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Abstract

The increasing development of car modification and the lack of understanding
on the function of using spoilers or rear wings on vehicles, underlies the
research on the aerodynamic forces acting on cars. The influence of this
aerodynamic device will produce a compressive force to the bottom of the
vehicle or called downforce, where this force is greatly influenced by the CL (lift
coefficient) value. The purpose of this study was to determine the effect of
variations in the tapper ratio on the value of downforce and drag force on on
single-element type spoilers made using a NACA 6412 airfoil. The research
was conducted using the Computational Fluid Dynamic method using ANSYS
Fluent software with steady state pressure based solver. In this study five
variations of the tapper ratio were used, namely: 1:1; 1:0.5; 1:0.7; 0.5:1; and
0.7:1. The fluid properties used are adjusted to the climate and weather in
general air conditions and at air flow speeds of 100 km/h. Based on the
research conducted, it can be concluded that the highest lift coefficient value
was achieved in the 1:1 tapper ratio variation which was equal to CL = -0.2275
and CD = 0.0195. The highest downforce value is achieved in the 1:1 tapper
ratio variation that is equal to L = -107,529 N and the largest drag force value
is also achieved in the 1: 1 tapper ratio variation that is equal to D = 9.2269 N.
The best CL/CD results are obtained at the 1:05 tapper ratio variation with a
value of 12.82.

Keywords: coefficient drag; coefficient lift; downforce; dragforce spoiler; tapper
ratio

1. INTRODUCTION

Aerodynamics has an important role in the design of modern cars (1,14). In this case,
aerodynamics has become one of the main studies in car design for the last 40 years with
the aim of increasing the grip of tires on the road without adding mass to the vehicle (15).
As a result, the car can reach the same downforce with a heavier car but with a lighter
mass. This will result in better and faster acceleration.

The lift force is a force caused by the Bernoulli Effect, where the air moving faster the
pressure that arises will decrease. This means that the air velocity on the upper surface is
faster than the air velocity on the lower surface of the airfoil. The pressure difference on
the surface where the upper surface has a pressure smaller than the bottom surface. This
pressure difference causes lift force on a moving airfoil.

Drag force is a force that works in the horizontal direction and in the opposite direction
to the direction of movement of the vehicle. The aerodynamics of a vehicle depend on the
design and shape of the vehicle. This is because the design of the vehicle will determine
the air resistance that occurs in a vehicle and the amount of drag for each vehicle shape is
different from one another. Skin friction drag is caused by surface shear stresses on objects
that come in contact with fluid. Skin friction drag occurs due to viscous friction that occurs
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in the boundary layer. The smoothness of the skin or surface will greatly affect this prisoner.
While the friction drag is caused by pressure on an object moving past the fluid. The shape
of an object affects the pressure drag that occurs on the object.

The influence of Aerodynamics will produce a downward force or also called
downforce, where the force is greatly influenced by the CL (lift coefficient) value (2,3,11).
The influence of downforce is very large in the process of vehicle design especially modern
racing cars. The CL value will increase along with the increase in angle of attack and the
magnitude of the Taper Ratio, and will decrease to a certain degree due to the stall
phenomenon. When lift is produced, it will also produce drag or the presence of CD (drag
coefficient) (4,13). Maximizing the application of down-force on the car will optimize
performance when the car turns at turns. This is a challenge to create a design that
produces optimum downforce value and minimizes CD.

The aspect that needs to be reviewed in the development of vehicle design is to reduce
drag force and also lift force or even create a negative lift (downforce) (5,6,7). In vehicles
with high speed, aerodynamics is very influential and is responsible for the instability of the
car at high speeds because the resulting lift force is usually greater in the car with a rear
drive rather than the front drive (1,8,9). For high-speed cars the first anticipation to deal
with instability in vehicles is to reduce drag force and lift force or even create negative lifts
(downforce) using inverted wings (1,12). The air will move faster on the upper airfoil surface
than at the bottom surface. The difference in speed produced on the surface of the airfoil
creates a low pressure on the upper surface and a higher pressure on the bottom surface.
The result of this pressure difference will produce downforce in the airfoil (1,10).

Tapper ratio is the ratio of the length of the chord to the tip and the length of the chord
at the base of the wing. Tapper ratio has an effect on induced drag. Based on the lifting
line theory for wings without sweep angles and without twist, the elliptic wing planform gives
a minimum drag. To obtain a single element spoiler with maximum performance, the right
tapper ratio is needed to produce the right ratio of lift force and drag force.

