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Introduction
-Car Aerodynamic Work & Design

Aerodynamic work

« Make a shape as streamline
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Introduction

-Review of Past work

Find a proper angle for wiper less window

gl:10°< 8 <45°
g2:F,cos0— f—F,sin0 20 Lotus Effect

< 83.45N (85km / h.45°)

3:Cp,. A

car

g I(jpm,'A 6.4N(30km /h?l()o)

car

« Add more constraints
v' Past : consider only drag force
v" Current : consider Lift force, Power, field of vision,
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Main Body

-Problem statement

What's the Design Point?

OBJECTIVE : Design wiper less car window

Aerodynamically find angle which can reduce Drag Force

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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Main Body

-New Constraints & summary

Angle >10°~35°

@ 78 HR| £E(30km/h~85km/h)2t Y& Zt=(10"~45") ALO|O|A EA
StC} > 10°~35'2 =3 ( boundary condition)

- Find Proper Cd to determine Fd

 Find Proper angle for field of vision

Fig. 4 — Ahmed’s wake flow behaviour [1]. Fig. 5 — Ahmed’s aerodynamic drag. [1]
schematic view.
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Main Body

-New Constraints & summary

Drag & Lift Force

e Minimum & Maximum Drag force
v" Drag force should be reduced
v Lift Force also should be reduced for accident

2

air* “car

F,=C,p, A V?£200N

V2
F}:ClpairA 7S160N
C

car

—< =tana (streamline body)

40 50 60
angle of attack [degr]
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Main Body

-New Constraints & summary

POWER for efficiency

* Find Proper V & theta to reduce fuel efficiency
v' The power required to overcome the aerodynamic drag
v 80% of fuel is used for overcoming the drag force
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Main Body

-New Constraints & summary

Summary of Constraints

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

: (drag force)-(frictioin force)-(gravit e =" 2 -
=F, cos@— f —F,cost 2

2 - i
= (CAP V?] (cos@— usin@)—mg(rcosf +sinb) g2:4-C,p; 4.,

g3 : ClloairAcar 2

3
g4 : CdpairAcar V? I 5000 S O
25:10°—6<0
26:0-35<0
HYU SME OPIMUM DESIGN PROJECT




Main Body

-New Constraints & summary

ASSUMPTION

@ Assume that surface can be used for Lotus effects

@ Assume that water drop is a solid

® Wind flow parallel compare to ground

@ Only consider water drop which gd over upside

B Assume that normal state (20°C, 1atm)

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

@ Analysis that car speed is btw 30km/h~85km/h and angle is
btwl0 ~40° |
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Main Body

-Calculate as MATLAB & EXCEL

Graphical Method

[ Drag Force ] [ Net Force ]
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Main Body

Graphical Method

-Calculate as MATLAB & EXCEL

Minimize f

velocity
(&3]
o }

f
X=243
Y=19.1

Level=0.00052886
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Main Body

HYU SME

4\

File  Help

-Calculate as MATLAB & EXCEL

Problem Setup and Results

Saolver:
Algorithm: | Active set

Prablem
Objective function: | @water

Derivatives:

frnincon - Constrained nonlinear minimization

Approximated by solver

Start paint: [[30 30]

)

Constraints:

Linear inequalities: B

Linear equalities:
Bounds: Lower
Monlinear constraint function

Detivatives:
Run solver and view results

| Start |

Current iteration: |66

Aeq:

b
beq:
Lo Upper:
! @water_c

Approximated by solver

Clear Results |

Solver stopped prematurely,

fmincon stopped because it e

~

xceeded the function evaluation limit,

options, MaxFunEvals = 200 (the default value),

34,673 7.437)

Options

(& Specify: |1e-1000

Function tolerance: ) Use default: 1e-B

@ Specify: |1e-1000

Monlinear constraint tolerance! O Use default: 1e-5

& Specify; |1e-1000

S0P constraint tolerance: @ Use default: 1e-B
<) Optimization PlotFens.
File Edit Miew

Insert Tools Deskiop Window Help

Current Point
40

30

Current point

1 2
Murnber of variables: 2
Current Function Value: 0

Function walue

5

[teration

0
| Stop | Pause |
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Main Body

-Calculate as MATLAB & EXCEL

Genetic Algorithm

4
File Help

Problem Setup and Hesults Options
Solver: | ga - Genetic Algorithm . ) Specify:

Froblem Stall generations: & Use default:

Fitness function: @water = ;
) Specify:
Murnber of variables: |2

Stall tirne limit: (& Use default: Inf

Constraints: () Specify:

Linear inequalities: e .
s Function tolerance: (® Use default: 1e-6

Linear equalities: Aeq:

Bounds: Lower: [[00]

O Specify:
; i ; — Monlinear constraint tolerance: (& Use default: 1e-6
Monlinear constraint function! | @water_c i
=tic Algorithm

Fun solver and view results Fi Edit Miew Insed Tools Desktop MWindow Help

[[1Use random states fram previous run Best; 0.00040771 Mean; 0.00040831
4000

3000

| start | ¥ Best fitness

* Mean ftness

Current iteration: |4 | Clear Results |

2000

AT COTTS 0T O nonT 15 (8ss Wi Opuoiis, 1O o, B

1000

Fitness value

Optirnization running,
Optirmization terminated, -
Objective function value: 4, 0770587341 226527E-4 DD
Optimization terminated: average change in the fitness value less than
options, TolFun

and constraint violation is less than options, TolCon,

Generation
Current Best Individual

S,

Firal paint:
1 2
390 18,403

Current best individual

1 2
Murnber of variables (2)

(]
2

HYU SME OPIMUM DESIGN PROJECT




Main Body

Pattern Search

4\
File Help

-Calculate as MATLAB & EXCEL

Problem Setup and Besults

Solver: | patternsearch - Pattern Search

Problern
Objective function: | @water

115 18] |

Start point:

Constraints

Linear inequalities: ey |
Linear equalities: Seq:
Bounds: Lawer: |[00]

Monlinear constraint function: | @water_c

Run solver and view results

Start |

Current iteration: |3

| Clear Results

Ul_lllllll ATOTT TETTTTTETE T TITESTT TZE 12 AT U|Jl|U|I L TOIYTESTT
and constraint violation is less than options, TolCan,

Optirnization running,

Optimization terminated,

COhjective function value: 3,3644838498601923E-9

Optimization terminated: mesh size less than options, TolMesh
and constraint violation is less than options, TalCaon,

F S,

~

Final point:
1

32,293 7,128

HYU SME

Options

Max function evaluations:

Tirne limnit:

A tolerance:

=} Pattern Search
File Edit Miew Insert Tools

wo’

Function v alue
R (55}

) Specify:

(&) Use default: 2000=nurmberOfVariables
) Specify:

@ Use default: Inf

) Specify:

& Use default: 1e-6

Desktop  Window Help

Best Function Value: 3.3645e-009

1
1.5
lteration
Current Best Foint

=
o

(K]
o

=
fous |

Current best point
ha
=

9
2

1 i
Mumber of vatiables (2)
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Main Body

Excel Solver

-Calculate as MATLAB & EXCEL

G H

gl Co,A, %— 200=0

0.17453293|ra

0.61086524 ra

sr4-Ciph Bso

1.080.E+02
1.080E+02

e

3.000.E+01]k

FEFFFEF

g3 Clo. A, L-160%0 o

35.000001
7457240286

3H311
$H$12

1

1.000001

35.000001
7457240286

35.000001 35.000001
9560616784 7457247743

35.000001
1.291975241

$H$13 -4.746,E-07

-1.256.E-05

-J.825.E-05 5114E-05  -4744E-07  -4.746E-07

: )
M Zrs LIERHLICE ZF AlLt2

o= gEA|ELCH

M2t 82 AlLE|2 B9 EAM7 A E Hjo)
|22]

M= o
?:l (=2 =y g

2 000.E-03

9.982.E+02

g 210 E+00
oll E+Ul

1.254.E-05
1.231E-04

W] Solver,

HYU SME

CALIEIS 257

frnincan

patiern

-1.231.E-05

-5.000.E+03 -4971E

o

10 -16
sheet? %

= LLA,{JTJ COES— HIMWg Cosd+ LQApTJsm d—wgang

1
[CAp ](0056 8N —-wg(pcosd+ sind)

35
TATG274004
-1.234 F-12
-1.921.E+02
-3.8924.E+00
-1.555.E+02
-4.841 E+03

=25

27.063735
6469603837
1.586.E-12
-1.953.E+02

0 26.5021265
0 6.40000119
-1033E-11
-1.955.E+02
-5.142 E-

142 E-01

-1.574E+02
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Conclusion

- Summary & comments

Found OPIMUM ANGLE!!
[ Graphical ]

0=243° _

[ Computational ]

0 =345
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