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ABSTRACT

This research involved a study of aerodynamic analysis to determine the load on a
wing of a manned aircraft using ANSYS" software program. Awing of aircraft at Mach
number (M=0.4) has been modeled in this program to determine the pressure distribution on
both wing sides for steady and unsteady states. The wing has been tested at three angles of

attack, namely (0", 5, 10°). The pressure distribution on the wing has been used to evaluate

the stress distribution and displacement for the wing structure. The stress analysis has been
carried out for the skin shell of the wing and the internal stiffeners of the wing box. The
result obtained in the present work showed that the maximum Von Misses stress occurs at
distance of 0-15% from the edge of wing, especially at the corners at which spars web

extending from the wing and root ribs intersects the wing skin.
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NOMENCLATURE
Symbol description unit
C Speed of sound in fluid medium m/s
P Acoustic pressure P (x,y,t) N /m?
T Time Sec.
p Density kg / m®
{n} Unit normal to the fluid-structure interface
IN} Element shape function for pressure
INY Element shape function for displacement
P, Nodal pressure vector N /m®
u, Nodal displacement component vectors m
M? Fluid mass matrix kg
K% Fluid stiffness matrix N/m
o, Normal stressin i-direction N /m?
. Normal strainin i-direction
i Element of elasticity matrix to material axis N /m*
o Angle of attack degree

1. INTRODUCTION
For structural analysis of awing, it is necessary to find the loading on the wing. This

loading is due to aerodynamic forces coming from 3D pressure distribution on the wing. The
distribution of these aerodynamic forces acting on the wing can be found by a numerical
methods using CFD analysis. In this study, CFD method is used to calculate the flow field
around the wing and the resulting 3D pressure distribution acting on the wing. Then from this
pressure distribution, the nodal forces are calculated and then they are exported into the finite
element program. In this study, flow field computations are performed using the

commercialy available CFD tool and the structural analyses were performed by ANSYS*?

software program.

Insuyu, (2010), aimed to increase the aerodynamic efficiency of the aerial vehicles is
examined. Among different alternatives, the methodology of increasing the aerodynamic
efficiency is chosen as change in camber. The background of the study is established by
performing 2D CFD analyses on differently cambered airfoils generated from the selected
NACA4412 airfoil viaANSY S®/FLUENT software.
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Abid-Aun, (2008), studied the static analysis of the wing by ANSY S package has been
presented and used to determine the stress distribution on the wing. This operation involve
using the CFD method to obtain the aerodynamic result at (M=0.7) for taper wing and
(M=0.2) for rectangle wing. This aerodynamic result (pressure) is used to simulate the wing
loading on the wings during the static analysis also using isotropic in design the parts of
wing.

Soysal, (2008), Determined the structural analysis of unmanned aerial vehicle wing.
Aerodynamic loading around the wing is found via CFD analysis and at the end of the CFD
anaysis, the noda forces on the wing surface mesh are transferred to FEA mesh via
interpolation. The structural analysis of the unmanned aerial vehicle wing is performed.
Linear static analysis of the wing is performed at two different loading conditions which are
positive high angle of attack and positive low angle of attack.

Sakarya and Evren, (2010), presents a camber morphing concept as an alternative to
existing plain flap aileron type hinged control surface used in wings. Structural aspect of the
concept is investigated with static nonlinear finite element analysis by using MSC
NASTRAN .In order to assess the aerodynamic characteristics, CFD based 2D solution is
obtain using ANSY S Fluent package.

In the present work, it has been concentrated in calcul ate the aerodynamic load
analysis and produced pressure distribution on the wing for study and unsteady state with
different angle of attack. Stress distribution on the wing and internal structures of the wing

(ribs and spars) was performed for static analysis.

2. MATHEMATICAL MODEL
2.1. Governing Equation

The structural dynamics equation need to be considered along with the Navier-Stokes
equation .The discretized structural dynamic equation can be formulated using the structural
elements are simplified to get the acoustic wave equation using following assumption that
was detailed by Unlusoy (2010).
1-Thefluid is compressible.
2-Thefluid isinviscid (no viscous dissipation).
3-there is no mean flow of the fluid.
4-The mean density and pressure are uniform throughout the fluid.

