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Desigh Concepts

Design Objectives

With our 5 years of experience in the Indian National’s
Competition, we laid out a set of objectives that we wanted our
car to meet.

1.Maximize Car Performance: Our metric for maximum car
performance was for our car to be able to achieve the best
possible race times.

2.Maximize Car Reliability: Another major objective was to
ensure the car stayed consistent for over 10 races. We believe
this was imperative after structural issues in our National’s car.

3.Ensure Car Safety and Compliance: Lastly, we wanted to
ensure our car was safe to race by ensuring it complied with
all the critical regulations.
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Aerodynamics

Coanda Effect

The Coanda Effect was central to our design strategy, as it
enables the airflow to "stick” to the surface contours of each car
component. By implementing NACA airfoils, we were able to
guide the air smoothly along the boundary layer, reducing

separation and drag. By P
encouraging air to follow the |
shape of each component, the “

Coanda Effect helped us e | IS
streamline the aerodynamic Ty s
profile, which in turn reduces . .
the cars resistance and =¥ j'_.:
optimizes its efficiency on the Nl |
track. Figure 1.2: An example of Coand;Effc<,t

Airfoils
Credit: discoverhover.org

Cambered Airfoils (Study)

Camber refers to the curve in the airfoil profile, and adjusting this
curve is key to controlling both drag and downforce. In our
theoretical study, we sought to find the optimal camber
percentage to achieve minimal drag and maximum downforce.
Using tools provided by AirfoilTools.com,

Bernoulli’s Principle

According to Bernoulli’'s Principle, an increase in velocity
corresponds with a decrease in pressure. In aircraft design, this
principle is typically applied to generate lift by creating lower
pressure above the wings.

In our case, we inverted this
principle to generate downforce.
By designing the wings as inverted

airfoils we created a higher

pressure zone above the wings and Longer Distance

lower pressure below. This gt Shorter Distance

pressure differential pulls the car Loager Pt o Ecul Translt” Thaoey

down toward the track, increasing Figure 1.4: An example of Bernoulli's
Principle in Airfoils

grip and stability at high speeds.

Kinematics and Dynamics
Mass

Credit: astrocamp.org

The mass of our F1in Schools car plays a significant role in its overall
performance, directly impacting acceleration, stability, and handling.
A lower mass reduces inertia, enabling faster acceleration due to the
decreased force required to propel the car forward.

Through careful material selection and

precision machining, we aim to minimize
mass without compromising strength,
ensuring the car can withstand the

stresses of repeated races.

Figure 1.5: A show

e of our car’s centes
ass

Pitch, Yaw, and Stability

Pitch and yaw are two key aspects of a car's movement. Pitch
refers to the up and down tilt of the car, which can affect forward
stability, especially during acceleration. Yaw is the side-to-side
rotation that causes the car to drift or veer off a straight path.

To control pitch and yaw, we maximised
the wheelbase as much as possible with
our design. Additionally, we tried to
maximise the length of our car to ensure
stability.

Frictional Forces
Rolling_and Sliding Friction

Figure 1.6: A sh e of pitch and yaw

Credit: d erhover.org

Rolling friction occurs between the tyres and the track surface. It
affects traction and grip, influencing acceleration. Optimizing
rolling friction is crucial for maintaining speed and handling.
Rolling friction is mainly dependent upon mass, as well as the
coefficient of friction on the wheels.

we tested 20 similar NACA airfoils with B
camber percentages increasing in 0.5% =

increments, from 0% to 9.5%. We plotted -~
the results for both drag and downforce -
and optimized them through calculus to
find the ideal balance. The optimal camber

We aimed to reduce this friction as
much as possible to aid our car
toward the latter half of the race.
When the thrust wears off, reducing
friction is pivotal to faster Sector 2

Figure 1.3: A plot of Cambe!
Credit: Photon Rz

was found to be 5.5%, which we applied
consistently across all airfoils in the car.

times.

Figure 1.7: The forces acting on the wheel
during rolling friction
Credit: Vecteezy
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Structure

Structure comprises all the concepts which go into picking the correct
materials which we manufacture our final car with. From our experience
with various materials over the 5 years in the nationals round of this
competition: ABS, PLA, PA12, etc. a major part of our research was for
materials. This would help us achieve our objective of reliable car
performance.

Young’s Modulus

Young's modulus represents the linear relationship between stress and
strain in the elastic (reversible) deformation region of a material's
stress-strain curve. It describes how much a material will stretch or
compress under a given load within its elastic limits.

The formula is:

o (F/A)

e AL/L

Y =

Where:

e Ois stress

€ is strain

F is Force

A is Cross-Sectional Area
L is Length

Stiffer materials with a high Young's modulus are generally better for
structural parts that need to resist bending or compression, but
leading to potential

overly stiff materials may lack resilience,

brittleness.
Elongation to Break

Elongation to break measures how much a
material can stretch before it fractures,
reflecting its ductility. Materials with high
elongation can deform significantly,
absorbing more energy under stress. In
terms of impact resistance, this means they
can better withstand sudden forces by
deforming rather than cracking, thus
reducing the likelihood of failure upon
impact.

Elongation to

Material Density Young’s Modulus B
Polyamide-12 1.01g/cm 1.7 GPa 20%
EPS Foam 0.01-0.03 g/cm N/A N/A
Polypropylene 0.93 g/cm 1.3 GPa 159%

r / 4 0 & 4

We used these concepts to come to the final choice of our material to

be PA-12, after considering all other options.
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3D Modelling

3D Modelling Techniques

Our techniques used evolved significantly over
time, as is evinced by our disjoint generations of
cars. The main body is something that evolved
quite significantly, and an evaluation of the same is
present below.

CAD Software Choice

Our primary CAD software choice

is Autodesk

Fusion 360 because of its simple and friendly Ul as

well

dimensions.

handle softwares of significant loads

as ease of changing sketches and their
It also runs on devices that cannot

Method Description Benefits Limitations
A series of spline Sometimes
points joint to points tend to
. . create a curved Incredibly get locked onto
Fit point R . .
. line. Each point | versatile, more edges and
spline + -
has a tangent freedom than vertices and
tangent +
and curvature any other tool cannot be
curvature .
handle used to for sketching removed
handles . ;
manipulate the curves without
behaviour of the removing the
curve entire curve
It was easy to If fillets are
use, and offered | done, no other
A sequence of separate changes can be
Filet & geometrical treatment of made to the
extrusion | profiled cuts and other filleted
filets. components components
and the main without
body reversing it.
Certain profiles
It was extremely . .
. get restricted in
Sweeps a sketch | useful in free-
: . cases of
profile, planar form extrusion
. extreme sharp
face, or a solid of selected K
Sweep . turnsin 3D
body profiles along a
: sketches.
along a selected |path - especially .
Extrapolating
path. for our rear o
wing profiles is
difficult

Airfoil Integration

Acknowledging the importance of aerofoils in our design, their
prominent use is in our front and rear wings, we needed a quick
and efficient way of utilizing effective airfoils throughout our
design.

