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Abstract 

Side mirrors are important parts of a vehicle to aid the driver in order to view 

behind and the side of the vehicle to assess traffic conditions. However, side 

mirrors contribute to increase aerodynamic drag of the vehicle due to the 

increased frontal area. The objective of this study is to calculate the aerodynamic 

drag of side mirrors using numerical methods. Statistical data is gathered 

regarding the dimensions of side mirrors from different vehicles. This data is used 

to find the averages such as the size of the mirrors compared to the car, the side 

mirrors angle and the streamline factor of the side mirror. A 2011 Perodua Myvi 

is used for CFD simulation with and without side mirrors. By comparing the two 

configurations, the effect of the side mirrors on the total drag coefficient of the 

car can be studied. Results from this study are that side mirrors contribute 

between 2%-5% increase to the total drag of a car. This study also aims to analyse 

the impact of the drag in terms of fuel consumption and cost. Current calculations 

for the Myvi find that removing the side mirrors can save a maximum of RM 96 

a year at 100 km/h. 
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1.  Introduction 

Improving vehicle aerodynamics is a steady innovation for automakers to improve 

and create more efficient vehicles. Over the years, cars have become more 

streamlined with lesser exposed operational components. Side mirrors are obvious 

protrusions on the car body that cannot be simply removed for many reasons. Drag 

is a force that opposes the movement of object through the air. Its factors are 

velocity, area, air density and drag coefficient. The flow separation caused by the 

side mirror creates a pressure difference, which causes pressure drag. The high 

pressure of the flow creates a force towards the low pressure region to the flat 

mirror behind the side mirror housing. The increased frontal area of the side mirror 

is the main contributor to the drag force. Side mirrors also increases the wetted area, 

which increases viscous friction. Eq. (1) and Eq. (2) are used to calculate drag force. 

𝐹𝐷 =
1

2
𝑉2𝐴𝜌𝐶𝐷                                 (1) 

𝐶𝐷 = 𝐶𝑝 + 𝐶𝑓                    (2) 

where 𝐶𝐷 is drag coefficient, 𝐶𝑝 is pressure drag coefficient and 𝐶𝑓 is skin friction 

drag coefficient. 

In a study by Shah and Mahmood [1], the objective was to examine the impact 

due to aerodynamic drag of side mirrors to fuel consumption. By doing analytical 

calculations using basic shapes, the focus of the analysis was towards the mirror 

face. The author compared between a flat back and a hemispherical back mirror. 

The test was conducted at wind speeds of 60-120 km/h. The results reveal a 

reduction of fuel consumed for the hemispherical back mirror, which is 17 

litres/year less than the flat back mirror at 120 km/h. This study was focused on the 

rear face of the side mirror where the drag was due to the turbulent flow of the side 

mirror after the front face. The results reveal a reduction of fuel consumed for the 

hemispherical back mirror, which is 29.3 litres/year less than the flat back mirror 

at 120 km/h. This study was focused on the rear face of the side mirror where the 

pressure drag was due to the flow of the side mirror after the front face.  

�̇�𝑓𝑢𝑒𝑙 ∙ 𝐻𝑣,𝑓𝑢𝑒𝑙 = 𝑃𝑒𝑛𝑔𝑖𝑛𝑒 =
𝐹𝐷𝑣

𝜂
                  (3) 

where �̇�𝑓𝑢𝑒𝑙 is the flow rate of fuel consumed, 𝐻𝑣,𝑓𝑢𝑒𝑙 is the calorific value of fuel, 

𝑃𝑒𝑛𝑔𝑖𝑛𝑒  is engine power required, 𝐹𝐷  is drag force, 𝑣 is velocity and 𝜂 is engine 

efficiency. This formula will be used to quantify the fuel used to overcome the side 

mirror drag. 

Studies from University Malaysia Pahang have conducted simulations to find the 

aerodynamic drag of side mirrors [2] and the effects of aerodynamic pressure towards 

the mirror surface [3]. Three designs were tested at speeds of 60, 90 and 120 km/h. 

