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Influence of groove microstructures on the aerodynamic performance of
high speed trains under crosswind

WANG Yeteng" 2, SUN Zhenxu" %, JU Shengjun" 2, WANG Mengying" 2, YANG Guowei'
(1. Key laboratory for mechanics in fluid solid coupling systems, institute of mechanics,
Chinese Academy of Sciences, Beijing 100190, China;
2. School of Engineering Sciences, University of Chinese Academy of Sciences, Beijing 100084, China)

Abstract: With the continuous improvement of train speeds, the influence of aerodynamics on the train
safety is increasingly prominent. Especially, the crosswind will significantly deteriorate the aerodynamic
performance of high-speed trains and bring greater security risks consequently. Present research regarding the
crosswind effect on high-speed trains usually assumes that the train surface is smooth, which is, however, not
true. Non-smooth surfaces with microstructures will change the flow characteristics in the boundary layer and
may improve the aerodynamic performance of high-speed trains. The present study uses an improved delayed
detached eddy simulation (IDDES) method was used to obtain the aerodynamic performance of 1:25 scale train
models with smooth and rough surfaces under crosswind. The non-smooth surface is achieved by adding a group
of rectangular strips on the top of the train model. The results show that the side force coefficient and the roll
moment coefficient can be respectively reduced by 3.71% and 10.56% by using a non-smooth surface. The
width, height, and length of the strip are selected as design variables, and different numerical simulation schemes
are designed based on the orthogonal experimental design method. The relationship between the geometric
parameters of rectangular strip and the side force coefficient and roll moment coefficient of the train is explored

by the variance and range analyses, and the optimized strip shape is given. This study can hopefully provide a
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theoretical basis for the improvement of aerodynamic performance of high-speed trains under crosswind.

Keywords: high-speed train; crosswind; surface microstructure; aerodynamic performance; orthogonal

design; variance analysis; range analysis
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Table 1 Experimental factors and their levels

Strips length  Strips length

Factors Strip width ~ Strip height

in area 1 in area 2
levels L, /m L, /m W/m H/m
1 0.06 0.12 0.001 0.0003
2 0.09 0.18 0.003 0.00075
3 0.12 0.24 0.005 0.0012
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I 4 51956 1 B iH A2 8 51, )5 4 518 BENLIR Z 51 .
X REASBE T T 2800 ) AT BB, SR AT o 5T
PN ST N RICE VAN E Y [ SU R WS UR S L
WEE-YHRE. K250 T AR R, IR
JE P AN g T %A T7 AN T F B C BT T AR
HCp T LR
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Table2 C;and C,, for rough surfaces with different strip shapes
Design variable Targets of test
Number
Li/m Ly/m W/m H/m C;
1 0.06 0.12 0.001 0.0003 —2.04473 -0.01938
2 0.06 0.18 0.003 0.00075 -2.01962 -0.02082
3 0.06 0.24 0.005 0.0012 ~2.03986 -0.02128
4 0.09 0.12 0.001 0.00075 ~2.14190 -0.01805
5 0.09 0.18 0.003 0.0012 -2.02992 -0.01851
6 0.09 0.24 0.005 0.0003 ~2.04308 -0.02089
7 0.12 0.12 0.003 0.0003 -2.02131 -0.02074
8 0.12 0.18 0.005 0.00075 2.08779 0.02114
9 0.12 0.24 0.001 0.0012 -2.054 64 -0.01628
10 0.06 0.12 0.005 0.0012 -2.08355 -0.01331
11 0.06 0.18 0.001 0.0003 -1.99375 -0.02289
12 0.06 0.24 0.003 0.00075 -2.01262 -0.02229
13 0.09 0.12 0.003 0.0012 ~2.066 36 -0.01684
14 0.09 0.18 0.005 0.0003 —2.00524 -0.02429
15 0.09 0.24 0.001 0.00075 -2.00941 -0.02317
16 0.12 0.12 0.005 0.00075 2.046 66 0.01876
17 0.12 0.18 0.001 0.0012 -2.02588 -0.01678
18 0.12 0.24 0.003 0.0003 -2.03222 -0.02084
32 FESH ZEW)TT 220 OB, T8 2 81 0 i 22 - 07 R R S 56

