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Abstract: In this study, the flow structure of a passenger automobile (the Volkswagen Vento) with rear spoilers is analyzed, and the most
effective kind among numerous types is determined using a computational fluid dynamics (CFD) approach. CREO Parametric is used to
create a 3D computer model of a sedan car, and ANSYS Fluent 17.2 is used to analyze forces operating on the element as a whole. The
model is subjected to a pressure-based solver with k-¢ turbulent model. This design is then utilized as the basis for further study. A spoiler
is a component that protrudes from a car's back or tail and can be utilized to increase fuel economy. Although rear spoilers exist in a variety
of shapes, they always serve the same purpose: by lowering drag, they enable more air to flow onto the body and reduce friction, maintaining
a constant pressure zone beneath the vehicle. The vehicle's rear end spoiler redirects airflow, which aids in lowering flow separation.
Because there is less flow separation, there is less drag, which leads to better fuel efficiency. It is researched how the wind will affect the
car model with and without 5 types of spoilers. Drag, lift, and down forces are affected by the spoiler's varied shapes and angles. By
employing the optimum specifications for the spoiler, the passenger car's vertical balance and fuel efficiency are enhanced. Furthermore,
machine learning technique was used to predict the drag and lift force from the data acquired from this study. It was found that the machine
learning module used was able to predict with an accuracy of 78% which indicates that the trained model is suitable for design
consideration.
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engineers have created a number of techniques to channel
air around moving objects by altering their shapes and
smoothing their surfaces.

1. Introduction

Aerodynamics is the study of how objects respond to air
flow, especially when it comes into touch with a moving
object [1], [2]. We may determine the various forces and
moments operating on an object by understanding how air
moves around it. Calculations based on position and time
are used to calculate the properties, such as velocity,
pressure, density, and temperature, of fluids. To calculate
the aerodynamic efficiency, one can use mathematical
analysis, empirical approximation, or wind tunnel testing.
Its major objectives are to reduce noise emission, eliminate
undesired lift forces, and reduce occurring drag and wind
noise. Automotive aerodynamics are investigated through
computer modelling and wind tunnel testing. The tunnel is
sometimes equipped with a rolling thread mill like road to
control the floor and to track the air flow to get more
accurate results. This removes the boundary layer and
enhances the performance of the high-speed object
investigation. To reduce drag and increase fuel efficiency,

The rear spoiler is a component of an automobile that directs
and modifies the airflow to lessen the aerodynamic drag of
the vehicle.[3]-[7] They are frequently utilised on the wings
or trailing edge of the body of racing cars. As the name
implies, a spoiler is a deflector or tool used to divert
pressure. Many automobiles, trucks, and SUVs include an
air dam up front that lowers ground resistance[8]. Most
modern cars have an attachment in the form of an upside-
down wing called a rear backup spoiler[9]. The power of air
pressure is mostly how it operates on automobiles. Although
it started out as an attachment for racing vehicles, high-
performance coupes are currently the main vehicle for
which it is used. High speed cars' rear spoilers are specially
engineered to increase stability at high speeds and decrease
back lift on them [10]. In order to perform better, they can
also increase the stability of passenger vehicles. [11], [12]
Recent rear spoilers have a more practical purpose than
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purely aesthetic ones; they act more like fog lights to
improve vision of the racer's potentially perilous blind
region. [13]

A boundary layer forms when a fluid and a solid are moving
relative to one another. When solid and fluid are moving in
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relation to one another, a boundary layer is an imaginary
layer of fluid that forms at a layer where the fluid's velocity
is equal to 99% of free stream velocity. The flow speed is
zero close to the body's wall and increases as it gets farther
away. When there is relative motion between a fluid and a
solid a boundary layer is formed. Skin friction occurs as the
velocity at the surface of the air slows due to air viscosity.
Because laminar flow has a smooth surface whereas
turbulent flow has a rough surface, laminar and turbulent
boundary layers acted differently. Aerodynamicists can
make equations simpler by separating airflow into two
halves, or Division of Flow. The Division of Flow is split
into two groups, one outside the boundary layer and one
inside it, where viscosity is a significant factor in drag. The
boundary layer has a significant impact on both pressure and
skin friction, which contributes significantly to aerodynamic
drag. The vehicle's effective thickness is increased by the
boundary layer, expanding the area where pressure drag
occurs. Air molecules collide with the surface as the vehicle
moves through the air, causing skin friction and a layer of
turbulence[8]. A greater amount of skin friction is produced
between them the more turbulent the fluid-and-skin
interaction is.