In this study, a single element rear wing/spoiler will be made with a tapper ratio
variation to determine the lift coefficient value and the drag coefficient value using a NACA
6412 airfoil. The fluid flow that passes through rear wings construction will be simulated
using ANSYS Fluent software. The purpose of this study was to determine the effect of
variations in the tapper ratio on the value of downforce and drag force on a vehicle.

2. RESEARCH METHOD

The research method was carried out by varying the rear wings/spoiler model with five
variations of the tapper ratio, namely 1:1; 1:0.5; 1:0.7; 0.5:1; 0.7:1. The simulation is carried
out with an air speed 100 km/h, air temperature 288.16 K, dynamic viscosity 1.78 x 10
kg/m.s and the density of air 1.225 kg/m3. The research model is shown in the Figure 1, in
this study only rear wings/spoiler were simulated, not using vehicles. The following is a
picture along with specifications of the varying tapper ratio on the rear wings/spoilers.

142 cm |_ 14l cmn
K

HF o

Tapper ratio 1:1 : Tapper ratio 1:0.5

~
. A

(@) (b)

Figure 1. Simulation model with 5 tapper ratio variations. (a) Tapper ratio 1:1; (b) Tapper ratio 1:0.5;
(c) Tapper ratio 1:0.7; (d) Tapper ratio 0.5:1; (e) Tapper ratio 0.7:1
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Figure 1. Simulation model with 5 tapper ratio variations. (a) Tapper ratio 1:1; (b) Tapper ratio 1:0.5;
(c) Tapper ratio 1:0.7; (d) Tapper ratio 0.5:1; (e) Tapper ratio 0.7:1 (continued)

Simulations are carried out on these single-element models by varying the taper ratio
values to get the lift coefficient value and the drag coefficient value. The lift coefficient value
will be compared with the drag coefficient value in consideration of choosing the best tapper
ratio variation. From these data the ratio of lift coefficient values with drag coefficient is
calculated which will be calculated using ANSYS Fluent software to calculate downforce
and drag force.

The solution method in this case use steady state pressure based solver. To model
the turbulent flow that occurs, a realizable k-epsilon turbulent model is used. Boundary
conditions in this case consist of 4 types, namely: inlet (surface to define wind speed), outlet
(surface to define pressure outlet), symmetry (surface to define the surface of the test
section or computational domain surface), wall (spoiler surface part will be simulated). In
this case, the number of iterations specified is 1000 iterations using the hybrid initialization
method.

For observing the flow field in a model with five variations of the tapper ratio, two views
or two planes are made. First is the plane on the side of the symmetry and the second is
the observation plane at the base. The two planes are used to observe the two sides of the
airfoil because of differences in the contour between the symmetry and the base due to the
installation of the end plate on the base.
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3. RESULTS AND DiscUsSION
3.1 Visualization results at tapper ratio of 1:1

Figure 2 represents the flow velocity that occurs on the surface and around the airfoil
on the symmetry side and base side. Where in the tapper ratio 1:1, the airfoil produces the
maximum CL value. On the symmetry side of the upper surface of the airfoil produces a
low speed which is represented by light blue on the upper edge of the leading edge which
ranges from v = 34.65 km/h and turns green on most of the upper surface of the airfoil to
trailing edge around v = 83.45 km/h. At the base side the air velocity is the same as the
symmetry side marked with light blue on the side of the leading edge and turns green to
the trailing edge. On the symmetry side of the lower surface of the airfoil produces a red
color which is a higher speed value at the leading edge which ranges from v = 129.8 km/h
and changes gradually to yellow in the trailing edge worth v = 111.3 km/h. While at the
base of the airfoil under the surface, it shows the same speed with the symmetry side which
is marked in red but the red color on the base side is not as wide as the symmetry because
of the end plate. This is a phenomenon where there are high and low speed flows on one
part of the airfoil. This is due to the flow separation that occurs because of the large drag
value generated from the viscosity of the boundary layer.
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Figure 2. Velocity contour at tapper ratio of 1:1

Figure 3 presents the pressure generated from an airfoil with tapper ratio of 1:1 on the
symmetry side and base side. On the symmetry side the high pressure on the upper surface
of the red leading edge ranges from P = 288.7 Pa and changes color gradually to yellow to
the trailing edge which ranges from P = 188.45 Pa. On the base of the upper surface of the
airfoil it looks red as well as the symmetry side but slightly different on the base side which
turns greenish yellow to the trailing edge which has a pressure ranging from P = 84.33 Pa.
Then on the symmetry side of the bottom surface of the blue leading edge is P = - 528.8
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Pa and changes gradually to light blue which ranges from P = 256.3 Pa and changes to
green to the trailing edge which is P = -51.91 Pa. At the base side there is a slight difference
in the lower part of the airfoil which is shown in blue which tends to be slightly and continued
in light blue to the end of the end plate. The pressure on the upper side of the airfoil is

higher than the pressure on the lower side of the airfoil, indicating a force of downforce
occurring on this airfoil.
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Figure 3. Pressure contour at tapper ratio of 1:1

