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Selection of Head Car Model for High
Speed Train in Open-section Wind
Tunnel Test
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Abstract: Reasonable scaled model of high-speed train is
very important for aerodynamic evaluation and research in
wind tunnel. Based on the computational fluid dynamics
method, the selection method of the shortest tail model and
the reasonable scale model of the head car in wind tunnel test

was studied. The results reveals that: the drag coefficient of
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the head car increases with the shortening of the tail model,
and the negative pressure of the tail moves upstream, which
reduces the pressure at the inter-coach space. The deviation
between the drag of the head car +0.4L tail model and that
of the three cars model is 2.8%, which can be used as the
shortest model of the head car. The selection of the scale
model of the head car is affected by the wind tunnel boundary
effect, Reynolds number effect and ground effect. The
Reynolds number effect reduces the frictional drag, while the
ground effect increase the pressure drag. The 1:8, 1:4 scale
model and full-scale model’s head car pressure drag deviation
are 12.7% and 7.2%, which account for 63.9%, 67.2% and 72.5%
of the head car’s total drag respectively. The result shows that,
it’ s more reasonable to choose the 1:4 scale model as high-

speed train experiment model in open-section wind tunnel.

Key words: high-speed train; computational fluid

dynamics; wind tunnel test; model selection
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Fig. 3 Computational domain and mesh
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Tab.1 Comparison of numerical and experiment

results
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Fig. 5 Pressure coefficient of head car in

simulation and test
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Tab. 3 Drag and side force coefficients of the head

car at 6°
R 5 k4C, Wz % K% C, 2=/ %
3L 0. 204 0 0.372 0
2L 0. 205 0.2 0. 375 0.8
1.5L 0.202 —1.0 0.373 0.4
1.4L 0.201 —1.5 0.374 0.5
1. 3L 0. 205 0.1 0.373 0.2
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Tab.4 Drag and side force coefficients of the head car at 12°
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Fig. 9 Streamline of different cross-section plane at 12°
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Tab. 6 Configurations of different scale models
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1:3 6.1x10° 21.3 25.7 4.6 80.6
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Fig. 10 Drag coefficient of different scale model

SRR O XA 52 30 BRI AL

N REN , 5 PR 0 25 5 BRI OFH %€
xw”®%mﬁﬁﬁﬁmim%ﬁﬁﬁwam¥ﬁ
F1o XFFBHIERN , PUA G FLAR 7R Ay BELZE Eb 4301k
4.6%. 2.7%.1.2% M 0.7%, % F # it & X3t
B A AR Y BELZE L AB IE $47E 0. 001 LR, AT %0
BH S50 Xt BH 1 R B0 T DL 2 o Sk ZE T TE N B
4Bl 1] 5 R R 500 2 35 /N1 0. 005 - m !, oAb PRGN
S ] ZWEANTT

PR 11 45 s i v 32 0. 25m 42b At JXUIR] K Sl )
R R, 444 FL AR (8 A X B A ] R
gy, Hirb,1:8.1:6 R0 1. 4B 3k 2 kb TR
T 2856 B ) 2 R T R X, 0 B K
50% VAN o 12 3L Y i) Sk 2 1 42 IR 32 2 Ak 67 T R
T 11 7 X, KPR ) S 80 M Ak R
JiFtEr R 1 3R Sk 42 R 25 B0 ) R AL 104
BERIEA T 0. 0040 K77 72 KGR 321 3500 Hh

x/ mm

El11 ARE4EEERERIRIREGE R E
Fig 11 Location of different scale models in wind

tunnel test section

i 5 455 RS 3 A, TR BN 2. 3 X 10° 14 Jin £
SR 13X (AETENSH K , Sk 410 BE1E
Hajjgéiiﬁ&d\o 1:8\1:6\1:4$ﬂlzgiﬁﬂﬁéil:liﬁﬂg
JEE 82 BH 1 R % 0. 043 19 22 {H. 53 714 0. 015.0. 014
0.010 F10. 008, A&k M 3T G T Uit V- M 341 5t )22 JBE
PEBH 1 2 BBE TR B0 R A AR e

A7l RN S R A5 LOAGAR L 25 1 ] B i
25, 58 A AR AR A 7 KRR AR oA T 1.3
R 1) s 22 B 738 52 31 KR 7K P17 1 (R 52 ) L 3 B
AHEATXF AT . I 13 AT, TR 22 BHL 7 2R BB
HRGHR G G R, 1:8.1:6 1 4 BRI 1. 1 /Y
1. AL A e 2280 77 2 %0531 0. 104.,.0. 109.,0. 110
0. 119, = A4 FAR Y e 22 BH 7 5 52 42 (0 22 53 1)
F12.7% 8. T% F7.2%.