T3 2253 BT RAE g — P G vt 75 3 wT BAHI SR 43 #
AN [ L0 56 T I 6 4 R 1) 22 5 225, P A7 2% TR
IR PRI SRR L o L AR A AR - o Jds 10
) 73 fift 9 HT DR ZR KT AR A SRS BRI Bl AT ER R 22 5k
(e sh P &R 70, R JE HIE H F gt AT F R i, DA
FAWT 2 DAL Z R PP A 5 AR B RS2 75 2

R340 R4 0T M 7 &R B U
REIT E R df XKoo B HEE, SS R 7
ZER, MS RT3 22, F Ron 25 N3 107 22 f 5 S 46 iR

x3 MEHRBCHFENTER

WM TTZE, PR F Gt 5t BB K. —
LT, R0 Z o0 i, “RBE” BEKPEICH
0.05, 1 “#e 22" BASKFH I N 0.01,

M 30 LLE B, 5 X1 &K E
Lis K382 P4 KT Ly S5 55 B W [ 4615w
H [P F AT L S 35 1 KT p ¥ KT 0.05, R BRI Y
ANV AR B A ) RECHI S AR AN B3 . HAH
Pe2 T , X3 2 o gk K BE Ly T ok v B H O
7] 77 ZR B C I 52 0 R 2 5y AR RS B TE AR B T

x4 GMBINERYBC, MAEFNER

Table 3 Results of the variance analysis for the side force Table 4 Results of the variance analysis for the roll moment
coefficient C; coefficient C,,,

Factors df SS MS F P Factors df SS MS F P
L 2 9.25x10%  4.62x10* 03556  0.7127 L 2 4.69x10°  2.35%x10° 0.8117  0.4819
w 2 1.36x10°  6.80x10* 05232  0.6141 w 2 1.23x10°%  6.13x107 0.2122  0.8138
Ly 9 5.82x10°  291x10° 22402  0.1770 Ly 9 341x10°  1.70x10° 58939  0.0316
H 2 319x10°  1.60x10°  1.2308  0.3483 H 2 6.39x10°  3.20x10°  11.0588  0.0068

Error 7 911x10°  1.30x10° _ _ Error 7 202x10°  2.89x10° _ _
Total 17 216x10%  1.27x10° _ _ Total 17 134x10'  7.87x10° . -
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B 4 45 I8 ) 5 3R B C 1) T7 22 93 BT 45
R AR I, 5 IX 38 2 o A K FE Ly B okt i
H I F B N2 2 R KCF p 2/ T 0.05, EIRE X
PR AN B 1T AR B ) R o AR 3 S, T S A
AR B R AR A, EHS R
se, 55k m I H ) F AR R 1) 3 KK p /AT
0.01, Ui W 2 7 5 B2 H X 5178 70 H 3 B C i T 2 R
PEN

BT B g R, % F A 1 RN A5
BR] 25 10 5 e 25 SR HE AT HE P - B CL & Ly 15 A 5 B
L, HIRZ, #d 7& W, |5 7& Lis X T Crpr H 1) 5210
RCRAR R B, KR Ly, SR A& Ly 10 W0 520 3L
BB . B, fEFEATH Y & 4N BTH I, B BLIX
B2 S R Ly Mokt 2 H N E SRR 5
3.3 WRESH

VP & DR 06 4 b 1 5 AR B, 1T DUOG 3
AT B 22 20 BT L A AR < oM O T Bl
fifk 2 HH R 2R 7K P AR A 5 S PR I Bl AT E R 22 51 R I
FWE A, SR IS I F Goit m AT F RS, DU
C NS DO R R AR AN P T

W 22 73 W AL F TF S AN U AN P IR, R dn R R
T2 58 43 AT

D5 Ky K MR, I8 85 RACFAER 5
K, 95 j 5 2R EE m K Bk LR AR 5 i A A
K R 5 AV 2 28 m K BT xk B2 1 3 56 18 5 o 35
18 Ry N j 5 K 2K PR 1 e K1 BE A e /- 1)
E B ZEE, S 75 j 21 PR 38 7K SFU 30) I al36 48 b 1
AR AR B

DRI ZE R, R/, AT B W 56 B 3R 0 i
LR - AN RN VS I I N RS E i et
EANPORTN S AN N e B i o - KL E TSI
XFF A ) RHC s, F R R ERIF AL, > H> W >
Ly TR T007 7155 540 C,,. & IR ERIGF N H >
Ly> L, > W, N, L, AHRNFEEREK, L AW R
WERN R, 5T 204w wse— .

