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1 Introduction

1.1 ICARUS PoliTO

ICARUS PoliTO is a student team from Politecnico di Torino, founded in 2015 and composed of
more than 100 students from di�erent engineering �elds of study. Within the team, there are
three independent projects:

ˆ ACC (i.e., us) - We are 17 students and our goal is to design and build a high-performance
model aircraft to compete in the Air Cargo Challenge. Although this is our �fth partici-
pation in the competition, the team currently includes many new members, supported by
"veterans" who have already taken part in previous editions.

ˆ RA - This section of the team focuses on the development of solar-powered UAVs and
autonomous �ight systems.

ˆ APA - This new section of the team is dedicated to the development of a rocket-powered
UAV.

The team also includes an IT division, which collaborates with all three projects and supports
the development of electronic and software systems.

The Air Cargo Challenge is a biennial international competition involving universities from all
over the world. The goal is to design an aircraft capable of maximizing the payload while main-
taining high performance in terms of e�ciency and speed, in compliance with a set of rules
updated at each edition. This year's edition, organized by the University of Stuttgart, provides a
highly educational environment in which to test and develop design skills. Participation allows
students to turn the theoretical knowledge acquired during their studies into practical experi-
ence by tackling a complete engineering project in all its phases.

The name chosen for the aircraft developed for this competition is Aetos.
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2 Project Management

2.1 Team Organization

The ACC section of ICARUS PoliTO is composed of 17 students from di�erent parts of Italy, mostly
enrolled in Bachelor's and Master's degree programs in Aerospace Engineering at Politecnico di
Torino. The team is part of the Department of Mechanical and Aerospace Engineering (DIMEAS)
and is coordinated by our academic advisor, Professor Paolo Maggiore.
Within ACC, we are divided into three main areas: Aerodynamics, Flight Mechanics, and Struc-
tures. Each area has a division manager responsible for organizing the work, which is generally
carried out individually or in small groups. All three areas are coordinated by a project man-
ager, who ensures that the project progresses according to the established timeline and is also
responsible for administrative and budget-related matters.

In order to stay updated on the progress of the project, as well as to collectively make important
decisions, discuss, and propose new ideas, the entire team meets once a week. During more
intensive periods, such as the initial design phase, additional meetings are held within each
area to work together. As for the manufacturing phase, all members from the di�erent areas
are involved, under the coordination and supervision of the more experienced members of the
Structures area.

Figure 2.1: Our ACC team

2.2 Financial Budget

For this edition of ACC, the total budget for our section of the team amounts to ¿13000, allocated
as shown in Table 2.1. All our funds are provided by Politecnico di Torino, which also covers
the rent for our o�ce and the laboratory at Toolbox Coworking. In addition, we are supported
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2.3. Time Schedule 5

by our sponsors: SIEMENS for FEM and CFD analysis software, STMicroelectronics for hardware
components, and Altium for the design of our electronic boards.

Materials and Onboard Systems
Materials for aircraft construction ¿2200
Wing molds ¿800
Onboard systems and electronics ¿1900

Travel and Competition Expenses
Team members registration ¿1050
Accommodation in Stuttgart ¿3500
Travel expenses and van rental ¿3550

Total ¿13000

Table 2.1: ACC26 Budget

2.3 Time Schedule

At the beginning of the project, a time schedule was de�ned, summarized in Figure 2.2, by the
project manager together with the managers of the Aerodynamics, Flight Mechanics, and Struc-
tures areas. The timeline is based on the approach the team has adopted for several years, which
includes the production of two di�erent aircraft: an initial prototype used to test and possibly
re�ne the design choices, and a second �nal aircraft, which is the one used for the competition.
Unlike previous editions, this year we made a key decision: to manufacture the prototype with
the same level of build quality as the �nal model. This choice allowed us, on the one hand, to
identify and correct design issues that might have gone unnoticed with a simpli�ed prototype,
and on the other hand, to test all the innovations of the particular con�guration we decided to
adopt this year.

Figure 2.2: Project time schedule



3 Preliminary Design

The objective of the preliminary design phase was to determine, through theoretical models
supported by experimental testing, a set of geometric and aerodynamic parameters to guide
the design of the wing and tail, while also enabling the evaluation of optimal choices in terms of
payload, propellers, and single- or twin-motor con�guration. The work�ow is outlined in Figure
3.1.