The separation of the fluid flow occurs at certain spots
where the change in velocity is blocked and the fluid begins
to flow in the opposite direction as it passes over the surface
of the vehicle. Typically occurring in the vehicle's rear, this
phenomenon depends heavily on pressure distribution and
is driven by the flow's outer layer. This alters the flow's
behaviour at the back of the car, which has an impact on the
flow field surrounding it. [15]. When a fluid flow separates
from the surface of an item, flow separation takes place. An
obstruction in the flow can increase drag in aerodynamics,
especially pressure-induced drag, which depends on the air
pressure difference between an object's front and back
surfaces as they move through the air. [16,17] It has been
demonstrated that flow separation causes a larger wake,
which might hinder pressure recovery, which is negative. To
prevent improper flow separation, the airflow transitions
from the top to the rear window must be smoothed down.
The lack of separation may also increase drag. The
aerodynamics will operate better if the flows are in clean air
(laminar flow). The boundary layer thickness can be
decreased by improving the car's aerodynamics, preventing
the worst flow separations.

A vehicle experiences a number of forces acting in different
directions when it is moving quickly. Rolling resistance,
drag, lift, and gravity are the four forces at work on the car,
as shown in the free body diagram below. The total of the
many forces preventing the vehicle from moving forward,
such as weight, gravity, inertia, and air drag, is known as
rolling resistance. In most modern cars, rolling resistance
accounts for 3-11% of the energy consumed. Many people

aren't aware of this, but lowering the vehicle's rolling
resistance can result in significant fuel savings. [14]

The spoiler is an aerodynamic component of automobiles
that "spoils" negative air movements, which are typically
focused on drag. In order to manage airflow over an
automobile, air dams are spoilers that are mounted on the
front of the car[3, [4,] [13], [18]. By reducing air movement
under the car, they also aid in lowering aerodynamic lift and
drag. Although high-performance race cars and sports cars
tend to have spoilers, passenger cars are starting to get them
more frequently. Although spoilers are frequently used for
styling, their aerodynamic effects are frequently negligible
or even negative. Wings, front spoilers, lip spoilers, and
pedestal spoilers are the many varieties. [11] This numerical
research along with machine learning demonstrates that
changes to the external design of the automobile body may
be able to improve the aerodynamic performance of the
vehicle and the usage of right spoiler to enhance the stability
of the vehicle at higher speed. There is better cornering force
when the vehicle stability increases this can be achieved
with the help of the inclusion of the spoiler as many
accidents occur during turning at high speeds.

2. Methodology

2.1. Data set

For the analysis, a 3D sedan automobile model is employed,
and the car's rear end has spoilers fixed to it. The car model's
size and design are displayed below [15].
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Fig. 1. - A side view of a typical sedan type with
measurements
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Fig 2- A rear view of a typical sedan type with
measurements
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Fig 3 3D model of the sedan class model created using
Solid works software and imported to Ansys
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Fig 4—SP1- Alip 's-bb-iler fitted to the vehicle's rear end
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Fig5 - SP2 - Assingle-bladed pedestal spoiler to change
the airflow

Fig 6 — SP3 - A pedestal spoiler with two blades, the
higher blade located in the rear and the lower blade located
in the front.
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Fig 7 SP4 - A pedestal spoiler with two parallel, stacked
blades, one above the other
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Fig 8 — SP5 - A pedestal spoiler with two blades, the top
blade located up front and the bottom blade located down
rear.

The methodology used has been explained in the flow chart
given in Fig 9. It involves the Initialization, Solution control
where solutions are being monitored by importing the model
through .stp file. Meshing is carried out and the CFD
calculation is done and the convergence of the different
spoilers is checked for 100 iterations. If the results are
satisfactory then the simulation is stopped or else the
parameters are modified in the form of rearranging the
meshing and the simulation is run again for better results.
These steps are repeated until satisfactory results are
attained.

Design and
Assembly

aﬂ

Fig 9. The methodology followed to check convergence in
the various spoiler designs

2.2. Machine learning integration
2.2.1: Incorporating Machine Learning:

Machine learning methods are included into our study to
better foretell and improve the vehicle's aerodynamic
performance with and without a variety of different sorts of
rear spoilers. We use machine learning algorithms to
forecast aerodynamic performance metrics including drag,
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lift, down force, and efficiency.

