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Optimization of pneumatic drag reduction of van type truck based on
orthogonal test method
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Abstract: In order to optimize the aerodynamic drag coefficient of a van type truck, three kinds of
pneumatic drag reducing devices such as the bionic drag reduction structure of the front part of the cab, the
top and side vortex generators, and the bottom vortex generator are designed. The effects of main
parameters of three kinds of single pneumatic drag reducing devices on aerodynamic drag are studied. The
drag reduction effect of each pneumatic drag reducing device is analyzed in detail from three aspects: speed

trajectory, pressure distribution and turbulent kinetic energy distribution,on the basis of which, the main
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parameters of the three kinds of pneumatic drag reducing devices are optimized by orthogonal test method,
and the truck model with optimal drag reduction is obtained. The research shows that the influence of the
length of the front part of the cab on the aerodynamic drag coefficient of the truck is greater than that of the
tilt angle. The inclination angle and length of the optimal truck head shape are 135°and 300 mm,
respectively. The aecrodynamic drag coefficient of the model is 0.721 4, and the drag reduction rate is 8.93 %
compared with the original model of the truck. The height and position of the vortex generator have a great
influence on the drag reduction effect of the truck. The vortex generator can increase the energy of the flow
field in the separation area of the tail of the truck, and reduce the tail vortex area and the pneumatic
differential pressure. The order of influence of the three kinds of pneumatic drag reducing devices on the
aerodynamic drag coefficient of the truck is as follows: bottom vortex generator, the bionic drag reduction
structure of the front part of the cab, and top and side vortex generators. The air drag coefficient of the
optimal van type truck model is 0.683 3, and the optimal drag reduction rate of the composite drag reducing
device is 13.8%.

Keywords: van type truck; bionic drag reduction structure; vortex generator; orthogonal test method;

composite drag reduction
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Fig. 1 Schematic diagram of the original model of the truck(mm)
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Fig. 2 The head shape of a jaguar Fig. 3 Schematic diagram of the bionic drag reduction

structure in the front of the cab
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Table 2 Factor level table

K- fiifa 0/ K b/mm
1 120 300
2 125 400
3 130 500
4 135 600
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Table 3 Orthogonal test distribution table and aerodynamic drag coefficient of each model

. "
N CRIPIES
W G 0/(") b/mm - - W B/ %
D

1 120 300 0.721 5 8.91

2 120 400 0.721 7 8.89

3 120 500 0.727 7 8.13

4 120 600 0.729 3 7.93

5 125 300 0.722 0 8.85

6 125 400 0.721 4 8.93

7 125 500 0.725 5 8.41

8 125 600 0.730 4 7.79

9 130 300 0.723 5 8.66

10 130 400 0.725 9 8.36

11 130 500 0.723 9 8.61

12 130 600 0.728 8 7.99

13 135 300 0.721 4 8.93

14 135 400 0.721 8 8.88

15 135 500 0.727 1 8.21

16 135 600 0.725 6 8.40
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Table 4 Effect of various factors on air resistance coefficient

S KFH Cr 4 fH KPR 2246 0 R i £ E
FEE 6/ 120 0.725 0 0.001 6 2 135
R0/ 125 0.724 8 0.001 6 2 135
FEE 6/ 130 0.725 5 0.001 6 2 135
R0/ 135 0.723 9 0.001 6 2 135
K h/mm 300 0.722 1 0.006 4 1 300
K h/mm 400 0.722 7 0.006 4 1 300
K h/mm 500 0.726 1 0.006 4 1 300
K h/mm 600 0.728 5 0.006 4 1 300
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Fig. 4 Velocity trajectory cloud of longitudinal symmetry plane in front of the truck
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Fig. 5 Pressure distribution of longitudinal symmetry plane in front of the truck
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Fig. 6 Pressure distribution of longitudinal symmetry plane at the rear of the truck

P 7 b BT 5% 2 it R R 2 Tl S 7 24 D BEL 45 A4 A (13575 — 300 mon) FY RT3 2 1) o 1T i
RE AT = 1B . H AL 7 RTAL JUAR AR IR A A A A 2R 2 B s TR R 1 X S A i S0 BE (L K LR ROR, B
Ty T T ARG 30 DX sl s B T D S 8 O o B X T T ) R IR R T A B S5 R — . H R R
USSR A L 02 25 i = i ¥ 07 A i EL 445 K A 28 25 3 45 T SRR 41 114 1 i 2l A DX sl i AR ] v A, O HLA
T 2 5 B R 22 ] DX AR A R i Sl RE (R SRR AR . P 8 X EE R A IR AR AL AR AR i ke 2 Bk s T A 7 A= ek BEL 4
FRERS (1355 —300 mm) {9 & MR ) %J Bk T it 3 RE 20 A5 2= 1861 #1818 X BE 20 mT A0 AR 52 42 I A 8
o0 26 225 b 2 T S 5 A 0 BHL 45 A AR AL (135° 5 — 300 mm) J& S 1Y 155 i 3 B DX 3 Ay i AR D Sl U0 L R RS Y o i
) BE E o A7 W] A 17 EL 55 3 20 B DX Jal g 0% 42 R AR S0 o I E— 2D BB B 4 5 B T S Y 45 R Rk AN AR
SRS BT A . T LA 2 W] ok R R A A