Figure 3.1

3.1 Initial Parameters

In order to evaluate performance in terms of competition score, our model was developed con-
sidering a set of design parameters, to be optimized, and initial parameters, which instead re-
quire a plausible input value.

Design Parameters Initial Parameters

Wing surface S CD0

CL;T O Oswald e�ciency factor e
Number of cans Empty weight
Propeller Friction coe�cient �
Motor con�guration
Wingspan

Table 3.1: Design and initial parameters

Particular attention was given to the choice of initial parameter values and, most importantly,
to their in�uence on the score predicted by the model.
By assigning di�erent trial values, it was found that the empty weight and C D0 were the most
critical parameters a�ecting the score, and therefore required values as close as possible to
those of the �nal aircraft.
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3.2. Motor�Propeller Matching 7

Regarding the empty weight, estimates were made based on previous experience, construction
techniques, and materials used during the manufacturing phase. Moreover, it was crucial to
consider two di�erent empty weights for the single-motor and twin-motor con�gurations, in
order to avoid overestimating performance. The �nal values are:

Single-motor Twin-motor

mempty = 3:1 kg mempty = 3:5 kg

As for CD0 , cruise performance was found to be extremely sensitive to its value. Due to this
characteristic and considering the importance of speed in this edition of ACC, we decided to
develop, for the �rst time within the team, a retractable landing gear.
An initial estimate of C D0 was obtained using the Build-Up method (Section 4.1). A value was
determined for the con�guration with retracted landing gear, to which a multiplicative factor
was added to account for the deployed landing gear, estimated from the team's past experience.

Gear deployed Gear retracted

CD0 = 0:025 CD0 = 0:018

3.2 Motor�Propeller Matching

Since it was not possible to experimentally analyze propeller performance with the new motor
in a wind tunnel, during 2025 and immediately after the release of the competition rules, we
developed a new motor model based on studies carried out by the team over the years. In par-
ticular, given the possibility of a twin-motor con�guration this year, it was necessary to include a
current limitation in the model: 30 A for the single-motor con�guration and 15 A for each motor
in the twin-motor con�guration.

The starting point of the model is the battery�ESC�motor system, shown in Figure 3.2:

ˆ The battery is modeled as a simple voltage source, neglecting discharge during �ight.

ˆ In this model, the ESC only reduces the input voltage to the motor proportionally to the
throttle by a factor t, with an e�ciency � ESC .

ˆ Finally, the motor is represented using a �rst-order model [2], also known as the three-
constant model: the speed constant K V , an internal resistance R m , and a no-load current
I 0.

By solving the circuit, it is possible to derive the equation for the motor torque as a function of
rotational speed and throttle:

Qm (t; RPM) =
� ESC

t i(t; RPM) � I 0

K V
i(t; RPM) =

V0t � RP M
K V

Rbt + R m
� ESC

t

At this point, the propeller analysis is required. For this purpose, experimental measurements
from the University of Illinois database [3] were used. Using available data on thrust coe�cient



8 Chapter 3. Preliminary Design

Figure 3.2: Motor model circuit

CT and torque coe�cient C Q for various propellers, it is possible to reconstruct thrust and re-
sistant torque curves as functions of rotational speed and �ight velocity.

A throttle setting and a range of velocities are then selected. For each velocity, the equilib-
rium point between motor torque and resistant torque is found from the intersection of the two
curves. The corresponding equilibrium RPM is then used to determine the thrust at that velocity.
By iterating over di�erent velocities, the T �V curve associated with a given throttle setting is
reconstructed point by point. Finally, by adding a check on the motor current consumption at
each equilibrium point (obtained from the circuit solution), it is possible to enforce the current
limitation.

Additionally, this year the organizers provided a set of thrust curves for various propellers, lim-
ited to both 30 A and 15 A. These data proved very useful for validating the model and allowed
us to apply it with con�dence to other propellers not included in the provided dataset, such as
APC propellers.

Figure 3.3: Comparison between model and experimental thrust data
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3.3 Performance analysis

As in every Air Cargo Challenge competition, there is a requirement regarding the take-o� run:
it must be shorter than 60 m to validate the �ight and shorter than 40 m to obtain a bonus in
the calculation of the �nal score. It is therefore essential to accurately model the take-o� run,
with the aim of avoiding an overestimation of the payload, which would lead to operating with
an actual load lower than the predicted one.

