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improvements. This may be either in the design or the final product. Also, the
importance of aerodynamics is a crucial factor considered while designing a vehicle.
This study focuses on improving the aerodynamics of the side-view mirror and reducing

Keywords: the blind spot region. The side mirror of Toyota Etios Liva was used in this study. Blind
Blind Spot; B-Pillar Blind spot region; spots were first determined, and the mirror drag is analyzed experimentally in a wind
Accident Prevention; Wake survey; flow tunnel and numerically using commercial software. The results show that the drag
simulations; Computational Fluid value of the new mirror was 0.449 compared to 0.634 of the original mirror. This work
Dynamics helps to reduce the blind spot region of the car considered for the study.

1. Introduction

An automobile was made to move goods and people from one location to the other. The first
vehicle had a steam engine to propel it. Then Etienne Lenoir in the year 1860 used gas as fuel in the
internal combustion engine. Later gasoline was used as a combustible substance [1,2]. Self-propelled
vehicles have evolved over the years. Particularly in India, the purchase takes many factors into
considerations namely brand image, price, marketing, comfort, performance, services, and many
other such factors [3-5]. The year 1985 is important in Indian automobile history as it marks the sales
of passenger vehicles crossing 100,000 [6,7]. The main criteria include price and efficiency (fuel) [8].
A car is particularly designed keeping in mind end users. Hence as time passes there are
improvements in all categories [9]. Aluminum composites are used to make it lighter at the same
time not compromising on strength [10-12]. The aerodynamics of the vehicle has been uplifted over
the years by making the design more streamlined. This leads to a reduction in fuel consumption and
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increased speed [13]. Hassan et al., [14] studied the importance of aerodynamic drag, finding the
drag coefficient and improvement in designs to cut down the drag. Ramya et al., [15] analyzed two
car models and found that the sports utility vehicle (SUV) is more streamlined in shape compared to
the sedan model, and the use of a spoiler lessens the drag in both models. Bijlani et al., [16]
conducted research experimentally and analytically on sedan and square back cars and found that
sedan is more aerodynamic than the square back. Ghani [17] defined the parameters geometrically
using NURBS (Non-uniform rotational B-spline). Mirrors are utilized to find out any vehicles
approaching and any obstruction to the reference one. They are two side-view mirrors and a rearview
mirror. Al-Obaidi and Otten [18] considered Perodua Myvi of 2011 model for computational fluid
dynamics simulation from which it is clear that it owes to the rise of drag. Sotelo and Barriga [19]
showed the use of a blind-spot detection system to help the driver overtake and warn him of the
vehicles in the blind spot region. This system had about a 99% perception rate. Al-Jafar [20] utilized
electronic and ultrasonic sensors placed on the outer side of each side-view mirror, warning lights,
and on the inner side of the mirrors, another sensor on the steering wheel to know the position of
the front tires and an alarm. This system works in such a way that the sensor on the mirror detects
the automobile in the blind spot and gives the driver an indication with the help of warning lights and
alarms. Hirota et al., [21] forged two focal plane arrays with the integrated circuit in Nissan ASV-2.
This is done to detect pedestrian with the help of infrared radiated from the body, it also prevents
the car from going in that direction. Another system is a rearview camera and infrared sensors which
warn the driver of any pedestrian in the blind spot. Some other attempts to reduce the blind spot
include: blind spot mirror is also incorporated in the side mirror with a motor, power supply and
defroster that ensures it works fine even in cold conditions, signals obtained from the electronic
control unit are used to either bring it out or send it back in as per requirements [22]. Micro-controller
and ultrasonic sensors are placed on the sides of the vehicle to detect vehicles coming near the
reference one and gives an indication in the form of LED lights (side mirrors) and alarms [23]. Radar
of 24 GHz was used to determine the distance and speed of the car in the blind spot region [24]. CFD
plays an important role in understanding the flow dynamics [25,26]. Previously several aerodynamic
drag studies are performed using CFD techniques [27,28].

