Journal of the Korea Academia-Industrial
cooperation Society
Vol. 19, No. 2 pp. 689-694, 2018

https://doi.org/10.5762/KAIS.2018.19.2.689
ISSN 1975-4701 / eISSN 2288-4688

—7%]_

=

SUV A 2o} 222 H7 Yol B AT
A Study on the Optimum Design of SUV Rear Spoiler
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Abstract Recently, fuel consumption efficiency has become the most important issue in the vehicle development
process due to the problem of environmental pollution. The air flow patterns of the vehicle body line and rear part
are the most important elements affecting the fuel consumption efficiency. Especially, the airflow pattern of the
vehicle rear part is the most important design factor to be considered in rear spoiler design. In this paper, the control
factors affecting the airflow of the rear spoiler are determined, the airflow sensitivity of these control factors are tested
and, then, the optimized control factors to reduce the airflow drag force are proposed. The model of optimized control
factors is tested and the values of the optimized control factors are changed by analyzing the S/N ratio and mean
value. Finally, the new modified model incorporating the optimized control factors is tested in an air flow tunnel and
its ability to decrease the air drag and reduce the cost is verified.
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Fig. 2. Part lists of SUV rear spoiler
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Table 1. Cp values and characteristics of SUV vehicles

Name S-Car T-Car R-Car C-Car Q-Car
——
A\ Y
—
Co 0.374
2.4 718 i ¥ Ao QUXt
ST AR o] 229 E ] )
AT S a8, Ad AEs 98 g
Z}2FE S-Car, R-Car, C-Car®|t}. Table 2+ ZaL 2}=F
£9] go] ~x49y 3= A, 1F AR R 3 gol
A=) P BE& vlaste] A starh2]

Table 2. Parameter comparison of rear spoiler

S-Car R-Car C-Car
Cp 0.390 0.370 0.371
STD(Y/N) N Y N
Rear Window Angle 44° 320 31°
Roof Downward Angle 3.1° 2.6° 1.7°
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Table 3. Types of rear spoiler
Garnish Type Wing Type
‘One body type -Various type
Design -Aerodynamic -Aerodynamic
performance 1 performance |
‘Close to body ‘Close to body
Concept ‘Attached to ‘Angle & Position

tailgate panel variable type

Reference Car

-

Q-Car

Table 4. Comparative evaluation of concept models

Lt 1213 4[5 ]6 |7

Model
Drag force + S - - +
Lift force + + + + +
Vibration + + - - -
Tightness S + - - -
Noise level o S + + S -
frieﬁgﬂiess A - S s ) - *
Design []; + S S - + +
Rear view angle] M S S S S S S
Assembling S + S S -

Attached
strength § * ) ) )
Cost S + + - - -
Formability S S - -
+ 5 6 3 2 6 6
Result - 0 2 5 8 7 7
Sum | +5 +4 -2 -6 -1 -1

(Current Model) (Concept Model)

Fig. 4. Current model and selected concept model

Table 5. Control factors of rear spoiler

Control Selected Section & View
Factor Reason
A Spoiler Lift Force
Length Drag Force
Spoiler . =
B Upand | R
Angle £
Spoiler Lift Force
C Downward Drag Force
Angle £
Spoiler Lift Force
b Comer Drag Force
Length £

2.5 2|¥3t Al 2ot BN

2.5.1 P—Diagram

0°2k 10°5 AAsHAH3]. = ] AX
= 11 2vo] 2doje} #A urt A5

o uje s 2 2

of ASlsteleh, Adart ¥ e5E Gt Felo] S}

s, Felo] mue B3 JuE At B o
A

Zo]7] wiitel Agar

= 00134 = &74014.
A

A % Az 99 4EE T

Mo
gL
2

Q
E
it
=
r)f
o
rlr
P
o
fru

— Input Output
in i Drag/Lift
Rear Spoiler System q Ean :1.3» i

(110kph)
Nolse
Faclar
C-ross \Mnd Angle

Noi
Strategy
————
2

- Spoiler Length
- Spoiler Upward Angle

- Spoiler Downward Angle

N1 N.
- Spoiler Comner length INDEX i e
Angle 0o 100

Fig. 5. P-diagram of rear spoiler
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Table 6. Orthogonal array table (L9)