To facilitate this we utilized

Airfoiltools.com. Their
repository contains over
thousands of airfoils from
reputed aeronautical

manufacturers like Boeing. We
were able to update their
profiles and import these into
CAD, modifying them to best
suit our purpose. The most
used airfoils were the NACA 5
airfoils, prevalent in our final
rear and front wings.

CAD Query

In other places of our design, we often needed to replicate
designs over and over again with small tweaks to see the impact
during virtual testing. Rather than going into Fusion and
changing all of this manually, for repetitive modelling tasks we
utilized CAD Query, allowing us to create multiple models at a
very high volume.

Manufacturing Considerations

To prepare our car for manufacturing, considerations had to be
taken every step of the way during 3D Modelling. As we were
using the MRC40, we had access to only a 6.35 mm ball nose
cutter. We used various tools to ensure that our car would be
manufacturable.

Figure 2.1: A sample air foil created using
airfioltools.com

Radius Analysis

We used Fusion 360’s minimum radius tool to see which of
our surfaces has the required radius to be machined with a
6.35 mm ball nose cutter.

Surfaces which were not abiding

by this would need additional !
Figure 2.2: A 3.175 mm minimum radius
tool to show unmachinable sections of our

sanding during manufacturing
and would have machine
inconsistencies. Using this tool
allowed us to mitigate this.

Draft Analysis

To ensure perfect cut depth
and to see the manufacturing
limits of our car, the draft
analysis tool was utilized. This
allowed us to see which parts
of our car were accessible by
the tool and enabled us to set

our cut depth accordingly.

Figure 2.3: Accessibility analysis for top-
bottom machining of one of our car
prototypes.

r / 4 0 & 4
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CAD Surface Quality

Understanding of how the surfaces of the car’'s body are shaped is
curvature analysis. In basic terms, its scope looks at how the car’s form
determines its airflow. These curves are important because they help
to create a better sleek design that has high stability and low drag
which improves the car’s aerodynamic performance.

We utilized Fusion 360’s inbuilt curvature analysis to help envisage
the shapes of the car and see how its sections interact with the air.

Zebra Analysis

The patterns showed if there were any abrupt changes or
inconsistencies in the transitions between surfaces. Smooth,
unbroken zebra stripes indicated high-quality surface continuity,
while distorted or interrupted stripes highlighted areas needing

refinement.
This method helped us ensure
that each surface blended

seamlessly with adjacent ones,
optimizing the car's aerodynamic
efficiency and ensuring a
polished final design. Through
this we located where fillets were
required to smooth our car’s
curvature.

G-Continuity

igure 2.4: Zebra Analysis of Car Main
ody

Another important concept for analyzing our CAD surfaces was
the use of G-Continuity. There are 3 main types of continuity, and
they were used in various places throughout our design to
achieve different goals:

GO Continuity (Positional Continuity):

This is a coarse level of continuity
where two surfaces join at 90
degrees. This was used in our car to
ensure the gaps between the different
components of the car are minimal to
maximize structural integrity.

Figure 2.5: GO Continuity
Credit: Alias Workbench

G1 Continuity (Tangential Continuity):

This level of continuity requires the 2
surfaces to meet and share a tangent
at the point of contact. This ensures a
smooth transition and was used in our
sidepods where smooth surfaces were
required to facilitate the Coanda
effect.

G2 Continuity (Curvature Continuity):

Figure 2.6: G1 Continuity
Credit: Alias Workbench

This level of continuity is the smoothest
and requires a continuous rate of change of
direction. This was not used as often as it
was difficult to implement practically,
however its utilization would have been
beneficial for aerodynamic efficiency.

Figure 2.7: G2 Continuity
Credit: Alias Workbench
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Research & Development

Bearings

A crucial component of any wheel system is the bearings. Many
factors come into play while choosing the correct bearing for our car:

Bearing Mass

The mass of the bearings is crucial as it contributes to 2 main
components: frictional force and moment of inertia. As the
moment of inertia increases with mass, , with heavier bearings the
wheels will take longer to spin up, initially slowing the car as it
skids against the track. Secondly, in ball bearings, the frictional
force is due to the movement of the balls against the cage. This is
due to the centrifugal force which comes about because of . A
higher mass would lead to more force, increasing the friction.
Hence a major goal for our bearings was to reduce the mass as
much as possible.

Bearing Material

The main decision in bearing material was choosing between
ceramic and hybrid ceramic bearings. While hybrid ceramics were
cheaper and more sturdy, ceramic bearings provided less friction
and were generally faster but more expensive. We ran a bearing
test for RPM and Wheel Longevity, finding that ceramic bearings
spun longer than hybrids for the same amount of torque.

il

Figure 3.1: Material Analysis for bearing

Lastly, we had to choose between the ceramic material, Zirconia
or Silicon Nitride. While Zirconia was the more cost-effective
option, silicon nitride provided bearings with a lower dynamic
friction coefficient and were more impact-resistant. Hence, we
decided to go ahead with Silicon Nitride Bearings.

Wheel vl

Qur initial wheel design was the simplest and was used for the India
National Finals. The main reason for this choice was its finish. These
wheels were supplied by the organizer and were made from ABS
leading to a very smooth and professional finish. We believed this
would reduce the friction against the track.

However, the wheels were very clunky and heavy, leading to a
heavier car. We learnt to incorporate lighter wheels in our later car
drafts.

Moment of Inertia: 350.03 g mm3
Mass: 3.5¢g

igure 3.2: Wheel V1

Wheel v2

Our next wheel design consisted of a rolling surface attached
with a thin disk in the middle and a stationary cover on the
other end. This approach was meant to lower the moment of
inertia as less mass was now spinning. This meant that we had
to machine our own wheels and had to come up with our own
method to get a perfect finish.

Although the wheel had less moment of inertia than the
previous iteration, the finish on these wheels were very rough
as they were made from SLS Nylon. It showed us that our later
drafts had to emphasize good finish to minimize friction.

Moment of Inertia: 304.62 g mm3
Mass: 2.3 g

igure 3.3: Wheel V2

Wheel v3

Our final wheel design incorporated the idea of reducing
moment of inertia and getting the perfect finish. We FDM
printed these wheels out of nylon and used a rotating sander
to polish these wheels evenly. The walls were the thinnest
possible at T mm and the wheel had 5 spokes, further reducing
the moment of inertia.

We chose to FDM print these wheels as there weren’t many
choices for materials to mill the wheels in. We felt it would be

easier to sand and polish FDM printed wheels as vendors for
good quality milled wheels were unavailable.

