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Aerodynamic work

-Car Aerodynamic Work & Design

Introduction

• Make a shape as streamline
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-Review of Past work

Introduction

Find a proper angle for wiper less window

Lotus Effect
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• Add more constraints
ü Past : consider only drag force
ü Current : consider Lift force, Power, field of vision



-Problem statement

Main Body

• OBJECTIVE : Design wiper less car window 

• Aerodynamically find angle which can reduce Drag Force

What’s the Design Point?

• Find proper angle to reduce power consumption 

• Set up proper angle for field of vision

• Find relationship between velocity & front window angle.
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Angle à10˚~35˚

Main Body

⑦ 일정 범위 속도(30km/h~85km/h)와 일정 각도(10˚~45˚) 사이에서 분석
한다 à 10˚~35˚로 수정 ( boundary condition)

• Find Proper Cd to determine Fd
• Find Proper angle for field of vision

-New Constraints & summary
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• Find Proper angle for field of vision



Drag & Lift Force

-New Constraints & summary

Main Body

• Minimum & Maximum Drag force 
ü Drag force should be reduced
ü Lift Force also should be reduced for accident

HYU  SME                                                                                                                  OPIMUM DESIGN PROJECT

2

2

200
2

160
2

tan (streamline body)

d d air car

l l air car

d

l

VF C A N

VF C A N

C
C

r

r

a

= £

= £

=



POWER for efficiency

Main Body

• Find Proper V & theta to reduce fuel efficiency
ü The power required to overcome the aerodynamic drag
ü 80% of fuel is used for overcoming the drag force

-New Constraints & summary
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Summary of Constraints

Main Body

• Find Proper V & theta to reduce fuel efficiency
ü The power required to overcome the aerodynamic drag
ü 80% of fuel is used for overcoming the drag force

: (drag force)-(frictioin force)-(gravity)f

-New Constraints & summary

2V
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Main Body

ASSUMPTION

③ Wind flow parallel compare to ground

① Assume that surface can be used for Lotus effects

② Assume that water drop is a solid

-New Constraints & summary
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④ Only consider water drop which go over upside

⑤ Assume that normal state (20℃, 1atm)

⑥ All other properties are used from Grandeur, Hyundai (window)

⑦ Analysis that car speed is btw 30km/h~85km/h and angle is 
btw10˚~40˚



Main Body

[ Drag Force ] [ Net Force ]

-Calculate as MATLAB & EXCEL

Graphical Method
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Main Body

Graphical Method

-Calculate as MATLAB & EXCEL
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Main Body

Fmincon

-Calculate as MATLAB & EXCEL
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Main Body

Genetic Algorithm

-Calculate as MATLAB & EXCEL
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Main Body

Pattern Search

-Calculate as MATLAB & EXCEL
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Main Body

Excel Solver

-Calculate as MATLAB & EXCEL
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- Summary & comments

Conclusion

Found OPIMUM ANGLE!!

24.3q = °
[ Graphical ]
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24.3q = °

34.5q = °
[ Computational ]



Reference

• Modelling of Stationary Three-Dimensional Separated Air Flows around an Ahmed 
Reference Model

• Hybrid method for aerodynamic shape optimization in automotive industry
• Effect of cross winds on high-speed trains: development of a new experimental 

methodology

Papers & Thesis

• Experimental and Computational Aerodynamic Investigations of a Car
• Mean and time-varying flow measurements on the surface of a family of idealised road 

vehicles

HYU  SME                                                                                                                  OPIMUM DESIGN PROJECT



Q & A
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