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Drag, Lift and Downforce From Over Body Flow
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F= p * A xv? *% (F=drag force, Cd: drag coeffiency)
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Newtonian Fluid Reynolds

— —_—
- ——— The flat d te t modern d
Number (Re) Formula > £ bk o catlsos faige tisbulence o <e—— Tt Bwrike:
occur causing drag.
pVD —e —
—» —_— :

Re = —— L .

u Laminar —» il

U — fluid dynamic viscosity inkg/(m.s)

P — fluid density in kg/m? \\J \_J/D
V — fluid velocity inm/s /ED A %
D — pipe diameter inm Turbulent CJ

HIIO| 2| Re
Re<5 10> Laminar
Re>5x%10°> Turbulent



Spoiler Aerodynamic Properties — 1
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1. Fluid model

Re = p*Z*L = ﬁﬁzzfs = 2.14 * 10° (5 *10°) > Turbulent
2. Car Model

1/10 model




3. Comsol Modeling
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e%AZr : 0.42

Total stress, y component (M) Total stress, z component (N)

© 137.962 -17.844
Drag F= p xA *v% xcy/2
Force :
Cd — 2xF . — 2*37,962 . _ 0.48
pP*A*V 1.22%0.081%40
/
o

O *H ZEE O 33 =%
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Spoiler Aerodynamic Properties — 2

AL A Modeling

fl

Shape Lrag C omso -l.
Sphere ——= O : Cone

one .
Cube — D 1.05
Angled
Cube E— 0.80
on
inder .
o
in

Streamlined
— - 0.04
Body -
Streamline 0.08
Haltbody — £
M d Drag Coefficients
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Spoiler Aerodynamic Properties — 2

No Spoiler Spoiler

Cd : 048 >> Cd : 046
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Cd = -no Spoiler, Spoiler(0x)
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Spoiler Aerodynamic Properties — 3
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Spoiler Aerodynamic Properties — 3
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® Volvo 740 2 H7|Xt2 714.

© REO| ZFS Volvo 7400 U= H

-

o REO| M2 LS St= MY
H 7

L- O =«

20



SOC_m30
SOC_m20
SOC m10
SOC U
SOC_10
SOC_20
SOC_30
SOC_none

SOC_m30
SOC_m20
SOC_m10
SOC_0
SOC_10
SOC_20
SOC_30
SOC_none




PID Xl 01

AN 20| [E Active Spoiler

EAPS

China Beach

Finish line ¢
(also used for restarts)

(2) (12/' The Carousel
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PID

NIy

Conditions
¥a
o MU U2 AH mss dst X209 drag forces Ee 0%
@ DHE F¢t2 EEES 145ty £ 2™ BHF0| M2t 5EHA = Lt
+0 4= X
15m/s 21tH
(1):-20= {Small LiftJ
— &
cd cl Stable
-30 5,371 0.004434 (2) : -10=
20 52918  |0.27903
10 52833  |0.28849 (3): 30
0 52196  |0.81336
10 52575 |0.66135 4): 10k
20 5.269 0.69892 low (3) (4) (5)
30 53526  |0.50476 (5) : 20&
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PID IO

Catia, SimulinkE O| &%} Modeling
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PID IO

Catia, SimulinkE O| &%} Modeling

A n g u -l_ e r Ve -l_ 0 C i t y Breakpoints specification: ‘EXDI'\Cit values "

Tangantial
Velocity

[%al Block Parameters: 1-D Lookup Table X
Lookup Table (n-D)

Perform n—dimensional interpolated table lookup including index searches. The table is a sampled
representation of a function in N variables. Breakpoint sets relate the input values to positions in the table. The
first dimension corresponds to the top (or left) input port.

Table and Breakpoints Algorithm Data Types

Number of table dimensions: [1 ~]
Data specification: ‘Table and breakpaints "
Table data: DSOSOSO 101000202000202000101030301010003030101000] J

Breakpoints 1: fi.OW 109 109.01 114 114.01 120 120.01 122 122.01 126 126.01 131 131.01 137]

[Edit table and breakpoints...|

0 OK H Cancel H Help Apply

[*&] Block Parameters: 1-D Lookup Table2 X

Lookup Table (n-D)

Perform n—dimensional interpolated table lookup including index searches. The table is a sampled
representation of a function in N variables. Breakpoint sets relate the input values to positions in the table. The
first dimensicn corresponds to the top (or left) input port.

Table and Breakpoints Algorithm Data Types

Number of table dimensions: \ 1 V\
Data specification: [Table and breakpoints -
Table data: }l 50 50 144 144 60 60 144 144 40 40 60 60 50 50 144 144 60 60 40 40 144 144] J
Breakpoints specification: ‘Explicit values "
Breakpoints 1: bm 109 109.01 114 114.01 120 120.01 122 122.01 126 126.01 131 131.01 137] J

Edit table and breakpoints...|
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Catia, SimulinkE 0|83t Modeling

Simulink

Out1

Out2

Sensor
1

A

angular velocity

angular veloci

Out2
tangantial veld

Ecu1

PID(s) |— In

Out1
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OQutpu Theta

(€D
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angular velocity1

tangantial velocity1

<70

convert
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eference

O S MYst MEH™ : “Introduction to Fluid Mechanics”
- Fox and Mcdonalds

© "Airflow Over an Ahmed Body”
- COMSOL Multiphysics 5.4

© "Effects of rear spoilers on ground vehicle aerodynamic drag”
- Halil Sadettin Hamut, Rami Salah ElI-Emam, Murat Aydin, lbrahim Dincer

© "Evaluating the Importance of Rear Spoiler on Energy Efficiency of Electric Vehicles”
- S. M. R. Tousi1, P. Bayat2, P. Bayat3

28



A