In this study, blind spots are first determined with the help of a rotating pole. Samples of five
mirrors with different radii of curvature are taken, and tests are carried out to find out the most
suitable one where the blind spot was the least. Then, the length after this is compared with the
Automotive Research Association of India (ARAI) standards. Later it is fitted in the side view plastic
cover, and its flow is analyzed in the Wind Tunnel testing facility. A CFD study was also carried out
using ANSYS R-18. Results obtained reveal a reduction in drag of the new mirror compared to the old
one.

2. Methodology

The current work deals with experimental and computational studies to detect and reduce blind
spots in a four-wheeler. There are a series of experiments involved in this project. It starts with data
collection using a rotating pole to identify the blind spot of an Etios Liva when used by 40 different
people.

2.1 Blind Spot Region Estimation

Toyota Etios Liva 2011 model is considered for this study. The Etios Liva is the hatchback version
of the Etios sedan, as shown in Figure 1. It is a front-engine, front-wheel-drive car that is assembled
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at the Bidadi Plant of Toyota in Karnataka. This vehicle is chosen because it is one of the top sellers
in India's 'Entry-Level Hatchback' segment.

To develop an accurate testing rig we considered a circle of diameter 14 feet, which was large
enough to accommodate three average-sized cars. Then we manufactured a pole equivalent to the
height of the car with bright red and yellow stripes for visibility, as shown in Figure 1.

Fig. 1. An image taken during the blind spot
estimation using the testing rig based on the
concept of a rotating pole

The first step was sketching the seven feet radius circle on level ground. This was done using a
blackboard-sized protractor and a thin rod. After that, the wheel positions on the ground were
marked and the car was parked on them. Bright red and white colours were used for sketching and
numbering for increased visibility. The first step of collecting data was to make sure each individual
has adjusted the seat position, the steering alignment, fastened the seatbelt, aligned the center rear-
view mirror so that the entire rear windshield is visible, and align the two side-view mirrors so that
the minimum portion of the car body is visible on it (but some portion should be visible for sure).
After that, the pole was revolved around the marked circle around the car, and the driver had to
point out whenever the pole was invisible from the front windshield, two front door windows, or on
the three rear-view mirrors. The readings are taken from 40 people of various age groups, weights,
and heights. Individuals are chosen with height ranging from 5'2" to 6' 5", aged between 18 to 52
years and weighing between 50 to 92 kg to obtain a wide sample space for the analysis.

After the initial ten readings, the accuracy of the focused region of the circle was increased by
increasing the number of divisions on it. The collected data is shown in Table 1. Along with the four
blind-spot regions on a car which are due to its chassis structure, another region was plotted, which
was identified as the blockage of view because of a co-passenger in the front seat. This blockage is
usually dangerous while taking a right on 'T' roads. The graph represents the data collected in the
experiment, as shown in Figure 2. Starting from the 5°30" triangle, going clockwise, each triangle
represents either a field of view or a blind spot. The following are a few blind spot regions-blind spot
due to Driver side A-pillar, a field of view through the driver side door window, a blind spot due to
Driver side B pillar, a field of view through the driver side's side-view mirror, a field of view through
the center rear-view mirror, field of view through the passenger side's side-view mirror, blind spot
due to Passenger side B pillar, blind spot due to the co-passenger in the front seat (dotted line), a
field of view through the passenger side door window, blind spot due to passenger side A-pillar and
field of view through the front windshield.
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Table 1
Flow data collected from the wind tunnel for the side view mirror
TIIIIE2 2 FIizie 2 g @
58888 § 5§ 888888 &8 8§ 8

