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Table | Comparison of grid independence schemes
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Fig. 8 Variation of inlet air flow of fans for head and tail car

powerpacks with wind speed
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Table 2 Pressure difference between inlet and outlet of fan

for powerpack under different wind speeds Pa
A/ UL XU KB

(m-s™) AL AHL3 KA 2 AL 4
0 -278.5 -195.0 -232.8 -195.1
-412.9 -216.8 -369.2 -309.6

10 -760.2 -329.8 -320.0 -192.1
15 -834.6 -415.0 -237.8 -133.8
20 -871.7 -459.6 -118.8 -49.3
25 -872.2 -486.6 -58.0 27.3
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Fig. 9 Section 3 streamline plot of head car powerpack
at different wind speeds
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Fig. 10 Variation of air flow of fans for head and tail car
powerpack with wind direction angle
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Table 3  Pressure difference between inlet and outlet of fan

for powerpack under different wind direction angles  Pa

A £C) HAIAHL A KU
AHLL JAHL3 RHL2  KAL4
0 -416.1 -260.6 -3384 2575
30 -883.7 -440.6 -406.4  -300.4
60 -974.6 -592.2 -70.5 -40.1
90 -872.2 -486.6 -58.0 273

@ T3 KM RBLTT 75, 24 XUTa] £ ok 30°Hs XL e

FE1/Pa

-1 000 —-700 —-400 -100

200 500 800

ol B

(a) KU 0°

(b) KUl ik 30°



It e 3

2025 47 A

(c) K 124 60°

ol

(d) JUi 4 90°

BT AN XU AR Sk 223h Jr L n 3 Uitk &l

Fig. 11

ZEPUE IR, XM XBIL AR H X5 R XA E IR
XA J 7 AR s, S B0 KT DX B e i
B i e 2 NS 1 DR G N
BRI AR ShBEIE K, BEXUTIER ETF, AR
1 P 22 0 s sl > S S50 XL TR

3 g

AR SR AN BT R 4R 26 P A 1 N-S D5 B2 k-e WU
R ALY, AN [l JRURGGE XU £ PR Bl 4
AL H R KO s bE R R oY, B4 i
.

OMRGEAET, ) 742380 R XALIE R 2 51
HEHT R T R BRI, R BT R
B, FEORH KR RS A2 B 2]
AR, KU FR e KWMLK T, KU JRUAS
Bl SER HBEE TR

@3l 1435 R JRUBIL 2 XL e o A JRU PR3 38 o o ik
AN, RN IXUBTLE XU AR B o IXLGEER 25 m/s B JRUAL 1
R, PR3 KR R R T 36.2%, DRI 5 0 % 1%
FEES KIREE T Sk 4280 11 KU XUBLYS 20 2R 44 ] 5

@24 KLIa] £ 7E 0°~90° 35 Bl P4 A8 Ak It mﬁ@mﬂ
AR KU BRSNS 38, XUl #3008
3R XL R R Fe 0N, IR 3 Sk 60° B 35 XU IXUBTL AL
/e

SE M

[1] BAKER C. The flow around high speed trains[J]. Journal of
wind engineering and industrial aerodynamics, 2010, 98(6/
7): 277-298.

[2] FLYNN D, HEMIDA H, BAKER C. On the effect of cross-
winds on the slipstream of a freight train and associated ef-
fects[J]. Journal of wind engineering and industrial aerody-
namics, 2016, 156: 14-28.

[3] DONG Tianyun, MINELLI G, WANG Jiabin, et al. The ef-
fect of reducing the underbody clearance on the aerodynam-
ics of a high-speed train[J]. Journal of wind engineering and
industrial aerodynamics, 2020, 204: 104249.

[4] PREMOLI A, ROCCHI D, SCHITO P, et al. Ballast flight

under high-speed trains: wind tunnel full-scale experimental

Section 3 streamline plot of head car powerpack at different wind direction angles

tests[J]. Journal of wind engineering and industrial aerody-
namics, 2015, 145: 351-361.

[5] DONG Tianyun, LIANG Xifeng, KRAJNOVIC S, et al. Ef-
fects of simplifying train bogies on surrounding flow and
aerodynamic forces[J]. Journal of wind engineering and in-
dustrial aerodynamics, 2019, 191: 170-182.