( Moment of Inertia: 152.78 g mm3
’ Mass: 1.5¢g

Wheel System vl

Figure 3.4: Wheel V3

Initially, we decided to use axle bushings in the body with the
axle going through the entire body and spinning. We believed
that this would be more stable however it backfired. The
moment of inertia increased as the axle was also spinning and
aligning the wheels was extremely difficult.

v

Mass: 2¢g

Spin Lifetime: 7.2s

Figure 3.4: Wheel System V1

r / 4 0 & 4
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Wheel System v2

Although the mass of the previous wheel system was extremely low,
its lifetime and alignment were not the greatest. Hence, in our later
models we decided to emphasize alignment and lifetime. This was to
ensure that our car would roll straight, and not collide with the walls
of the track. Additionally, as the CO2 Cartridge only brings us a third
of the way, a high wheel system lifetime would ensure that the
wheels get spinning fast and reliably toward the latter half of the
race.

Hence our v2 wheel system featured a stationary axle and a separate
housing that slots into the main body. The axle is attached to
rotating wheels with bearings. With this the rotating mass is
minimized, further lowering moment of inertia.

R

Mass: 5.2¢g

Spin Lifetime: 24.5s

Figure 3.5: Wheel System V2

Wheel System v3

For our final wheel system, we sought to minimize the impact of
wake. One way to implement this was to add a wheel cover at the
end of the wheel system. This covered up the exposed, spinning
interior of the wheels, allowing the air to flow away from it, reducing
the wheel wake that was realized.

Additionally, as we were dealing with issues in mass management as
well as keeping an equal axle length on either side, we decided to
keep our wheel system with 2 separate axles. This helped reduce all
of our issues with alignment and mass. One thing we could’ve
implemented, however, is to create a solid wall. This would reduce
manufacturing issues and simplify the glueing process. Additionally,
we added the tetherline guide at the bottom, combining
components and reducing mass.

Mass: 4.3g

Spin Lifetime: 26.3s

Figure 3.6: Wheel System V3

Summary

Our final wheel system utilized the following guiding principles and
design concepts:

1.Minimize Moment of Inertia
2.Minimize Rolling Friction (Use of Ceramic Bearings)
3.Reduce Mass

Based on these principles, we used Wheel v3 and Wheel System v3
and are confident that they enabled us to perform well in Sector 2 of
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Research & Development

Thrust Profiling

A pivotal step in our car design process was modelling

the entire race using thrust profiling.

Step 1

With the help of ideal gas
equations adjusted for real gas
effects using the Peng-Robinson
equation, we were able to
calculate the initial conditions and

actual molar mass and pressure of B N
the CO2. =
Step 2:
With the help of ideal gas

effects using
equation, we

the CO2.

Step 3:

Then Partial Differential Equations for
continuity, momentum conservation,
rate of change of energy per unit
volume, divergence of energy flux,
heat dissipation and energy
conservation were used to write
pressure as a function of volume of
CO2 gas released

Parameters were added to these
equations and then they were
discretized using finite difference

method. The nozzle length was divided

equations adjusted for real gas

peng-robinson
were able to

o calculate the initial conditions and
actual molar mass and pressure of

into discrete segments and time-
stepping (euler’s method) was
conducted with small intervals of t. We
therefore get time-dependent profiles
of pressure, density and velocity.

These profiles  are inputs  for

calculating the mass flow rate and
thrust at each time step - helping to
generate a thrust profile over time

Using the data calculated from step 4,

it was input into step 2, where pressure
and density of the gas were adjusted
for real gas properties. Step 2 was
solved from step 4 values at each time
step, getting a time profile.

Adjusted density and velocity as
functions of the gas are then input into
the formula for mass flow rate. Then
using newton’s second law of Force =
mass * acceleration, the instantaneous
thrust is calculated. Where mass is
mass flow rate and momentum is used

instead of acceleration to calculate
thrust

Car Prototypes

Solara

)

Mass: 50.2g
Best Drag Force Achieved: 0.51N
Best Race Time: 1.21s

Our Thought Process:

Solara’'s main goal was to achieve a smooth, aerodynamic design with
minimal drag for optimal speed and stability. Its defining feature was
an innovative lofted design, transitioning smoothly from cylindrical to
cuboidal, which enhanced aerodynamic efficiency.

Design Concepts Utilized:

Our approach focused on both qualitative and quantitative aspects,
incorporating features like wheel wake, flow separation, and vortices.
The front wing, shaped with Bezier curves and differential equations,
guided airflow around and through the car efficiently. Built as a
separate CAD component, it allowed for easy adjustments.

Our Learnings:

However, the loft design added excessive weight and complexity,
particularly in the front wing and main body. This experience taught
us the importance of balancing innovation with practicality, leading us
to focus on lighter, more efficient designs in future iterations.

Zeta

Mass: 47.8g
Best Drag Force Achieved: 0.47N
Best Race Time: N/A

Figure 4.2: Car Prototype V

Our Thought Process:

Zeta’s goal was to refine Solara’s design by addressing its
aerodynamic inefficiencies. The defining feature was an optimized,
lighter form that retained key aerodynamic properties for high-speed
performance, making Zeta a more efficient replacement for Solara.

Design Concepts Used:

Using mentor feedback, we refined the loft into a simpler, tapered
shape to improve airflow without added bulk. The front wing,
redesigned in Fusion 360, maintained aerodynamic effects with a
streamlined structure, while sidepods inspired by fifth-generation jets
directed airflow inward for better stability. We also introduced a new,
high-performing rear wing inspired by World Finals teams.

Our Learnings:
Although simpler, Zeta’s cuboidal front profile limited its aerodynamic
potential, highlighting the need for further refinements.

2

Figure 4.3 Car Prototype V3

Prototype B

Mass: 46.1g
Best Drag Force Achieved: 0.41N
Best Race Time: N/A

Our Thought Process:
Prototype B marked a conceptual shift with a defining feature: a conical
nose cone structure, moving away from the previous cuboidal profile to a
more streamlined, Formula One-inspired design. The goal was exploratory,
focusing on foundational ideas for future designs rather than strict
regulation compliance.

Design Concepts Utilized:

This new front profile, a conical nose tapering toward the main body, was a
departure from previous versions. From above, the main body resembled an
airfoil, streamlining airflow along the car’s length. The side-pods were
simplified, with about 70% less air channelling than Solara, tapering
sideward and downward using Fusion 360’s sweep function to significantly
reduce drag.

Our Learnings:_

Testing this conical profile taught us the value of adjusting frontal structure
and simplifying side pods for aerodynamic improvements. Although not
regulation-compliant, Prototype B provided valuable insights into a more
optimized front profile for future designs.

Figure 4.4 Car Prototype V4

Prototype C: Aura

Mass: 43.1g
Best Drag Force Achieved: 0.30N
Best Race Time (older version): 0.83s

Our Thought Process:
The goal for Prototype C was to develop a fully race-compliant,
lightweight, and aerodynamically optimized car. Its defining feature was
the low-weight main body combined with NACA airfoils, adapted from
their traditional lift role to generate downforce.