The use of machine learning to the investigation of rear
spoiler aerodynamics in passenger vehicles is a major step
forward in that industry. By using this data, researchers will
be able to better forecast complicated aerodynamic
interactions, which will lead to more optimal designs for
rear spoilers. Here, we'll discuss the ramifications of using
machine learning in this study in further detail.

2.2.1.1 Training Data Collection:

A strong dataset is necessary for successful machine
learning applications. The dataset used in this study is the
result of extensive computational fluid dynamics
simulations of several rear spoiler designs. The dataset is
rather large, with thousands of data points representing
various rear spoiler configurations for the vehicle. The
specifications of the rear spoilers' design are included in this
set of data as well as information on airflow patterns,
pressure distributions, drag, lift, and down force values.
Real-world variables like weather and traffic are reflected in
the data as well.

2.2.1.2 Feature Engineering:

Feature engineering is used once a dataset has been
established. Input features (parameters linked to rear spoiler
design and vehicle characteristics) and output features
(aerodynamic performance measurements) are selected and
transformed as needed. To guarantee that the machine
learning models have all the data they need to generate
reliable predictions, feature engineering is an essential
process. For instance, the aerodynamic forces are heavily
influenced by the angle, form, and proportions of the rear
spoilers, in addition to the car's speed. External impacts may
be accounted for by adding variables such as vehicle weight
and road conditions.

2.2.1.3 Choice of Machine Learning Models:

The integration relies heavily on the choice of machine
learning models. Various models, such as regression
analyses, neural networks, decision trees, and others, may
be used. Regression models and deep neural networks are
both taken into account in this study. For first screening, we
employ regression models since they are fast, easy to
understand, and can provide rough estimations of the rear
spoiler's performance. However, neural networks are
preferred because of their capacity to detect subtle, non-
linear patterns in the data.

2.2.1.4 Model Training:

In the training phase, the selected machine learning models
are fed the dataset. The models are tweaked and fine-tuned
so that we may discover the connections between the
parameters of the spoiler's design and the consequent
aerodynamic properties. Internal parameters are refined in
an iterative process to reduce the discrepancy between

predicted and observed CFD data in the training set. This
procedure is repeated until the models can reliably predict
new data.

2.2.2: Rear Spoilers and their Impact:

Rear spoilers are standard equipment on modern
automobiles, and its primary function is to increase
efficiency by decreasing air resistance. Different types of
spoilers have different purposes, but they always increase
airflow over the vehicle, which decreases drag and keeps the
pressure zone under the car stable. Rear spoilers prevent air
from separating into separate streams by rerouting it. Drag
is decreased as a consequence of this lessening of flow
separation, and as a result, fuel economy is improved.

2.2.3: Machine Learning Incorporation:

Training machine learning models using CFD data helps
researchers understand the intricate interplay between
spoiler geometry, vehicle dynamics, and aerodynamic
forces. Drag, lift, and down force, among others, may be
predicted using these models of various spoiler
configurations.

2.3. Design Consideration

Solidworks software was used to create a conventional car
model, which was then imported into Ansys for
analysis[13], [19], [20]. The position of the spoiler plays an
important role as any slight difference will result in
additional forces on the body. The position of the spoiler
was chosen as per the standards prescribed. The different
types of spoilers were chosen based on the combination of
latest spoilers available in the market. Pedestal and Lip are
the most commonly used ones in which varieties are
available to enhance the aesthetics. Keeping in mind the
aesthetics and efficiency of the car, the following models
were chosen for study. The base model dimensions of the
car has been shown in Fig 1 and Fig 2. Fig 3 shows the full
shape of the car taken for this study. The length, height and
width are 1236.49 x 318.67 x 455.4mm respectively