(0]
44 50 62 76 95 38 O 415 6 12 24 38 57 -0.0488 -0.0406 -0.0393 -0.0401
44 50 62 76 95 38 3 385 6 12 24 38 57 -0.0453 -0.0377 -0.0364 -0.0372
44 49 62 76 95 38 6 355 6 11 24 38 57 -0.0342 -0.0347 -0.0336 -0.0343
4 49 62 76 95 38 9 325 6 11 24 38 57 -0.0313 -0.0318 -0.0307 -0.0314
44 49 62 76 95 38 115 30 6 11 24 38 57 -0.0289 -0.0293 -0.0284 -0.029
44 49 62 76 95 38 135 28 6 11 24 38 57 -0.027 -0.0274 -0.0265 -0.0271
44 49 62 76 95 38 17 245 6 11 24 38 57 -0.0236 -0.024 -0.0232  -0.0237
44 49 62 76 95 38 21 205 6 11 24 38 57 -0.0197 -0.0201 -0.0194 -0.0198
44 49 62 76 95 38 24 175 6 11 24 38 57 -0.0169 -0.0171 -0.0166 -0.0169
4 49 62 76 94 38 27 145 6 11 24 38 56 -0.014 -0.0142 -0.0137 -0.0134
44 49 62 76 94 38 293 122 6 11 24 38 56 -0.0117 -0.0119 -0.0115 -0.0113
44 49 62 76 94 38 325 9 6 11 24 38 56 -0.0087 -0.0088 -0.0085 -0.0083
44 49 61 76 94 38 365 5 6 11 23 38 56 -0.0048 -0.0044 -0.0047 -0.0046
44 49 59 75 94 38 385 3 6 11 21 37 56 -0.0029 -0.0021 -0.0027 -0.0028
44 48 59 73 90 38 42 0 6 10 21 35 52 O 0 0 0
44 48 58 68 85 38 45 3.5 6 10 20 30 47 -0.0026 -0.0021 -0.0017 -0.002
44 48 55 66 80 38 48 6.5 6 10 17 28 42 -0.0049 -0.0022 -0.0024 -0.0025
44 46 52 62 75 38 51 9.5 6 8 14 24 37 -0.0034 -0.0008 -0.0015 -0.0019
43 45 49 57 67 38 545 13 5 7 11 19 29 -0.0023 0.0019 0.0011 0.0008
42 45 46 52 56 38 57 155 4 7 8 14 18 -0.0027 0.0052 0.0046 0.0056
41 44 43 46 45 38 60 185 3 6 5 8 7 -0.00003 0.00871 0.00872 0.00923
40 42 42 43 42 38 63 215 2 4 4 5 4 0.0064 0.0106 0.0108 0.0099
40 41 42 42 41 38 66 245 2 3 4 4 3 0.0101 0.0121 0.0121 0.0105
39 40 42 42 40 38 69 275 1 2 4 4 2 0.0134 0.0136 0.0135 0.0104
39 40 42 42 40 38 71 295 1 2 4 4 2 0.0144 0.0146 0.0145 0.0112
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39 40 42 42 40 38 75 335 1 2 4 4 2 0.0163 0.0166 0.0165 0.0127
39 40 43 42 41 38 78 365 1 2 5 4 3 0.0178 0.0172 0.018 0.0157
39 40 43 42 41 38 381 395 1 2 5 4 3 0.0193 0.0186 0.0195 0.0169
40 39 43 43 42 38 845 43 2 1 5 5 4 0.0208 0.0203 0.0215 0.0198
41 42 42 42 40 38 86 445 3 4 4 4 2 0.0133 0.022 0.0219 0.0169
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Fig. 2. Circle of vision of the original

vehicle  with
highlighted

blind-spot

regions

Figure 3 shows a 5-lane road using a 50 feet diameter circle with triangles representing blind-spot
regions. It shows how the other top-selling vehicles in India could easily be in the blind spot region
on the Etios Liva. Graph specifications are given as: lane width = 10 feet, circle radius = 25 feet and
number of lanes = 5. Vehicles from top to bottom (see Figure 3) are Honda City (4440 x 1695 mm),
Maruti Alto 800 (3395 x 1515 mm), Toyota Etios Liva (3775 x 1695 mm), Bajaj Pulsar 180 (2035 x 765

mm) and Maruti Swift Dzire (3995 x 1735 mm), respectively.
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Fig. 3. Visual representation of the region covered
by the blind spot on a five-lane. Highlighting the
variety of vehicles that are hidden in the blind
spot

The position of the side view mirror was moved horizontally on the vehicle to record any changes
in the field of view through the side-view mirror, which revealed no substantial results. Changing the
location of the side view mirror itself on the car would incur high costs due to changes in the
manufacturing of the body panels. Therefore, this idea was discarded. Mirrors of different radii of
curvature were tested, and readings were noted from 5 members of the initial 40. Two brackets are
made, which can be attached to the existing side-view mirror to hold the test mirrors in place. Then
the experiment, as mentioned in the first step, was performed again. It is found that a mirror with an
inner radius of curvature of 444 mm and an outer radius of curvature of 407 mm was able to cover
almost the whole blind spot region due to B pillars of the vehicle. Then new mirror is 445 mm/365
mm in radii.