Design Concepts Used:

Inspired by a bullet, the nose cone was sharpened with a central curve for
safety, creating a sleek, streamlined front profile. We incorporated NACA
airfoils into several components using a CAD add-in with 200 spline points
for precision. To achieve the Coanda effect, these airfoils were rotated 180
degrees, converting lift into downforce and ensuring smooth airflow along
the boundary layer. A multi-vane front and rear wing were also added to
direct airflow and generate effective downforce without added bulk.

Qur Learnings:

These refinements made Prototype C our lightest and most
aerodynamically efficient model. A track-tested version achieved a race
time of 0.831s, highlighting the impact of airfoil integration, weight
balance, and structural optimization on performance.

T
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Research & Development

Sidepods

V1 (Channeled
Outwards)

Our Thought Process:
The first version of the
sidepods was designed
to channel air outward,
directing airflow away
from the wheels to
reduce wheel wake.

Design Concepts Used:
We wanted to redirect
the air from our wheels
and minimize the amount
of wheel wake.

Our Learnings:

However, mentor feedback indicated that the
redirected air could hit the track walls, potentially
causing lateral forces that might destabilize the car.
During testing, it became evident that most incoming
airflow bypassed the channels, flowing along the car’s
outer surface instead, which reduced the
effectiveness of this design. The limited airflow
through the channels led to underwhelming results,
and the observed lateral force slightly disrupted the
car’s straight-line stability. Outward-facing channels
were crafted to prevent air from hitting the wheels,
aiming to improve stability.

V2 (Hollowed Sidepods)

Our Thought Process:
This sidepod design

took a different
approach, prioritizing
weight reduction
over complex
channeling. These
sidepods were
hollowed out, which
reduced overall

weight and provided
basic coverage for
the rear wheels.

Design Concepts Used:

The smoother, swept surfaces of this design
minimized drag and helped prevent vortex formation.
By removing excess material, this design achieved
significant weight savings, which positively impacted
speed and performance.

Our Learnings:

The simplified, lightweight design ultimately proved
that a focus on reducing weight could yield more
effective results than intricate channeling.

Front Wing
Wing v1 (3-Way Manipulation)

Our Thought Process:

We created a double-vaned front
wing structure, featuring a wall on
the left that tapered away from the
wheels.

Design Concepts Used:

This design allowed for maximum utilization of the Coanda effect in
both the up-down and left-right directions, with a simple structure
in place to ensure clean flow separation and adherence to
regulations.

Our Learnings:

However, this wing was quite complex, and the excessive
manipulation of airflow actually increased surface drag. Additionally,
the splines were not optimized for the Coanda effect, limiting the
effectiveness of the design.

Wing v2 (Single Elevated Wing)

This wing was designed to eliminate redundancies identified in the 3-way
wing. It consisted of a single, manually cambered airfoil shaped with a
spline, although this spline was not ideal for maximizing the Coanda effect.
Despite this, the wing’s joint was easy to install and structurally stable.
However, its weight was notably high due to the bulky rear side, which
added unnecessary mass.

Wing v3 (Double vaned
Cambered NACA Wing)

Our Thought Process:

We wanted to achieve a good flow
separation and increase the
redirection of air through the use of
this prototype.

Design Concepts Used:

For this version, we used NACA airfoils with a camber of 5.5% and an angle
of attack (AoA) of 10 degrees for the lower vane, and a camber of 9.5%
with an AoA of 10 degrees for the upper vane, to direct air as far away
from the wheels as possible. The camber and AoA were optimized through
a focused study, allowing for maximum Coanda effect with smoother
airflow.

Our Learnings:
This design also had a lower mass and a simpler structure, making it more
efficient and easier to manage than the previous version.

2

Rear Wing

S T sy

Symmetric Elliptical Airfoil
Our Thought Process:

The elliptical airfoil, with its fully symmetrical shape, is straightforward to
manufacture. Its lack of complex curves means it’s simple to install, which
can be a big advantage, especially because better manufacturing quality is
essential for preventing breakages on the track.

Design Concepts Used:

Because of its low frontal area, it also creates a lesser air resistance when
positioned with the flow, which helps with basic aerodynamics. But this
design has real drawbacks when mounted on a car. Since it’'s symmetrical
and lacks camber, it can’t create downforce, which is crucial for stability
and grip, especially at higher speeds.

Our Learnings:

Furthermore, the round leading edge can disrupt airflow, causing
separation and turbulence. This turbulence increases drag, which is why
other airfoils were suited better for the rear wing

Double Vaned Wing

Our Thought Process:

This rear wing was designed to apply
Bernoulli's principle by reducing the
frontal area as air moved through it,
using two manually cambered
Design Concept Used: airfoils.

The upper airfoil was set at a positive 10-degree angle and the lower one
at a negative 10-degree angle. This design aimed to create a pressure
differential for downforce.

Our Learnings:

While it performed better than the previous symmetrical elliptical airfoil,
simulations showed that Bernoulli’s principle wasn’t fully realized, as there
was no significant change in velocity. Additionally, the sharp edges at the
wing’s end created unwanted vortices, impacting overall aerodynamics.

Raptor Wing

Our Thought Process:

Our final rear wing design used three
different NACA airfoils seamlessly
connected to resemble a double-
vaned, streamlined wing.

Design Concepts Used:

The upper and lower airfoils were cambered at 5.5%, identified as the
optimal camber to maximize downforce and minimize drag based on
airfoiltools.com data. A notable addition was the use of airfoil-shaped
endplates with a low camber of 1.5%, aiding in smooth airflow guidance
and applying the Coanda effect. The wing's shape, inspired by the
thrusters of an F22 Raptor, was created using the sweep function,
featuring a sharp centre and curved edges to cut through and direct
airflow efficiently.

This design offered enhanced aerodynamic performance by balancing
downforce with minimized drag.
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Computer Aided Analysis

Testing Process

Throughout the design process, we
meticulously documented each testing
phase in a spreadsheet, allowing us to
track the results systematically and
identify trends in our data. By organizing
our tests in this manner, we could
monitor each parameter’s effect on the

overall performance, making it easier to
fine-tune individual components.

Figure 6.1: Spreadsheet of all drag values

for simulations
Each component of the car was tested independently and integrated
into each body iteration. To determine the most efficient
configurations, we tested various assembled cars to optimize drag and
stability, particularly focusing on aerodynamics and weight distribution.
This approach, though ambitious, allowed us to reach the final
configuration by balancing various parameters, helping to enhance
both speed and control.

