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Abstract

The present study focuses on conducting a wind tunnel experimental analysis to measure
aerodynamic quantities acting on a Formula 1 rear wing equipped with the Drag Reduction
System. The objective is to assess the wing’s behaviour and the flow features produced
by the DRS actuation.

Starting from the wing geometry available, the DRS fairing has been designed to enclose
the mechanism necessary for the actuation, using a computer-aided-design (CAD) soft-
ware. To determine a suitable material for the mechanism components and assess the
loads generated, preliminary estimations are performed through computational fluid dy-
namics (CFD) to extract the aerodynamic forces. Furthermore, a finite element method

(FEM) analysis is used in this phase to assure the resistance of the chosen material.

The experimental tests are conducted at Politecnico di Milano’s De Ponte wind tunnel,
focusing on force measurements with a six components external balance, firstly with steady
force measurements to determine the loads produced and secondly with unsteady ones for
a better system characterization. To better analyse the phenomenology of the problem
and find the optimal configuration, further CFD simulations are carried out, taking as

reference the wind tunnel measurements.

Assisted by the comparison between numerical and experimental results, this study shows
how the loads and flow features are affected by the actuation of a Drag Reduction System

and how fast is a rear wing response.

Keywords: DRS, F1 rear wing, wind tunnel testing
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Abstract in lingua italiana

Il seguente studio si pone come obiettivo ’analisi, attraverso misure sperimentali in gal-
leria del vento, del carico aerodinamico sviluppato da un’ala posteriore di Formula 1
dotata di Drag Reduction System, oltre alla caratterizzazione del flusso prodotto in se-
guito all’attuazione del DRS.

Partendo da una geometria precedentemente disponibile, la carenatura del DRS é stata
progettata in modo da contenere il cinematismo necessario per la sua attuazione, uti-
lizzando un software CAD. Per determinare un materiale adatto alle componenti del
cinematismo e stabilire il carico generato, sono state effettuate delle stime preliminari
attraverso simulazioni CFD per la quantificazione delle forze aerodinamiche. Inoltre, &

stata effettuata un’analisi FEM per assicurare la resistenza del materiale scelto.

Le prove sperimentali si sono svolte all’interno della galleria del vento De Ponte del Po-
litecnico di Milano, concentrandosi su misure di forza attraverso 'uso di una bilancia
esterna a sei componenti, prima attraverso misure stazionarie per determinare i carichi
prodotti e in seguito con misure instazionarie per una migliore caratterizzazione del sis-
tema. Per studiare al meglio la fenomenologia del problema e trovare la configurazione
ottimale, sono state effettuate ulteriori simulazioni CFD, prendendo in considerazione i

risultati sperimentali.

Attraverso il confronto dei risultati sperimentali e numerici, questo studio mostra come i
carichi e il flusso generato da un’ala di Formula 1 risultino essere modificati dall’attuazione
del DRS.

Parole chiave: DRS, ala posteriore F1, galleria del vento
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1 ‘ Introduction

Race car aerodynamics has always been a fascinating subject, explaining how the inter-
action between wings, aps and winglets brings to better performance on track.

However, one could ask why is car aerodynamics so important. The answer lies in another
key aspect of the car: its tyres, the only means of contact with the ground that assure
stability in corners through the grip developed with the tarmac. This is nothing more
than a static friction force between the rubber and the asphalt expressed by:

Fo= N (1.1)

where is the static friction coe cient between the rubber and the ground andN is the
normal component of the force exerted on the ground. Therefore, if a car develops more
vertical load, it can travel through corners faster and make faster laps. Even if vertical
load can be risen increasing the weight of the car, in this way also inertia would increase
and, for a curved trajectory, it depends on the square of the velocity:
V2

Fi = mT (12)
wherem is the car massy is the path curvature radius andv is the velocity.
Tyre grip has to oppose to inertia in order to keep the car on the desired trajectory, so
an increase in weight would not bring any bene t.

Therefore, aerodynamic load comes into play, increasing the vertical load with no increase
of inertia.
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Figure 1.1: Evolution of sustainable lateral acceleration in race cars through the ye@?s

However, with aerodynamic load also comes aerodynamic drag, which noticeably in u-
ences the car performance, especially on straight lines. For this reason, many devices have
been developed throughout the years, whereof the most recent and debated is the Drag Re-
duction System (DRS) introduced in 2011 in Formula 1 by the Federation Internationale
de I'Automobile (FIA).