3.2 Visualization results at tapper ratio of 1:0.5

Figure 4 shows the flow velocity on two sides, which is the symmetry and base side
that occurs on the surface and around the airfoil with a 1:0.5 tapper ratio variation. Where
the tapper ratio variation results in a lower CL value than the 1:1 tapper ratio variation. On
the symmetry side the upper surface edge of the leading edge of the airfoil produces a low
speed represented by light blue ranging from v = 54.91 km / h and changing gradually until
light green until the trailing edge ranges from v = 82.36 km/h. At the base where there is a
slight difference in air flow on the side of the leading edge which is more light blue compared
to the symmetry side which ranges from v = 54.91 km/h. The lower surface side of the airfoil
produces a red color which is a high velocity value in the leading edge around v = 137.3
km/h and changes gradually to yellow towards the trailing edge worth v = 100.7 km / hr.
And there is a color difference in the end plate, this is because the base side of the rear
wings has an end plate with the air velocity symbolized in yellow, which ranges from 109.8
km h. This is a phenomenon where there are high and low speed flows on one part of the
airfoil. At the base where there is a slight difference in air flow on the side of the leading
edge which is more light blue compared to the symmetry side which ranges from v = 18.34
km/h. This is due to the flow separation that occurs because of the large drag value
generated from the viscosity of the boundary layer.
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Figure 5. Pressure contour at tapper ratio of 1:0.5
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Figure 5 presents the pressure generated from an airfoil with a variation of 1: 0.5
tapper ratio with two different sides, namely the symmetry side and the base side. On the
side of symmetry it produces high pressure right at the top of the airfoil on the side of the
red leading edge around P = 209.2 Pa and turns yellow to the trailing edge which ranges
from P = 120.3 Pa. At the base side there is a pressure difference with the symmetry side
at the top of the leading edge which is shown in red which spreads widely on this side of
the base plane which ranges from P = 135.3 Pa. On the symmetry side the lower surface
of the light blue leading edge is P =-308.4 Pa and changes gradually to green to the trailing
edge which is worth P = -160.5 Pa.

While on the base side it produces dark blue at just below the airfoil which ranges from
P =-550.6 Pa. Then change color to light blue at the bottom of the middle side of the airfoil
which ranges from P = - 348.7 Pa. And green on the bottom leading to the trailing edge
which ranges from P = - 146.9 Pa. It is seen on the end of the green plate which indicates
the low pressure around the end plate which ranges from P = - 146.9 Pa. There is a
pressure difference between the symmetry and the base which ranges from AP = 73.9 Pa.
The end plate at the base side functions to maximize downforce. The pressure on the upper
side of the airfoil higher than the lower side of the airfoil shows downforce in this type of
tapper ratio variation.

3.3 Visualization results at tapper ratio 1:0.7
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Figure 6. Velocity contour at tapper ratio of 1:0.7
Figure 6 represents flow velocities that occur on the surface and around the airfoil with

a variation of tapper ratio 1:0.7 with two different sides, namely the symmetry side and the
base side. Where the tapper ratio variation results in a lower CL value than the 1:1 tapper
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ratio variation and higher than the 1:0.5 tapper ratio variation. On the symmetry side the
upper surface of the leading edge of the airfoil produces a low velocity represented by light
blue ranging from v = 63.64 km/h and turns green around v = 90.91 km/h. At the base at
the top of the light blue leading edge is more widespread than the symmetry side which
ranges from v = 63.64 km/h. And change to green which ranges from v = 81.82 km/h. On
the symmetry side of the airfoil under surface produces a red color which is a very high
speed value in the leading edge around v = 127.3 km/h and changes gradually to yellow
towards the trailing edge worth v = 109.1 km/h. And at the bottom of the leading edge on
the base side is red but at the base side it looks red on the underside of the leading edge
which is more irregular because on this side the frontal area is smaller compared to the
symmetry side. At the base there is an end plate which indicates a low air velocity which is
shown in green around the end plate which ranges from v = 72.73 km/h. This is a
phenomenon where there is a high and low speed flow on one part of the airfoil which is a

result of flow separation due to the large drag value generated from the viscosity of the
boundary layer.
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Figure 7. Pressure contour at tapper ratio of 1:0.7

