34 4 ( ) Vol. 34 No. 4
2021 12 Journal of Shijiazhuang Tiedao University(Natural Science Edition) Dec

. 2021
1 2 2 3
(1. 0630353
2. , 0630353
3. , 410075)
SST kw , )
o b N ’ Pmax N
Pmin AP H ’anx \Pmin AP °
, 2.4~3.2
. U215.7 A : 2095—0373(2021)04—0073—08
[1-3] , ]
. sl ,Chen et al*®
. . Chen et al ™

. Liu et al®®*

. Huang et al®

430 km/h . Liet alt'™ R
[11]
’ o b
N_S k_€ ’
b b b
, . 9 ),
b b
.1
9 C1~C9, 1 , 1,
:2021—07—11 : DOI:10. 13319/j. cnki. sjztddxxbzrb. 20210158
(2017YFB1201304)
(1983—),

s . E-mail:sjc-gengyabin@ tangche. com

- Ll ( ),2021,34(4) ;73-80.



74 ( ) 34

160-4.4,200-4. 4,160/200( 4.4 m).160-4,200-4, 160-10,
160-20,160-30.,200-20,
3.36 m

28.5 m ‘
(OEX 4] (b)I# (c) =4 1K
1
1
20 . 160 km/h ( 160-4.4) . 160 km/h .10 m/s (
- M 200 km/h ( 200-4. 4) | 160-10)
w m 160 km/h 200 km/h ( 160 km/h .20 m/s (
S 160/200) . 160-20)
’ 160 km/h .30 m/s (
2
80 M 60 km/h ( 160-4) . 160-30)
L78Eme 900 km/h ( 200-4) 200 km/h 220 m/s (
4'm 200-20)
1.2
(URANS) SST kw o SST kw
ke k—w s SST kw k w
. [12], Fluent, (FVM)
’ . - SIMPIJ’E )
At=0.001 s,
2
2(a) s 80 m?, EN140671]
< Lzr,l Ltr,z
Ll“ 2 (Vlr.l Vtr,Z ) (1)
g, >
603 | [*
g o s
- Ly
135 135 120~_-550
(a) b8 RS A AT (P47 i cm) (b) B3 315738 (P cm)
2
sL, .V, (233 m) 44, 44 m/s(160 km/h) ;¢ (340 m/s) , 9
1784 m, 2(b) o s
’ o 3 ’



75

4
120 m, 3 i
: 50
) o2 ™=033 50" 233 TTo2”
4 12{)
0.01 m. 6 000 80 i Eﬂ B |
’ % 000 -92 23 pis 3 92
) 3 ( :m)
()% 18 PN A% (b) R 2 1T 9 A%
4
3
5 2 Nt C 4 8 )
1 .
C1-8 <23
C1-22C1-204, Cl_l%lj(lji_%l—lo (16 Cl=4
C1-5(6 (2-22(23) (2-20(21 2-16(17)C2-2(3) €2-1
C1-23_¢1-17018) C1-1304)01-9010)  1-3)C1%1 | 22409 )\ 82‘)8(1953 GO
€2-28(29) 4=
\ (2-26(27)~ & PR ===
1 21(22)(:1_19(20)C1—15(16&1_11(12)(]1 7(8) C2-14(15) 02—12(1382_10(11)(;2_8(9)(:2_6(7)(;2_4(5)
(a)k % b)H 2 T H
€9-8 -
s - l c9 ‘10
C_?(S) €-2(3) C-1 c9—é £9-34)C9-5(6) C9-7(8)C9-9(10) C9-11
o o) N
()% 4 T % (MEEGEEITE)
5
4
4.1
, CRH380A 3 1/8
8m( )6m( ) , 60 m/s,
. 30° 3 , [14].



34

76 (
, 1/20 CRH380A 3 o s
100 m* R 400 m, 300 km/h,
, ,  6(a)
C, ’C"_‘jf;yA’ ,F, ip 50 ;A
. 6(b) C, .C,=(P—P,)/(0. 500" ,
, P 6 , ,
030,05 0.10 0.15 0.20 025 030 0.35
i 1R] /s
(a) Ul 55 95 30 3 %5 L (b) S AT S 55 %2 By i F9 % H
6
4.2
7 ; o 7 ,
160 200 km/h , 4m ; 4.4 m ,
, 4.4 m ,
o 4.4 m ,
15001 1 500 1 500
PR e S P L S 160200200
R0 = O S
g ~500 g -500 g -500
Gl b L
—~2 000 -2 000 -2 000
2500630 30 20 50 2 %0 5 1015 202530 3540 230055 70 15 20 25 30 35 40 45
A [ /s I H] /s I [H] /s
(2)160 km/h %5 7% 52 23 (b)200 km/h 45 52 23 (€)160~200 km/h A< %5 7 5 45
7
, 8 2 . ,160 km/h
) s 8(a) A , 3
s 403,490,431 Pa, o s 8(a)
B 3 , , —379,—356,—397 Pa,
o 200-20 , 160-20
. . ; . . 200
km/h 160 km/h , 728, —609 Pa, 8(bh)
, 160 km/h , ,
. 200-20 . . 160-20
R 7 8, ,



77

X =400
-600

-800 .