To this end, a single MATLAB code was developed for the preliminary sizing of the model air-
craft. The code uses the thrust curves of the di�erent propellers, previously determined as a
function of the adopted motor, and makes it possible to analyse di�erent design con�gurations.
In particular, both single-motor and twin-motor con�gurations are considered, evaluating the
transportable payload, the maximum cruise speed for the competition task, and the possible
achievement of the bonus for a take-o� run shorter than 40 m. Furthermore, the code makes it
possible to identify the con�gurations capable of satisfying the minimum required constraint,
namely a take-o� run shorter than 60 m, necessary for �ight validation. For each con�guration,
the code calculates the maximum obtainable score and returns the main geometric parameters
of the aircraft. This approach makes it possible to systematically compare the most promising
con�gurations and to identify an optimal range for the wing surface area (geometric characteris-
tic) and for the lift coe�cient in take-o� (aerodynamic characteristic). These values are selected
by taking into account not only aerodynamic performance, but also structural feasibility and
compliance with the dimensional constraints imposed by the regulations. The obtained results
therefore constitute the reference basis for the design of the �rst wing iteration.

3.3.1 Takeo� run modeling

The model used in the MATLAB code refers to a study carried out during the 2025 break year,
with the aim of optimizing the take-o� run calculation by improving an already existing model. In
particular, ground e�ect was introduced for an estimate of the C D0 coe�cient based on the Virgin
Tech report [8], subsequently comparing the results with experimental �eld tests performed with
the Sirius model aircraft, developed for the ACC24 competition and updated with the new motor.

The take-o� run is modelled starting from the equation of motion along the horizontal direction,
assuming that all the forces involved depend on velocity. With reference to a classical force dia-
gram, this equation is: m dV

dt = T � D � �R. In particular, the available thrust is approximated as
T = aV 2 + c, and is obtained from the velocity�thrust curves for each propeller previously stud-
ied in the motor�propeller matching. The aerodynamic drag and lift are expressed respectively
as

D =
1
2

�SC D V 2; L =
1
2

�SC L V 2:

For the drag calculation, a parabolic law is used, C D = C D0 + � C2
L

��e , in which ground e�ect is also
included through a corrective factor �. In the code this factor is expressed as

� =
(16Wh=Ws)2

1 + (16Wh=Ws)2 ;
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where Wh is the distance of the wing from the ground and W s is the wingspan. Due to the
proximity of the wing to the ground, the air circulation is modi�ed, reducing the strength of the
wing-tip vortices and, consequently, the induced drag. Ground e�ect allows a more optimistic
(and realistic) estimate of the aircraft acceleration capability compared with free-air models.
Ground friction is modelled as �R = �(mg � L), highlighting how it decreases as lift increases
during the acceleration phase. This leads to a formula for the take-o� distance equal to 1:

�x �
m
2A

ln
�

AV 2
T O + C
C

�

The reference take-o� speed is estimated by imposing the static equilibrium between lift and
weight:

VT O =

s
2mg

�SC L T O

:

In the model, plausible ranges were considered both for the wing surface area S and for the
take-o� lift coe�cient C L T O , in order to subsequently identify a reference con�guration to be
adopted during the wing design phase.

Finally, in the �nal calculation of the take-o� distance, a corrective factor (Safety Factor) equal to
25% was introduced, in order to adopt a more conservative approach, considering the numerous
simpli�cations present in the model and following the test campaign carried out with Sirius,
during which di�erent propellers with the new motor were tested and the actual take-o� distance
was physically measured.

3.3.2 Score calculation with di�erent con�gurations

The developed MATLAB code makes it possible to estimate the possible competition scores as-
sociated with di�erent con�gurations through the implementation of the formula provided by
the regulations. The main objective of the program, as already mentioned, was to provide a pre-
liminary estimate of the con�gurations capable of maximizing the score, balancing the search
for the maximum cruise speed for the competition task, the can-carrying capacity, and compli-
ance with the take-o� constraints within 60 m, with the possibility of reducing it to 40 m in order
to obtain a higher score, iterating over a range of values of the take-o� lift coe�cient and wing
surface area.