Table 2

Final test mirror data

Person number B-Pillar in °s Driver in °s B-Pillar in °s Passenger in °s
1 109.00 137.27 219.00 260.20

2 110.00 137.27 219.00 261.00

3 109.40 137.27 219.00 259.54

4 108.80 137.27 219.00 260.50

5 109.70 137.27 219.00 259.80
Average Values 107.40 137.27 219.00 262.36

A spherometer is an instrument for the precise measurement of the Radius of the curvature of a
sphere or a curved surface. Originally, these instruments were primarily used by opticians to measure
the curvature of the surface of a lens. The spherometer works on the principle of the micrometre
screw. It consists of a metallic tripod framework supported on three fixed legs of equal lengths. A
screw passes through the center of the tripod frame, parallel to the three legs. A large circular disc
graduated with 100 equal parts is attached to the top of the screw. A small vertical scale known as
the Pitch scale (P) with the scale reading divided into millimetre is fixed at one end of the tripod
frame. The average Radius was found to be 407.79 mm. The detailed calculations are as shown
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The least Count of the Spherometer
d
P=-mm
n
If there are N divisions in the circular scale on the circumference of the disc, then.

1
mm=—mm = 0.01 mm
100

Z |

Least Count =

Spherometer Calculations:
d

P= —mm = Imm

p 1
Least count = N mm=—mm =0.01 mm

100
L=40 mm

L> h
R_E-I-E

h=MmXxP)+ (X XLC)
Toyota View Side Mirror

Centre- a =65, 60

x =45, 45
n=0,0

h = .45, .45

R =592.81 mm
Side-a = 60, 65
x =50, 55
n=0,0

h =.50, .55

R =509.35 mm

Average Radius = 551.08 mm

Test Specimen 5 Side View Mirror

Centre-a =99, 94
x=59, 61

n=0,0

h=.59, .61

R =444.86 mm
Side-a =97, 98
x=72,72
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n=0,0
h=.72,.72
R=370.73 mm

Average Radius =407.79 mm

After finalizing the convex Radius of the mirror, we performed iterations on the given mirror to
finalize its length. The original mirror was 170 mm in length and 130 mm in height. The new mirror
required a slightly higher length as compared to the old mirror, to cover the full blind spot region.
We tested lengths ranging from 180 mm to 230 mm and found the 230 mm length to be sufficient to
cover the blind spot region. This meant a 60 mm increase in the length of the side-view mirror, which
should be accommodated in the new side-view mirror casing on the inside as the mirror casing
projection outside cannot be increased due to strength reasons. According to the Automotive
Research Association of India, the original Toyota Etios Liva mirror lies in Class IV and Class V Category
as its average Radius of curvature is 571.94 mm, in which the Radius of curvature has to be more
than 400 mm. The new mirror which eliminates the blind spot due to B pillars has an average Radius
of curvature of 426.32 mm, which is greater than 400 mm, hence it will also lie in the same category.
This means that the new mirror is street-legal in India. We disassembled the side view mirror from
the vehicle by first removing the plastic door cover. That was only possible by removing a screw from
the door lock panel, detaching 4 hooks, and disconnecting the power window mechanism. Then using
a 10 mm spanner and ratchet the 3 side view mirror bolts were removed. Figure 4 shows the wind
tunnel used for testing the flow over the mirror.

Fig. 4. Test section of the wind tunnel used for testing

In this type of method, series of 'pitot tubes' arranged at a specific distance from each other, also
known as a 'Pitot Rake' is made use of. The momentum theory is used to calculate drag in this
method. Each Pitot tube will calculate the pressure on the surface of the mirror. Thus, the velocity of
each layer of the stream is calculated, and the coefficient of drag is obtained by substituting the drag
equation. The number of Pressure ports in rake = 30 and rake length = 100 mm.

