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Welcome

Summary

In this tutorial, a simple UnmannedAerial Vehicle (UAV) will be designedfor a given mission to
familiarizewith the basicstepsof modelling,analysisandoptimizationin AeolusASP.

Prerequisites

Å AeolusASP3.11

Å Quick Starttutorial recommended
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ProductRequirements

In this example, the objective is to design an UAV for aerial mappingand wildlife protection with high 
aerodynamic efficiency for low energy consumption and long range.

The design shall be based on the following top level requirements:

Mass and Dimensions

Å Take-off mass 6 kg

Å Max span 1.5 m

Mission

Å Cruise speed 30 m/s

Å Cruise altitude 1000 m MSL

Å Longestrangepossible

Flight mechanics

Å Static longitudinal stability margin 2% - 4%



Product Requirements



Initial Design

{ŜƭŜŎǘ ά!ƛǊŦƻƛƭ 
/ŀǘŀƭƻƎǳŜέ

Inspect available 
airfoils through the 
dropdown list or the 
buttons



Initial Design

The flat bottom side facilitates 
manufacturing

Select the NACA4415 
for the main wing

The relatively large nose 
radius typically provides 
good stall characteristics



Initial Design

In this example, only 2 
sections are required. You 
can remove the 3rd section 
of the default wing here.

{ŜƭŜŎǘ άDŜƻƳŜǘǊȅέ ǘƻ ǎǘŀǊǘ 
modelling the main wing.



Initial Design

Apply the NACA4415 to 
both sections



Initial Design

Note: The wing is symmetric.
Section 0 is at the wing root
Section 1 is at the right-hand 
side wing tip.

The total span must not exceed 1.5m. So 
we can set the half-span to 0.75m.

!ǎ ŀ ŦƛǊǎǘ ǘŜǎǘΣ ƭŜǘΩǎ ǘǊȅ ŀ ŎƘƻǊŘ ƻŦ лΦнƳ ŦƻǊ 
both sections.

After changing the 
geometry you may 
want to fit the view



Initial Design

Main requirements of a horizontal tail plane (HTP)
- Provide aerodynamic forces to ensure static and dynamic longitudinal stability 
- Pitch control for manoeuvres
- Trim for steady flight at different speeds

Positioning of the HTP:
X: Typically, the HTP is located downstream of the main wing at a distance of 40-50% of the wing 
span. With a wing span of 1.5 m we can assume x= 0.7 m.
Y: Use y= 0 for a symmetric aircraft
Z: The HTP should be at a sufficiently high z-position to avoid turbulences from the propeller 

hitting the HTP and causing vibrations. Assume z= 0.2 m.

Surface and aspect ratio: !ǎ ŀ ǊǳƭŜ ƻŦ ǘƘǳƳōΣ ŀǎǎǳƳŜ мл҈ ƻŦ ǘƘŜ Ƴŀƛƴ ǿƛƴƎΦ ¢Ƙŀǘ ƛǎ Ғ 0.03 m². In view of 
the aircraft stall characteristics, the HTP must stall later than the main wing. Therefore, the aspect ratio 
should be smaller than the aspect ratio of the main wing.

Airfoil: The HTP must be able to provide positive and negative lift forces. Symmetric airfoils, such as the 
NACA0012 are preferred as they provide good stall characteristics for positive and negative angles of 
attack.



Initial Design

Tail planes are also considered as 
ǿƛƴƎǎΦ tƭŜŀǎŜ ǎŜƭŜŎǘ ǘƘŜ ά²ƛƴƎǎέ-node 
to add a horizontal tail plane.

¢ƘŜ άҌέ-button adds a dummy wing which 
we will change to the horizontal tail plane 
όI¢tύ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎΧ



Initial Design

For convenience, rename the 
new wing to HTP

Each new wing gets a random 
color. Click here to pick your 
preferred color.



Initial Design

{ŜƭŜŎǘ ǘƘŜ άDŜƻƳŜǘǊȅέ-Node of 
the HTP

9ƴǘŜǊ ƛǘΩǎ Ǉƻǎƛǘƛƻƴ
X= 0.7 m
Y= 0 m
Z= 0.2 m



Initial Design

Apply the NACA0012 Airfoil to 
both HTP sections. 

Now, span and chord can be 
changed to reasonable 
values:
Semi-span: 0.2 m
Root chord: 0.1 m
Tip chord: 0.05 m



Initial Design

We have defined span and 
chord dimensions such that:
- ¢ƘŜ I¢tΩǎ ǇǊƻƧŜŎǘŜŘ 

area is 10% of the main 
wing

- ¢ƘŜ I¢tΩǎ ŀǎǇŜŎǘ Ǌŀǘƛƻ ƛǎ 
smaller than the main 
ǿƛƴƎΩǎ ŀǎǇŜŎǘ Ǌŀǘƛƻ



Initial Design

The sweep angle is 0° and 
refers to 25% chord.