Contaurs of Tusbadent Kinetic Enery () (2520 Moy 05, 2018 Contours of Turhulent Kinetie Energy (i (ms2) How 0, 2018
ANSYS Fluen 150 (3¢, pbns, she) ANSYS Fluent 15.0 (34, pares, ske)

(2) BWEFHEE (b) hnEE B ERT AT WA SRR

B7 SEWNSARNREARIESR

Fig. 7 Turbulent distribution of longitudinal symmetry plane in front of the truck
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Fig. 8 Turbulent distribution of longitudinal symmetry plane at the rear of the truck
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x5 AETETIERHM &R R L £ == AR EE
Table 5 Drag reduction rate of top and side vortex generators at

different heights

= /mm VA DI 4 WL/ %
TR AR 0.792 1 0

30 s/S=0 0.741 5 6.4

40 s/S=0 0.714 4 9.8

50 s/S=0 0.736 5 7.1

60 s/S=0 0.722 7 8.8

70 s/S=0 0.726 9 8.2

80 s/S=0 0.748 2 5.5

90 s/S=0 0.724 8 8.5

R 6 [E L E T0TER A0 M AR A & A 2R AR PR 2
Table 6 Drag reduction rate of top and side vortex generators at

different locations

= /mm VA R IPIEY 4 W B R/ %6
TR A 0.792 1 0

40 s/S=0 0.714 4 9.8

40 s/S=1/4 0.720 1 9.1

40 s/S=2/4 0.743 3 6.2

40 s/S=3/4 0.745 2 5.9

40 s/S=1 0.723 2 8.7

3.2 THEBFOMIERIR A & 4 2% 00 PRI 35 5 B 2 4

P 1T X BE T 5% A2 DA A5 R R e TSR0 0 8 O A A A% (40 oo 5T R AT S ) B A4S 1 ) S e L
W T A R] R, PR T AR B R B R BT I A O L O LA R TR i 4 TR 2
BT PRASXEFR I o ARG T 6T 4% S A5 2R o 2 TS R0 G 06 3L A A A T ) R T e S BT A4S R AR 5t ]
o T T R0 T 36 3L A A A I £ 2 A2 ) R A AP T DX ) S MRV /D o R VR AL Ak SIS R AR IR
SR AT R T 22 B AR BN . T 12 R 13 20 Sl O BF A D A R R R T T A R I I AR
i (40 =53 JF AT 3 ) B 4= AT 1) 2 T A 1) T g 23 A 2 PR AR B e g o A = . i B R = B ET
ORI a2 T R AU 958 16 3L A 2 e A6 TR LU T 4 D i R TR A R S 67 e T A D) R S A T X T AR B D) L
T U AR A X B R R T S AR /N L 1R BT A T R s 22 BT 80N L B AR B . B 14 A
P15 3 591 Jhg 5% 2 D e 5 RO e TS R0 e O A A= A (40 mmoon=5 R RIS 3 ) B A A 2R 114 0 O 1) AR 7
T it 3 B8 3 A0 2 P& . bl i 3l RE 23 A 2 11 23 Bl R 8 4 DA Y ) 2 T i s B LL R B L R R i i 80 RE
(ELH R i 201 B DX AR o LU AR v, UE B R B U 0 B R I T R RO BB A TOURT A0 950 98 9 i A e e
e T BT A R R IR I AE H L AR T R v T B BE (L 9B/ T i sl B X e AR [ R 7 i 3 RE DX A B 5T
TR,