The acoustical wave equation describes the variation of pressure p with time and space
in two dimension Cartesian coordinates (X, y). The acoustic wave equation for two
dimensions (unit thickness) is given by:
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= (1)

Boundary
condition: P(x,y,t) = P '™ (2)
Initial condition (t=0): P(x,y,0) =P

Then equation (1) reduced to the Helmholtz equation Erdogan (2010):

m:ﬁ+ o +EJ12 P=0 3
2 d?x  dy (3)

C

Then, the finite element statement of the wave equation (1) is given by:

| Zeryei 0T awed(R)+ [ (6RITIET [BlAveD(R)
wol

wal

+ f b (6P,}T (NHn}T{N}T d($){i.}
— (0} (4)

Equation (4) can be written in matrix notation to get the discretized wave equation:
[MZ1{E,} + [KZI{P.} + o, [R,]T (i} = {0} (5)

Pressure distribution across the upper and lower surface was calculated for transient flow

Sll

through time (0.2 second) with time increment (At=0.02 second) by using ANSYS™" package.

3. STRESS ANALYSIS

A static analysis calculates the effects of steady and unsteady state pressure condition
which applied on the element of a structure at the upper and lower surface. The wing of
structure is subjected to static element pressure load. Preliminary design of this structure
against those loads is assumed from the Aluminum 7075-T651, Soysal (2008). The results of
the static analysis would be included the element stresses distribution on the wing structure
and the internal structure which included the ribs and spars along element coordinates axis,

the linear and angular displacements of the nodes (w,v,w,8,,86,,.6.) aong globa

coordinate axis.

When performing analysis by displacement based finite elements a way to relate stresses to
the determined displacement and thus strains is needed. By applying the assumption of linear
elastic material behavior the constitutive law, known as Hooke's generalized law provides
the sought relation. Hansen and Hvejseal,(2006).

g=Cs (&)
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Here the stresses o are related to strains £ in a linear manner through the constitutive
matrix C (6x6). Exploiting symmetry conditions and making strain energy considerations it

can be shown that only 21 constants are needed in the description of anisotropic materials.

O [C11 Gz Gz Ciy G Ggl Ex

Ty Cp1 Cop Cpz Gy Cps Gy Ey

Tz | _|Ca1 Caz Cag Cay Cas Gy (7)
Ty Cap Cyp Cyg Cyy Cys Cyg| |Van
Tyz Csy Csy Cs3 Cgy Cgs Cog| | Vo=

Tz 0oy Coz Coz Coy Cgg Cggd  Misz

4. MAIN CHARACTERISTICS OF THE WING

4.1 Aircraft wing geometric parameters
The basic parameter such as airfoil section, wing plane form S, wing chord length C,

wing span B, aspect ratio A, tapered ratio A and thickness to chord ratio t/c should have
been decided at early stages of the work .Table (1) shows details of these parameters for the
wing in this study, and figure (1) shows airfoil NACA 4412 of the wing selected in the
present study.
4.2 Materials
Historically, aluminum materials have been the primary material for aircraft and

space craft construction. Today, structural weight and stiffness requirements have exceeded
the capability of conventional aluminum, and high-performance payloads have demanded
extreme thermo-elastic stability in the aircraft design environment.
4.3 Element types

The most commonly used element type in aerospace industry is the two-dimensional
(2D) elements since the industry is mostly dealing with thin walled structures. Almost every
main structural part can be modeled using these types of elements. While three dimensional
(3D) type elements are not performed for aerospace application.

5. RESULTS AND DISCUSSIONS

5.1 Aerodynamic Analysis

In this work the aerodynamic load was calculated by using ANSYS*! ¢ software for
the representative wing section (airfoil) as 2D in wind tunnel for NACA 4412 with different
angles of attack.

Fig.2 to Fig.4 demonstrate the contour map of pressure distribution over two
dimension airfoil NACA 4412 with different angles of attack @ = 0%, o = 5% and , @ = 10°

respectively in steady and unsteady state at Mach number 0.4, inviscid fluid and turbulent
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flow. Air was selected as the fluid with the following specific properties
p=1164 kg/m® and v= 1.57x10° m?/s. The boundary conditions, al outer zones

pressure are set to atmospheric Pressure. The contour map shows the pressure distribution
on the upper and the lower surfaces of the wing. It has been shown the maximum value of
pressure was found at the leading edge. Then, it has been shown when the attack angle
increasing. The maximum value of pressure zone was tended to appear on the lower of
airfoil surface as shown in figure (3). The pressure distribution was decreased after the
leading edge and the section of the camber. Thisis due to increase in flow velocity and the
angle of attack. At the trailing edge the pressure distribution was increased due to decrease

in flow velocity and increasing the angles of attack.

Fig.5 points the relationship between the pressure distribution and the chord length of
airfoil at attack angle= 0°, steady and unsteady state condition. After the tip point of airfail,

the pressure value was fallen very quickly until the distance of 0.1 m. Then after the
distance 0.2 m the response of pressure distribution was began to increase slowly as linear
relation. While at the lower surface of airfoil was increased at higher value than the upper
surface in length of chord= 0.1 m. Then, the pressure value was reached the same value at

the length of chord =0.5 m. thisisthe point of trailing edge of airfoil.