The procedure of the experiment-Analyse the flow over the side view mirror (Figure 5), connect
the Pitot tube rake behind the model, connect nanotubes from rake to the multi-manometer, take
the initial multi-manometer reading, turn on the power unit, and set RPM (400, 500, 600, and 700),
note down the manometer reading can be seen in Table 3, change the RPM and repeat the last 2
steps and calculate Cq by substituting the readings in the momentum equation.
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Fig. 5. Flow visualization over the side view mirror using
smoke and laser apparatus

Table 3
Data collection carried out to estimate the blind spot
Person Age Height Weight A-PILLAR B-PILLAR Driver B-PILLAR A-PILLAR B-Pillar
number Driver Passenger Passenger Passenger- With
Co-Passenger
1 20 62 75 29.37 37.89 106.11 142.11 21411 259.58 304.11 312.63 259.58 271.89
2 18 63 65 29.37 36.95 109.89 137.37 219.79 258.63 302.21 310.74 258.63 270.95
3 19 63 64 29.37 30.32 113.68 134,53 218.84 260.53 304.11 310.74 260.53 270.00
4 19 63 50 26.53 32,21 104.21 139.26 224,53 260.53 305.05 312.63 260.53 269.05
5 19 64 57 25.58 33.16 102.32 132.63 222.63 260.53 299.37 313.58 260.53 268.11
6 18 64 50 25.58 31.26 104.21 133.58 216.00 259.58 306.95 316.42 259.58 271.89
7 18 64 58 29.37 35.05 116.53 137.37 218.84 259.58 306.00 311.68 259.58 270.00
8 20 65 63 25,58 31.26 101.37 144.00 21411 264.32 306.00 315.47 264.32 277.58
9 21 66 78 28.42 31.26 107.05 136.42 219.79 261.47 308.84 312.63 261.47 270.95
10 19 66 52 28.42 30.32 107.05 138.32 220.74 260.53 310.74 315.47 260.53 271.89
11 27 66 66 27.47 34.11 113.68 151.58 211.26 263.37 306.95 313.58 263.37 273.79
12 18 67 50 28.42 3411 100.42 131.68 219.79 261.47 306.00 311.68 261.47 273.79
13 18 67 53 29.37 34.11 105.16 13453 220.74 263.37 303.16 313.58 263.37 273.79
14 20 68 74 33.16 35.05 117.47 133.58 22547 260.53 303.16 311.68 260.53 267.16
15 18 68 72 28.42 3411 111.79 133.58 227.37 263.37 305.05 313.58 263.37 271.89
16 17 68 83 28.42 36.95 112.74 139.26 215.05 261.47 305.05 316.42 261.47 270.95
17 20 69 68 28.42 35.05 107.05 138.32 216.00 263.37 308.84 314.53 263.37 281.37
18 20 69 86 27.47 31.26 113.68 140.21 21695 261.47 305.05 313.58 261.47 276.63
19 20 69 74 27.47 3221 97.58 139.26 216.95 264.32 307.89 312.63 264.32 278.53
20 21 70 55 24.63 31.26 105.16 134.53 220.74 259.58 306.95 317.37 259.58 275.68
21 18 70 85 28.42 33.16 110.84 138.32 217.89 264.32 306.95 309.79 264.32 276.63
22 21 70 80 30.32 34.11 113.68 137.37 21695 263.37 305.05 311.68 263.37 276.63
23 18 70 60 25.58 33.16 97.58 13453 218.84 268.11 307.89 315.47 268.11 283.26
24 20 71 58 26.53 33.16 102.32 135.47 223,58 263.37 305.05 313.58 263.37 273.79
25 19 71 83 29.37 35.05 107.05 140.21 21411 262.42 304.11 309.79 262.42 278.53
26 21 72 75 27.47 36.00 98.53 139.26 218.84 268.11 306.95 318.32 268.11 275.20
27 52 72 92 31.26 37.89 120.32 131.68 225.47 262.42 304.11 33.16 262.42 273.79
28 20 73 85 27.47 2937 104.21 12411 22168 261.47 307.89 314.53 261.47 283.26
29 19 73 70 28.42 30.32 111.79 145.89 216.00 262.42 304.11 313.58 262.42 278.53
30 18 74 90 27.47 35.05 98.53 139.26 216.95 267.16 307.89 314.53 267.16 282.32
Average Values 28.11 3351 107.40 137.27 219.00 262.36 305.72 304.17 262.36
Average Number 28.11 33.51 107.40 137.27 219.00 262.36 305.72 304.17 262.36