Virtual Wind Tunnel Testing

Virtual wind tunnel testing was a critical step in assessing the car’s
aerodynamic performance. By simulating wind flow over a stationary
car model (as opposed to moving the car itself), we could mimic real-
world conditions and evaluate drag and lift forces on the car body.
This method enabled us to observe airflow behavior at a speed like
what the car would experience on the track. For a comprehensive
analysis, we conducted these tests across three different software
platforms—Ansys Discovery, SolidWorks Flow Simulation, and
Autodesk CFD Ultimate—to leverage their unique features and
validate our results.

Figure 6.2: Car Virtual Wind Tunnel
Environment + Mesh

Mesh Convergence Study

B Avtomatic
One of the most essential - -
parameters in our CFD process —
was our mesh. To ensure Basi Mesh -
accuracy we conducted a mesh Me B0 it
convergence study. In CFD -
simulations, mesh convergence L s
is crucial because the mesh Nz & it
affects the precision of the ——
simulation. A finer mesh B ehow
captures more detail in complex
areas but requires more contret Flanes
computational resources, Refining Colts v
whereas a coarser mesh reduces a N
computational load but may e
miss important flow details. E-

Figure 6.3: Mesh convergence settings

Our mesh convergence study involved simulating varying
mesh densities, from coarse to fine, and observing
changes in key outputs such as drag and lift. The goal was
to find the point at which increasing the mesh density no
longer significantly changed the results—a sign that the
solution had converged, and further refinement would
yield diminishing returns in accuracy.

After several iterations, we identified an optimal mesh
density where further refinement produced less than a 1%
change in drag results, confirming that we had reached
mesh convergence. This study not only enhanced the
accuracy of our simulations but also optimized the
computational efficiency, ensuring we could run
simulations within a manageable timeframe without
compromising precision.

Turbulence Model

real-life airflow
patterns accurately, we
incorporated turbulence

To simulate

2

These adjustments allowed us to enhance the car's aerodynamic profile and
achieve a more balanced distribution of drag and lift forces. The iterative
testing and refinement cycle provided a streamlined design that optimized
both speed and stability.

FEA Analysis

Finite Element Analysis (FEA) was a critical step in evaluating and
optimizing the structural integrity of our F1 in Schools car. We employed
FEA to simulate various load conditions the car might experience during
races, ensuring the design could withstand the stresses and remain within
safety limits. This allowed us to identify potential weaknesses and make
informed design adjustments to enhance performance while maintaining
structural reliability.

Material Properties: We set material properties based on Young’s
modulus, Poisson’s ratio, and the density of the high-quality composite
material chosen for the car. The specific material properties ensured
realistic stress and deformation outcomes.

2. Loads: Simulations were run to replicate aerodynamic forces, impact
loads during a frontal collision, and compressive forces on the nose cone.

modeling in SolidWorks Flow
Simulation. Turbulence, which

The justification for these loads was based on qualitative track testing data
and known stress points during high-speed runs.

arises when airflow becomes
chaotic or irregular around
complex shapes, significantly
impacts drag and stability. In
racing conditions, turbulence
around components like the
front wing, rear wing, and
wheels can create drag pockets
and reduce the car's
aerodynamic efficiency.

Figure 6.4: Turbulence Model Basic
Parameters

Figure 6.5: A car under virtual wind tunnel
testing

In our simulation setup, we activated the k-g (k-epsilon)
turbulence model in SolidWorks, which is commonly used
for automotive applications. We set turbulence at 10%,
based on research into typical levels in indoor
environments with mixed ventilation. This level of
turbulence was integrated directly into the k-epsilon (k-g)
model in SolidWorks, allowing us to account for real-world
uncertainties and airflow variations. This approach ensured
that our simulation reflected the potential fluctuations the
car would encounter on an indoor track..

External Volume

To simulate track boundaries accurately, we defined the
computational domain with the bottom boundary at O cm,
the top at 10 cm, and 4 cm on each side. These dimensions
mirror the car’s surroundings on an actual race track,
allowing us to factor in Bernoulli’s Principle effectively.

Changes based on CFD Study

The detailed insights from our simulations guided various
design adjustments. For instance, based on the drag
pockets observed in high-turbulence regions, we made
refinements to the front wing angle and smoothed out
certain edges around the sidepods. In areas with airflow
separation, such as near the rear wing, we modified the
curvature to reduce drag-inducing vortices.

3. Mesh: We selected a fine mesh for critical areas such as the front wing,
chassis, and wheel attachments. This choice improved result accuracy, as
these areas are prone to high stress and potential failure.

4. Boundary Conditions: We applied fixed constraints at points that would
realistically interface with the track and connected parts. This helped mimic
actual attachment and contact points, ensuring accurate load transfer.

The results from our FEA testing provided crucial insights into areas
requiring reinforcement. For instance, the frontal impact test revealed
stress concentrations around the nose cone attachment, leading us to
reinforce the joint with an internal support structure to distribute the load
more evenly. Furthermore, FEA analysis showed us that our previous rear
wing joint was prone to breakages, compelling us to find a stronger joint.
Additionally, aerodynamic load tests indicated minimal deformation,
confirming that our chosen material and design provided sufficient
stiffness. To further enhance our safety margin, we slightly increased the
thickness of the front wing and ensured a better balance between strength
and weight. These changes collectively improved the durability and race
performance of our car without compromising its lightweight profile.

Figure 6.8: FEA Analysis of new rear wing
under load

Figure 6.9: FEA A
under comy

lysis of nose cone
essive load
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Testing >

Track Testing Wind Tunnel Testing Materials Testing
One of the most effective ways to test car performance was We utilized wind tunnel tes‘tin_g for a i One of our methods to achieve our design objective for
through track testing. It painted the most accurate picture qgalltatlve'analyys Of our car's Intgrface performance was by using the most suitable materials. One way
of our car’s performance as it would be completely realistic, with the air around it. This analysis was to achieve this was by choosing the lightest materials for our
accounting for the smallest discrepancies in virtual testing. only qualitative as we required access to external components.

a load sensor for a quantitative analysis,
We used our organizer’'s F1 In School track and official which ‘was proving to be extremely We wanted to replicate an EPS Core Sandwich, a panel known
Denford Race Power Packages to ensure accuracy to difficult due to logistical issues. However, for its light weight yet structural integrity.

official races. We stuck to the official F1 In School's race the qualitative data still told us many —
protocol to ensure accuracy in the final races. things. i

Purpose & Findings:

Alumisiim Shiet (FRP Sheet)
P Glug

PS5 Fosm core

Expected
Outcome

Actual Outcome

Our track testing was pivotal in Variables
understanding the intricacies of our
car. It showed us critical issues like