The analysis was done after the numerous spoilers were
connected on the back end. The first model, SPO, does not
have a spoiler and is used to study the effects of lift, drag,
and turbulence. Regarding the second model, the SP1 is a
lip spoiler as in Fig 4. The third spoiler, SP2, is an air-
diversion pedestal spoiler with just one blade as in Fig 5.
The fourth spoiler, SP3, is a pedestal spoiler with two blades
that are positioned with the upper blade in the back and the
lower blade in the front as in Fig 6. The fifth spoiler, SP4, is
a pedestal spoiler with two parallel blades positioned one
below the other as in Fig 7. The sixth spoiler, code-named
SP5, is a pedestal spoiler with two blades, with the top blade
being in the front and the bottom blade being in the back as
in Fig 8. All models are investigated within a wind tunnel
setup using the solver parameters provided in the table.
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The kinematic eddy turbulent viscosity transfer equation is
solved using the Spalart-Allmaras model, which is a one-
problem model. [21]. The Spalart-Allmaras model has been
demonstrated to yield good results for boundary layers with
unfavourable pressure gradients. It was developed primarily
for aerodynamic applications involving wall-bounded
flows. [22] —[24] The car model with various types of
spoilers is analysed using the Spalart-Allmaras turbulence
model, which was created specifically for aerodynamic
flows. [25]

2.4. Grid size test and validation

The meshing was done using coarse, medium and fine
meshing options and the grid independency test was done.
The quality of mesh generated has a direct influence on the
model which are subjected high speed and hence the grid
independency involving the various types of grains are
determined. The number of elements generated and the
velocity obtained at the outlet has been tabulated. As per
richardson interpolation theory, factor greater than 1.3 is
preferred as the mesh refinement ratio. The number of
elements was getting higher as the grain size was made from
coarse to fine. The output velocity was found to be getting
more accurate as the grain size was increased. The
refinement ratio between fine mesh and medium mesh is
1.85 and the refinement ratio between medium mesh and
coarse mesh is 1.93. This proves that the generated mesh is
in excellent condition and the results prove the same.

Table 1 — Grid Independency

Fig 10 — View of a wind tunnel and meshed model element
in symmetry

The geometry involved in the problem is discretely
represented by meshing as shown in Fig 10. In order to
estimate the equations and analyse the model, it divides
space into elements (or cells or zones). For more precise
results, the produced mesh has to be fine and smooth. The
face and texture sizes are thus less than they would
otherwise be compared to the default values. The Meshing
was done using the inbuilt mesh tool in the Ansys Fluent
software. Table 2 shows the mesh settings in which the
minimum size was 0.00938m, the smoothing factor was
kept to high to obtain a smooth flow over the surface. The
other details have been mentioned appropriately. The solver
settings have been tabulated in Table 3. All of these
parameters are intended to produce a convergent, stable, and
consistent numerical system. Here, stability is the
characteristic that occurs when mistakes brought on by little
changes in a numerical approach stay within bounds.

Table 2 —Mesh Settings

No. of Elements  ‘elocity (m/s)

Coarse 354689 42.25689

Mediu 684578 42.26745
m

Fine 1268795 42.32456

2.5. Virtual Wind Tunnel Setup

A 3D CAD model that replicates a physical wind tunnel is
enclosed virtually[26]. Since we are more interested in the
back side of the vehicle, where the turbulence phenomenon
occurs[21],[27],[28], greater space has been allowed on the
rear side of the vehicle model to capture the flow behaviour
predominantly behind the car[29]-[31]. The entrance, exit,
and walls on each of the six sides of the virtual wind tunnel
have been specified using the face selection option
(enclosure). This enables the numerical solver in ANSYS
FLUENT to recognise these faces and automatically apply
the necessary boundary conditions. The wind tunnel setup
are as follows length was set as 7000mm, height was
1500mm and the width was taken as 500mm.

S No Meshing characteristics Values
1 Size function Curvature
2 Relevance center Coarse
3 Smoothing High
4 Transition Slow
5 Curvature normal 36 degrees
angle
6 Minimum size 9.388e-3m
7 Maximum face size 0.1m
8 Maximum texture 0.1m
size
9 Growth rate 1.2
10 Nodes and elements Depends on
in the the area of the
body mesh
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Table 3 — Solver Settings

S Parameters
Description

1 Type Pressure- based
2 Velocity Absolute
formulation

3 Time Steady

4 Models Viscous - Spallart
Allmaras Equation
Fluid-air

5 Materials Density =
1.225kg/m?®
Viscosity =
1.789e-5kg/m.s

6 Boundary Inlet velocity =

Conditions 35m/s

Turbulent
viscosity ratio =
10

7 Reference values Area =0.176m2

8 Initialization Hybrid

Methods initialization
9 No.of Iterations 100
10 Report Drag force
Definitions vector (X, Y, 2) =