WS 2 R 22 B 1 43 R 2 5 HE IR 45 L ) 42
EﬁEiM}E$%m B XSl 15 7 1) 2 R )

28 12 s o AT, A B R 22 BH ) AR R TR



1042 [l o K 2 2 MCH 9K BE 2% O

% 50 %

B IMEEANA  HEFE g A /MRygE N, 1:8.1:4.1:1
A55 A B o) B DX R R 22 BH 77 & 53 1 R 0..050
0.056 F10. 062, 5 LM 47. 7% B K F 51. 9%, HEWr
S L TET RS T B[] 45 FU A AR RS SR 45 4 R 25 BH 1 7
AR, DU S A TR 53T -

0.14
C] e X I Hekss: Il %k
0.12
0.10
Ee) L
e 008 50.8% | | 49.7%
R
= 0.06
8.3% 8.4%
0.04 |
0.02 40.9% 41.9%
0
1:1 1:4 1:6 1:8
el

E12 FRE4EHARR L FEEZEEIEME
Fig 12 Drag composition of head car with different
scale models

FE1:8.1:6 A1 1:4 =45 LB AL | 55 3l ] i1
FEE T A 1) AR [R] , A XHER TR, 13 45 1
TSk R FRXTFR T A I A 2=0. 75G & BE AYF- 3 3
M, G R B M (] B 55 1A R (L Y A
HERERS T 8B, 205 2.3 A A B A 2 3k 45 1 ok
[i) 48 DX, 55 5,6 43 B 0 02 Sk 2 2 A5 i e )
[X 35,

) 0.2 0.4 0.6 0.8 1.0
x/L
E13 AREEBESIEREDRIE2=0.75G &L
Fig. 13 Mean velocity at z=0.75G in different scale

models

H 10 13 AT, Bt TR RO 8 R R P 247 3
BB Z 9K, S BOHHE o 51 1] QRS 1) S0 )5 B
B L R TG R TR ZE RT3 . A 1A B e 1)

AR, S AR AR A A 1 8 AR ALK 0. 0220,
TE 2 7 S5 5 ) 48 X 8K 0. 031ee.. SCHR A L 21,
YRS PG RS — B, A5 25 1] it 2 X6 1A [+
SARAFH FE IR ATAE 25 5 o WA, T 2L,
JE AN [ 47 L ASE TR JC 5 45 4 1 25 BH O AR Ak iy 32 22

ARG 73 553580 00 1 o 8, A PR B B L
Tl 247 S 96 A 5 BRI FR DR 2R . DA T 4550 1 £
JE 12 4 SBR[ JEC 0 I 40 A 5 S AR 2 T
FEBE Ty 28, IR 25 B ) B Has S S A R
R . R, O R R 14 593k R Bh AL
YA T N A B

5 g

(1) FF 11 KX TE R, Sk 4280 R ARt E 2
PISABE TR 10 4 J T B 0, 2 R0 £ IX T S S 3 4
AN R T RAR, 1. AL BRSNSk 22 BH g R 40008 3 4 4
A3k W/ N T 0,004, 224 2. 8%, T LIE A3k
HR BN ) B SR

(2) FF 11 2R R, 3k 42 FH ) R 8 A )
FRBIbH s A A A i 1 w22 43 A 2. 56 A 16 LA
P, 75 KU 3 4 R A — 3

(3) FF 1 2RI e A 408 A 70 35 B 32 DRI 30 L
VAN A G AR G RS A W S S E b
T 151 2RI i A5 1 S 252 e R 26, 7 A s
o753k 2 BEAEEBE 7 i/ )N i T 2550 1 A 5 S 4 R 22 B
JIHER,1:8.1:6.1:4 5 1. 1Sk HE 2B S w22 h
12.7%.8.7% M1 7.2%, I 2 BH J1 5 He 4 B A
63.9% .65.6% .67.2% M 73.3%.

(4) DRI S 56300 55050 7 R e Y R4 102 1 B, FF
12 XU 12 4 47 Sk 42750 ) S B0 AR 78 4 S 30 9 ek
G3AT BT R B R 2E B ) FOH LY S AR
BN , 2 B A PR AR AR HE R

{E&E IRk A -
WiEWI S, BE S, SR S5 0 ELBTR
RUERE i SIERa R N6 1 132 N0 1 5
WP Bl Bl b, SO RS S g

S 3k :

(11 T&Z, B, X, b EEEs S0k 5 rET]. )%
2FHz, 2021, 53(1): 35.
DING Sansan, CHEN Dawei, LIU Jali.
development and prospect of China high-speed train [J].

Research,



57 1

Wi, 45 T S RGIR o A 43k 42 RS SE R R U 1

1043

(4]

(5]

(6]

[9]

(10]

[11]

Chinese Journal of Theoretical and Applied Mechanics, 2021,
53(1): 35.

FTZLRSE . v el o S A S0 28 Bl 2R s ok e S Ok Je J 2
(I TR, 2015(4) 30,

TIAN Hongqi. Development of research on aerodynamics of
high-speed rails in China[J ].Engineering Science,, 2015(4) : 30.
Wi, SR, A A A L s 4SRRI
[J]. kil 2012,34(7):18.
YAO Shuanbao, GUO Dilong,
Distribution of high-speed train aerodynamic drag[J]. Journal of
the China Railway Society, 2012,34(7):18.

RSN, Shi, BB, 45 RO OR AT B 80T w4k
WAL ). Bz, 2010,32(2):18.