1.1. Historical background

History of aerodynamic devices in Formula 1 has been particularly troubled: since their
rst introduction in the 1960s, each team developed di erent solutions that were promptly
banned by the FIA. The meeting point was reached in 2011, when the FIA introduced
the Drag Reduction System.

1.1.1. 1968

In 1967 Colin Chapman and Maurice Philippe designed the Lotus 49 (Figure 1.2a), a
revolutionary car in many aspects, including being the rst car to introduce aerodynamic
surfaces, mounting them on a support positioned directly on the suspensions. Conse-
guently, many other teams tried to emulate the results obtained by Lotus, often resulting
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in dangerous solutions.

(a) Lotus 49 (b) Matra-Tyrrell MS-9

Figure 1.2: 1968 wing designs.

A remarkable example that resembles the modern DRS is the device designed by Matra
(Figure 1.2b): a switch placed on the brake pedal that changed the incidence of the wing
when braking.

Also Ferrari followed this path: in the 1968 Monza Grand Prix the Ferrari 312 showcased
a hydraulic rear wing. The solution conceived by Mauro Forghieri used three pistons
placed under the wing and activated by pressurized oil.

Figure 1.3: Ferrari 312 rear hydraulic wing.

The system had three switches: two automatic and a manual one. The rst automatic
one was connected to the gearbox stick and functioned only when the rst three gears
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were engaged, to increase the acceleration out of corners; the second automatic one was
connected to the brake pedal and functioned in the same way as the solution implemented
by Matra; the manual one was activated by the driver when needed, such as in high speed
corners, increasing the incidence of the wing in order to provide more grip. The apparatus
was particularly e ective, since it increased the cornering speed in turns similar to Monza's
Lesmo from 190 km/h to 231 km/h.

However, other teams' attempts were not so successful and often revealed dangerous.
Therefore, the FIA had no choice but to ban adjustable wings from the competitidt?729l,

1.1.2. F-Duct

After the ban of movable wings, many geometries of xed wings have been adopted, such
as the swept wing on the Tyrrell 012 or the 1998's X-Wings.

(a) Tyrrell 012 (b) X-wings

The main focus from that point further was aimed at ground e ect and electronics, until
McLaren introduced the F-Duct in 2010.

Figure 1.4: McLaren's F-duct snorkel.

This device consisted in a snorkel (Figure 1.4), placed in front of the driver, that channeled
air to the cockpit and the rear wing. When inactive, the channel blew the incoming air
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between the two rear wing's proles (7), improving the aerodynamic load generated.
However, when the pilot obstructed the channel with his elbow (2), the incoming air
arrived to the rear wing's upper ap (6), causing it to stall and so reducing drag (Figure
1.5).

Figure 1.5: F-Duct mode of operation (Credit: Motorsport.com).

This allowed McLaren's MP4-25 to increase its maximum speed up to 9 km/h with respect
to its opponents. As expected, also other teams tried to adopt the same solution, with
results not as good as McLaren's, since the British team implemented the F-Duct in the
initial design.
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(a) Ferrari F-duct (b) View of the obstructable channel

Figure 1.6: Illustrations of the F-Duct components (Credit: Motorsport.com).

Even if initially considered legal by the FIA, the F-Duct was banned at the end of the
seasoff?l,

1.1.3. DRS

Finally, in 2011 the FIA introduced a new device in the regulations: an adjustable ap
activated to reduce drag. The estimated increase in maximum speed varies depending
on the circuit, but it is usually around 10 km/h. In contrast with the previous solutions
adopted, DRS may not be activated at the pilot's discretion, but only if:

A

The following car is in an overtaking zone, de ned by the FIA before the race
(commonly known as the DRS zone).

The following car is within one second of the car to be overtaken, which may be a
car being lapped.

The system may not be activated until the end of the one lap (from 2024) after the
race start, restart, or a safety car deployment.

The system cannot be used by the defending driver, unless within one second of
another car in front.

The system may not be enabled if racing conditions are deemed dangerous by the
race director, such as rain.