PU Glae

Aluminsum Sheet [FRF Sheet)
breakages. An example was the w ed the flow t The atomized water wh g
. e expected the flow to e atomized water when under
breakage of our axle, compelling us t,o it 71 Presentotion of Track Testing Clear flow be quite faint and not light was extremely visible and
increase the depth of the axle slot in o bata on internal spreadsheet visualization provide much valuable showed a visible interface
the wheel support system. insight. between air and our car body.
R . R R Figure 7.5: Inspiration for EPS Core
We entered track testing with a set of variables which we S
felt could swing either way. Below is a table documenting all X ’ : We replicated this by using medical
ted d ted tak f t K testi Before wind tunnel We found many discrepancies h
our expected and unexpected takeaways frrom track testing. testing, we believed that compared to virtual tests, like at gauze coated around a piece of foam
Conceptual the results from the the back of our car where the exit and sealed in place with a lightweight
Understandin traces function would was more turbulent than
Expected Actual 9 be extremely like wind expected, allowing us to tweak epC?XY' Although. there Wer.e m.any
Variables tunnel visualization our car’s shape. |09|5_tlca| issues with epoxy curing t_|me:
Outcome Outcome the final surface was strong, lightweight,
- and durable.
Stress Testing
We thought that the Lhe nose ?“’Rei"i"‘ We tested the strength and practicality of our t/)\/e contla_crte?‘ unl%ersiljt'les ;O utilize their
N o nose cone joint asone e joints by performing stress tests as outlined in niversal Testing Machine however were
ose cone joint h ; strongest joints, being ¢ : ut bl h
¥ . could've easily broken . unable to secure a time to test the
structural integrity T TR T i able to sustain 8 the competition regulations. Each joint was al | d did - Figure 7.6: Universal Testing Machine
deceleration system. rounds of track testing loaded with the specified weight, and material. Instead, we did a comparative Credit: Wikipedia

without failures. analysis with materials we already had

tential k point luated usi
potential weak points were evaluated using a on hand such as PETG.

500-gram weight. Key components tested
included the halo, nose cone joint, and wheel

At track testing we

We believed "I!at?l"_m T (s GV 80 (S support systems to assess breakage risks and  riqure 7.4 Nose Cone stress Testng rig - W€ conducted various tests with these
Regulation oL S breaking tether line ensure  compliance  with  scrutineering materials using house hold items. As our
compliance regulations before track :f;%t'iig“l::“t‘;"rse’ﬁne requirements. schools labs were busy for our IBDP "
testing TGS TS, Assessments, we fashioned ~many “J:T‘”“_“'"““'"‘
testing apparatus on our own to get a i
Variables Expected greater understanding of the limitations
Final prototype We believed that our Our final track testing 0utcome outcome of the materials and the plausibility of
ek (e car would achieve a car achieved times of its usage.
_rac esting race track testing time of 0.83 seconds during Figure 7.7: EPS Compressive Ductility Test
time 1.00 seconds. track testing.
We felt that the way However, under a 500- \_Ne fognd that the cured EPS was eXtremew
- . . X our rear wing was gram weight, the rear wing lightweight by a factor of 10 compared to
Additionally, track testing provided Rear wing attached was very was deforming. Hence, we thermoplastics. Additionally, the EPS had
us ’Wlth important insights for our attachment ﬁ::"’;er:‘":"mdu"n‘f’”'d 'fg‘r"gelflis'f;tg’ﬁ]z;‘e"aas“:a’ea impressive compressional ductility, being able to
car’s thrust profiling. We were able ) i GhEmEes. S take impacts exceptionally well compared to PLA
to use video analysis on our car’s and PETG.
races and track the smoke let out
by the CO2 Canister. Tracking this i Although the material was up to spec, it was
smoke gave us an accurate time ] We believed that the The wheel support system extremely difficult to laminate it with epoxy as
| f ho lon the CO2 s ] el UpROTLsy i aslalsolupported by our components’ geometries were complex
value for ow 9 = &1 Wheel support would be somewhat friction with the main body. ) P 9 S plex,
Canister provides thrust. We used Figure 7.2 Vides Analyers of CO2 Thrst system weak. Since there was We then figure out ways to leading to uneven epoxy coating and errors while
this information further in our Credit: Photon Racing Y g?zle);awsg]filllt%l:;?ﬁ gzi"é’u‘:lee‘rag: :‘euf;’;?na milling the EPS Foam. Hence, we decided to
thrust profiling to aid R&D and it (] Gl breakages i abandon this material avenue. Floure 78 Epoxy trestment process
design choices.
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Use of CAM & CNC

Machining Goals
Moving into the manufacturing process, we decided to
progress from our original design objectives into our

machining goals:

Maximize Car Performance --> Ensure the car is 50 grams

Maximize Car Reliability --> Ensure apt wall thickness and
strong_joints

Ensure Compliance and Safety --> Keep tolerances as low as
possible

CNC Router

We utilized the F1 In Schools’
India organizer's MRC 40, 3-
axis CNC router. It had an
adequate bed size of
875x750x675 mm, with ample
room to machine fine details.
With its high spindle speed of
29,000 RPM, the router was
able to shape the small,
intricate details on the F1 car

model.

Figure 8.1: A sample image of the MRC 40 CNC
Router,
X X . Credit: TechLabs.com .
This high-speed capability ensures smoother finishes, essential

for maximizing performance. The fast 3D profiling speed of
4,500 mm/min allowed for efficient machining of contoured
surfaces, especially useful for crafting aerodynamic shapes on
the car like our loft

Use of CAM Software

For our manufacturing process, we utilized the software
QuickCAM Pro.

1.QuickCAM Pro was used to create the G-Code for the router.
A few parameters were set specifically to achieve our
machine goals and to best utilize our router.

2 Additionally, we used it to simulate the tool paths for all our
machining plans, allowing the team to get a better insight
into how our car would be manufactured.

3As QuickCAM Pro was a Denford Software, we were able to
use the inbuilt functions to machine our cars easier.

|

Parameters

In QuickCAM Pro, although we planned
to use a much lower stepover rate,
around 5 or 7%, we had to choose 14%.
This was due to the limitations of the
MRC40 and led to machine lines. These
lines and imperfections were sanded
down for a smoother finish. Additionally,
we used a high spindle speed of
25,000RPM during the finishing plans to
ensure accuracy and precise cuts,
keeping our car faithful to the
engineering drawings.

Machining Plan

For our F1in Schools car, the machining
plan using the MRC40 CNC router is
designed to maximize accuracy and
structural integrity, in line with our goals
of maintaining low tolerances and
ensuring strong joints for stability.

1.Top Machining: First, we use raster
roughing on the top surface of our car

at a high feed rate to create its shape.
Next, we go back for another pass of
raster finishing, at a high spindle speed
to create a smooth finish.

2Bottom Machining: To hollow out the
cavities on the underside of our car we
use bottom machining. We begin with
a raster roughing before finishing of
with a raster finish for a clean and
smooth finish.

3Side Machining: We used the Car
Wizard function in QuickCAM Pro to do
our LHS and RHS Machining. This would
make the holes for our wheels system
and machine the contour on our side
pods.

