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Numerical Investigation on Stress and CFD
Analysis of Aircraft Wings for Better Performance
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Abstract: The air foil section is the incarnation of a wing or a lifting surface which is very important in an airplane wing design.
While the shape of the air foil changes, their aerodynamic characteristics also change. This investigation deals with a standard
symmetrical air foil as reference and the effect of changes in shape due to minor variations in the coordinates. Three new air foil
shapes have been produced in this optimisation process. The aerodynamic characteristic results such as the coefficients of lift
and drag (Cd, Cl), pressure coefficient (Cp), moment coefficient (Cm) are noted for all three different profiles, produced from
the standard NACA 0012.Wortmann fx 63-137 and Clark y air foils are also included in our project. The modus-operandi used
in this optimisation process is the Computational Fluid Dynamics (CFD). We have used ANSYS FLUENT and MODAL for flow
and stress analysis. Flow changes have been recorded for these air foil shapes and the results are arrived for finding the best air
foil that can be advisable.

Keywords: Airfoil, airfoil shape, aerodynamic characteristics, Fluent, Modal.

I. INTRODUCTION
The wing may be considered as the most important component of an aircraft, since a fixed-wing aircraft is not able to fly without it.
It is made up of an airfoil which have some cross sectional area. Since the wing geometry and its features are influencing all other
aircraft components, we begin the detail design process by wing design. The primary function of the wing is to generate sufficient
lift force or simply lift (L). However, the wing has two other productions, namely drag force or drag (D) and nose-down pitching
moment (M). While a wing designer is looking to maximize the lift, the other two (drag and pitching moment) must be minimized.
In fact, wing is assumed ad a lifting surface that lift is produced due to the pressure difference between lower and upper surfaces. A
wing following the laminar stream has much larger thickness in the middle of the camber line. It represent negative weight slant
along the stream. So if we maintain the camber | the center, then a laminar stream with high rate high rate at high speed can be
achieved.
Il. WING DESIGN

The wing may be considered as the most important component of an aircraft, since a fixed-wing aircraft is not able to fly without it.
Since the wing geometry and its features are influencing all other aircraft components, we begin the detail design process by wing
design. The primary function of the wing is to generate sufficient lift force or simply lift (L). However, the wing has two other
productions, namely drag force or drag (D) and nose-down pitching moment (M). While a wing designer is looking to maximize the
lift, the other two (drag and pitching moment) must be minimized. In fact, wing is assumed ad a lifting surface that lift is produced
due to the pressure difference between lower and upper surfaces. Aerodynamics textbooks may be studied to refresh your memory
about mathematical techniques to calculate the pressure distribution over the wing and how to determine the flow variables.
Basically, the principles and methodologies of “systems engineering” are followed in the wing design process. Limiting factors in
the wing design approach, originate from design requirements such as performance requirements, stability and control requirements,
producibility requirements, operational requirements, cost, and flight safety. Major performance requirements include stall speed,
maximum speed, take off run, range and endurance. Primary stability and control requirements include lateral-directional static
stability, lateral-directional dynamic stability, and aircraft controllability during probable wing stall. One of the necessary tools in
the wing design process is an aerodynamic technique to calculate wing lift, wing drag, and wing pitching moment. With the progress
of the science of aerodynamics, there are variety of techniques and tools to accomplish this time consuming job. Variety of tools and
software based on aerodynamics and numerical methods have been developed in the past decades. The CFD Software based on the
solution of Navier-Stokes equations, vortex lattice method, thin air foil theory, and circulation are available in the market. The
application of such software —that are expensive and time-consuming — at this early stage of wing design seems un-necessary.
Instead, a simple approach, namely Lifting Line Theory is introduced. Using this theory, one can determine those three wing
productions (L, D, and M) with an acceptable accuracy.
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IHLMETHODOLOGY
CFD and CAE are the numerical strategy which are used to reproduce physical issues with use of experiments. This is used to
inquire about the arrangement without making physical model. In general numerical simulation consists of the following processes.
1) Modelling: After the completion of aerofoil selection, we collected aerofoil coordinate data as per the required dimensions from
aerofoil tools website. By using CREO software, 2D model is generated by importing the coordinates into it. Then the 2D
generated model is extruded into 3D model. After modelling different types of aerofoils, then it is imported in ANSYS
WORKBENCH for CFD and MODAL analysis. Even other software XFLR is used to study the various characteristics of the
aerofoils. The below figures shows the 3D model of NACA 0012 generated in CREO software and the mesh of one of the
aerofoil selected.
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Fig A: 3D model of NACA Aerofoil 0012 Fig B: NACA 0040 Mesh part

2) Meshing: All the different aerofoils were meshed in Ansys default mesher. Minimum five inflation layers were created around
the aerofoils to capture the boundary layers. The above figure shows the best mesh around the aerofoils which we obtained by
giving it a fine mesh. The below table shows us the structure of mesh elements of various aerofoil.