/ǳǊǊŜƴǘƭȅΣ ǘƘŜ I¢tΩǎ ǘǊŀƛƭƛƴƎ 
edge is kinked, due to the 
taper.



Initial Design

Finally, we want to make the 
trailing edge straight to install a 
single plain flap.

Therefore, set the reference 
chord position to 100% (trailing 
edge)



Initial Design

You have completed the initial 
geometry definition.

Continue with the next node 
άCƭƛƎƘǘ /ƻƴŘƛǘƛƻƴέ ƛƴ ǘƘŜ ƳƻŘŜƭ 
tree



Initial Design

Which flight condition should be modeled?

There is a number of different flight conditions at which the aircraft should be analysed in view of 
performance and stability. For example

- Cruise

- Take-off and landing

- Maneuvers

- Loiter

In this tutorial, the defined mission is aerial mapping. We can expect that the aircraft will be operated in 
ŎǊǳƛǎŜ ŦƭƛƎƘǘ Ƴƻǎǘ ƻŦ ǘƘŜ ǘƛƳŜΣ ŀƴŘ ǘƘŀǘ ǘƘŜ ŀƛǊŎǊŀŦǘ ǇŜǊŦƻǊƳŀƴŎŜ ƭŀǊƎŜƭȅ ŘŜǇŜƴŘ ƻƴ ƛǘΩǎ ŎǊǳƛǎŜ ŦƭƛƎƘǘ 
characteristics.

So it is a good starting point to tailor the global wing dimensions to this primary condition in a first step.



Initial Design

Enter the cruise flight 
parameters:

- Aircraft weight:
с ƪƎ ϝ фΦумƳκǎч Ғ руΦф b

- Cruise speed: 30m/s

- Altitude: 1000 m (MSL)



Initial Design

The viscous drag coefficient 
depends on the airfoil and the 
Reynolds number (see next 
slide)



Initial Design

The total aircraft drag Ὀ is comprised of induced drag Ὀ and viscous drag Ὀ :

Ὀ Ὀ Ὀ

Induced drag is calculated automatically in Aeolus ASP, whereas viscous drag is very difficult to predict 
with numerical methods and is therefore mostly based on experimental data. These data typically have 
the form of coefficients for viscous drag ὅȟ and allow the computation of the viscous drag force 
from

Ὀ ήὛ ὅȟ ȟ

or
Ὀ ήὛ ὅȟ ȟ

with

ή dynamic pressure

Ὓ wetted wing area

Ὓ projected wing area

ὅȟ ȟ viscous drag coefficient, refers to the wetted wing area

ὅȟ ȟ viscous drag coefficient, refers to the projected wing area



Initial Design

In Aeolus ASP, the coefficient ὅȟ ȟ Ƴǳǎǘ ōŜ ǇǊƻǾƛŘŜŘ ŀǎ ŀƴ ƛƴǇǳǘ ƛƴ ǘƘŜ άCƭƛƎƘǘ /ƻƴŘƛǘƛƻƴέ ǇŀƴŜƭΦ

The default value is 0.005, which is a fairly good estimation for the most fixed-wing UAV cases.

However, let us see how more reliable data can be found. Note, that ὅȟ ȟ mainly depends on

- the Reynolds number ὙὩand

- the airfoil



Initial Design

/ƭƛŎƪ ƻƴ ǘƘŜ ά²ƛƴƎǎέ-
node to go back to the 
3D view

Plot the Reynolds 
numbers by clicking on 
the Re-Button

wŜŀŘ wŜҒпллΣллл ƻƴ ǘƘŜ 
main wing.



Initial Design

Airfoil data sheets are available from various online sources, such as http:// airfoiltools.com.

{ŜŀǊŎƘ ŦƻǊ b!/!ппмр ŀƴŘ ŎƭƛŎƪ ƻƴ ά!ƛǊŦƻƛƭ ŘŜǘŀƛƭǎέ (http://airfoiltools.com/airfoil/details?airfoil=naca4415-il).

http://airfoiltools.com/
http://airfoiltools.com/airfoil/details?airfoil=naca4415-il


Initial Design

We are now looking for curves with Re = 400,000 and ὔ ωassuming a clean wing surface.