Many teams tried to improve the DRS, changing the wings and its actuation, sometimes
even reaching an advantage of 30 km/h in straight liné3.
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1.1.4. 2026 regulations

The innovation brought by the DRS into Formula 1 has been a real game changer for
the sport, especially for the show, allowing for more spectacular overtakes and strategies.
However, DRS has a big downside: it compromises the aerodynamic balance of the car, so
its manoeuvrability, since the rear end has much less aerodynamic load when the movable
ap is engaged, while the front end develops the same amount of downforce. For this and
other reasons, the FIA has decided that from 2026 on the DRS will be extended also to
the front end of the car, with movable aps composing both front and rear wings and
renaming it "X-Mode" 15,

1.2. F1 technical regulations - Rear wing

This section will now explain how the geometry was conceived, quoting and following
the 2021 Formula 1 technical regulatiord. Any restrictions regarding the height of the
rear wing will not be taken into consideration since they take as reference plane the
bottom plane of the complete car, therefore only longitudinal and lateral restrictions will
be taken into account. Since the model used would be produced in 1:2 scale, all the
following dimensions will have to be halved in order to represent the actual ones used in
this thesis.

1.2.1. Width

" The width of bodywork behind the rear wheel centre line and more than
500mm above the reference plane must not exceed 1050mm.

" The width of bodywork behind the rear wheel centre line and between
200mm and 500mm above the reference plane must not exceed 84@nm.
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Figure 1.7: Rear wing width dimensions from technical regulations.

1.2.2. Rear wing pro les

Any bodywork behind the rear wheel centre line which is more than 650mm
above the reference plane, and less than 505mm from the car centre plane,
must lie in an area when viewed from the side of the car that is situated between
150mm and 500mm rearward of the rear wheel centre ling..]

" When viewed from the side of the car, no longitudinal vertical cross sec-

tion may have more than two sections in this area, each of which must
be closed.

" No part of these longitudinal vertical cross sections in contact with the
external air stream may have a local concave radius of curvature smaller
than 100mm.

[...]
The chord of the rearmost and uppermost closed section must always be smaller
than the chord of the lowermost section at the same lateral station.
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Furthermore, the distance between adjacent sections at any longitudinal verti-
cal plane must lie between 10mm and 15mm at their closest position, except,
in accordance with Article 3.6.8(Drag Reduction System) when this distance
must lie between 10mm and 85mm when the DRS system is depl&jed.

In other words, the space taken by the proles has to be lower than 350mm, only a
one-element or two-elements wing is allowed, the pro les have to have a minimum radius
of curvature of 100mm on their wetted surface and their minimum distance has to be
between 10mm and 15mm.

Figure 1.8: Wing pro les volume from technical regulations.

Post-2022 regulations

From 2022 regulations have changed, substantially modifying the car, especially in its
aerodynamics. A new section of the rear wing called Rear Wing Tip Reference Volume
(RV-RW-TIP) has been introduced, allowing the pro les to smoothly join the endplates.
Since the smaller pro le of the model developed has been thickened at the tips, it is
worth mentioning the current dimensions, pointing out that the pro les considered in this
work follow also the modern regulations. The tips have to extend no more than 100mm
longitudinally and 225mm in height*, following the shape in Figure 1.§2,
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Figure 1.9: Modern F1 rear wing reference volumes: in light gray and orange are the
pro les volume and the tip volume respectively.

1.2.3. Pylons

Any horizontal section|[...] may contain no more than two closed symmetrical
sections with a maximum total area of 5000mdn The thickness of each section
may not exceed 25mm when measured perpendicular to the car centre pléne.

Therefore, the model's pylon should not be thicker than 12.5 mm (when scaled) to t the
regulations.

1.2.4. Drag Reduction System (DRS)

The incidence of the rearmost and uppermost closed section described in Article
3.6.3 may be varied whilst the car is in motion provided:

A~

It comprises only one component that must be symmetrically arranged
about the car centre plane with a minimum width of 1008mm.

With the exception of minimal parts solely associated with adjustment of
the section, no parts of the section in contact with the external airstream
may be located any more than 505mm from the car centre plane.

With the exception of any minimal parts solely associated with adjustment
of the rearmost and uppermost section, two closed sections are used in
the area described in Article 3.6.3(Rear wing pro les).

When viewed from the side of the car at any longitudinal vertical cross
section, the physical point of rotation of the rearmost and uppermost
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closed section must be xed and located no more than 20mm below the
upper extremity and no more than 20mm forward of the rear extremity of
the combined areas described in Articles 3.6.(Height) and 3.6.3 (Rear
wing pro les) at all times.F!

