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Summary

Reducing the aerodynamic drag is essential for cutting CO, emissions. However, the aerodynamic drag
depends on the geometry of the vehicle, so both the aerodynamic performance and the design are necessary for
the product development. We studied the Computational Fluid Dynamics (CFD) technique and aerodynamic
drag reduction technology, focusing on the tire with rotation. First, we studied CFD validity of the flow around
the tire with rotation, focusing on the tire shape and wheel rotation method. Secondly, we studied factors
causing energy loss of flow by using the CFD, and achieved 3% Cd value reduction from the technology of
previous generation. And, we adopted these new technologies on the aerodynamic development of CX-30. As a
result, the vehicle achieved top level aerodynamic drag among the same class vehicles and realized the design

concept.
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(a) Lower part of the tire (b) Upper part of the tire

Fig. 2 Flow Streamline around Tire
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Fig. 3 Process of Causing Vortices around Tire
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Table 1 CFD Setup

Casel | Case2 | Case3 | Case4
Deformed | X O O O
Tire shape
Pattern X X O O
Rotation
wall O O O -
Wheel | 16 undary
rotation —
method Sliding
mesh — — O
method

s
~
=
~
~
~

(a)Case1

(Non-deformed)

(b)Case2
(deformed)

Fig. 4 Tire Shape
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Measurement Sections

== 3 1
P 1/2onc2 ( )
V,
VX Zi (2)
V,
va = i (3)
Protal — Pe
Cip = Lz (4)
1/2pUs
KE = Cip X Cix (5)

Py.ic: Static pressure at measurement sections

Pt total pressure at measurement sections

p: air density

V, direction: V€loCity component towards the X-axis at
measurement sections

V, girection: V€lOCity component towards the Y-axis at
measurement sections

U : testing wind speed

P : absolute pressure in the wind tunnel
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(a) Wind tunnel test
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(b) CFD Case1 (Non-deformed)

Cp,,e=0.38 =
(c) CFD Case2 (deformed)

Cpave=0'36
(d) CFD Case3 (with pattern)

Fig. 6 Pressure in Front of Tire Measured

by WT Test and CFD
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(a) CFD Case1 (Non-deformed)

The Area of Contact Patch is Large

The Area of Contact Patch is Small

Flow through Treads

(c) CFD Case3 (with pattern)

Fig. 7 Image of Flow Structure and Flow Stream Line
Bottom of Tire

RICHS—DODHREFHETH S, XQB)LDOKROT
Ra — IO TRAE T ZRAUDODVTRIFTRHEZIE
SEL7: (Fig. 8)o FRWERD IR —ILEIOEH S DFREE
MREVWILZRL, BLVEBRIRRMISHRAENAIV
ERLTWS, R —IILEODLEEICEE TS L ART
DEADBEIFHRA —LADTRABBADFNDZENTH
3, CFD TR®TIHER Case1~3 OLWTNDHRHEHAAD
MNDLEWTHORRAEFETHD, COEhS, 21
YHEROBRBEZSH 27T TIIEEREZF S Rr — /LB
O0BRBEZRLTZCIF#HLVWEEZI SN,

[C,, ds=8.3x 103
only inward direction)

IC,, ds=6.6 x 10+
(X only inward direction)

‘‘‘‘‘

Wind tunnel test CFD(case1)
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Fig. 8 Velocity Magnitude of Y Direction on
Wheel Opening
(Blue: Inward Direction, Red: Outward Direction)
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Cpay=0.34 Cpae=0.36 Cp,,e=0.3
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(a) Wind tunnel test (c) CFD case4

(b) CFD case3
(Rotation wall boundary) (Sliding mesh technique)

Fig. 9 Pressure in Front of Tire Measured
by WT Test and CFD

Ic,, ds=8.3x103 IC,y ds=2.2x 10 IC,, ds=1.8x103
(¥only inward direction) (3only inward direction) (only inward direction)

(c) CFD case4

(b) CFD case3
(Rotation wall boundary) (Sliding mesh technique)

(a )Wmd tunnel test

Fig. 10 Velocity Magnitude of Y Direction on
Wheel Openings
(Blue: Inward Direction, Red: Outward Direction)

ic,, ds=4.6x10°
(Xonly inward direction)

Ic,, ds=1.6x103 IC,, ds=2.9x103
(¥only inward direction) (3only inward direction)

(a) Wind tunnel test (b) CFD case3 (c) CFD case4

(Rotation wall boundary) (Sliding mesh technique)

Fig. 11 Velocity Magnitude of Y Direction on
Wheel arch Openings
(Blue: Inward Direction, Red: Outward Direction)

(b) CFD Case4
(Rotation wall boundary) (Sliding mesh technique)

Fig. 12 Flow Path Line around Front Wheel
(Blue: Inward Direction, Red: Outward Direction)

(a) CFD Case3
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(b) CFD Casel
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W
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(e) CFD Case4

Ny
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Fig. 13 Kinetic Energy Beside Tire

Cd value measured
in the wind tunnel
Cd value measured
_in the wind tunnel

Cd value calculated
by CFD (case4)

Cd value calculated
by CFD (case1)

Fig. 14 Correlation Diagram of Cd Value between
CFD and Wind Tunnel Test
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Fig. 15 Flow Streamline and Kinetic Energy
Beside Tire
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Fig. 16 Image of Flow Structure around Tire with
Rotation
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Fig. 17 Kinetic Energy Beside Tire

Wind direction Wind direction
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Fig. 18 Flow Structure around Tire with Body

Outside air flow

Air flow behind tire

Inside air flow

Fig. 19 Image of Flow Structure around Tire with Body
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(a)Previous deflector (b)New deflector

Fig. 20 Image of Flow around Deflector

Fig. 21 Deflector with Air Blow Structure

Wind direction
0y=-26.5[deg.]

Wind direction
0y=-32.7[deg.]

(b)New deflector

(a)Previous deflector

Fig. 22 Flow Streamline in Front of Tire

’ %eduction

Cd Value

New deflector

Previous deflector

Fig. 23 Drag Reduction Performance of
New Deflector
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Rear spoiler

Rear deflector

Signiture A-pillar Mirror

Grill

g ==
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X |
(IA
% : b
- e |
\ Rear combi lamp

Front bumper Side gurnish

Rear bumper
Front deflector

Fig. 24 Aerodynamic Parts on Upper Body of CX-30

Fig. 25 Aerodynamic Optimization around Tire of
CX-30
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(a) CFD (case4)

(Tire with pattern and deformed,

(b) Wind tunnel test

sliding mesh technique)

Fig. 26 Kinetic Energy around Vehicle

Cd value

0‘?
o o
O O ;?1’
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