved that morphing wing can be used instead of a traditional wing.
Couples of traditional control surface and morphing airfoil are chosen to simulate and analyze
the aerodynamic difference. The flow mechanism is described on the basis of aerodynamic
simulations performed by CFX. It is demonstrated why the morphing wing can provide the same
C, with a small C,.

Keywords: morphing airfoil, control surface, compliant structure, polar computation,
aerodynamic analysis, streamlines.

Introduction

Aircraft designers are focused on improving the flight efficiency of aircraft. In particular,
airline companies are anxious to improve the efficiency of commercial aircrafts. Traditional
aircraft wings are designed to be the most efficient at cruising speed but suffer performance
penalties at other flight conditions, such as taking off, landing and controlling flight attitude.
Inspired by the bald eagle, which can change its own flap configuration to fit different flight
conditions and control the rolling, pitching and yawing performance [1], many researchers have
investigated different ways to improve the flight efficiency in different environments. Smart
wing and morphing aircraft technique research have been published in recent years.

These morphing wing technology were used to optimize the airfoils [2-6], wings’ platform
configuration [7] and the three dimension configuration [8-10] of the aircraft in order to control
flow [11], change the deform of shock wave [12] and improve the aerodynamic and aeroelastic
performance of military aircrafts [13-18].

New advances in morphing technology allow aircraft wing changing its configurations not
only at different flight attitude [19] and stages [20], but also control flight attitude at any time
with the most optimal polar ratio and take the place of the traditional control surface.

In this paper, the morphing concept which can deform the configuration of the airfoil and
control flight attitude with minimized cost is proposed. The aerodynamic characters of optimal
morphing airfoils and traditional hinged control surfaces (which can be used in flaps, ailerons,
elevating and yawing rudders) are compared. The flow mechanism is represented based on the
aerodynamic simulation. The conclusions are provided with comments on the benefits and
drawbacks of the morphing airfoil concept.

Conceptual structure design
There are two basic morphing concepts in the development of morphing wing: one is
changing the surface configuration of the wing [21] and the other is deforming the section shape

(the airfoil shape) of the morphing wing [22, 23].

388

© VIBROENGINEERING. JOURNAL OF VIBROENGINEERING. MARCH 2012. VOLUME 14, IssUE 1. ISSN 1392-8716



759. FEASIBILITY AND PRINCIPLE ANALYSES OF MORPHING AIRFOIL USED TO CONTROL FLIGHT ATTITUDE.
Du SHA, HAI-SONG ANG, LONG Liu

In Fig. 1, the morphing airfoil compliant concept that can change the section shape is
represented. It can deform the configuration of the leading edge, trailing edge, and the chamber
to fit flight environment and control the attitude [24-26]. It is axially symmetric about the chord.

Compliant mechanism Fixed structure

Control point and Elastic surface and
driving device honeycomb texture

Fig. 1. The morphing structure concept

Optimization of the morphing airfoil

Numerous mathematic methods have been devised to represent airfoil geometry in
aerodynamic design, optimization and parametric studies. The “CST” mathematical method [27-
29] proposed by Brenda Kulfan is chosen to describe the airfoil configuration. There are n
control parameters which can be used to control the different parts of airfoil configuration and
defined by the customer according to the required accuracy.

The airfoil was optimized to get the optimal airfoil shapes which can provide the same (,
with a much smaller C; punishment than any other shapes. To achieve this, a tool that can search
for the optimal airfoil geometry is used. First the generic constraint was represented by the
Bernstein polynomial. Second the XFOIL program [30] is used to get the polar ratio of the
airfoil shape in the aerodynamic analysis. Then the polar ratio is compared with the target
parameter and the former ones’ ratio and the airfoil shape control parameter which will be used
in the next cycle obtained with Isight.

The controlling moment is determined by the lift on the different control surface and the
distance of control surface and weight center. So the compare of the rolling, pitching and yawing
moment can transfer to the compare of the lift of the control surfaces. The aerodynamic shape
optimization problem can be stated as minimization of the drag coefficient with regard to a
confirmed lift coefficient.

A set of optimal airfoil shapes which can provide different C; with the minimum drag is
obtained by the procedure at Mach 0.045, Re 300000. The relationship between C;, C, of the
traditional hinged control surfaces and the optimal morphing airfoils is proposed. Flap 0, Flap 3,
and Flap 5 shows the polar ratio character of the traditional airfoil followed with the changing
angle of the hinged control surface when the angle of attack is 0, 3, 5 degree separately. It shows
that the traditional airfoil at different angles of attack provide the same C; with a bigger C; than
the morphing airfoil.

Take the traditional airfoil at angle of attack 5° and the morphing wing for example. Table 1
shows the C,,, C;, C, character of traditional airfoil with and without gap when the control
surface is at different angle of attack (3°, 5°, 8°).