1.3. Literature review

Even if in this work the design of the DRS is driven only by the F1 technical regulations,
some insight of the phenomenology can be useful to contextualize the problem.

First of all, the Drag Reduction System is based on a pitching ap that varies its angle
of attack in a fraction of a second. A peculiar study of this phenomenon was brought by
Sun and Hamdani in 2001, when they examined a rotation mechanism of an airfoil similar
to that of insect ight 61, The complete motion consisted of three parts: a translation,
a rotation and another translation. They studied how the di erent pivot point in the
rotation in uenced the loads developed by the airfoil. Furthermore, it was seen that
during the rotation around a point near the trailing edge (75% along the chord) a vortical
structure was generated on the downwind side of the airfoil. This was then linked with a
great generation of lift, and it is likely that a DRS ap could develop a similar phenomenon
when actuated.

A passive version of the DRS was designed and studied by Kajiwdfhin 2017: this
work produced a passive movable ap (the second pro le composing a three-elements rear
wing) for a Formula Student car that allowed to reduce the lap time of around 6%. It was
based on a ap hinged near the leading edge and linked to a rotational spring to have a
high angle of attack at lower speeds and a lower angle of attack at higher speeds. This
resulted in almost a 35% reduction in drag coe cient between 20 km/h (5.55 m/s) and
60 km/h (16.67 m/s).

Another work by Loucdo, Duarte and MendeZ! brought a proper DRS to a Formula
Student car, using a linear electrical actuator acting on two of the three elements com-
posing the rear wing. This design resulted in a 78% drag reduction and a 53% downforce
reduction.

An interesting insight of Formula 1 aerodynamics was provided by ToBt!, who described

the progress made in F1 aerodynamic research. Among all the aspects analysed, he illus-
trated the percentage of downforce and drag developed by each component of the Formula
1 rear wings:

Lonly main elements are listed
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" Mainplane: 70% Downforce, 34% Drag.
" Flap: 10% Downforce, 44% Drag.

" Pylons: 1% Downforce, 1% Drag.

" Endplate: 2% Downforce, 4% Drag.

This could be useful to have an insight on how di erent parts contribute to the total
aerodynamic loads. Undoubtedly, the ap develops most of the drag, therefore a Drag
Reduction System should start from minimizing this component's impact.

1.4. Motivation of the work

Due to each team's con dentiality, blueprints of rear wings with their respective DRS have
not been disclosed. Therefore, the aim of this thesis is to design the best DRS possible in
an academic context, while trying to be as adherent as possible to the technical regulations
and study its physical phenomenology and dynamics through wind tunnel tests. For this
purpose, CFD simulations will be carried out, in order to estimate the loads acting on the
wing components and so to choose an adequate actuator for the mechanism, which will be
designed through the use of CAD software. Experimental tests will nally be conducted
to validate the CFD and characterize the dynamics and physics of the apparatus. Finally,
further CFD simulations will be carried out in order to analyse the changes in the ow
behaviour between the inactive and the active con guration.
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2 ‘ Rear Wing Model and
Mechanism design

2.1. Starting geometry

The starting geometry was provided by a previous thesis project at Politecnico di Mi-
lano?? and included four parts: the mainplane, the ap and both left and right endplates.
However, some modi cations were made and an all-new DRS pylon was designed mak-
ing use of the CAD software SOLIDWORKS. The model was designed with a 1:2 scale.
However, even if the mainplane, the ap and the endplates respected the requirements
dictated by the FIA regulations, the pylon did not. This is due to the fact that the
pneumatic actuator necessary for the DRS mechanism could not be so small: a smaller
actuator would have produced less force, resulting inadequate for the experiment.

2.1.1. Endplates

The changes adopted on the endplates mainly aimed at creating a smoother junction
between the top and the bottom parts, providing a clearer view in the Particle Image
Velocimetry test. The initial "Z-shaped" connectiori?® was substituted by an "S-shaped"
curved one, while the portion above the wing pro les was cut out, in order to be able to
see the ow behaviour between the endplates, resembling rear wings dictated by the 2022
regulations.
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(a) New endplates design (b) Endplate connection

Figure 2.1: lllustration of the endplates design.