Using all 3 axes offered by the MRC 40
allowed us to achieve the best possible
finish with the hardware at hand.

b3

Accomplishing Machining Goals

Figure 8.3: Manufacturing
Inconsistencies

Figure 8.4: Sample of
machine lines

Figure 8.5: Machine Plan

Figure 8.6: Toolpath Simulation

Through our Machining Plans and use of CAM and CNC, we were fairly confident
that we achieved our Machining Goals.

Ensure the car is 50 grams --> Use painting to increase mass to the limit

[ e

Ensure apt wall thickness and strong_joints --> Use of roughing_and finishing_plans

Figure 8.2: The cut depth for one of our main bodies
on QuickCAM Pro

Keep tolerances as low as possible  -->

Sand off the main body till the maximum

r / 4 0 & 4
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Issues during Machining

Our manufacturing process did not run smoothly at all. We ran
into many separate issues during manufacturing which had to
be mitigated to create a final car body which met all of our
machining and design goals.

Initially we had issues with a
visible line down through our car.
This was due to improper cut
depths. This issue was mitigated
by using accessibility analysis on
Fusion 360 as well as setting
slightly higher cut depths. This
ensured that our other car
bodies didn’t face this issue and
had a smooth surface which
required minimum sanding.

Figure 8.7: Bad Cut Depth

Furthermore, we also
faced numerous issues
with our car design. As a
part of our car design, we
tried our best to to keep
all model block
constraints in mind.
However, for our final car,
we had to change the
CO2 Cartridge Position to
27 mm and the depth to
48 mm. This was proving
to be quite a challenge for
the machine as there was
a pre-manufactured CO2
Canister hole in the model
block. This led to many
issues such as the drill bit
hitting the bed and
sometimes switching axes
too early and snapping
the car.

Figure 8.8: Tool
exceeding the CO2
Hole.

Figure 8.9: Machine
axes switch snapping
our car

This issue was finally mitigated
by making changes to our car
design to incorporate the
requirements of the Model Block.
However, they were added in
certain ways which allowed us to
easily remove them for the
consideration of weight.

Figure 8.10: Model
Block Addition for
Machinin

We extruded our car body 7mm
backward into a solid cuboid.
This cuboid had a clear
differentiation with the main
body, allowing us to make a
clean cut at the exact point of
contact. Additionally, we added
2 mm at the bottom of the car
toward the edges of the model.
This allowed for simple sanding
and sawing while elevating the

CO2 canister position to the

. . Figure 8.11: 2mm
required height.

Machining Standoffs

T




Other Manufacturing & Assembly V2

Manufacturing Process Joints

Nose Cone Attachment
ﬂ To ensure the perfect tolerances and finish for our external

The attachment of our nose cone was one of the f components, we decided to outsource them to a company

most crucial component joints. The front wing is called Designifying. Designifying provided us with PA 12 parts

Nose Cone Attachment

Examine Manufacturing Body:

The first part of the manufacturing
was to examine the received part. This
examination was done based on the
machining goals. To properly achieve
this 4 main bodies were manufactured
for our final submission, out of which
the best 3 were chosen for submission

a pivotal part of our car’s aerodynamic efficiency R T made using SLS technology for the best tolerances. However,
we could also print our own parts using our own 3D printer. A

make v.s. buy analysis was conducted where each criterion has
a weight based on importance and is scored out of 5.

Make Buy

and was printed in one piece along the nosecone
to ensure stability. The nosecone was attached Figure 9.5: Nose cone attachment joint
using a 3mm hole made in either component

and a metal axle was threaded through to ensure

strength.

Make

and finishing. Criteria Score Weighte Weighte
. L Rear Wing Attachment ;

Sanding_and Finishing: The rear wing was attached using a simple, non- Qe J 3 20 2 2

) . . dimensional altering instant bonding adhesive. 7

Each car received a specific sanding We could go with this approach as the rear wing Fg'i;f 5 2 10 5 25

and finishing regimen to ensure a Flg 9.1: Rejected Car Body with joint had a large surface area which wrapped

perfect body with minimum machine ~ machining lssues around the CO2 Cartridge chamber. This Figure 9.6: Rear wing attachment Cost per A 5 e 3 o

lines and minimum skin friction. '_I'he approach created a strong joint, however ’ Part

cars were first sanded by 100-grit needed special alignment tools and precautions r—

sandpaper and then increasing grits to to ensure that the wing was in line with the rest Savings 3 5 15 3 9

achieve a perfect finish. After sanding,

of the car body.

our paint outsourcers, House of Polish,
felt that the best way to create a
smooth glossy finish would be to use
a PVA primer. The porous car soaked
up the primer and then coats of paint
and clear lacquer were applied to
ensure the perfect finish.

Our analysis showed that buy outperformed make by 16 points,
making it the obvious choice.

Halo Attachment
Rapid Prototyping:

The halo is the cornerstone of the deceleration
system. As a result, the halo undergoes most of
the forces for deceleration. To ensure that the
halo is secured into its slot, the slot was made
slightly smaller (considering machine tolerances)
to allow friction to hold the halo in place.

We required a way to manufacture
the components used for rapid
prototyping, joint ideation, and
track testing. Our make v.s buy

Figure 9.2: Prototype finishing
Final Requ|ation Check: process with PPE Equipment

) . L Additionally, a strong and lightweight epoxy Figure 9.7: Halo attachment analysis showed make to be the
After the final sanding and finishin ; ! Y
process, we conductgd scrutineeri%g resin was used to solidify halo placement. The obvious choice, outperforming buy Figure 9.9: Nose cone prototypes
by ourselves to ensure that our car w?ﬁggyfaqltdgnt could hold a mass of up to Tkg by roughly 20 points. Painting:

would abide by the most critical
clearance zones and regulations. A set
of scrutineering tools were printed
using a 3D Printer and accurate
vernier calipers were used. Places
where our car was not abiding
regulations was manually sanded and
resealed and painted, ensuring no
dimensional changes this time. This
way, regulation breaks during

Our last aspect for outsourcing was
our cars paint job and finish. Although
we tried to do this ourselves, we were
unable to achieve the surface finish
compared to our outsourcers, House
of Polish. Although the cost is
generally much higher for outsourcing,
the make vs. buy analysis indicated