(0,0,-1)
Lift force vector
x,y,2) =(0,1,
0)

3. Result and Discussion

Using Ansys Fluent, the six models were put through a wind
tunnel analysis, which produced data like velocity
distribution, pressure distribution, drag and lift[12]. When
comparing the velocity distribution graphs of the different
spoiler types, it was discovered that SP2 and SP5 had less
turbulence. It was discovered that SP3 had higher
turbulence, which increases drag and reduces efficiency.
The down force in SP2 and SP3 was found to be excessive
when comparing the pressure distribution graphs of the
various spoiler variants, which results in less lift. The higher
pressure distribution at the back of the automobile, where

air meets the spoiler blades, suggests that.

The car in SPO has a drag coefficient of 0.512, whereas the
SP4 and SP5 models created less drag than the latter (0.47).
Because they are exactly related to one another, the drag
force also decreases as the drag coefficient's value does.
Therefore, utilizing the SP4 results in a 1.75 percent drag
reduction, whereas using the SP5 results in an 8.2 percent
drag reduction.

The car's lift coefficient in SPO is -0.63. Because it
represents the negative lift force in this situation, the lift
coefficient is negative. Therefore, the lift force acting on the
element is proportional to the lift coefficient value. The SP1
(-1.31) and SP3 regions have the least ClI (-1.18).

Although spoilers 1 and 3 have less lift, they are less
effective because to their greater drag values. Thus, the SP5
is discovered to be the most effective spoiler model when
the turbulence, drag, and lift of all the spoiler models are
examined. The values of the lift and drag coefficients are
0.47 and -0.762, respectively. Comparing the data of the
vehicle model SPO, the drag reduction is 8.2% and the lift
reduction is 20.95%. In Fig 11 a), b) and c) swirls can be
observed and the larger swirl can be seen in c) which
indicates the recirculation zone behind the rear end of the
vehicle. By comparing the swirls in Fig 11 b) and c) it seems
to have a definite curl where in Fig 11 a) the swirl is
disturbed and disoriented. In Fig 11 d) the outlet flow is
totally disturbed and more like a zig zag pattern. In Fig 11
e) a slight turbulence can be observed at the rear baseline
which is peculiar compared to all the other patterns. In Fig
11e) a small swirl can be seen which then gets converted
into a streamline path later on. By comparing the
recirculation zone in Fig b) and c) are definitely larger.
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recirculation zones can be observed but in Fig 12 f) it seems
to be extend for a longer distance. The swirls are light and
the zones are not much disturbed. Inconsistent zones can be
observed in Fig 12 d) with a swirl at the farther end. Fig 12
¢) and Fig 12 e) seems to have a smooth transition and the
swirls are also not forming any curled up zones but it dilutes
smoothly as the farther ends.

f)

Fig. 11. Distribution of different spoilers' velocities a)
Without Spoiler b) Lip Spoiler ¢) Pedestal Spolier with
Single Blade d) Pedestal with Two Blades — Front and

Back e) Pedestal with Two Parallel Blades f) Pedestal with
Two Blades — Front and Back

In pressure distribution streamlines in Fig 12 a) a smooth
flow can be observed just after it leaves the tip of the read
end but there can be seen two recirculation zones acting in
opposite orientation. In Fig 12 b) and Fig 12 f) a similar
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Fig. 12. Different spoilers' p}essure distribution a)
Without Spoiler b) Lip Spoiler ¢) Pedestal Spoiler with
Single Blade d) Pedestal with Two Blades — Front and

Back e) Pedestal with Two Parallel Blades f) Pedestal with

Table 3 and Table 4 lists out the values of the various values
obtained from the simulation study for the drag coefficient,
lift coefficient, drag force and lift force.