AIRFOIL NO. OF NODES NO. OF ELEMENTS MESH TYPE
NACA 0012 192663 353937 Triangular
NACA 0015 194248 353441 Triangular
NACA 0030 198568 361220 Triangular
NACA 0040 201320 387756 Triangular

Clark Y 326001 593100 Triangular
Wortmann fx63-137 248640 400882 Triangular

Table 1: No. of nodes and elements of different aerofoils

3) Fluent: After successfully meshing the aerofoils, then they were imported in Ansys Fluent and boundary conditions were given
to start the simulation. Various contours of pressure and velocity were obtained for all the different aerofoils. The various
boundary conditions applied here are mentioned below.

S.No PROPERTIES VALUES

1 Type of material Aluminium
2 Chord 300mm

3 Span Im

4 Velocity 133 m/s

5 Solution method Standard k-¢

Table 2: Boundary conditions used in Fluent
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4) XFLR5: After getting the various contours of pressure and velocity Cl and Cd values were determined by using a software
called XFLR5. Here in this software we can easily get the graphs of Cl and Cd of various aerofoil and can compare them to get
the L/D ratio.

5) Modal Analysis: After successfully iterations of the aerofoils in Fluent it was again imported in Ansys Workbench to find out
the natural characteristics or the mode shape and vibration frequencies that are responsible for the vibratory oscillations of the
aerofoil. Here self-weight condition was of opted to mainly identify the flutter characteristics of the aerofoil profiles and the
means of noise related problems during the flight. Even the structural performance of the aerofoil can be estimated by knowing
the modes of the failures.

6) Comparison: After getting all the output results from various software, all the aerofoils were compared to find out the optimum
aerofoil which can give better performance and stability.

IV.RESULT ANAYSIS
From the figures below we can see the different contours of velocity and pressure distribution on different aerofoils. It is clearly
seen that there are variations in pressure and velocity on each aerofoil.
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Fig C: Pressure distributions on NACA 0030 Fig D: Pressure distribution on Wortmann fx63-137

Fig E:Velocity distribution of Wortmann fx63-137 Fig F:Velocity distribution of NACA 0040

After finding the different contours of velocity and pressure, we have taken different aerofoils and calculated the Cl, Cd and Cm
values for those aerofoils. Then a graph was generated comparing those aerofoils and also calculated L/D ratio from the values.
The effect of shape on the Lift to drag ratio has been found by the analysis of airfoil shapes for various conditions of Mach number
and Angle of attack and it is tabulated as follows. Some of the tabulated results are shown in table 3.
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The aerodynamic coefficients are dependent on their body shape (airfoil section chosen), and also on the attitude (angle of attack),
Reynolds number, Mach number, surface roughness, and air turbulence. The results tabulated in Table 5.2 shows the (L/D) ratio of
Clark Y and Wortmann airfoils at 3° angle of attack.

Mach REF |1 IE E Mach no. Wortmann £%63-137 [ Clarky
No. (L/D) in % of chord at AOA 3° (L/D) in % of chord at 3 AOA

12 15 30 40 0.2 61.7 415
0.2 21.9 15.5 23.9 30.3 03 605 203
I
0.5 20.5 14.0 22.0 27.1 05 >8.1 380
0.6 19.0 12.9 21.6 27.1 0.6 56.0 37:5

Table 4: (L/D) ratio in % of chord of NACA 0012 Table 5: (L/D) ratio in % of chord

The below figures shows the wing design and analysis generated in XFLR5 software. Boundary conditions were applied like Mach
number, Angle of Attack, chord length and dihedral angle.

Fig G: XFLR5 model of NACA 0012 Fig H: XFLR5 model of NACA 0015

Fig I: XFLR5 model of NACA 0030 Fig J: XFLR5 model of NACA 0040
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Fig K: XFLR5 model of Wortmann fx63-137 Fig L: XFLR5 model of Clark Y airfoil

The following figures shows the stress distribution on each aerofil and the toatl deformation in them.
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Fig O: Stress distribution of Wortmann fx63-137 Fig P:Stress distribution of Clark Y
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V. CONCLUSION

From the investigation, following conclusions have been drawn.

CFD and MODAL analysis was done on various different aerofoils with different thickness in % of chord. It was found that
Wortmann fx63-137 at an angle of attack 12° and Mach no. ranging from 0.2 to 0.6 has the best lift to drag values. From the results
obtained from ANSYS FLUENT, it has been found that wortmann fx63-137 has the best pressure and velocity distributions over
selected airfoils.We plotted graphs between CI vs Cd , CI/Cd vs o, Cm vs o using XFLRS software. Fig shows the comparison
between selected airfoils. It was found that Wortmann fx63-137 has the highest Cl value at low Cd. From modal analysis, wortmann
and clark y has the best resistance to deformation and stresses
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