Fig.6 describes the relation between the pressure distribution chord length at steady
and unsteady state with angle of attack= 5°. It has been shown the same response of

relation of previous figures only avery little difference in values of pressure distribution.

Fig.7 illustrates the relation between the pressure distribution chord length at steady
and unsteady state with angle of attack= 10°. It has been noted in unsteady state the value

of pressure at airfoil tip was a higher than the value in steady state. Also, from the results, it
has been pointed that the pressure distribution on lower surface of airfoil increasing while
pressure distribution decreasing on upper surface of arfoil when the attack angle was
increased. These results were consistent with theoretical results of Petroski (2009).

Fig.8 describes the relationship between the pressure ratio and span length ratio. The
maximum value of pressure ratio was found at the root of wing due to the maximum
bending moment occurs at the root. The pressure ratio was decreased after the root of the
wing and along the length of the span until reaching to the tip wing. At the tip wing the
pressure ratio becomes zero. This is due to minimum bending moment was occurred at this

location. These information's were detailed by Doherty [9]:
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=
p(x) =p, L* — x? (8)

5.2 Stress Analysis
The structural analysis was achieved by using the ANSYS™ package in order to obtain

the element stresses distribution on the wing structure and the interna structure which
included the ribs and spars aong element coordinates axis, the linear and angular
displacements of the nodes (u,v,w,8,,,6,,,6.;) aong globa coordinate axis by using
isotropic material.

Fig.9 points isometric view Von Misses stress contour distribution on the wing box.
The maximum Von Misses stress occur at the distance of 0 to15% from the wing constraint

or fixed edge at the root [g,,,. = 50.5 MPa] which represented by red color due to

maximum bending moment at this location.

Fig.10 represents Von Misses stress contour distribution on the internal structure of
the wing box which includes the main spar (front spar), secondary spar (rear spar) and ribs.
From figure noted that the higher values of Von Misses stress occurs at the distance of O
t015% from the wing root which represented by red color due to maximum bending

moment at this location.

Fig.11 describes vertical displacement field of the wing box (uy). From figure the
maximum deflection occurs at the free side of the wing or at the tip ((uy)max=1.25 cm), and
the deflection isthe inversely proportiona with the stiffness values.

6. CONCLUSIONS

The major and general observations and conclusions for this work can be listed below:
1. From aerodynamic analysis results it can be noticed that the pressure value decrease in the
upper surface with increase angle of attack due to changing the direction of flow and
increasing in flow velocity, and the pressure value increase in the lower surface with increase

angle of attack surface due to decrease in velocity of flow.

2. From the structural results it is noticed that the highest values of Von Misses stress occur
at the distance of 0-15 % from the wing constraint or fixed edge at the root due to bending

moment is maximum at this location.

3. The stress is also high at the corners at which spar webs extending from the wing and root
rib intersects. The geometrical discontinuity is the reason for high stresses at these locations.

So the designation is accepted.
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4. Stress value on the spars is greater than the ribs and designed to have great bending
strength. Ribs have minimum Von Misses stress due to bending moment carried by spars.
Ribs designed to have great shear effect.

Table (1) aircraft wing geometric parameters. Ref. Unlusoy (2010)

Airfoil Section NACA 4412
Plane form Area,S 1.5[m?]
Chord length ,C 0.5[m]
Wing span ,b 3[m]

Aspect Ratio ,A 6

Taper Ratio , A 1

Thickness to Chord Ratio ,t/c 0.12

Table (2) Mechanical properties of aluminum
7075-T651 material, Ref. Unlusoy(2010).

Density, p 2810 [kg/m® ]
Y oung's modulus ,E 71.7[GPq]
Shear modulus ,G 26.9[GP4]
Poisson'sratio ,v 0.33
Ultimate strength 572[MP4]
Yield strength 503[MP4]
Shear strength 331[MP4]

Table (3) element types for wing box structural members

Structural member Element type
Spar webs shell 281
Skin shell 63
Ribs shell 281
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c - ‘

Figure (1) NACA 4412 airfoil. Ref. Petroski (2010)

(a) steady state. (b) unsteady state.

Fig.2 contour map of pressure distribution across airfoil at « = 0°,
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Fig.4 contour map of pressure distribution across airfoil at e« = 10°,
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Fig.9 Von Misses stress distribution.
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Fig.10 Von Misses stress distribution on the internal
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Fig.11 vertical displacement field on the wing box.
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