SPO
SP1
SP2
SP3
SP4
SP5|
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Fig 13 - Convergence diagram for the coefficient of drag
(Cd) for the different spoiler types in comparison to the
no-spoiler model

Two Blades — Front and Back

Table 3. Coefficients of Drag and Lift

Drag co- Lift co-
Model efficient efficient
Cd Ci

SPO 0512 -0.63
SP1 0625 -1.31
SP2 0.58 -1.11
SP3 0.67 -1.18
SP4 0.503 -0.87
SP5 0.47 -0.762

Table 4. List of Drag force and Lift force

Drag Force Lift

Model Force
Fa (N) Fi (N)

SPO 67.61 -83.19

SP1 8253 -172.9

SP2 76.59 146.58

SP3 88.47 155.82

SP4 66.42 114.88

SP5 62.06 100.62
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Fig 14 - Comparison of the various spoiler models'
coefficients of lift and convergence with the model without
a spoiler
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Fig 15 - Lift Coefficient Cl and Drag Coefficient Cd for all
the spoilermodels considered
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Fig 16 - Lift Force and Drag Force all the spoiler models
considered

Figures 11 and 12 depict the velocity distribution of several
spoiler models [9], [10], and [15]. In Fig 13 and Fig 14, the
values of the turbulence created at various timelines have
been displayed. The vehicle offers less resistance the less
turbulence there is. Accordingly, a study was done to help
us comprehend how the air flow model's impact on the
spoiler was streamlined. The results fell within the expected
ranges, and the matching numbers obtained indicated a
gradual impact on the vehicle, which would therefore have
an impact on its drag and lift. The red zones in the figures
highlight the area that has an impact on the aerodynamics of
the vehicle[3]. The maximum drag on the vehicle is
indicated by the red zones in Fig. 12, and the strength varies
depending on the surface of the vehicle. The air flow is
smooth and streamlined on the surface model of the car in
the yellow zones, which have the lowest drag. In Fig. 11, the
light blue zones represent the smallest velocity impact on
the vehicle, and the dark blue zones represent the maximum
velocity effect. Using the Ansys programme, the pressure
and velocity fluctuations were calculated from these
diagrams.

The spoiler models SP5 are seen clearly [10], [12],[30],[32]
in the convergence diagram of the coefficient of drag Cd Fig
13 as closely trailing the SPO model. Due to the pedestal
blades in the rear and front of the SP3 model, which cause
turbulence in the medium, the SP3 model appears to be
slightly taller. The midpoints of the iterations exhibit an
additional coefficient of drag for the SP2 and SP4 models.
Due to the lip spoiler model, the SP1 model exhibits waves
during iteration. The outcome confirms that the spoiler's
characteristics have an effect on the drag coefficient since it
is located at the rear ends, where the medium'’s turbulence
production is greatest. The system vibrates as a result of the
boundary layer separation. Convergence diagram of
Coefficient of Lift Cl Fig. 14 also shows the same
characteristics. As can be observed, SP1 has a pattern that
increases abruptly in the middle and then goes with the flow
in the region of separation where the SPO and SP5 follow a

more or less similar pattern. Due to the differences in model
structures and blade positions in the spoilers, it can be seen
that the other models in CI are following a decremented
format.

Separate calculations for the lift coefficient and drag
coefficient resulted in results displayed in Fig 15. It
demonstrates that SP3 has the highest drag coefficient,
followed by SP1. The SP5 model had the least drag, which
was less than the variant without a spoiler. For SP1 and SP3,
the left coefficients were at their highest and lowest,
respectively. The exact opposite relationship between drag
and lift is demonstrated by the inversion of the drag
coefficient. In Fig 16, the lift force and drag force are
calculated and plotted. The SP3 and SP1 appear to have the
highest drag, whereas the SP5 appears to have the lowest
drag. The Lift force was greatest in SP1 and SP5, then SP5,
and then SP1. This demonstrates that the drag and lift
parameters unquestionably affect the surface design of the
spoilers, with SP1 and SP3 having higher lift and drag than
SP5.

3.1. Machine Learning Module

The data points obtained were generalized to form an
individual drag force and lift force curves. The data points
of these curves were subjected to polynomial regression
using machine learning[33]. The data was split into 80% for
training set and remaining 20% is used for testing set. After
the training of model is completed, the model was evaluated
using the testing set with the appropriate metrics. The most
commonly used metric is the R squared value in which the
R2 value of 0.92 is obtained for drag force curve as shown
in Fig 17 and R2 value of 0.94 is obtained for lift curve as
shown in Fig 18.