Results show that the coefficient of drag for all cases was around 0.4 to 0.6 specific 

to its reference area which is the frontal area facing the wind.  Another study found 

that the yaw should be considered accounting for increased drag coefficient [4]. 

Therefore, yaw angle is added for statistical data gathering. Buscariolo and Rosilho 

[5] conducted a similar study to compare a production car’s aerodynamic drag with 

and without mirrors. The authors also went further to include a suggested camera 

replacement for the side mirrors and compare the drag coefficients between the three 

configurations. The setup was using a k-ε turbulence model with 0.6% turbulence 
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intensity. The CFD simulation was conducted at 100 km/h with full underbody 

geometry with a rolling road and wheels. This was to simulate closely to real 

operating conditions. The results in the study show a drop by 1% for the drag 

coefficient and a 2.3% reduction in frontal area without the side mirror. 

A study by Olsson [6] was also done with a focus on multiple factors of the side 

mirror that affect aerodynamic drag. Simulations were conducted on the side 

mirrors for a first generation 2000 Mercedes-Benz A-Class. CFD results shows that 

side mirrors contribute a drag coefficient of 0.012.  Flow conditions were at 50 m/s 

with a turbulence intensity of 0.01%. 

This paper aims to study the difference between a vehicle with and without 

mirrors using numerical methods. Statistical data will be gathered in order to 

establish the average characteristics of side mirrors. The simulation will be done 

using ANSYS FLUENT. Analysis is done to quantify to effect of side mirrors in 

terms of fuel used to overcome the side mirrors drag. Based on previous literature, 

expected drag coefficient due to side mirrors is around 0.012 and that drag 

coefficient of side mirrors to cars is about 5%. A 2011 Perodua Myvi shown in Fig. 

1 was chosen due to being commonly owned by many motorists. The expected drag 

coefficient of the car is around 0.32 based on Ramdan and Lim’s findings [7].  

 

Fig. 1. 2011 Perodua Myvi. image by Wikipedia Commons. 

2.  Research Methodology  

The paper contains two main sections, statistical data gathering and numerical simulation. 

2.1.  Statistical data gathering 

Data are gathered using technical drawings to statistically analyse the different 

shapes and sizes mirrors have. This data is categorized into three general 

measurable aspects. 

2.1.1. Side mirror area percentage 

A primary factor of aerodynamic drag is due to frontal area perpendicular to the 

wind direction. The area can be found by using scaled technical drawings and 

comparing with known vehicle specifications to find the area of the side mirror. 

Side mirror area percentage is defined as the frontal area of both side mirrors over 

total frontal area of the vehicle. As a larger reference area will displace more fluid 
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in motion, it will have a higher drag force. The side mirror area is as shown for 

example in Fig. 2. By recording in percentage, the influence of side mirrors can be 

quantified in terms of the reference area. 

 

Fig. 2. Example of side mirror area percentage. 

2.1.2. Yaw angle 

The yaw angle on the mirror is defined as the angle in which the side mirror is 

towards the wind from the body of the car as shown in Fig. 3. A higher angle will 

indicate more exposed frontal area. As the frontal curvature of the side mirror 

housing is uneven, the angle will be taken based on the mirror plane, which is where 

boundary separation occurs. 

 

Fig. 3. Example of side mirror yaw angle (Top view). 

2.1.3. Thickness to chord ratio 

To quantify the streamlined aspect of the side mirror housing, the side mirror’s 

thickness and chord length is recorded. It will be used to calculate thickness to 

chord ratio which can give into perspective how streamlined the side mirror housing 

is to upcoming wind. An example of thickness and chord is shown in Fig. 4. 

 

Fig. 4. Example of side mirror thickness and chord. 
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2.2.  Numerical method  

2.2.1. Geometry modelling 

The original modelled Myvi had openings in the wheel well. Due to constraints 

with hardware and time, a simplified model is used to avoid meshing tight 

openings. Results of the side mirrors are not directly affected by the turbulence 

generated by the wheel. Figure 5 shows the models differences. The dimensions of 

the models are similar with the actual car. 

 

 

Original model. 
 