Wheel Support System Attachment

The wheel support system was the same in both
the front of the car as well as the rear of the car.
Specific slots were machined in the main body of
the car which the support system would slide
into perfectly, being held in place by friction. Figure 9.8: Wheel system slot and
Once the alignment was finalized, a little bit of attachment

manufacturing were minimized. ?Iue was gtsed b(-?sweeE the body and t?ﬁ sgsjem Figure 9.10: House of Polish that outsourcing was the better option
. 0 ensure its position. Epoxy resin was filled in Eimieh on our Nationals car -
Assembly: Figure 9.3: Set of custom the hole for the axle and the stationary axle was Workplace safety by 7 points.
printed scrutineering tools pushed into it and secured. Additionally, in the
After final regulation check, a custom- case of breakages, a small blade could be used Probability Severity Causes Mitigation Risk Factor

made 3D printed assembly jig was used to remove the layer of glue between the main

to ensure alignment. This jig contained b?gy arlld system, ensuring replaceability in case Skin and eye 06 o Tl (e wﬁszgggmaj’e"

the negative impression of multiple key or breakages. LHIELE) ventilated areas
components like our nose cone. The Outsourcing ot o floch Use of hacksaw, These tasks were

joints were first aligned with the jig, A crucial part of our car design was outsourcing wounds o2 o O e oy nder smamicion o
removed and then glue was added. They the manufacturing process to professionals. T e U

were pressed together and the jig was However, this process was quite difficult as there Slipping Hazards 02 02 Tripping over tools, always kept 0.04
added back on to ensure the joint was were many cost considerations as well as quality ' organized

perfectly aligned. Additionally, a mass checks, In the end of our project, we decided to _ ) iRy Earplugs were

was added to the particularly weaker rely on outsourcing for 2 main components, g=aintldanace ol ®d drills, power tools ”"r';z:fhiar{g,“y"d ool
joints such as the rear wing, to ensure Figure 9.4: Sample of f:hoosing to accomplish the remaining aspects

proper adhesion with the surfaces. nosecone alignment jig inhouse.
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Design Evaluation

Development Cycle

Design Conceptualization

The first step in conceptualizing our
design was to understand the

Initial Designing and CAD Modelling
The initial design phase began with hand-

drawn sketches to better
conceptually outline the car we intended to
create. Multiple perspectives were sketched

function of each component in the
car as outlined by the technical
regulations. Unlike our approach
during the national finals, where we
primarily drew inspiration from other
successful teams at the world level,
this time, we adopted a holistic
perspective. We took inspiration
from a diverse range of sources,
including fighter jets, rockets, and

real-world Formula One cars. This
broader perspective allowed us to
create a more innovative and
tailored design.

Removal Of Catamaran Effect

Throughout this process we ended up making nu
changes to our design concepts. One of them be
Catamarn Concept.

The Catamaran Concept was one

include with

to help us understand the extrusions and :
sketching order required in CAD modeling. 71N
This structured approach ensured we could
work efficiently in Fusion 360, minimizing 1
the steps in the timeline to make it easier to
access and edit each component as needed.
We kept the primary regulations in mind
while designing;
adjustments were made later to adhere to
additional standards, ensuring the car met Fisue 04Hand draw
ment with all of all specifications.

Stationary Axles

however,

visualize and

some minor

model of the cai

One major decision made during our modelling process was about
merous stationary axles. After seeing the effect of rotating axles on the

ing the

moment of inertia and the increased risks associated with it, it was

decided to go ahead with stationary axles.

of the major innovations utilized
in our national finals car. We took
inspiration from Catamaran
Boats and used under channels
to direct fluid away from our car.

However we found that this
approach increased the area of
exit air, negatively impacting the
car’s aerodynamic efficiency.
Hence, the consideration of this
effect was removed from all of
our conceptualizations.

Venturi Effect

The Venturi effect was attempted in this car body
by designing it with a narrow midsection that
gradually widens toward the rear. From the top
view, you can see how the body tapers in the
center, which was intended to create an area of
reduced pressure as air moves through the
narrowed section and then expands outwards. This
design aimed to accelerate airflow through the
constricted area, decreasing pressure in line with
the Venturi principle. The goal was to generate a
smoother and faster airflow under the car, thereby
enhancing downforce and stability by controlling
pressure distribution along the body.

However, the results of this approach were not
reflective of its intent and we noticed O~marginal
changes in velocity in each section of the main
body during simulations.

Figure 1

Cat:

Removal of Loft

0.2

P |
by

Figure 10.3: Aplication of the venturi effect

Figure 10.5: Our loft model to create the
most optimal shape

Throughout our national finals tenure,
we were abiding by the old
regulations. In these sets of
regulations, a major component was
always the loft. We created an entire
regression-based model to create the
most optimal loft profiles for a diffuser
shape. However, we needed to make a
decision this year about whether to
keep the loft or not. We decided that
the loft would not be worth the
addition of mass for making the
structure and we would be better
served by cutting mass everywhere
else in the car.

Aerodynamic Simulation and Iterations

With the initial model ready, we imported it as a STEP file into
SolidWorks to conduct Computational Fluid Dynamics (CFD)
analysis. This testing allowed us to assess drag values,
downforce, and airflow patterns around each component of the
car. The SolidWorks Flow Simulation add-in provided insights
into areas where drag was excessive, enabling us to make
informed modifications, such as smoothing body contours and
adjusting wing angles. Feedback from mentors was instrumental
in guiding these adjustments, helping us to fine-tune the car’s
aerodynamics based on both qualitative and quantitative data

from the simulations.

2

Deeming_ Channeled Sidepods Redundant

A critical decision after simulations was the requirement of channeled
sidepods. Throughout National Finals, we had sidepods which
channeled the air away from our car. However through the simulations
we realized that this was quite redundant. The fluid mass flow is so
miniature at this scale that it didn’t really make a large difference.
Hence, to optimize our mass
reduction we chose to go with
only hollowed sidepods rather
than channeled. This increased
the simplicity of the design and
also aided us in the process of
managing all the separate
channels of air on the car.

Figure 1€

underbody wi

only hollowed out
sidepods

The

Use of tapered-conical nose cone

A tapered nose cone was integrated into the main body as it reduced
the frontal surface area, reduced drag and weight as well. It was given a
profile similar to that of a bullet to ensure it’s aerodynamically stable

and efficient.
The tapered surface helps

generate downforce as well which
is needed for the rolling motion of
the tires with the ground. It also
provides a smooth transition of the
air from the ground towards the
upper main body. Tapering also
reduces weight and gives the nose
Figure 10.7: Model of our tapered-conica cone a sleek and streamlined
nesecene profile

Weight Reduction and Optimization

Through this phase, we recognized the critical role that weight plays at
the small scale of F1in Schools cars. Many aerodynamic features have
marginal or negligible impacts at this scale, making weight minimization
a priority.

Mass vs Aerodynamics

With our experience in National Finals, we decided that mass played a
much larger role in performance. Even though our drag value had
decreased significantly from the earlier prototypes, since the mass was
4 grams higher the car performance stayed relatively the same, if not
worse. Through this experience, we learnt the importance of mass in
our car. Moving forward we incorporated mass-cutting philosophies
throughout our car design.

Final Car Summary

Drag: 0.3 N

Track Testing: 0.831 s

Figure 10.8: Final Car Model
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