YANG Zhigang, MA Jing, CHEN Yu, e al. The unsteady

aerodynamic characteristics of a high-speed train in different

YANG Guowel, et al.

operating conditions under cross wind [J]. Journal of the China
Railway Society, 2010,32(2):18.

BUEHE BRL, 5RO s S A AR T KU R A AR
FE[T]. PaERe 5 TR, 2013,10(3) :87.

HUANG Lixiang, CHEN Li, ZHANG Weizhuo. Study on
simulation manner of wind tunnel test of high-speed train model
[J]. Journal of Railway Science and Engineering, 2013,
10(3):87.

LI . 5 F 2 s Sy ML bt R EE 1 ik, 2007.
TIAN Hongqi. Train aerodynamics [M]. Beijing: China
Railway Publishing House, 2007.

British Standard Institution.Railway applications—aerodynamics
—part6: requirements and test procedures for cross wind
assessment: BS EN 14067-6 [S]. London: British Standard
Institution, 2018.

BAKER C J, BROCKIE N J . Wind tunnel tests to obtain train
aerodynamic drag coefficients: Reynolds number and ground
simulation effects [J]. Journal of Wind Engineering and
Industrial Aerodynamics, 1991, 38(1):23.

WILLEMSEN E. High Reynolds
experiments on trains [J]. Journal of Wind Engineering &.
Industrial Aerodynamics, 1997, 69/71:437.

AR, BRA7, SR mdd) A R XU 6 K s ]
REOHr[T]. gtz 2016, 38(7):34.

HUANG Zhixiang, CHEN Li, JIANG Kelin. The analysis of
effect factors on wind tunnel testing data of high-speed train
model [J]. Journal of the China Railway Society, 2016,
38(7):34.

WHE WS . ) A SRR RUBERLS 437 [T ]. Wk
St (240D , 2017,51(12) :2383.

HAN  Yundong, YAO Song. Scale effect

aerodynamic performance of high-speed train [J]. Journal of

number wind tunnel

analysis in

Zhejiang University (Engineering Science) , 2017, 51 (12) :
2383.

[12]

[13]

[14]

[15]

[16]

[17]

[19]

[20]

[21]

NIU Jigiang, LIANG Xifeng, ZHOU Dan. Experimental study
on the effect of Reynolds number on aerodynamic performance
of high-speed train with and without yaw angle [J]. Journal of
Wind Engineering and Industrial Aerodynamics, 2016,157:36.

BAKER C J. A review of train aerodynamics Part 2 —

applications [J]. The Aeronautical Journal, 2014, 118
(1202) : 345.
GUO Zijian, LIU Tanghong, CHEN Zhengwei, et al.

Aerodynamic influences of bogie’ s geometric complexity on
high-speed trains under crosswind [J]. Journal of Wind
Engineering and Industrial Aerodynamics, 2020, 196: 104053.
RN, B, B . S 4 AR E S Eou SRR
BURELT]. TR A4 (A AR, 2019,47(7) £ 1055.
YANG Zhigang, MAO Mao, CHEN Yu. Influence laws
between underbody structure parameters of high speed train and
aerodynamic drag [J]. Journal of Tongji University (Natural
Science) , 2019,47(7):1055.

SHIH T H, LIOU W W, SHABBIR A, et al. A new k—e¢
eddy viscosity model for high Reynolds number turbulent flow-
model development and validation [J]. Computers &. Fluids,
1995, 24(3): 227.

R, sRAbll, sk A BEXUT e 8 2R A G 3 0 R
DiECLT]. AR 8h TR, 2012,25(2):138.

LI Tian, ZHANG lJiye, ZHANG Weihua. Co-simulation of
high-speed train  fluid-structure interaction dynamics in
crosswinds [J]. Journal of Vibration Engineering, 2012, 25
(2):138.

AR NRIERIE E R R . e N RIS EZE Tl prvE—
BRI 2 B )7 55 480 9 428 Ry e : TB
/T 3503.4-2018[S . db5t: s N RILANIE E 5k , 2018.
National Railway Administration of the people’s Republic of
China. Railway industry standard of the People’s Republic of
China-railway applications—aerodyamics—part4: requirements
for train aerodynamic simulation: TB/T3503.4-2018 [S].
Betjing: State Railway Administration, 2018

P, RaE 24, 4 o, 45 T-2 KU PR AR 0 ) s 1y
BIT]RETA, 2002,24(5):371.

PANG Jiabin, LIN Zhixing, YU Zhuoping, ez al. Correction
methods for automotive model tests in TJ-2 wind tunnel [J].
Automotive Engineering, 2002,24(5):371.

MERCKER E, WIEDEMANN J. On the correction of
interference effects in open jet wind tunnels [C]//SAE 96061.
Detroit: Society of Automotive Engineers, 1996:795-809
SR, et a0 A5 DRI T RN X ) AR Bl g
SERREREEN [T]. BB R, 2015(4) 8.

XIA Chao, SHAN Xizhuang, YANG Zhigang, et a/. Influence
of ground effect in wind tunnel on aerodynamics of high speed
train[J ]. Journal of the China Railway Society, 2015(4):8.



