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Design Methodology and Guidelines for a High-Lift Device Equipped Airfoil
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ABSTRACT: In order to add educational equipment to the UACJ’s aeronautics laboratory, an airfoil equipped with high-
lifting devices will be design to be used in wind tunnel tests; aerodynamic features will be chosen according to the University’s
AeroDesign Team requirements. Airfoil’s characteristics and the development methodology shall be discussed in this paper.
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1. Introduction

An airfoil (sometimes referred to as “aerofoil”) is defined as a bidimensional representation – or a section, of an airplane’s wing
which, even though it will not behave in the exact same way the three-dimensional wing does, serves to obtain an approximate
estimation of said wing’s performance under certain operating conditions [1].

Airfoils work by moving through atmospheric air at a determined speed and angle of attack and thus inducing pressure changes
around its geometry that lead to a resultant aerodynamic force, with components that are perpendicular to the flow direction
(known as lift) and parallel to it (drag force), as can be seen in figure 1. Even though any object moving through the air will create
these forces, it is the direction of the resultant aerodynamic force that makes an airfoil especially suitable for use in aircraft
wings: said force will be almost normal to the airstream, and the generated lift will therefore be far greater than the drag [2].

The aerodynamic behavior of the airfoil can be modified with the addition of high-lift surfaces (flaps, slats) and spoilers, which
are shown in figure 2. These are fixed or movable devices that alter the airfoil’s original shape in order to contribute to lift
generation or decrease, depending on what is required for a specific flight maneuver, such as an aircraft taking off or landing.
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Figure 1. Airfoil and aerodynamic forces related to it

Figure 2. Airfoil equipped with flaps, slat and spoiler

2. Methodology and development

The development of the mentioned airfoil will take place as a multiple-phase project, beginning on the conceptual design that
leads to a 3D assembly model that will furthermore be built by additive manufacturing – a tool useful when it comes to small
volume, high value products. Once the assembly model has been successfully brought to a group of 3D, physical objects, it will
all be put together and programmed to be deployed in different setups. Finally, it will be taken to a subsonic wind tunnel where
it will be tested and evaluated based on its aerodynamic characteristics.

The whole development process goes well beyond the scope of this paper, which focuses on the conceptual design how-to.
Steps to be followed will be defined next, and a general methodology will be suggested for the following stages of this project.

2.1 The conceptual design
Figure 3 shows the methodological diagram for this design.

Several authors [2-4] agree when it comes to the beginning of a design process: whether it is the development of an airfoil, a
whole aircraft or any other kind of mechanical system, to have a well-defined mission and general requirements must always be
the first step. General objectives are defined in the following list:

• To design, manufacture, assemble and program a functional, high-lifting surface equipped airfoil.

• To develop theoretical and experimental analysis of its aerodynamic and mechanic features, making sure it is wind tunnel
compatible and ready to use for educational purposes.

• To give the created airfoil a practical, real-world application by using it in AeroDesign competitions or other model aircraft.

General objectives shall be accomplished by meeting measurable, specific goals. These may be determined by the product’s final
user or regulatory requirements. Specific goals for this airfoil are shown in table 1.
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Figure 3. Methodological diagram

                Parameter          Desired values
Operating Reynolds Number        400 000 – 550 000
                   Cl max 2 ± 0.2
                 Cl/Cd max 125 ± 10
                     Stall α ≥ 15° _

After having defined the mission and specific objectives for the design project, a state-of-the-art research will be carried away
in order to evaluate similar, already existing airfoils: if there is one that meets requirements, it is not necessary to create a new
one. S1223 (see figure 4) [ and e423 (fig. 5) are amongst the most widely used airfoils for model aircrafts, as their aerodynamic
features (see tables 2 and 3) are similar to those required by aircraft building teams around the world.

Table 1. Base desired parameters for optimal airfoil design

Figure 4. Selig S1223 airfoil
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                      Parameter                         Desired values

     Operating Reynolds Number 500 000

                        Cl max         ≈ 2.4 at α = 13.5°

                     Cl/Cd max            98.8 at α = 4.5°

                         Stall α ≈ 13.5°

Table 2. Operation parameters for the s1223 airfoil. [5]

Figure 5. Eppler E423 airfoil

                             Parameter Desired values

           Operating Reynolds Number                     500 000

                                                                             Cl max                               ≈ 2.0 at α = 12.5°

                                                                           Cl/Cd max                                 123.4 at α =5.5°

                                                                               Stall                                    α ≈ 12.5°

Table 3. Operation parameters for the E423 airfoil. [6]

If none of the available options fulfills the stablished requirements, a new design can be created. Several methods are available
for doing this: computer code-based algorithms like the Eppler and Drela code (useful to develop an airfoil design parting from
flow parameters and to modify existing geometries, respectively), wind tunnel tests and trial-and-error experiments [7].

Figure 6. High-lift devices setups

Once the airfoil geometry has been defined, high-lift devices have to be chosen. Flaps, slats and spoilers are the most commonly
used. Different configurations of these devices are available, as can be seen in figure 6. Multiple things must be taken into
account when opting for a specific device or combination of devices: aerodynamic behavior, ease of manufacturing, mechanical
stress and materials, etc.

CFD is a very useful tool when it comes to evaluating the aerodynamic features of the selected airfoil. A variety of software is
available, such as ANSYS Fluent, Autodesk Simulation CFD, Solidworks or XFLR5. When using Computational Fluid Dynamics,
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the designer must make sure their analysis is correctly executed, and the best way to ensure this is to compare the data obtained
by simulation to that obtained experimentally. Abbott and von Doenhoff [8] have published an extensive report on different
airfoils’ characteristics under specific test conditions. If computer simulation results are similar to those already known by
experimentation, then said simulation was carried on correctly and data can be obtained for airfoil geometries that have not yet
been experimented on.

Preliminary design is the next stage of this process. After trying different options and deciding what suits the design goals the
best, further analysis must be done: does the design fulfill the priority requirements? What is the best building option (additive
manufacturing is planned to be used in the following parts of this project, but different materials and processing alternatives are
available: plastic, wood or metal, molding or machining, etc), will there be any significant mechanical stress?

Automation is another important decision to be made: there are plenty of options available, such as Programmable Logic
Controllers (PLC) or data-acquisition systems. It is important to consider the system’s requirements and limitations in terms of
costs, available space for additional components, hardware availability, compatibility with PC or other devices, etc.

It should be kept in mind that, while designing, it is never too late to make changes if they suit the project better. It is possible
to find flaws or parameters that can be easily improved during the late stages of preliminary design [2].

Once the design stages are over, it will be time to build and assemble the model. A correct design process will be very important
at this point, because miscalculations could lead to building errors that could cost time, money and material. The built model will
then be programmed for automation and tested in a wind tunnel. After experimental tests are conducted, an engineering report
will be filled showing the airfoil’s aerodynamic performance.

Conclusion

Mechanical design is an extensive, multi-stage process that must be correctly carried away in order to create a quality product.
In this paper, a design methodology, guidelines and suggestions were made for the design of a high-lift devices equipped airfoil;
the authors will continue to develop said system following the mentioned procedures.
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