Cn, C; and Cy is the moment coefficient, lift coefficient and drag coefficient of the airfoil in
Table 1. From Table 1 it can be determined that the morphing airfoil can provide a much smaller
C, and a bigger than the traditional airfoil when they provide a same C;. So it is more efficient to
use the morphing airfoil instead of the traditional hinged control surfaces on the flaps, ailerons,
elevators and rudders in general aircraft. The morphing airfoil can provide a much bigger than
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the traditional airfoil when they provide a same C;, it can improve the pitching character of the
flying wing layout aircraft.
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Fig. 2. The relationship between C;, C,4 of the traditional flap and morphing airfoil

Table 1. The C,,, C;, C4 character of different airfoil and angle of attack of the control surface

Angle of attack of the Cm G Cq
control surface (degree)
Traditional airfoil 3 0.023 0.61 0.0230
with gap 5 0.063 0.85 0.0350
8 0.100 1.05 0.0482
Traditional airfoil 0 0.010 0.61 0.011
without gap 3 0.048 0.85 0.0187
5 0.108 1.055 0.029
Morphing airfoil 0 0.095 0.61 0.0139
0 0.108 0.85 0.0162
0 0.132 1.060 0.0222

Aerodynamic analysis

The flow over a morphing airfoil and the airfoil with traditional control surface (with and
without a gap) is simulated by the CFX of ANSYS to analysis the causes why the morphing
airfoil can provide the same C; with a smaller C; punishment in comparison to the airfoil with
traditional control surface. Three groups of 2D case, all of which have the same C; with the
traditional airfoil at the angle of attack of 5 degree when the angle of attack of the control
surface is 3, 5, 8 degree separately, was simulated.

Fig. 3 illustrates the pressure of the flow domain of airfoil with traditional control surface,
airfoil with traditional control surface without gap between the control surface of the wing and
the morphing wing when they provide the same €, with the traditional airfoil.

Fig. 4 shows the streamline of different airfoils when they provide the same C; with the
traditional airfoil at different angles of attack.

When the C; is 0.61 (the angle of attack of traditional airfoil control surface is 3 degree), the
streamline of the flow of all the airfoils are smooth, the traditional airfoil without gap can
provide the same C; with a smaller angle of attack of control surface and C;. The morphing
airfoil has a narrow section with respect to traditional airfoil so it can induce a smaller pressure
C, punishment than the traditional airfoil.

When the C; is 0.85 (the angle of attack of the control surface is 5 degree), the streamline of
the flow of the traditional airfoil without gap and the morphing airfoil is smooth, the flow of
traditional airfoil start to be turbulent at the trailing edge, which can increase the energy
consumption.
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Fig. 3. 1 The control surface angle of attack is O degree

Looastonesieaiisnesi

L I
0 005 o1 o.){s 02 025 03 035

Fig 3. 3 The control surface angle of attack is 5 degree

Fig. 3. The pressure domain of different airfoils when they provide the same C; with the traditional airfoil
at different angles of attack.

When the C; is 1.05 (the angle of attack of the control surface is 8 degree), the streamline of
the flow of morphing airfoil is smooth, the flow of traditional airfoil and traditional airfoil
without gap is turbulent at the trailing edge, the traditional airfoil without gap have a smaller
turbulence. The morphing airfoil still has a smooth streamline.

The traditional airfoil with gap have a vortex at the control surface, the vortex will increase
followed with the increasing C;. The flow of traditional airfoil without gap changes from a
smooth to vortex followed with the increasing C;, the vortex is smaller than the ones with gap
when they provide the same C;. The morphing airfoil will not cause a vortex followed with the
increasing C;, so it can waste less energy than the other two, and its narrow section will decrease
the pressure drag.

There are three reasons why the morphing wing can provide the same C; with a small Cy
punishment:

1. It has no gap which can increase the pressure difference of low and up surface.
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2. The smooth shape can ensure the streamline around the airfoil to be smooth.
3. It has a narrow section which can decrease the pressure drag.
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Fig. 4. 1 The control surface angle of attack is 0 degree
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Fig. 4. 2 The control surface angle of attack is 3 degree
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Fig. 4. 3 The control surface angle of attack is 5 degree

Fig. 4. The streamline chart of different airfoils when they provide the same C; with the traditional airfoil at
different angles of attack

Conclusion

It is proved that the morphing airfoil can replace the hinged control surfaces to control the
rolling, pitching and yawing moment with a smaller drag and increase the flight efficiency at
different rolling, pitching and yawing moments.

The morphing airfoil control element can reduce the drag from 20 % to 60 % (showed in Fig.
2) with respect to the traditional airfoils with control surface when they provide a same C;, if the
C, is bigger than 0.1. The morphing airfoil can lead to a smaller adverse yaw when they provide
the same rolling moment.
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Reasons why the morphing wing can provide the same C; with a small C; are determined.
The morphing airfoil is more efficient because of absence of gap, smooth shape and narrow
cross-section.

Future work stages will include design of morphing mechanism components, materials and
further wind-tunnel test of the morphing wing at different flight speeds and attitude control
requirements.
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