2.1.2. Mainplane and ap

Since most of the car's downforce is provided by the rear wing, the mainplane and ap pro-
les have fundamental importance in the performance. The 2-elements wing performance
mainly depends on two parameters:

" Gap: distance between the mainplane's trailing edge and the ap's closest point.

" Overlap : horizontal distance between the mainplane's trailing edge and the ap's
most forward point.

With respect to the original geometry, the only changes regarded the ap:
" The 3 mm gurney ap was removed in order to achieve a simpler production.

" The extremities were thickened in order to house a strong enough pivot for the ap's
rotation.

Other pro les characteristics have not been changed, such as gap and overlap. So the
geometric characteristics of the pro les are:



2| Rear Wing Model and Mechanism design 15

[] Chord [mm] Prole
Mainplane 8.56 140 BE-122-155
Flap 35.32 60 BE-152-125

Table 2.1: Geometric parameters.

" Overlap between the two elements was kept at approximately 12 mm.
" Gap between the pro les was set at 5 mm.

With respect to the original geometry?®!, the pro les incidence was reduced by
for both mainplane and ap, since it showed a stalled behaviour in the wind tunnel
tests.

The ap's chord was imposed to be parallel to the line tangent to the mainplane's
suction side trailing edge. This alignment ensures that the ow leaving the main-
plane is aligned with the ap's chord, theoretically resulting in a null relative inci-
dencé??l,

For both mainplane and ap, span was xed at 0.505 mm due to regulations.

Figure 2.2: Mainplane.

Figure 2.3: Flap.

The chosen pro les belong to the Benzing family, developed by Enrico Benzing and based
on NACA pro les. Their nomenclature alludes to their geometric characteristics:
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The rst two digits represent the relative maximum thickness as a percentage of the
chord.

The third digit represents the maximum thickness point's position along the chord,
expressed in tenths of the chord.

The fourth and fth digits represent the relative maximum camber as a percentage
of the chord.

The sixth digit indicates the maximum camber point's position along the chord,
expressed in tenths of the chord.

2.2. Preliminary design

In order to dimension the mechanism and the components needed, aerodynamic loads from
past simulations have been taken into considerati¢l. In the previous con guration, the

ap produced 57 N of downforce, so the actuator's choice depended on this value.
Considering that the ap incidence had been reduced by 5 degrees and the gurney ap
had been removed, Festo's DSNU-S-12-25-P-A-MP pneumatic actuator was considered the
best option, since it has one of the smallest designs available, with 1¥4 112 mm size.
Despite its small volume it is able to develop 67.9 N in extension and 50.9 N in retraction
with a 6 bar exercise pressure, which is considered suitable to the test. Therefore, the
pylon dimensions were conceived to house this actuator.

2.2.1. Pylon

The preliminary design for the DRS mechanism's fairing has been carried out taking
inspiration from already existing designs available through photographs, still keeping the
geometry as simple as possible in order to have a quick production. However, the pylon's
dimensions were dictated by the fact that the components had to have a good t inside
it. So, as mentioned before, the pylon was the only component that did not respect the
dimensions imposed by the regulations, since the legal width in real scale is 25 mm. This
would have translated in a 12.5 mm width for the 1:2 scale model: an unachievable value,
considering that the pylon had to contain the pneumatic actuator and the tubes necessary
for its correct operation.

This component has been designed in SOLIDWORKS, using a chopped NACA 0029 with
a 60 mm chord as section.
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Figure 2.4: Pylon design.

2.3. CFD

The whole wing has then been simulated in OpenFOAM, since it is a very versatile and
di used software. In the following pages, the setup of the simulation case will be discussed,
focusing on key aspects such as the kind of solver, turbulence model, boundary conditions,
mesh generation and post-processing, also including the independence analysis carried out
on the case.