The model also integrates the thrust curves of di�erent propellers, both in single and twin con-
�gurations, initially de�ning design parameters such as C D0;T O , wingspan, empty weight, ranges
of wing surface area, and C L;T O . These values were selected within a realistic range, based on the
team's previous experience and on the comparison among di�erent areas, in order to guarantee
physical consistency and reliability of the produced estimates. 2 Graphs were then produced in
order to obtain an immediate overview of a given con�guration:

The ordinate axis reports the take-o� lift coe�cient C L;T O , while the abscissa shows the wing

1The coe�cient A groups the aerodynamic terms and the quadratic component of thrust, while the coe�cient C
represents the net available force at zero velocity.

2For the de�nition of the maximum cruise speed, the maximum available thrust was set equal to the required
thrust.
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(a) 6 cans (b) 9 cans

Figure 3.4: Examples of score prediction maps

surface area S. Each graph is associated with a colour bar that allows rapid visualization of the
score resulting from the intersection between lift coe�cient and surface area. The blue colour
identi�es the con�gurations with zero score, namely those that do not allow take-o� within 60 m.
A maximum wing loading limit is also considered, based on the experience of previous ACC edi-
tions, and it is represented by the vertical line separating the blue region from the yellow one.
A step can then be observed: this transition represents the boundary between con�gurations
capable of guaranteeing take-o� within 40 m and those that cannot. From a design point of
view, a compromise clearly emerges. To obtain high speeds (high V max ), it would be preferable
to reduce the wing surface area S, in order to decrease aerodynamic drag. However, to guaran-
tee take-o� within 40 m and satisfy wing loading constraints, it is instead necessary to increase
the surface area S. The graph therefore represents the balance point between these two op-
posing requirements, highlighting the trade-o� between �ight performance and short take-o�
capability.

By comparing di�erent con�gurations, a range of propellers with diameter between 12 and 14
and pitch between 8 and 10 was selected, together with a number of cans between 7 and 9, and
the twin-motor con�guration was chosen, another design novelty for the team. In this design
region, a �rst value of C L;T O equal to 1 and a wing surface area S equal to 0.65 m 2 were identi�ed.



4 Aerodynamic Design

4.1 Wing Design Methodology and Geometric De�nition

The wing development was carried out following an iterative process based on the evolving data
provided by the �ight mechanics department.
Before being able to start this process it was necessary to estimate an initial value of C D 0 to be
inserted into the models. This was initially estimated using data obtained during past years and
then subsequently improved using the build-up method [10].
Once the �rst geometric parameters were obtained, the work�ow illustrated in �gure 4.1 was fol-
lowed to arrive at satisfactory wing geometries. Once the preliminary geometry was surpassed,

Figure 4.1

XFLR5 and FLOW5 software were used to design and analyze various wing con�gurations, grad-
ually con�rming the C D 0 values. To estimate the increase in C L TO due to the �aps, an handbook
method reported in Roskam vol. VI [9] was initially used in combination with data from models
used in past years. This value is important to identify a range of C l that the airfoil must be able
to develop at the takeo� angle; the initial estimate was subsequently con�rmed by analyzing
the di�erent con�gurations with extended and retracted �aps using FLOW5.
The iterative process led to the de�nition of 3 di�erent con�gurations: the main one with the
best CD and e�ciency, but with a more contained C L max and minimized thicknesses; two con�g-
urations in which it was decided to maintain a higher C L max and greater thicknesses in order to
simplify construction and improve stall properties.
These latter con�gurations are intended to be used as backups in case the main con�guration
does not prove to be feasible for constructive or structural reasons, or due to an unsatisfactory
CL TO.
After more in-depth analyses, in particular of the takeo� phase also making use of STAR CCM+
for CFD analyses, it was con�rmed that the main con�guration was the optimal choice.
All the designed wings feature a planform composed of two trapezoids; this choice simpli�es
and accelerates the prototyping phase, ensuring the feasibility of the �nal model even without
the use of a numerical control (CNC) milling machine.