20 TR KXKFFR % 43 &
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Fig. 11 Velocity trajectory of the longitudinal symmetry plane at the rear of the truck
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Fig. 12 Pressure distribution of the longitudinal symmetry plane at the rear of the truck
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Fig. 13 Pressure distribution of the cross section plane at the rear of the truck
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Fig. 14 Turbulent distribution of the longitudinal symmetry plane at the rear of the truck
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Fig. 15 Turbulent distribution of the cross section plane at the rear of the truck
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Fig. 16 Schematic diagram of the bottom

vortex generator

®7 AESERMRBRREROEEER
Table 7 Drag reduction rate of bottom vortex generators

at different heights

Fig. 17 Location schematic diagram of the

bottom vortex generator

®8 AR ERAIRRKERPEEE
Table 8 Drag reduction rate of bottom vortex generators

at different locations

5 /mm i & HEMENRE WHR/ %
Je FE A R 0.792 1 0

30 [/L=1 0.742 0 6.3

40 [/L=1 0.730 7 7.8

50 [/L=1 0.742 9 6.2

60 [/L=1 0.734 5 7.3

70 [/L=1 0.741 0 6.5

80 l/L=1 0.746 7 5.7

=%/ mm o7 AR WHE/ %
Ji AR AR 0.792 1 0
40 [/L=0 0.717 7 9.4
40 I/L=1/4 0.760 5 4.0
40 1/L=2/4 0.740 4 5.6
40 1/L=3/4 0.702 6 11.3
40 [/L=1 0.730 7 7.8
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P18 XJLE T 5% 4% It R A BRI ke 1 YR s U A2 2B 4 (40 oo A IR H AY I S 3/4) B A4S Y R A
JEBE 18, fr B 18 A il R IR R T BT A i A R T AL 0% R R T AL e 7 A JE e T 1) AH
F1% o kT A 8, — N2 T A R R g, — L TR R AR R S ARG T AR LR R L e TR
T U R A e B AR A 2R A R T 00 i DX TR ARURIT B 2 20 A — i IR0/ 0 L R A B A — AR R/ L R AR Y
MAAT B 3 B2 AU 1Y 8 1 AR O R AR 08/ . ] 19 X L T 6 4 TR IR R AL N ke T RS S R AL R A A
(40 mm-BE R TR AT 3/4) B BB g IR IR S oA .t P 19 T WS B G R R R B T
B 1% 677 DX T EL O 2R 0 0 0 9L A A A T A TR i R A 67 DX ) T AR L B0 L IE R DX TR AR R . i
AT 2 e Y VP T I A AR A BB BEL SR o 1] 20 X BE T 6T A JRUAR ASE LRI TR B b U & A A% (40 mm-HE
FEIR RIS 3/4) 53 TR LAY 114 B2 R i Zh RE o0 A w11 . |y [ 20 WAL, 5% A AR AR TR 114 S i 2 fE A5 A T 21
o5 Jif 30) A DX I AR FE A DT R PRI o B AR T A2 B RE B . IS AR I R A A BRI R IR T e i 2l
AE DX e AR L D T R AR AR B AE K

Pathines Colored by Velocity Magnitude (m/s) Hov 06,2018 Pathlines Colare by Velocity Magnit.de (mis) Nov 08, 2018
WSS Fiuent 15 0 (2, pons, ske) ANSYS Fluent 16.0 (3d, ptns, ske)

(a) BREFMHHER (b)) finges B 2= AT 4y A T P 45 A A 1Y
18 LR ZE E &4 1) X9 FR H 3 B B3
Fig. 18 Velocity trajectory of the longitudinal symmetry plane at the rear of the truck

Contours of Static Pressure (pascal) Nov 06,2018 Contaurs of Stabc Pressure (pascal) Nov 08, 2018
ANSYS Fluent 150 (3, pons, ske)

(a) BRERHRA (b) hkess B = Ayak s A= BH S5 AR Rl
19 SERBAANHKRAEISH

Fig. 19 Pressure distribution of the longitudinal symmetry plane at the rear of the truck

Contours. of Turbulent Kinetic Energy (k) (m2/s2)

Nov 08, 201 ‘Contours of Turbulent Kinetic Eneroy (k) (m2/s2) Nov 08,2018
ANSYS Fiuent 15.0 (3d, pns, ske) ANSYS Fluent 15,0 (3d, pbns, ske)

(a) HERHERE (b) hkess Bh = Ay ER 1y A= il BH 45 AR R
B 20 HEREIMMEIRERINEESF

Fig. 20 Turbulent distribution of the longitudinal symmetry plane at the rear of the truck
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Fig. 21 Composite drag reduction

device model

*9 BEERKFER
Table 9 Factor level table

7K HZE 1A/ s KB/ mm) K% 2GR B/ mm; L) % 3R B/ mm; L)