3D R i i Ko/ AT LU 5 KT 1.

K 2, kP 3 3R B bR ARSI TR . T ELOL My
T th 46 DR 22K P S B 16 A S B, DR 2K T
RS « I T IR o AR 2 R
R, 12 B . AR 0 46 b B kP AR AL
ka3, 1T 3R B 4 7

&) Jo 71 51 2 MR R PSR 95 B 1
S A A 4R /I, A B R K 1 R Ry T

Table 5 Results of the range analysis

mmber D/ Wm
Kji 12.1941 12.4045 12.2703 12.3180
Kp 122959  -12.1622 121821  -12.1403
Kjz  -12.2685  -12.1918  -12.3062  -12.3002
c Kji -2.0324  -2.0674  -2.0451 ~2.0530
Kj ~2.0493 -2.0270 ~2.0303 ~2.0234
K -2.0448  -2.0320  -2.0510  -2.0500
R; 0.0170 0.0404 0.0207 0.0296
Kji -0.1200 01071  -0.1166  -0.1242
Kj -0.1218  -0.1244  -0.1200  —0.1290
Kj3 -0.1145 01248  -0.1197  -0.1030
Co:  Kji -0.0200  -0.0178  -0.0194  -0.0207
Kp -0.0203  -0.0207  -0.0200  -0.0215
Kj3 -0.0191 -0.0208  -0.0199  -0.0172
R; 0.0012 0.0029 0.0006 0.0043

BRAl . M, BT L AW R UCE R R, AT [ N R
1B RS 29 R 648, BV Ly = 0.09 m, W =0.003 m, 1| A 7
MR B 12 8 th i e L, A H AR IR K F A &
B 12Ca) m] %, 0w 71 REC L, FH L
KFHAENL =018 mi H=0.00075 m; i A
12Cb) 7] LUE tH, % T 10178 713 R Cpy Ly T H T
Rk K FHE N L, =0.12m. H=0.0012 m.

5) BT P AN RIS 48 bR 52 BT 43 B 1A ik K R
HAER—B, 0] 45 A 456 PHTE I 8 I ARk T &
Ly XA 3 &8 C, 052 0 K/ INHESE — A7, X078 )
TR C,, MR R/NHESE A7, %+ Ly, = 0.18 m.
H O] 7 240 C 182 K /N HE S8 — A7, % 7 /)
R C, W m KN HE S — AL, Mk H =
0.0012 mo [, #7252 Tl 24 X 48 1 A g% 7 1 K B2
Ly HL.0.09 m, X35 2 A1 26 K BE Ly L 0.18 m. %717
% FE WL 0.003 m. 2% B2 H X 0.0012 m I, BE X
L TE A AN 1) ) R C, FMBTE 4R R B C,,, B
UF IR AGAE

BT 454 35 7K 7 4 A 55 B I A2 3R 56 B T % S,
R oG TR REMIET MW R % C, M
Wi R C,, TR R, ik ZME&T &
FER 2 A TT RN T 60%. W LAE B, 55 E 7%
FH G, 030 07 0w 71 R4 C BIE G I T 0.80%,
1M 007 715 R AL C,, MHE D T 6.14%. BT /)
FRE C,, 3G A 0078 I E R R, RS E
RESR A, 1M 77 22 1 S HL A B2 7 91 2 A R R MR 1
EH .
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Fig. 12 Trend curves of the relationship between factors and indicators
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Table 6 Comparison of the original and optimized schemes

L;/m Ly/m W/m H/m C; Cnz
LREES 0.09 0.18 0.003 0.00075 ~2.01368 -0.01972
e 75 % 0.09 0.18 0.003 0.0012 -2.02992 -0.01851
AR - - - +60% +0.80% -6.14%
4 # B MK BE Ly & 58 FE W oL R 28, 5 41 2 R XL
O E y N N
e B R M AR /1N, 78 HE 06 BLE A] DL 2200 .
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