Given the relatively low aspect ratio and the selected planform, aerodynamic washout was em-
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4.2. Database, research and airfoil selection 13

Figure 4.2: Wing planform and lift distribution; V = 28 m/s, � = 0:4 �

Parameter Value

Wing area (S) 0.68 m2

Wing span (b) 2.6 m
AR 9.931
Taper Ratio 0.371
M.A.C 0.28 m

Table 4.1: Geometric
characteristics

ployed to get as close as possible to the elliptical lift distribution. This was also possible thanks
to the optimization of the airfoils which allowed for a precise control of the C L along the span.
The aerodynamic washout and the customization of the airfoils also allowed for the variation of
the relative thickness along the span, leaving su�cient space for the retractable landing gear in
the central section while keeping the tip sections thin.

To maximize the CL TO without adding too much constructive complexity, a hybrid solution was
chosen again, similar to the model used in the previous competition. Unlike that one, however,
the wing is divided into only 3 sections: a central one with a slotted-type �ap formed by a single
movable surface and two �aperons on the wingtips that allow reaching the necessary C L TO.

4.2 Database, research and airfoil selection

To �nd the most suitable airfoil, a database developed by team members over the past few years
was used. The database proved to be a highly e�ective tool because, by applying geometric �l-
ters, aerodynamic �lters, and other variables, it created a ranked list of airfoils, discarding those
that did not respected the input values, leading to a reduction of the search range from a few
thousand to around thirty airfoils.
Firstly, the geometric values for camber and thickness were entered, speci�cally chosen to facili-
tate the aircraft's construction and to create su�cient space for the landing gear to retract. Next,
the aerodynamic �lter was applied, discarding airfoils whose aerodynamic parameters did not
meet the design requirements. Other essential parameters, such as the cruise C L and Reynolds
number, were then input (see Table 4.2). At the end of this process, the database provided an
output ranking of a few airfoils, sorted by their characteristics according to their compliance
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with the requirements.

After searching the database, the following airfoils were selected: SD8000, MH42, S6061, and
S3016.
Firstly, the selected airfoils were analyzed using XFLR5 to compare their aerodynamic character-
istics in both cruise conditions (Re = 5e5) and takeo� conditions. (Re = 2e5). After this analysis,
the following airfoils were rejected: the SD8000 due to its irregular stall; the MH42 and the S6061
because the CL at cruise angle of attack was outside the prede�ned range, the C D was too high,
and the e�ciency was too low, especially in cruise. Furthermore, these three airfoils were found
to be too thin, and drastically increasing their thickness during optimization would be complex.

The S3016 airfoil was therefore selected for the wing with less C D , considered the best after the
research, both for its aerodynamic characteristics and because it best met the design require-
ments. For the wingtip only, the SD7003, a pro�le with a thickness of 8.5%, was chosen through a
database study using the same methodology as that which led to the choice of the S3016 due to
its better aerodynamic properties, in particular the low C D , than the the S3016 optimised for the
same thickness, thus respecting the initial design idea of having a thinner pro�le for the wingtip.

Figure 4.3: Cl-alpha and Cl-Cd graphs in cruise

Figure 4.4: Cl-alpha and Cl-Cd graphs in takeo� (without �ap)

Parameter range or value
t/c 9 % < t < 13 %
h 0 % < h < 3 %

Clmax 0.9 ± 0.03
Cdmin < 0.01

(Cl =Cd)max > 60
Clcruise 0.2

Re 5 e5

Table 4.2
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4.3 S3016 optimization

The optimization of the S3016 airfoil was carried out with the aim of improving its performance
at low Reynolds numbers. Starting from an initial relative thickness of 9.5%, the thickness was
increased to 11% at the root and 10% at mid-span, achieving good aerodynamic behavior within
a limited range of angles of attack around zero angle of attack. In addition, a smooth stall re-
sponse and su�ciently high lift at large angles of attack were required.
The de�nition of the objective function turned out to be a key aspect of the process. An ini-
tial attempt to maximize lift at zero incidence led to unbalanced solutions and was therefore
abandoned. Focusing instead on maximizing aerodynamic e�ciency produced more satisfactory
results, although it required careful tuning to prevent abrupt stall. A similar approach, based on
combined lift and drag targets, proved to be more numerically stable.
The �nal mid-span airfoil, denoted as s3016 B9, obtained through Bézier parameterization with
a thickness of 10%, represents a good balance between lift, drag, and stall behavior. At the wing
root, the 11% thick airfoil s3016 B2 was selected, also optimized using Bézier parameterization,
with the primary objective of reducing cruise drag, maintaining the higher thickness, in order to
increase the maximum speed. Figure 4.6 presents a comparison between the original airfoil and
the two optimized con�gurations.