2.3.1. CFD setup

Solver

Since the simulated airspeed was 50 m/s (maximum airspeed allowed for wind tunnel
testing, according to F1 restriction&™), compressibility e ects could be considered neg-
ligible, leading to the choice of an incompressible solver. Furthermore, since the DRS
actuation was not included in the simulation, the choice pointed to a steady-state solver.
Therefore, the SimpleFoam solver was chosen, since it is a steady-state, incompressible
solver for turbulent ows. It takes advantage of the SIMPLE (Semi-Implicit Method for
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Pressure Linked Equations) algorithm to solve the continuity and momentum equations,
formulated taking into account the hypothesis mentioned before.

rru=0 (2.1)

u (2.2)

Turbulence model

Due to limited computational resources, the RANS (Reynolds-Averaged Navier-Stokes)
methodology was considered as the most appropriate. Even if not as accurate as DES
(Detached Eddy Simulation) or LES (Large Eddy Simulation), this method is largely used
also by Formula 1 teams. The RANS equations are derived by substituting the Reynolds
decomposition in the Navier Stokes equations. This decomposition separates the mean
velocity eld from the uctuating one:

u(x;t) = T(x) + uqx;t) (2.3)

where:
" U(x) is the mean velocity eld, averaged in time, only depending on space.
"~ uYx;t) is the uctuating eld.

Performing the substitution mentioned before, the steady-state, incompressible RANS
equations are obtained:

r u=0 (2.4)

ro@m+r (U9 = }rp+ r 2u (2.5)

In equation (2.5) particular attention has to be paid in order to correctly represent the
Reynolds stress tensor  (UU9: this is an unknown term that, as such, makes the
RANS equations unsolvable, constituting the closure problem. Among all the available
turbulence models, the 2-equationk-! SST guarantees an improved numerical stability,
while providing a mixed behaviour: it resembles th&-!' model near the wall and thek-
one far from the wall. This is made possible through the so called "blending function”
term present in the! equation (F; in (2.7)): this function goes to zero in the vicinity of
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the wall, while it assumes value 1 far from it.

@k @k @ , . o
et Yex @x T ex TP Ck (2.6)
@, 8. @ . @, !, i 2 0k
e Vex @x T ex "« e BT giexex @7

However,k-! SST would require a rst layer height such thaty® 1 near the wall and this
would increase the computational cost of the simulation. Therefore, it was decided to make
use of wall functions in order to have more attainable requirements: in this way, boundary
conditions are applied at the rst layer's height y*  30), while, for the closer region,
the law of the wall is applied to predict the boundary layer's behaviour. In particular, in
the viscous sublayery™ < 5&1 itis, considered a good approximation to considdd® = y*,
whereU* = Ui with U =  ; while in the buer layer (5<y* < 30) the log-law is
applied(Figure 2.5). This gives a slightly less accurate result, but considerably diminishes
the computational e ort.

Figure 2.5: In blue: approximations of viscous sublayer and bu er layer, in red: experi-
mental results.

Boundary conditions

To optimize the use of computational resources available and have a denser number of cells
per unit volume, the domain included only half of the geometry, in order to take advantage
of its symmetry. Therefore, one of the domain's sides was imposed as symmetry plane.
On other sides, the imposed boundary conditions were the same as in free air, since the
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main purpose was to estimate the load generated by the ap, so slip condition was applied
at the lateral faces of the domain. The inlet velocity was set to 50 m/s, while a zero value

was enforced for pressure at the outlet, in order to have the same value as the inlet and
avoid pressure gradients that would have altered the loads.

Air density was set to = 1:225 kg=m?, since the test takes place in standard air.

Mesh

The mesh construction was performed using the built-in meshing utilities present in Open-
FOAM: BlockMesh and SnappyHexMesHl. The process is subdivided in steps that allow
to build a high-quality mesh. Firstly, the BlockMesh utility generates the computational
domain, subdividing it in cells, according to what is indicated in theblockMeshDict le.

In this way, an initial structured hexahedral mesh is generated.

SnappyHexMesh is later employed to re ne the mesh, taking into account the geometry
provided and the indications on re nements speci ed in thesnappyHexMeshDictle. The
procedure consists in three main passages:

1. Mesh castellation
2. Snapping

3. Layers addition

(a) BlockMesh (b) Castellation (c) Snapping (d) Layers addition

Figure 2.6: Mesh work ow.

Regarding the castellation phase, here the mesh is re ned in the vicinity of the geometry
for a better discretization of it. The re nement level is speci ed insnappyHexMeshDict
and depends on the far eld cells' dimension: a re nement level implies an edge length

in the re nement region of 2ed4seledee - The cells inside the geometry are afterwards
removed. Subsequently, the snapping phase modi es the mesh in order to be adherent to
the body. Layers can also be added to ensure an accurate representation of the near-wall
region, building hexahedral structured cells in the vicinity of the body, avoiding irregular

cells that compromise the delity of the boundary layer simulation.
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