 

Simplified Model 

Fig. 5. Car geometry for simulation. 

 

The side mirror is also modelled accurately with actual dimensions. Small 

cavities are removed and the mirror face is flat. The mirror will be attached to the 

simplified model during simulation. Figure 6 shows the side mirror. 

 

Fig. 6. Side mirror for simulation. 

2.2.2. Meshing method 

The computational domain of the simulation is based on the major length of the 

vehicle. Figure 7 shows the discretization of lengths which is based on Damjanović 

et al. (2011) [8]. Adequate spacing is provided to provide uniform flow before and 
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after the car model to have an undisturbed flow. A symmetry based simulation is 

used due to limited hardware and time.  

 
Fig. 7. Discretization of computational domain. 

A fine mesh is necessary in order to have a converging simulation. Smaller 

elements are placed closer towards the car and side mirror in order to capture the 

boundary layer. A majority of the elements are prism wedges (Wed6) due to their 

flexibility and high orthogonal quality. Figure 8 shows the bias of the mesh towards 

the car and Fig. 9 is a close up of the mesh on the car. Table 1 shows the meshing 

characteristics used with Table 2 showing the meshing statistics after generating. 

  

Fig. 8. Generated mesh for fluid simulation. 

 

Fig. 9. Mesh elements around simplified model. 
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Table 1. Characteristics of mesh sizing. 

Global Mesh Size 

Curvature Normal Angle 12o 

Number Cells Across Gap 5 

Minimum Size 1e-2 m 

Maximum Face Size 1.5 m 

Maximum Size 1.5 m 

Face Sizing 

Geometry Selection All Car Faces 

Element Size 1e-2 m 

Behavior Soft 

Inflation 

Geometry Selection All Car Faces 

First Layer Height 1e-4 m 

Maximum Layers 14 

Growth Rate 1.2 

Inflation Algorithm Pre 

Table 2. Meshing quality statistics. 

Nodes 2094644 

Elements 5772518 

Aspect Ratio 

Minimum 1.15 

Maximum 351.21 

Average 23.77 

Skewness 

Minimum 1.7e-8 

Maximum 0.88 

Average 0.15 

Orthogonal Quality 

Minimum 3.42e-2 

Maximum 0.99 

Average 0.91 

2.2.3. Numerical setup 

The simulation is set using a pressure based solver. A symmetry plane is made on the 

car since the flow is similar on each side. Results are taken once the continuity residuals 

converge at 1E-6.  The car in the simulation setup is placed similarly like a wind tunnel 

setup. The surrounding walls are boundaries since a using pressure far field will result 

in the solution crashing. The full setup of parameters is shown in Table 3. 

Table 3. Simulation setup. 

Input Parameters   

Turbulence Model k-ε 

Inlet Velocity 27.78 m/s (100 km/h) 

Turbulence Intensity 0.01% 

Output Pressure Atmosphere 

Air Density 1.225 kg/m3 

Air Viscosity 1.7894×10-5 kg/m.s 

Boundary Walls No Slip Conditions 
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3.  Results and Discussion 

3.1. Statistical results 

From the data gathered, the scatter plot of side mirror area percentage shown in Fig. 

10 show a maximum percentage of 3%. From these samples, the average sizes of 

mirrors exist between 1.5% to 3%. Based on this, a selection of cars at for 3% is 

the 2005 Alfa Romeo 159 for future work. However, the technical drawings have 

poor resolution and closest model is the 2010 Alfa Romeo Giullieta with 2%. 

 
Fig. 10. Scatter graph of side mirror area percentage. 

In this sample, yaw angle as shown in Fig. 11 for cars are around 60o to 75o. A 

lower angle is desirable as it is similar to angle of attack of aerofoils. A lower angle 

of attack will have less drag. The value at 85o is much greater than the rest of the 

samples therefore, it is considered an outlier. Mirrors do not go below 60o due to 

specific safety regulations involving the ability to view behind the vehicle. 

 
Fig. 11. Scatter graph of side mirror yaw angle. 