1 1253400 40;5/S=0 40;L/L=0
2 1353300 403;5/S=1/4 4031/L=3/4
3 1203300 6055/S=0 4051/L=1

F10 EXKBIER
Table 10 Orthogonal test distribution table

REAL 2 o T A0 A D BEL 45 R O R0 0 3 0L A A A IR A AR SEA R B

e (A C)KE/mm) R /mm 7 &) & B /mm; v #) Cp /%
1 1253400 4035/S=0 40;1/L=0 0.701 5 11.4
2 1253400 4035/S=1/4 4031/L=3/4 0.713 8 9.9
3 1253400 6055/S=0 4031/L=1 0.683 3 13.8
4 1353300 4035/S=0 4031/L=3/4 0.698 5 11.8
5 1353300 4035/S=1/4 4031/L=1 0.688 3 13.1
6 1353300 6035/S=0 40;1/L=0 0.698 0 11.9
7 1203300 40355/S=0 40;1/L=1 0.683 3 13.8
8 1205300 4035/S=1/4 4031/L=0 0.696 9 12.0
9 1203300 60;5/S=0 4031/L=3/4 0.702 0 9.8

R FAM 22 43 B o i . 3 U8 BEL IR %8l BHL ) R B0 15 ) /IS TR e B 45 R Nk 11 iR . 4R

2 183 Tyl BEL DR 220 AH L5 e L 45 0 BEL R 3R 6T B 4 R AR gl BH 0 R B S A R /IMIRIR Sy < IR I T kAR

BT LA O AR AR AR | TOUR R I A A s LR MK P 43 ) R B AR R R AR B (12075300 mm) | Ti

TN B 8 I A& AR AR (40 mom s B R G U ) LSRR IR I & AR A8 (40 mim s B S ui )  HE R A vk BHL 2% R e 4 e BE
RN 13.8%.
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Table 11 Effect of various factors on air resistance coefficient

(S IKAF-AE Co¥H KVl g RIENEE
% Wi ) A A T
1253400 0.699 5 0.005 4 2 1203300
AR /() 5K BE/mm)
% Wi A A A A
1353300 0.694 9 0.005 4 2 1203300
I ff /() 5K BE/mm)
N ey ]
1203300 0.694 1 0.005 4 2 1203300
i ff /) 5 K BE/mm)
0058 000 3 I A 2 7%
. N 4035/S=0 0.694 4 0.005 3 3 4035/S=0
1 /mm ;i &)
B 358 i U A
]ﬁ;iﬁﬁmjjﬁ{%ﬁkiﬁ 403;5/S=1/4 0.699 7 0.005 3 3 40;5/S=0
(B /mm; &)
'\:‘ IE NN >
Tﬁ;iﬁﬁMJ%ﬁ{%(ﬁZiﬁiﬁ 603;5/S=0 0.694 4 0.005 3 3 40;5/S=0
(EE/mm; &)
E*%Y%ﬁkﬁi% 40;1/L=0  0.698 8 0.019 8 1 4051/1L=1
Gy B/ mm; i #D
Efm'%ﬁkﬁigg 4031/L=3/4 0.704 8 0.019 8 1 4051/L=1
Gy B/ mm; i #D
JRC BB I A A A
4050/L =1 0.685 0 0.019 8 1 4031/L=1

(P B/ mm s 37 )

TE KW 22 (2 7R Jog ROR (5 de /KR R 2 22

5.2 & B PR3 BB EHIE SR
& 22 Ry b 0% 4 D i A Y R i £ 2 6 A AR 1 O 1) X R TG R 0 90 A s G e . IR 22 BT, AR TR
JE AR, e A 52 A AR Y 1 S 3 174 e 22 BEL 7 B S0 i /N o 33 DA T 156 B A2 45 Dk BHL 2% i EL A 4 A 1) DR BEL IR

-5.380402 -5.368402
-6.00e402 < EW e = l
Contours of Static Pressure (pascal) Nov 06, 2018 Contours of Static Pressure (pascal) MNov 08, 2018
ANSYS Fiuent 15.0 (3, pons, ske) ANSYS Fluent 15.0 (36, pbns, ske)

(a) RERMHER (b)) 0% %5 B 2 38 07 A= D8 BHL 25 H A 2
E22 BEABXNBREAENSE
Fig. 22 Pressure distribution of the longitudinal symmetry plane of the truck
6 & it

1) 32 JE N E S MR ANE B IR et 1 %25 sl 2 i 0 0 A= ol BEL 245 49 6 T 1E 5 35 6 0k X a2 v BEL 45 F AT T
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AR AR A S B B ) R /N B R 0,721 4, R % T 9% 42 SR AR B (4 0 BH 2R 8.93 % .

2) T U K A o D e TR RS B8 8 6 20 3 2 4 Dl B8R P AT R RS2 L . T8 I A 2B i T A B A R
B DX Y RE L AT BT 42 R TR A B 10 DX el 3l s 2 BEL 1)

3) R JHIE IR B0 v X 3 b sl ok BHL 3 i 1) S 282 Bk AT DA o ey TE 52356 495 28 20 B mT A0 2% 0 BEL DA 2K 0
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