EEEREEEESESE

254 A& Zot 24

A g Algs AAE
S/NH|Z F%3+ 37} Fig. 8ol Uel Qlar, ool o
3 Mean¥} S/NH|S %3+ A3l= Fig. 99} 2l

Response Table (S/N) # Optimum Factor

no. A B C D

1 70mm 55° 3.0° 0.6 times
2 70mm 65° 8.0° 0.8 times
3 70mm 75° 12.5° 1.0 times
4 90mm 55° 8.0° 1.0 times
5 90mm 65° 12.5° 0.6 times
6 90mm 75° 3.0° 0.8 times
7 110mm 55° 12.5° 0.8 times
8 110mm 65° 3.0° 1.0 times
9 110mm 75° 8.0° 0.6 times
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Fig. 6. Wheel cap cover and under body

Fig. 7. Attached rear spoiler to the body
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Level 1 | 17.05 [17.09 | 17.89 | 17.20 | | 11as g —mng N o= -c3
o -D1

Level 2 | 17.15 [17.20 [ 17.20 | 17.15

Level3 |17.22|17.2( 1628 | 1707 || m e w @ omoes ) 2 0 0 (% Mean Value |)

Response Table (Mean) Bets @

"
A|lB|c|oD Ly
2 Estimated

b =l Value
S/N 16.16

Level 1 | 0.357 | 0.357 [ 0.361 | 0.356

Level 2 | 0.358 | 0.358 | 0.357 | 0.358

Level 3 | 0.359 | 0.358 | 0.355 | 0359 T¥2 383 SUVT 83 Mean 0.3517

Fig. 8. Mean value and S/N ratio of drag force

Response Table (S/N) }

- o ™ w o || ®Optimum Factor
AlB|c|D -A2
b+ = Qr s -B2
Level 1 | 27.26 |27.98| 2811 | 27.80 15 P2y
o = c1
Level 2 | 27.80 | 27.81|27.85| 28.07 || 1% [ -D3
Level 3 (2842 2771|2772 | 2782 || T Wk mme 1 c2 o 02 0 (% Mean Value |)
Response Table (Mean)i [ vaon @
] 2o »
A|B|C| D P d i
Level 1| 0.033 0,033 0.008 | 0,030 | . .. II Newe
.033 {0, X X - =3
. o O 7 1) s
L /N 28.06
Level 2 | 0.026 0.026|0.024 | 0.032 s
Level 3 | 0.028 0,028/ 0,056 | 0,025 c¥e s82 3 s83 Mean | -0.0027

Fig. 9. Mean value and S/N ratio of lift force
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Table 7. Optimized values of control factors

Control Current | Optimum . .
Factor Value Value Section & View
Spoiler
A Length 70mm 70mm
Spoiler ‘—7m‘
B Upward 55° 65° = iz
Fsy-.4
Angle 851
Spoiler
C | Downward 3.0° 12.5° D/
Angle v,
Spoiler Df S D0 6
D Corner Dx0.6 Dx0.6
Length
2.5.5 X35t MY AR HE
Aagol oa] A4 A4 A% FES 48T o]
23 de] 5 AES AFeta, 11 2de] e
o] FF NS 58T 27 Table 834 2 1
ot #48h A-F Apeke] A} Hlale Table 99} 2t
sxede] g3 A ol AZsh A Al 1.1% 7
a3, o] 4 gat AER Akl A AR &
Al FkQ1 0.55%2] AnEtow dZFh
Table 8. Test results for optimized control factors
Drag Force Lift Force
Spec.
S/N Mean S/N Mean
w/o Spoiler 15.6320 0.3635 19.6640 0.1155
with Spoiler 17.8180 0.3580 27.4470 0.0170
with Spoiler | 63741 | 03540 | 274473 | 0.0s10
(Optimum)
Gain
(w/o Spoiler 0.7421 0.0095 7.7833 0.0645
vs optimum)
Gain
(with Spoiler 1.4439 0.0040 0.0003 0.0340
Vs optimum)

Table 9. Test result for optimized control factors

Optimum Optimum
Item compared to compared to
w/o Spoiler with Spoiler
Drag Force 2.60% | 1.10% |
Fuel Consumption o o
(110kph) 1.30% 1 0.55% 1
Cost Down o -
(240,000 cars) 7 billion ¥ 3 billion ¥
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