(a) Cl vs Cd

(b) Cl vs �

Parameter s3016 s3016 B2 s3016 B9
Cl (� = 0 � ) 0.217 0.192 0.193
Cl max 1.240 1.238 1.262
Cd (Cl = 0:2) 0.0057 0.0059 0.0056
Thickness 9.5 % 11 % 10 %

Table 4.3: Airfoil comparison

Figure 4.6: Aerodynamic comparison between the baseline airfoil and the optimized ones (Re =
500;000). The original is shown in green, the root-optimized airfoil (s3016 B2) in blue, and the
mid-span optimized one (s3016 B9) in red.
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4.4 Slotted �ap

Regarding high-lift devices, it was decided to equip the center section of the wing with a slotted
�ap. This design choice aims to enhance takeo� performance, maximizing payload without ex-
tending the ground roll. Increasing C L therefore represented the primary focus, while striving to
preserve the clean airfoil contour in the retracted position so as not to alter the expected cruise
performance.
The potential increase in aerodynamic performance, estimated during the preliminary design
phase, was su�cient to justify the resulting design and construction complexities, which are
signi�cantly more relevant than in the case of a plain �ap. Indeed, the design of a slotted �ap
represents a complex problem: the aerodynamic behavior depends on numerous variables and
interdependent geometric parameters [4]. Additionally, due to the complex phenomena charac-
terizing the �ow in question, conducting a numerical analysis to support the design can require
considerable computational e�ort. For this reason, in order to streamline the computational
investigation and speed up the work�ow, it was decided to use the MSES software to conduct
the numerous �uid dynamics simulations that guided the design [5, 11].
The wing section housing the �ap features aerodynamic twist and taper, the ideal choice would
therefore consist of a �ap with variable geometry along the span; however, constant shape and
dimensions were chosen, thus giving priority to construction simplicity. The �ap is optimized for
the thinner tip airfoil, which is inherently penalized in lift generation.
In view of the complexities previously mentioned, it was decided to dedicate the preliminary
design to the analysis of various design concepts, in order to identify the most promising ones
and guide the subsequent stages of the design. Speci�cally, di�erent slot con�gurations were
studied, i.e., the gap between the main element and the �ap. This area, where the phenomena
governing the aerodynamic behavior of the slotted �ap are concentrated, is pivotal and repre-
sents the core element of the design. The results of the investigation clearly showed the dual
advantage associated with a slot entry equipped with a skirt: a marked increase in C L coupled
with the possibility of fairing the �ap when it is in the retracted position. The peak C L observed
is attributable to the induced transition and the promotion of a recirculation zone adhering to
the leeward surface. It is imperative that the separated �ow does not obstruct the passage of
air in the slot [4]; the produced e�ect is to stimulate the formation of a turbulent boundary layer
on the �ap surface and and maximize the suction on the upper surface, at the expense of an
acceptable drag increase.
The analysis then highlighted as a winning solution a long slot lip slightly de�ected downwards,
such as to guide the �ow and encourage the mechanism of momentum injection into the bound-
ary layer along the �ap suction side [4]. Finally, the main element's slot geometry is completed
by the contour joining the entry and the lip; among the various possibilities explored, the most
convincing design consists of a rather abrupt and vertical wall, which favors recirculation within
the slot.
Regarding the �ap, principles parallel those of standard airfoils: maximizing suction-side ex-
pansion while avoiding �ow separation. However, the challenge of preserving the original airfoil
shape restricts the design space to the leading edge vicinity, the only "accessible" zone forming
the �ap-side slot wall. Due to space constraints related to the retractable landing gear, the �ap
extends for 30% of the tip pro�le chord, thus occupying all the available space.
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The considerations and results obtained from the preliminary analysis traced the guidelines and
represented a reference point, in terms of potential C L increment, for the subsequent design
steps. In this phase, more in-depth and realistic construction considerations were integrated,
and the geometric parameters were de�ned in detail: optimization was conducted by �rst de�n-
ing the �ap pro�le, previously proven to be the most in�uential element, then identifying the
optimal slot geometry, and �nally, the location of the rotation axis. Despite the bene�ts associ-
ated with a sharp and pronounced slot entry, it was decided to opt for a smooth surface with a
�llet radius aligned with manufacturing capabilities. Signi�cant attention was devoted to deter-
mining the optimal lip extension, a crucial parameter for achieving C L max [1]. The hinge position
is also a trade-o� between construction and aerodynamic requirements: the length of the kine-
matic elements is kept no higher than 4 cm and the slot gap is set to 2.3%. This opening allows
the passage of the Eulerian �ow that inserts itself between the viscous structures established at
the walls, an essential condition to ensure the energization of the boundary layer and to shield
the wake downstream of the main element, thus preventing interference between the latter and
the �ap boundary layer [6]. The de�ection angle was set at 17°, as it was found to maximize C L max