74



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences Penerbit

Volume 87, Issue 2 (2021) 66-81 Akademia Baru
Ca = 2507 (1)

2

where Fp is the drag force, Cq4 is the drag coefficient, A is the reference area, p is the fluid density, and
V is the flow velocity. For airflow, p = 1.225 kg/m3, V = 11.11 m/s and A = 0.0289.5 m?. (Area was
calculated using a graph paper by adding the number of wholes, 1/4th, and 1/8th squares and
multiplying the answer by the area of one square).

To compare the drag values obtained from the wind tunnel with CFD, the side view mirror from
Etios Liva is replicated on CAD using Catia. Angle and length measuring devices are made use of to
ensure that the CAD model was as close to the actual mirror as possible.

The design procedure involved taking a block of 250 mm x 144 mm x 100 mm, followed by use of
'Cut-Extrudes' and 'Fillets' in CATIA to give it the final shape (see Figure 6).

\4:

Fig. 6. Isometric view of the Toyota Side view mirror design

Mesh size is considered as 0.5 mm [29]. For the CFD analysis, the air flow is considered as laminar
as the Reynolds number of the model is below 3000. The frontal area of the side view mirror is
0.02895 m?2. The pressure was set to standard atmosphere value and the inlet velocity of air taken as
11.11 m/s (40 kmph). The path lines for velocity and pressure over the side view mirror casing are
shown in Figure 7.

(a) (b)

Fig. 7. Pressure and Velocity variation for the CFD analysis on the design of the original mirror

Since the new mirror is 60 mm more in length, a new side-view mirror casing design is made. The
additional 60 mm is incorporated in the inner side of the side view mirror to avoid the increase in the
projected length of the casing, as shown in Figure 8. The design has been done keeping in mind the
shape of a solid hemisphere that has a drag coefficient of 0.42.
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I~ L.

Top

Fig. 8. Top view of the new side-view mirror design

The design is also symmetric about a plane, to reduce the manufacturing costs and to aid in the
re-attachment of airflow behind the mirror, which can be seen in the simulation pictures attached.
This symmetric hemispherical design resulted in a drag coefficient value of 0.449.

The frontal area of the side view mirror is 0.035 m2. For the analysis, set the pressure to standard
atmospheric value and the inlet velocity to 11.11 m/s (40 kmph). The path lines for velocity and
pressure over the side view mirror casing are shown in Figure 9.

Lt

Fig. 9. Pressure and velocity variation for the CFD analysis on the design of the new mirror
3. Result Analysis

The work aimed to find a mirror that eliminates the blind spot regions generated in a vehicle
because of the B pillars and to design a new mirror casing for the same whose aerodynamic drag
properties were similar to the original mirror.

The results are divided into four sections.

Blind Spot Region estimation in degree(°) of view measurements using the rotating pole setup of the
Toyota Etios Liva Mirror.

Table 1 shows the Blindspot degrees due to each pillar.

A-Pillar Driver side = 5° 30'
A-Pillar Passenger side = 1° 53’
B Pillar Driver-side = 40° 53'

B Pillar Passenger side = 57° 37'

The total angle of the blind Spot region is 105° 53" out of the available 360°. This means that more

than one-fourth of the driver's view from the driver's seat is blocked. This could lead to major
accidents as the driver would be unaware of the presence of a vehicle in this region during an attempt
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to overtake or change from one lane to the other. This is a major safety concern, and measures should
be taken to prevent such blockage regions in a mirror. Therefore, a mirror was used that reduces this
blind spot region to its bare minimum, as discussed in the following section.