The required coefficient ὅȟ ȟ can be approximated from the value of Cd at Cl=0 as shown below:

ὅȟ ȟ
ȟ πȢπρυ

ὅȟ ȟ
ȟ πȢππω

Re Nkrit



Initial Design

From the results

we can approximate a value for Re = 400,000, which is:

bƻǘŜΣ ǘƘŀǘ ǘƘŜ ƛƴŘŜȄ άǇǊƻƧέ ƛǎ ŀŘŘŜŘ ǘƻ ŘƛŦŦŜǊŜƴǘƛŀǘŜ ǘƘŜ ŘŀǘŀōŀǎŜ ǾŀƭǳŜǎΣ ǿƘƛŎƘ ǘȅǇƛŎŀƭƭȅ ǊŜŦŜǊ ǘƻ ǘƘŜ 

projected area, from the Aeolus ASP coefficient ὅȟ ȟ , which must refer to the wetted area. The 

ŎƻƴǾŜǊǎƛƻƴ ŦǊƻƳ άǇǊƻƧŜŎǘŜŘέǘƻ άǿŜǘǘŜŘέ Ŏŀƴ Ŝŀǎƛƭȅ ōŜ ŘƻƴŜΥ

ὅȟ ȟ
ȟ πȢπρυ

ὅȟ ȟ
ȟ πȢππω

ὅȟ ȟ
ȟ πȢπρρ

ὅȟ ȟ ὅȟ ȟ
ȟ ɇ

Ὓ

Ὓ

πȢυ

ὅȟ ȟ πȢππυυ



Initial Design

Finally, enter the value 
0.0055 here



Initial Design

Run the analysis 
by clicking here

outdated

The surface pressure plot can now be 
inspected in view of mesh quality. Here it 
shows high pressure gradients close to the 
wing tip.
High gradients typically require a denser 
mesh, so let us increase the mesh density 
ŀǘ ǘƘŜ ǿƛƴƎ ǘƛǇǎΧ



Initial Design

{ŜƭŜŎǘ ǘƘŜ ά5ƛǎŎǊŜǘƛȊŀǘƛƻƴέ 
node of the main wing

Use this dropdown to define, 
how the strips are 
distributed on the wing. 
{ŜƭŜŎǘ άhǳǘōƻŀǊŘέ ǘƻ 
increase the density at the 
tip.

Note, that the results will be 
removed whenever you 
change the model.



Initial Design

ά/ƻƴǎǘŀƴǘέ ǎǘǊƛǇ ŘƛǎǘǊƛōǳǘƛƻƴ

άhǳǘōƻŀǊŘέ ǎǘǊƛǇ ŘƛǎǘǊƛōǳǘƛƻƴ

Å ¢ƘŜ ǎǘǊƛǇ ŘƛǎǘǊƛōǳǘƛƻƴ ƻǇǘƛƻƴ άhǳǘōƻŀǊŘέ ƛƴŎǊŜŀǎŜǎ ǘƘŜ ǇŀƴŜƭ ŘŜƴǎƛǘȅ ŀǘ ǘƘŜ ǿƛƴƎ ǘƛǇ ŀƴŘ ŜƴŀōƭŜǎ ŀ 
better resolution of the surface pressures in this area. 



Å ¢ƘŜ ǎǘǊƛǇ ŘƛǎǘǊƛōǳǘƛƻƴ ƻǇǘƛƻƴ άhǳǘōƻŀǊŘέ ƛƴŎǊŜŀǎŜǎ ǘƘŜ ǇŀƴŜƭ ŘŜƴǎƛǘȅ ŀǘ ǘƘŜ ǿƛƴƎ ǘƛǇ ŀƴŘ ŜƴŀōƭŜǎ ŀ 
better resolution of the surface pressures in this area. 

Å Note the improved resolution of the surface pressure

άhǳǘōƻŀǊŘέ ǎǘǊƛǇ ŘƛǎǘǊƛōǳǘƛƻƴ

ά/ƻƴǎǘŀƴǘέ ǎǘǊƛǇ ŘƛǎǘǊƛōǳǘƛƻƴ

Initial Design



Analysis of the Initial Design

Run the analysis 
by clicking here



Analysis of the Initial Design

The Lift/Drag ratio in 
the current flight 
condition is 19.4



Analysis of the Initial Design

The Lift/Drag ratio could be 
increased to 20.3 at the same 
altitude, if the airpeed would be 
ŘŜŎǊŜŀǎŘŜŘ ǘƻ Ғнс ƳκǎΦ

That is, the wing is not 
optimized for our target speed 
of 30 m/s.



Analysis of the Initial Design

In view of static stability, you can plot 
the aerodynamic center (=neutral 
point) and the center of pressure 
(=center of gravity) here.

The static margin is 1.3%.
Our target is at least 2%.

AC and CoP are plotted for 
each wing (small) and for the 
entire aircraft (large)



Analysis of the Initial Design

Note: you will always find AC and CoP 
in the x-y-plane. That is, they might be 
inside the wing, just as it is in this 
example. If required, toggle on 
άǿƛǊŜŦǊŀƳŜέ ǾƛŜǿ ŦƻǊ ōŜǘǘŜǊ ǾƛǎƛōƛƭƛǘȅΦ