Figure 7 shows the pressure generated from an airfoil with a variation of tapper ratio
1:0.7 on the symmetry side and base side. On the symmetry side it produces a high
pressure on the upper part of the airfoil on the side of the red leading edge around P =
239.7 Pa and turns yellow to the trailing edge which ranges from P = 107 Pa. On the upper
base side the leading edge has the same color as the symmetry side and has the same
large pressure. On the symmetry side of the surface under the leading edge the pressure
is lower than the pressure above the leading edge, which is dark blue, P = - 490.3 Pa

changes gradually to light blue which is P = - 291.2 Pa and turns green the value of the
trailing edge is P = -25.73 Pa.
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On the lower base of the airfoil there is a difference in color, namely light blue which
is dominant at the bottom of the airfoil to the lower end of the end plate which ranges from
= - 224.8 Pa. While the end plate looks green around the front and back ends which
range from P = - 25.73 Pa. And the pressure at the lower end of the end plate is light blue
which ranges from P = - 291.2 Pa. The end plate at the base side functions to maximize
downforce. The pressure on the upper side of the airfoil higher than the lower side of the
airfoil shows downforce in this type of tapper ratio variation.
3.4 Visualization results at tapper ratio 0.5:1

Contour
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Figure 8. Velocity contour at tapper ratio of 0.5:1

Figure 8 represents flow velocities that occur on the surface and around the airfoil with
variations in the tapper ratio 0.5:1 side of the symmetry and base side. Where the tapper
ratio variation produces a CL value that is almost the same as the 1:0.5 tapper ratio
variation but slightly lower. On the symmetry side of the surface of the leading edge of the
airfoil produces a low speed which is represented by a light blue centered on the end of the
airfoil which ranges from v = 66.55 km/h and changes gradually to green to the trailing edge
around v = 99.82 km/ h. At the base of the edge of the airfoil on the upper edge of the
leading edge, there is a difference in color, which on the base of the light blue color is
irregular and not centered but has the same airspeed. On the symmetry side of the airfoil
under surface produces a red color which is a high speed value ranging from v = 155.3
km/h and changes gradually until yellow in the middle of the airfoil which ranges from v =
133.1 km/h and turns blue to trailing edge direction worth v = 22.18 km/h. At the bottom
base of the leading edge there is a difference with the symmetry side where the lower base
side is indicated in yellow which ranges from v = 122 km/h to the trailing edge. This is a
phenomenon where there are high and low speed flows on one part of the airfoil. This is
due to the flow separation that occurs because of the large drag value generated from the
viscosity of the boundary layer.
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Figure 9 shows the pressure generated from an airfoil with variations in the tapper
ratio 0.5:1 on the symmetry side and base side. On the side of symmetry it produces high
pressure at the top of the airfoil on the side of the leading edge shown in red ranging from
P =317.1 Pa and turns yellowish red towards the trailing edge which ranges from P = 99.88
Pa. At the base of this side there are differences with the symmetry side. At the base of the
red color above the leading edge it does not spread and the yellow dominance is greater
which indicates a lower pressure compared to the symmetry side which ranges from P =
208.5 Pa. On the lower surface symmetry the leading edge pressure is lower than the
pressure above the leading edge of the light blue value P = -551.8 Pa and changes
gradually to green towards the trailing edge which is worth P = - 117.3 Pa.

And at the bottom of the airfoil at the base of the pressure is higher than the pressure
on the symmetry side which is marked with green which ranges from P = - 17.53 Pa. At the
base side it looks green on the edge of the pressure end plate P = 8.727 Pa. The end plate
at the base side functions to maximize downforce. The pressure on the upper side of the
airfoil higher than the lower side of the airfoil shows downforce in this type of tapper ratio
variation. Pressure flows from high pressure to low pressure, resulting in a downforce that
occurs and makes the lift coefficient value very large.
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Figure 9. Pressure contour at tapper ratio of 0.5:1