Blindspot °s due to the pillar;
A-Pillar Driver side = 5° 30’
A-Pillar Passenger side = ° 53’

B Pillar Driver-side = 40° 53°

B Pillar Passenger side = 57° 37'

The total minutes of the Blind Spot region = 105° 53" out of the available 360°.

The inference is that more than one-fourth of the total view from the driver's seat is blocked.
After testing various mirrors, the 5th test mirror of the radius of curvature 444.86 mm/407.79
mm was found to be the best solution.

Table 2 shows the Blindspot °s due to each pillar while using the new mirror.
B Pillar Driver-side = 2°
B Pillar Passenger side = 2° 15°

It is seen that the new mirror has almost negligible blind-spot regions.

The blue circles in Figure 10 shows the blind spot region because of the B Pillars using a Toyota
mirror. These regions are vast, up to 40°, and other cars as big as a Toyota Fortuner can easily lie in
these regions and go unnoticed by the driver leading to deadly accidents and loss of life. The blue
circles in Figure 11 show the blind spot region because of the B Pillars while using the modified mirror
design. These regions are as small as 2° and will not accommodate more than one-fourth portion of
a regular-sized car. Hence, some part of the overtaking vehicle will always be visible to the driver and
will have enough time and view to adjust the location or speed on the road, accordingly,
tremendously reducing crashes and loss of life on the road.

—

-

[

Fig. 10. Highlighted Blind spot region because of the
Toyota mirror
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Fig. 11. Highlighted Blind spot region because of the
new mirror

Since this new mirror has different dimensions than the original Toyota mirror, a new casing was
designed. But this casing was supposed to have comparable aerodynamic drag properties. Therefore,
we find out the drag of the original Toyota mirror casing by placing it in the wind tunnel.

Figure 12 shows the airflow around the original Toyota mirror in a wind tunnel. This was shown
using Paraffin smoke and laser apparatus. We can see that the flow of air is smooth over the body of
the mirror. There are a few vortex formations after the mirror body. This means that the mirror body
is aerodynamically designed. The graph in Figure 13 shows the plot between the drag values and the
RPM. Figure 13 shows no much change in the Cq value with the change in RPM. This implies that the
Cd value is consistent with speed. This value is compared with that of the CFD value.

Fig. 12. Flow visualization over the side view mirror
using smoke and laser apparatus
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Fig. 13. Graph plot of the drag coefficient vs RPM

The drag obtained for the original curved mirror casing using wind tunnel testing was 0.609. The
CFD simulation carried out for this mirror reported a drag value of 0.634 (Table 4).

Table 4

Toyota Etios Mirror Drag Value Comparison

Drag- Wind Tunnel Drag- CFD Percentage Difference
0.609 0.634 3.94%

The percentage difference between the two values is found out to be 3.94 %, which is very less.
This minor difference can be attributed to the testing conditions present. This also validates our CFD
analysis procedure and hence we can run the same analysis on our new mirror casing (Table 5).

Table 5

Toyota Etios Mirror to New mirror Drag value Comparison (CFD)
Drag- Mirror Drag-New Mirror Percentage Difference
0.634 0.449 29.17%

To verify if the new proposed mirror would comply with the aerodynamic requirement and does
not result in a large drag penalty, a CFD study was also carried out. The drag obtained for the modified
mirror was 0.449 which was much lesser than the original Toyota mirror. The percentage difference
between the two is almost 30%. Thus, the modified mirror not only avoids blind spots but is also
aerodynamically superior.

4. Conclusion

The three main findings of the current work are - there is a total of 105°53" blind spot region in
the Toyota Etios Liva, the new rear-view mirror has almost eliminated the blind spot region due to
the B pillars of a vehicle, from almost 50° to merely 2° on either side and the new rear-view mirror
casing has a drag value which is better than the original mirror casing (0.634 to 0.449). Thus, the
proposed work not only minimizes the blind spot to its bare minimum but also is more aerodynamic
than the original model.
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