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Abstract This numerical study analyzed the change in aerodynamic performance of a vehicle according
to the angle of the vehicle rear spoiler for Blunt-body model vehicles recommended by SAE. The angle
(o) of the rear spoiler was changed from 0 to 30 °, and the body's aerodynamic characteristics and
resulting change in driving safety were analyzed. It was found that in the basic model (AQ) without a
rear spoiler, lift is generated in the body, but when the spoiler was operated, a downforce was
generated. In particular, when the angle (o) was 20 °, it was found that the downforce was more than
twice as much as the vehicle without a spoiler at a speed of 80km/h. In addition, it was confirmed that
the magnitude of the centrifugal force was larger than the value of the resistance moment generated
by the vehicle body during the rotating section. Since the amount of downforce acting on the vehicle
changes depending on the position of the pressure center and the gravity center, improving it will help

improve the driving stability and aerodynamic performance of the vehicle.
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Fig. 1. Aerodynamic forces and moments acting on
moving vehicle
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Fig. 3. Yawing moment by aerodynamic force acting
on the vehicle

M, = 2

Y

(D)FAZ+FAX

N

2.3 OF DHE(pitching moment)

A0 AE dAS A =Y F
SHETE 529 D233} A7) 1o
. TX BRIEE th2EZA(Fy)9} &Y

omnj ol Eq.30% 4RSS 4+ Qith
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Fig. 5. Rolling resistance moment by aerodynamic
force acting on the vehicle

M, =(W+ F,,F,)L(L) 4

Where, L = Lcoso
AX=L-1L
AY= Lsing
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Fig. 6. Yawing resistance moment by aerodynamic
force acting on the vehicle
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Where, u: the friction coefficient of the road,

F': the load acting on a tire
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R : the radius of gyration
g+ the gravitational acceleration
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Fig. 8. Geometry of the test model of a bluff-body
with a rear spoiler and its dimension
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Table 1. Initial and boundary conditions for the

simulation
Parameter Conditions

1 vehicle speed 80km/h ~ 120km/h

2 rear spoiler angle 0° ~ 30°

3 pressure boundary ambient condition

4 No-slip condition on the solid surfaces

5 Potential flow condition on the open surface in the control

volume
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Table 2. Test condition of each model for the
numerical test

Spoiler Angle Vehicle Speed
A0(0)
AlO(l O“) 80km/h
- 100km/h
A20(20°) 120km/h
A30(30°)
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Fig. 12. Variation of velocity distribution around the
model vehicle with the spoiler angle(a) at
120km/h
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Fig. 14. Variation of drag force with the spoiler angle
() and the vehicle speed
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Safety Index(Z;) = (14)

r
M,

Where, M, :
M,

rotational moment,

rotational resistance moment

BaxEFo]l 29 Q9] 1A AW E st F3
Qb WEk71EL Table 30 AAIE Hlel 2t

Table 3. Stability criterion of the model vehicle

Stable Unstable
ﬁsﬁ;gjt I, <1 L,
moment 1, 1 ,n
E‘i(tjcnl?el?’lgt 1, <1 I, 1

5.1.1 ¥ ZHE
o Table 4-62 E&AlFo] 27]7¢

LLoo

OFX{A] T}

—

2
Qe A4, &

HE 25 80~120km/s9] 42 Fo4% uff 2 2}59]

et %ol'

Axtolet.

HEATAF Z+e Wslol| 2 xjgko] QFAR|SE BA

Table 4. Determining rolling moment stability

Rolling

moment 80km/h 100km/h 120km/h
A0 0.005 ¢ 1 0.004 < 1 0.001 <1
Al10 0.007 < 1 0.003 (1 0.007 < 1
A20 0.002 {1 0.006 < 1 0.012 < 1
A30 0.021 {1 0.039 <1 0.049 (1
Safety Index Stable

Table 5. Determining yawing moment stability

;z‘;’;gft 80km/h 100km/h 120km/h
A0 0.2929¢ 1 0.3482¢ 1 0.3972¢ 1
A10 0.3457¢ 1 0.3516¢ 1 0.4436¢< 1
A20 0.4833¢ 1 0.5513¢ 1 0.6876¢ 1
A30 0.5737¢ 1 0.7619¢ 1 0.9912¢ 1

?22227 Stable

Table 6. Determining pitching moment stability

Pitching 80km/h 100km/h 120km/h
moment
A0 0.1513¢ 1 0.2304¢ 1 0.1971¢ 1
A0 0.2304¢ 1 0.2545¢ 1 0.2781¢ 1
A20 0.4833¢ 1 0.5668¢ 1 0.5842¢ 1
A30 0.5737¢ 1 0.8317¢ 1 0.8586¢ 1
?jg?z Stable
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M <M (15)

M/ =M+ F,xh (16)
Where, M,: total rolling moment

M, rolling moment on vehicle
M,
F

h : height of (c.g)

. rolling resistance moment

. centrifugal force generated at (c.g)

5.2.1 2& ZHE QMYA It

80km/hoflA] A A 9] Z+r=7} 10° 4 o 2AfA
A kS Aot om, Eq. (15),(16)& ol-&stod
westct

Table 7. Determining rolling moment stability at
each angle of attack

A0 M, F, h M,
80km/h 0.168 | 11.208 | 0.195 | 2.156
100km/h 0253 | 17513 | 0195 | 2156
120km/h 0363 | 25219 | 0195 | 2156

Mo <M Unstable

A10 M, F, h M,
80km/h 0537 | 11208 | 0195 | 2.156
100km/h 0841 | 17513 | 0195 | 2156
120km/h 1210 | 25219 | 0195 | 2156

Mo <M Unstable
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A20 M, F, h M,
80km/h 0.536 11.208 0.195 2.156
100km/h 0.840 17.513 0.195 2.156
120km/h 1.216 25.219 0.195 2.156

A/]T "< ]WN” Unstable

A30 M, F, h M.,
80km/h 0.581 11.208 0.195 2.156
100km/h 0.913 17.513 0.195 2.156
120km/h 1.312 25.219 0.195 2.156

M. M Unstable
Eq. (15F 7I€o= #dsids o H3Fy Al

80km/h®] £E2& A3] Al EFYsid 80| ==&
golov], 23 BHE 277 vk oz F7}eH
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sk gl

L

a5}
AT =
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ST

A g
FEEA vlAE

A gopae, A%

2) 1&59 A9 Z°<JEH—(dr1V1r1g performance)
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