 

AVG  –  2.33% 

SD –  0.37% 

  

 

AVG  –  67.71o 

SD –    5.24o 
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The thickness to chord ratio shown in Fig. 12 indicates the streamlined aspect 

of the side mirrors. In this case, a lower number is desirable as the flow separation 

is less. Any values above 1 indicate a large area that displaces the air therefore 

causing more drag. Two outliers exist in this data, which is caused by parallax error 

in which the yaw angle is directly towards the camera. Values of thickness to chord 

ratio exist between 0.6 to 1.  

 
Fig. 12. Scatter graph of side mirror thickness to chord ratio 

3.2. Numerical results 

The results obtained from the ANSYS FLUENT simulation are forces acting on the 

car faces. The forces are comprised of lift force and drag force. The main focus of 

this paper is drag forces, which is divided into pressure forces and viscous forces. 

These forces are calculated with the reference area, which is the frontal area 

perpendicular to the incoming wind, to give the total drag coefficient. The results 

are shown in Table 4. 

Table 4. Simulation results. 

Case Drag Coefficient Value 

Car with Mirror 0.3759 

Car without Mirror 0.3587 

Percentage Difference 4.5% 

 

Based on Ramdan and Lim’s findings [7], the Perodua Myvi is reported to have 

0.32 drag coefficient. The value found in this work is validated with a 17% error 

which is acceptable since drag is difficult to simulate compared with lift. The 

viscous boundaries require a much smaller mesh sizing to gain accurate results. The 

4.5% drag coefficient difference is validated based on Batchelder’s investigation 

[9], which is around 4.8%. 

The main contributing force of drag is pressure drag, which is expected. The air 

approaching the car surfaces will have a reduced velocity. This will increase the 

pressure and the pressure difference will create a force. This is shown in the 

pressure distribution as presented in Figs. 13 and 14. The pressure distribution on 

the side mirror is shown in Fig. 15. 

 

AVG  –  0.86 
SD –  0.19 
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Fig. 13. Pressure distribution contours on car and road surfaces. 

 

Fig. 14. Pressure distribution contours in fluid around car (Side plane). 

 

Fig. 15. Pressure distribution contour in fluid around side mirror (Top plane). 
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Although not the contributing factor with the drag coefficient, the viscous skin 

drag coefficient is lower than the pressure drag coefficient. However, the velocity of 

the flow is affected by the viscosity on the car surface, which impacts the pressure. 

The velocity streamlines of the car and mirror are shown in Figs. 16 and 17. 

 

Fig. 16. Velocity streamline around car. 

 

 

              

Fig. 17. Velocity vectors around side mirror (a) Top view, (b) Side view. 

(a) (b) 
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Based on the values obtained, calculations on fuel used can be done using Eq. 

(3). By assuming a 47300 kJ/kg heat value of fuel, engine efficiency at 30% and 

the frontal area of both side mirrors is 0.06 m3, Table 5 shows the fuel saved using 

different average velocities. At time of writing, fuel cost for RON95 is RM 1.95. It 

should be noted that this does not take into account actual distance travelled. Table 

5 is based on full usage of the car throughout the month. Car usage is dependent on 

the user therefore; to create a more relevant figure, multiply the values with the 

percentage of use.  

Table 5. Potential fuel save calculations.  

Fuel saved by removing side mirrors based on average velocity. 

Average Velocity  

(km/h) 

Fuel Saved 

/ Year 

Money Saved 

/ Year 

20 0.39 L RM 0.77 

40 3.15 L RM 6.15 

60 10.64 L RM 20.74 

80 25.21 L RM 49.16 

100 49.24 L RM 96.02 

4.  Conclusions 

It is well known that decreasing the frontal area would decrease drag force. In this 

study, it is found that the side mirrors have a 5.8% influence of total drag. The 

removal of the side mirrors would help reduce fuel consumption however, the savings 

towards the consumer is very low therefore it is not viable from an economic 

standpoint. Likewise, side mirrors are important in ensuring driver safety by 

providing surrounding awareness around the vehicle. In conclusion, side mirrors can 

be replaced to advance vehicle efficiency however the savings are low and the safety 

concerns surrounding it should be looked into. 
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