[6] WANG Shibo, BURTON D, HERBST A, et al. The effect
of bogies on high-speed train slipstream and wake[J]. Jour-
nal of fluids and structures, 2018, 83: 471-489.

(7] KM, B, 4 . BIZRIE AT 81 42 Sl T 0 A A
L] scﬁﬁL_%ujiﬁﬁiﬁfa 224, 2020, 18(1): 120-125.
ZHANG Sheng, DAI Zhiyuan, LI Tian. Numerical simula-
tion of aerodynamic ground effect of a train running in the
open air[J]. Journal of transportation engineering and infor-
mation, 2020, 18(1): 120-125.

[8] XIA Chao, WANG Hanfeng, SHAN Xizhuang, et al. Effects
of ground configurations on the slipstream and near wake of
a high-speed train[J]. Journal of wind engineering and in-
dustrial aerodynamics, 2017, 168: 177-189.

[9] LI Xueliang, WU Fan, TAO Yu, et al. Numerical study of
the air flow through an air-conditioning unit on high-speed
trains[J]. Journal of wind engineering and industrial aerody-
namics, 2019, 187: 26-35.

[10] FHELHE, B2~ 8 . e i A 4 r 5 25 sl kg
BFFE[]. HLAHLAE SN, 2003(5): 40-45.

TIAN Hongqi, LIANG Xifeng. Study of comprehensive
aerodynamic performance for "China star" high speed EMU
[J]. Electric drive for locomotives, 2003(5): 40-45.

[11] JIA Qiong, ZANG lJianbin, PAN Deng, et al. Analysis of
high speed train equipment cabin temperature field based on
numerical simulation[J]. Procedia engineering, 2015, 121:
1954-1961.

[12]ABADI R, DEYMI M, REZAZADEH N. Improving the per-
formance of the condenser fan in a subway train against the
effects of crosswind flow by placing barriers[J]. Proceed-
ings of the institution of mechanical engineers, part F: jour-
nal of rail and rapid transit, 2019, 234(2): 214-225.

(13] =30, A FE . s XU 3B sl 4= 41 AR 2 RS
[J]. £k Rl 5 TR, 2018, 15(11): 2721-2729.

LI Yukun, ZHOU Dan. Study on the unsteady aerodynamic

characteristics of a intercity EMU under strong crosswind



5541 B W, WMBNE UK 5202 51 42 YRR 2l 3 L HI XL B2 B 53

[J]. Journal of railway science and engineering, 2018, 15 replacing the 3-coach with a 1.5-coach grouping train model
(11): 2721-2729. in wind tunnel experiment at different yaw angles[J]. Jour-
[14] YANG Bo, XIONG Xiaohui, HE Zhao, et al. Feasibility of nal of central south university, 2022, 29(6): 2062-2073.

Influence of crosswind on air volume of cooling fan for internal combustion
powerpack of truck train

YANG Bo"**, XIE Penghui™*

(1. Changsha Social Work College, Changsha, Hunan 410004, China;
2. Key Laboratory of Traffic Safety on Track Ministry of Education, Central South University , Changsha, Hunan 410083, China;
3. Institute of Automotive Engineering, Hunan Communication Polytechnic, Changsha , Hunan 410132, China;
4. CRRC Zhuzhou Institute Co., Ltd., Zhuzhou, Hunan 412001, China)

Abstract: To investigate the reasons for the cooling fan’s significant deterioration of cooling effect for the powerpack during fast
train running, this study employs the N-S equation of incompressible viscous fluid and the £-¢ two-equation turbulence model to investi-
gate the inlet/outlet air volume and flow field characteristics of the cooling fan for the powerpack under different crosswind speeds and
wind directions. The results indicate that uneven outlet air from the fan results in a decrease in cooling efficiency. With the increase of
the crosswind speed, the inlet air flow of the leeward side fan for the head and tail vehicle powerpack decreases continuously, while the
inlet air flow of the windward side fan decreases first and then increases. Additionally, the air flow of the windward and leeward side fans
for the head and tail vehicle powerpacks decreases first and then increases as the wind direction angle increases, reaching its minimum
when the wind direction angle is 30 © and 60 °, respectively.

Keywords: internal combustion powerpack; fan; air flow; wind speed and direction; simulation; high-speed train
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