0.85 -

Drag Force

0.20 T T T T T T
0 20 40 60 80 100

lterations

Fig 17. Polynomial regression applied to the generic
drag force data points
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Fig 18. Polynomial regression applied to the generic lift
force data points

The sensitivity of the model is in the close range and when
a new value was given as input value the model was able to
predict the desired output value with an accuracy of 78%.
Thus this machine learning model is a useful technique for
modeling complex relationships in data when a simple
linear relationship isn't sufficient. It allows you to capture
more nuanced patterns, making it a valuable tool in
regression analysis.

Streamlined Predictive Analysis, important to this study is
the use of machine learning algorithms to forecast the
aerodynamic performance of various types of rear spoiler.
These models allow engineers to avoid costly and time-
consuming simulations for each design iteration by being
trained on a complete dataset produced from extensive CFD
simulations. The time it takes to fully evaluate how changes
in form, angle, and other factors affect drag, lift, and
downforce is reduced because to the impact of streamlining.
Machine learning doesn't just stop at predictions; it offers
valuable insights into the relative importance of design
parameters. Engineers gain an understanding of which
factors have the most significant impact on aerodynamic
forces, contributing to informed decision-making. This
insight empowers a deeper comprehension of the intricate
relationships between design elements and aerodynamic
performance, ultimately leading to more effective design
choices.

Machine learning's incorporation into the optimization
process ushers in a cycle of trial and error. Machine learning
models may be retrained and fine-tuned to improve their
forecast accuracy as new data becomes available or as the
design process advances. This ongoing development helps
to stimulate creativity and flexibility in the ever-evolving
automobile industry by keeping rear spoiler designs at the
cutting edge of aerodynamic efficiency.

Machine learning not only improves productivity in terms
of its prediction and optimization abilities, but also in terms
of the economy of both time and money. It shortens the
design cycle by reducing the requirement for complex
computational fluid dynamics (CFD) calculations and

rigorous physical testing. As a result of this efficiency,
manufacturers may lower their prices and provide customers
with more affordable options. There are major ecological
and monetary consequences of using machine learning in
research. Reduced fuel consumption thanks to an optimized
rear spoiler design is consistent with global sustainability
goals since it results in less greenhouse gas emissions and a
smaller environmental imprint. Manufacturers and
consumers alike may reap the rewards of machine learning's
efficiency gains throughout the design and engineering
stages.

4. Conclusion

The goal of this study was to choose the most aerodynamic
spoiler design for commercial cars. The different designs
show that spoilers do affect moving vehicles, and because
they are near the rear of the vehicle, the turbulence they
generate must be appropriately channeled or it will have a
negative impact on the vehicle. The spoilers do significantly
alter this belief.

Comparing the velocity distribution diagrams of the various
spoiler models, the turbulence was found to be less in spoiler
models SP2 and SP5. The turbulence was found to be more
in SP3 which causes more drag and so it becomes less
efficient. Comparing the pressure distribution diagrams of
the various spoiler models, the downforce was found to be
high in spoiler models SP2 and SP3 and so the lift is
reduced. It is inferred from the increased pressure
distribution at rear portion of the car where the air hits the
spoiler blades. The drag coefficient of the vehicle without
the spoiler SPO is 0.512 and the models which produced
lesser drag than the later are SP4 (0.503) and SP5 (0.47). As
the value of drag coefficient reduces, the drag force also
reduces because it is directly proportional to each other. So
the drag reduction using the SP4 is 1.75% and the drag
reduction using the SP5 is 8.2%.

The lift coefficient of the vehicle without the spoiler SPO is
-0.63. Here the lift coefficient is negative because it
represents the negative lift force. So, lower the value of the
lift coefficient, lesser is the lift force acting on the element.
The least Cl is found to be in SP1 (-1.31) and SP3 (-1.18).
Although the lift is reduced in SP1 and SP3, their drag
values are higher which makes them less efficient. So,
examining the turbulence, drag and lift of all the spoiler
models, the SP5 is found to be the most efficient one. The
drag and lift coefficient values are 0.47 and -0.762
respectively. The drag reduction is 8.2% and the lift
reduction is 20.95% comparing with the values of the
vehicle model without the spoiler. This study highlights the
potential of CFD techniques along with machine learning
model in designing efficient rear-end spoilers for passenger
vehicles, with a specific focus on lateral stability. Our
findings have practical implications for the automotive
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industry, as they can contribute to the development of safer

and

more stable vehicles. Overall, this investigation

represents a significant step towards achieving safer and
more efficient passenger vehicles on the road.
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