while avoiding premature or overly aggressive stall behavior.
In conclusion, the �nal �ap con�guration yields a more modest C L increment than the prelim-
inary design, yet exhibits lower aerodynamic drag. The higher C D compared to a plain �ap is
attributable to the pressure drag acting on the main element.

Figure 4.7: Schematic representation of the �ap

� = 8:5 � CL CD E
Plain 1.5169 (+25%) 0.0495 30.6

Slotted (preliminary) 2.0221 (+67%) 0.0698 28.9
Slotted (�nal) 1.9657 (+63%) 0.0611 32.2

Gap 2.33%
Overlap 5.21%

De�ection 17°
Chord ratio 30%

Table 4.4: Summary of aerodynamic performance data and geometric speci�cations
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4.5 Tail

Once the wing geometry had been de�ned, it was possible to proceed with the sizing of the tail
through a MATLAB script developed by the team.
In previous editions of the competition, the team adopted a T-tail con�guration. During 2025,
studies were carried out on a V-tail con�guration, which allows for a reduction in weight and
overall wetted surface area.
The code takes as input the wing geometric data, such as the wing area S w , the mean aerody-
namic chord cw , and the wingspan bw . Given these inputs, it computes the optimal tail geometry
based on the vertical and horizontal volume coe�cients. These coe�cients were initially es-
timated using General Aviation Aircraft Design [7] and were later re�ned through an iterative
process that allowed optimization of the dihedral angle, thereby modifying the projected sur-
faces according to the following relations:

Svt =
Vvt Swbw

l t
Sht =

Vht Swcw

l t
� = arctan(

r
Svt

Sht
) (4.1)

Starting from the total tail surface area S t = S vt + S ht , and with the objective of minimizing the
wetted surface, by providing as inputs the aspect ratio AR and taper ratio TR, we obtained the
span, root chord and tip chord, shown in Table 4.5.

croot ctip of fset dihedral AR TR
0:251m 0:126m 0:094m 37:0� 5:0 0:50

Table 4.5: Tail parameters

Figure 4.8: Tail model

The resulting geometry was then reconstructed in XFLR5 for aerodynamic veri�cation and sta-
bility analysis. A symmetric NACA 0008 airfoil was selected for the tail. The choice of a non-
cambered airfoil was made to avoid issues related to �ight loads and the reduced e�ectiveness
of control surfaces in yaw. It is also advantageous from a manufacturing standpoint and for the
integration of servomechanisms. Regarding the incidence angle, an initial value of 0 � was cho-
sen to ensure that the neutral point remains within the static margin limits; this choice will be
further discussed in Section 7.1.
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The design was primarily driven by the requirements imposed by the competition rules, which
represented the main constraint throughout the development process. In particular, the aircraft
had to guarantee payload carrying capability, adequate structural strength of the wing veri�ed
through static testing, and transportability within a limited-size container.

Within this framework, design choices were guided by the need to balance structural perfor-
mance and manufacturability. The focus was placed on achieving su�cient robustness while
keeping the structure lightweight and ensuring a simple and repeatable manufacturing process.

5.1 Wing

Once the aerodynamic geometry was de�ned, a complete CAD model of the wing was developed
in SolidWorks, including both internal structure and external surfaces. The con�guration was
then re�ned through FEM analyses.

The wing is divided into three main sections: a central section, which houses the motors, re-
tractable landing gear, and slotted �aps, and two outer semi-wings equipped with ailerons. This
modular con�guration was selected to meet transportability requirements. The central section
has a span of 870 mm, while each semi-wing spans 865 mm. The connection between mod-
ules is achieved through interference-�t carbon �ber tubes, ensuring structural continuity while
maintaining the designed dihedral angle of 2° between the central section and the semi-wings.