3.5 Visualization results at tapper ratio 0.7:1

Figure 10 represents the flow velocity that occurs on the surface and around the airfoil
with a variation of the tapper ratio 0.7:1 side of the symmetry and base side. Where the
tapper ratio variation produces a CL value that is almost the same as the tapper ratio
variation of 1:0.7 but slightly lower. On the symmetry side the upper surface of the leading
edge of the airfoil produces a low speed represented by light blue ranging from v = 60 km/h
and changes gradually to green until the trailing edge ranges from v = 90 km/h. At the base
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of the airfoil end of the upper edge of the leading edge, there is a difference in the speed
of flow which on the upper side of the leading edge of light blue is greater and is continued
in green indicating a slightly higher speed compared to the symmetry which ranges from v
= 70 km/h. On the symmetry side of the airfoil under surface produces a red color which is
a very high speed value in the leading edge around v = 150 km/h and changes gradually
until yellowish red in the center v = 125 km/h. And turn yellowish green towards the trailing
edge worth v = 125 km/h. At the bottom base side the leading edge speed is slightly lower
than the symmetry side which is marked with yellowish red which ranges from v = 135
km/h. And turns greenish yellow to the trailing edge which ranges from v = 115 km/h. And
it looks green around the end plate which has air velocity around v = 80 km/h. This is a
phenomenon where there are high and low speed flows on one part of the airfoil. This is
due to the flow separation that occurs because of the large drag value generated from the
viscosity of the boundary layer.
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Figure 10. Velocity contour at tapper ratio of 0.7:1

Figure 11 represents the pressure generated from an airfoil with a variation of tapper
ratio 0.7:1 on the symmetry side and base side. On the symmetry side it produces a high
pressure at the top of the airfoil on the side of the red leading edge around P = 258.8 Pa
and turns yellowish red in the middle which reaches P = 175.1 Pa. And yellow on the trailing
edge which ranges from P = 15.68 Pa. At the base of this side there are differences with
the symmetry side. At the base of the red leading edge, which tends to be small, P = 245.8
Pa. And turned yellow to trailing edge which ranged from P = 91.36 Pa. On the symmetry
side of the surface under the leading edge the pressure is lower than the pressure above
the leading edge which is dark blue and is continued with light blue which is worth P = -
622.7 Pa and turns green to the direction of the trailing edge P value = - 76.03 Pa. At the
lower base of the airfoil the higher pressure is compared to the pressure on the symmetry
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side marked in light blue which is P = - 410.8 Pa and changes gradually to green which is
P =-159.7 Pa. At the base, green is seen around the end plate which has a value of P = -
76.03 Pa. The end plate at the base side functions to maximize downforce. The pressure
on the upper side of the airfoil higher than the lower side of the airfoil shows downforce in
this type of tapper ratio variation. Pressure flows from high pressure to low pressure,
resulting in a downforce that occurs and makes the lift coefficient value very large.
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Figure 11. Pressure contour at tapper ratio of 0.7:1

3.6 Calculation results for dragforce and downforce

Table 1. Comparison of simulation results

Tapper Angle of Down
Rgt'?o Attack cL cD CL/CD Drag force
© Force (N) (N)
1:1 -8 -0,2275  0,0195 11,67 9,2226  -107,53
1:0.5 -8 -0,1782  0,0139 12,82 6,5862 -84,22
1:.0.7 -8 -0,2003 0,0162 12,35 7,6415 - 94,66
0.5:1 -8 -0,1717  0,0142 12,17 6,7046 - 81,14
0.7:1 -8 -0,1951  0,0162 12,11 7,6401 - 92,18
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The Table 1 is a comparison of the results of the lift coefficient, drag coefficient,
downforce and maximum drag forces that can be generated by each variation of the tapper
ratio with an angle of attack - 8°. The best comparison between CD and CL of all variations
is the variation of the tapper ratio 1:0.5 which ranges from 12.82. The highest lift coefficient
and drag coefficient values are found in the 1:1 tapper ratio variation ranging from 0.2275
and 0.0195. The highest downforce and drag forces values are found in the 1:1 tapper ratio
variation - 107.53 N and 9.2226 N.

4. CONCLUSION

Based on the research conducted, it can be concluded that the effect of variations in
tapper ratio with angle of attack - 8° using NACA 6412 airfoils on lift coefficient and drag
coefficient showed that the results were different. Conversely, if the surface area is smaller,
the lift coefficient value will be smaller and the drag coefficient value will be smaller. After
doing a simulation with various variations of the tapper ratio, the highest lift coefficient value
was achieved in the 1:1 tapper ratio variation which was equal to CL = -0.2275 and CD =
0.0195. The highest downforce value is achieved in the 1:1 tapper ratio variation that is
equal to L =-107,529 N and the largest drag force value is also achieved in the 1: 1 tapper
ratio variation that is equal to D = 9.2269 N. The best CL/CD results are obtained at the
1:05 tapper ratio variation with a value of 12.82.
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