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Abstract:

squareback,

The effects of three MIRA bodies,
fastback, and
aerodynamic resistance of three vehicles in platooning are

i e.,

notchback, on the

numerically explored at one-vehicle spacing. A detailed
analysis of the resistance of the whole vehicles and
individual parts as well as inter-vehicle flow under 27
different platooning configurations shows that the back
pressure of the head vehicle rises due to the blockage of
the middle vehicle. All three types of head vehicle can
reduction for themselves. The

achieve resistance

resistance of the middle vehicle will be affected by the
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back pressure rebound, weakening of the front positive
pressure and front edge arc negative pressure due to the
combined effect of the head, middle,

vehicles. Thus,

and trailing
some cases of the middle vehicle in
platooning have a low resistance and some have a high
resistance. The pressure and resistance changes of the
trailing vehicle is similar to those of the middle vehicle in
view of the combined effect of the middle and the trailing
vehicle types. The low-speed wake region of the preceding
vehicle is beneficial to the resistance reduction of the
following vehicle, but it will also reduce the suction of the
arc at the front edge of the following vehicle, which has a
negative effect on the platooning drag reduction, and even
increases the whole resistance. The best configuration of
the three-vehicle platooning is the fastback head vehicle,
squareback middle vehicle, and the notchback trailing
vehicle with a resistance reduction of up to 0.12 (120

counts).

Key words: vehicles platooning; aerodynamic drag
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Fig. 2 Domain dimensions and boundary conditions of platooning
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Tab.1 C, of each vehicle under the grid number of

three types of bodies
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Fig. 8 Variation in resistance in various parts of head vehicle (S1, F1 or N1) in different head vehicle platooning
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Fig. 9 Variation in resistance of various parts of middle vehicle S2 in different head vehicle platooning
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head vehicle platooning
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Fig. 13 Variation in resistance of various parts of tail vehicle S3 in different middle vehicle platooning
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Fig. 14 Velocity field at middle section in different middle vehicle platooning
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Fig. 15 Variation of resistance of tail vehicle (S3, F3 or N3) for different tail vehicle platooning

(3 ) BA R 4= BH 1y A 0 A 14, £k [ TR
B RV A B R RSB AR A ILRAVE T, A2
FRALIE A2

(4) 2 (s 5 22) RO 23l AR 250 I ¢
BN FEH VR, P25 5 30U 4 i 2k 3 £ 2 13 9GRS
DL 30k N , AT BAB 0 B A L, %5 3 1l A A1)
HEPRBARH 5 27 Fh = 2 BAGI G BA o, B (AU B A5 R i
f& F1-S2-S3, JaifH i a5 0. 12(120 counts)

(1]

(2]

S 3k :

BUESE IR B BRI D], K3 Ao,
2009.

HE Baoging. Research on Automotive Aerodynamic
Characteristics of Platoon [D]. Changchun: Jilin University,
2009.

PAGLIARELLA R M, WATKINS S, TEMPIA A.
Aerodynamic performance of vehicles in platoons: the influence
of backlight angles[C]// SAE World Congress &. Exhibition.
SAE Technical Paper 2007-01-1547. 2007. https://doi. org/
10.4271/2007-01-1547.



58 6 5 K %% 2 HECE S B D Bo®

0.00

S1-F2-F3]
-S2-

S1-
S1-N2-F3
S1-S2-FB
S1-§2-N

S1-N2-

-0.02

-0.04 -

= _0.06 |

BAS

-0.08

-0.10

-0.12

-

[ FI-N2-F3

F1-N2-S3

E 16 27F=ZBA%I TR TRIEMKEATL

Fig. 16 Variation of whole resistance of 27 platooning configurations of three vehicles

[3] LE GOOD G, RESNICK M, BOARDMAN P, et al. Effects
on the aerodynamic characteristics of vehicles in longitudinal
proximity due to changes in style [C]// SAE Technical Paper
2018-37-0018, 2018.

[4] LE GOOD G, BOARDMAN P, RESNICK M, e/ al. An
investigation of aerodynamic characteristics of three bluff bodies
in close longitudinal proximity [C]// SAE Technical Paper
2019-01-0659, 2019.

[5] VAN TILBORG F, VAN RAEMDONCK G,
SCIACCHITANO A, et al. Flow analysis between two bluff
bodies in a close distance platooning configuration[J], SAE Int
J Commer Veh, 2019, 12(3):179.

[6] YANG Zhifa, LI Shuhong, LIU Aimin, ez al. Simulation
study on energy saving of passenger car platoons based on
DrivAer model [J] , Energy Sources Part A: Recovery,
Utilization, and Environmental Effects, 2019, 41(24): 3076.

(7] F5§T, X5, 250k, 45 BAIVATRE =87 4 AN A BB
[J]. HPRASE AR (A SRR . 2007, 26(5):138.
WANG Jingyu, LIU Chang, LI Sheng, er a/. Numerical
simulation of flow field around three-car platoon[J]. Journal of
Chongging Jiaotong University (Natural Science) , 2007, 26
(5):138.

(81 M7 A, R AAE B EE . ATIAT SR A0 == KB Iy R[]
TR EEER (TA2RR). 2006, 36(6):871.

FU Limin, WU Yunzhu, HE Baoqin. Aerodynamic
characteristics of Vehicle platoon[J]. Journal of Jilin University
(Engineering and Technology), 2006, 36(6):871.

(9] ESTHL BUSESE, RAhE 5 . AFIA TR0 4240 a] B 0 S e Y

sema[T] JRETRE . 2007, 29(5): 365.

[10]

[11]

[12]

[13]

[14]

[15]

FU Limin, HE Baoqin, WU Yunzhu, ez al. The influence of
inter-vehicle distance on aerodynamic characteristics of vehicle
platoon [J]. Automotive Engineering. 2007, 29(5) : 365.

I MIRA BRI S AR XU IR AT 5 (D], Kb
I, 2011

WANG Shi. Experimental investigation on aerodynamic
characteristics of MIRA model group in wind tunnel [D].
Changsha: Hunan University, 2011.

ZHU Hui, YANG Zhigang. Grid independence and scheme
research for simulating aerodynamic drag of MIRA model
[C]// IET International Conference on Information Science &.
Control Engineering. Khon Kaen, Thailand: IET, 2014.

DU Qiangian, HU Xingjun, LI Qifei, ez al. Numerical
optimization research on rear characteristic angles based on
MIRA model for aerodynamic drag reduction [J]. Advanced
Materials Research, 2013, 774/776: 428.

GU Zhengqi, WANG Shi, QIU Jian, ez al. Wind tunnel tests
of MIRA model group for study of vehicle's rear shape [J].
Science &. Technology Review, 2011, 29(11):67.

FRYEH . BT LS SR R KRB IERFSE (D], K4
MR, 2010.

ZHANG Yingchao. Automotive wind tunnel corrections based
on numerical simulation and test [D]. Changchun: Jilin
University, 2010.

JEAE . MIRA RV S SRR R T 3 5 1K e ik 5E (D], 1
g [AHF R, 2019.

ZHOU  Hua. Numerical simulation on aerodynamic
characteristics of MIRA models with experimental validation
[D]. Shanghai: Tongji University, 2019.