The internal structure combines lightweight and reinforced elements depending on the load
level. Ribs and spars are primarily made of balsa to minimize weight, while poplar plywood ribs
are used in highly loaded regions, particularly where the joining tubes pass through. In the re-
tractable landing gear area, composite components manufactured via additive manufacturing
(PPA-CF) are integrated, alongside CNC-machined aluminum parts for the landing gear mecha-
nism.

The wing�fuselage connection is realized using four M5 bolts. Inside the central section, ASA
components produced via additive manufacturing are used to locally sti�en the structure and

Figure 5.1: Top and Front View of the Wing Design
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prevent collapse under concentrated loads. Due to the low-wing con�guration, the fuselage
is shaped to match the upper surface of the wing pro�le, ensuring an e�ective structural and
geometrical interface.

Motors are mounted on detachable engine mounts made of PPACF. These are integrated into the
structure through threaded inserts, allowing bolted connections and simplifying both assembly
and maintenance.

From a structural point of view, the wing adopts a semi-monocoque con�guration composed of
skins, longitudinal sti�eners, and ribs. The skins are made of carbon fabric (CarboWeave) with
a 1 mm Rohacell sandwich core, while unidirectional carbon �ber reinforcements (80 gsm) are
used for the spar caps. The spar webs are made of 3 mm balsa, and the structural ribs in critical
areas are realized in 4 mm poplar plywood.

Additional local reinforcements are introduced in speci�c regions. Fiberglass layers are applied
at the leading and trailing edges to improve impact resistance, while a Kevlar layer is placed at
the aileron hinge region due to cyclic loading. In the area of the retractable landing gear, carbon
twill reinforcements (160 gsm) are added between the main ribs to better distribute concentrated
loads.

5.2 Fuselage

The fuselage is divided into three sections to comply with transport box constraints: a nose cone,
a central section acting as cargo bay, and a rear section.

Connections between these sections are achieved through a male�female interface, where the
male part is inserted approximately 60 mm into the female section. This con�guration is enabled
by a thickness o�set in the laminate, allowing for an interference �t.

The fuselage geometry is designed to allow transverse loading of the payload (cans). The cross-
section is smooth and free of sharp edges to preserve aerodynamic cleanliness, while still al-
lowing accommodation of up to 9 cans.

Structurally, the fuselage includes internal bulkheads for load support and a longitudinal sti�-
ener in the cargo bay region to increase torsional rigidity. The cargo bay lid is obtained directly
from the fuselage skin, ensuring geometric continuity and simplifying the manufacturing pro-
cess.

Figure 5.2: Cargo bay con�guration
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5.3 Tail

The tail adopts a V-tail con�guration and is designed to ensure low weight, ease of manufactur-
ing, and modularity.

The structure is based on an XPS core shaped using templates and hot wire cutting. Two carbon
�ber tubes are embedded within the core, enabling a bayonet-type connection between the tail
and the fuselage.

The layup consists of a 68 gsm plain carbon fabric skin, a 50 mm wide reinforcement strip posi-
tioned at the maximum thickness of the airfoil to increase bending sti�ness, and a Kevlar strip
used as a hinge. This con�guration results in a lightweight yet su�ciently sti� structure, with
direct integration of the control surfaces.

5.4 Retractable Landing Gear

Figure 5.3: Retractable landing gear

The retractable landing gear was designed to ensure impact resistance, proper structural inte-
gration within the wing, and ease of manufacturing.

The mechanism consists of two main components CNC-machined from aluminum, chosen for its
strength and dimensional accuracy. The load-bearing ribs feature upper �anges that improve
load distribution during landing and allow the integration of inserts for structural connections.
The system is assembled using 3 mm diameter screws and steel rods of the same diameter,
which are used for motion transmission and for linking the di�erent parts of the mechanism.
Each landing gear leg is actuated by a dedicated servo.

The landing gear leg and associated ribs are manufactured via 3D printing using carbon �ber-
reinforced composite material (PPA-CF), providing a good balance between weight and strength.
The wheel is produced using a negative mold and made of forged carbon, while the tire is 3d
printed in TPU to improve impact absorption during landing.
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