A el /s
(a)i XA 1) 2

4.3
4.3.1

Pmax \Pmin AP

o b

,160 km/h P

P.in+160 km/h P

o ’

AP H 200 km/h

o 160-4 o 160-4.4

1500
4

A200-4 -©-200-4.4
L. —0-160/200(160)

< A *160/200(200)
& N AL A,

Q:é . -

A

JE T30 A5,
@M P

5 160-4 o 160-4.4
-£.200-4 —-200-4.4
~-160/200(160)
+#-160/200(200)

AAL

B 300 “~o-
KiEN “~¥F.
i )
O O R
T8I nsS5e
SRS )
e 10 A5

Pmax ”
200 km/h,

’ Pmax \Pmin AP

160 km/h
Pmax

160-4  200-4.4 ;
AP9 Pmax Pmin
160/200 km/h

o-160-4 _o 160-4.4
-5-200-4 -0-200-4.4
-0-160/200(160
“4-160/200(200

Q:Q::_\_g—o—o—o-o—o

-1 60
-2 0004
24001 ®
=

&2 800
®_3 200

-3 600

C1-13

o-160-4 -0 160-4.4

-£:200-4 -©-200-4.4

~-160/200(160)
e 160/200(200)

Cl1-14

’Pmax

s 8] /s

(b) ¥ KU 1) 4=

R 4.4 m
200 km/h
, ,200 km/h
160 km/h
2 P
,160 km/h
AP o

o 160-4 o 160-4.4

4500 %(6)8/_2% 0 (—106—%)()0—4.4
=

24000 - 160/2000200) -5

535004 a . p et B

= 000
«3 000
2 500 -0 -0 g R
2000 g
TIomsnes®
59 | SISO RGOS}
30 g

o-160-4 _o 160-4.4
-6-200-4  -0-200-4.4
-0-160/200(160)
~%-160/200(200)

iRl
Az 2= AP



78 ( ) 34
4.3.2
) 10 s Fmax\ Fmin
AF, 10 s
, o AF,160 km/h
(160-4 3169 N), 2 , 2 8 , 160-4
2 2646 N, 8 2 408 N, 220 km/h s 160 km/h
b b 8 b 2 7 b o b
, 2 5 , 5 8 o
- = 160-4 > 160-4.4 o 160-4 - 160-4.4
e oy i
. ' _1500p o (160 - 160/200(160)
1200%. - 160/200(160) e 160/200(200) 4 000
\;,A - 160/200(200) A e 160/200(200)
%x \ "*A...A__- > 3 600
o )
= . :
= 28008,
b & v
o 13 2 400 Fao g =R e
% o
200054+
‘_I‘ (\I] [SeTS "o NEN-R o e o)
ISR |GGG RN G RG]
KN FiAcy
(c)AF
10
4.4
4.4.1
4.4 m , 11 . C 11Ca)~
11(C)) . ’ Pmax s ’ ’Pmax o
P 4 ; P s ,160-30  200-20 .
AP, s 600~1 400 Pa o C 11~
11, , s , AP
o , 600~1 100 Pa .
o -o-160-10 -o 160-20 -o-160-10 - 160-20
£ 800 4160-30 -200-20 1 400, -+160-30 520020
Q? 700%.  =160-10 -© 160-20 ‘~O\\o
= 600 . 2:160-30 -+<-200-20 ,Q “o-0-0-0-0
W X,
X Sy i) .
'GE‘\‘ 1 1 1 1 Il ‘\” 1
,L.H. O < - S S <
= Toeh % h 0o
\];, SRS RCRERE RS
= JE 300 5 J& 300 5 = TR 7
()3 XA 2240 P, (b3t KM 25 P, (c)30 R A48 AP
L6010 . -=-160-10 > 160-20
= o -0 160-20 - -4-160-30 -%-200-20
= = -=160-10 -> 160-20 &
E7pp 4160730 5-200-20 S 300 -4-160-30 <-200-20 T
2'600 A DA AT < =_’,1 0004z e ,,>< =X
= =-400 Z‘T—? 900
M_500F .- 800
{é Ny g 7005 0-0-g-0-o-o
- ey LR X
.1d+_700 1 >|< >|< | >|< | ﬁ
= C2EYYITITT \: 1
% 5'8'858858 s 5')8'858858
A JE 70 JR 300 A
(et AN 50 P, (O K 242595 AP

11



4. 4.2
4.4.1 s , ) 12 ,
o F,..,160-30 8
500 N ; ; 2 8 s o
. , 600~1 500 N , 200-20
, 1453 N,

-=160-10 -o 160-20
-4:160-30 -<-200-20 1600 -o-160-10 -o 160-20
1 400% -6-160-30 -%<-200-20

-5-160-10 - 160-20 -300
800F -2-160-30 -<-200-20

~400%
z-500
w600 - N
~700 e SR
e-E-RERE R
5‘ é 8S388G3
DA
(@) F (b)F .
12
4.5
. , AP ,
, . 200-4 AP (3 463 Pa), 160-200(200) AP (2 295
Pa), 200-4 AP (3212 Pa), 160-200(160) AP (2 291 Pa),
) AP . )
AP . 160-10 AP ,
AP, 200-20 . 1337 Pa, 160-30 . 1083 Pa, .
AP AP, 2.4~3.2
5
@)) AP P.. Puan ,160 km/h
AP ;200 km/h 160~200 km/h AP .
(2) . . Foax s
; , ; 600~1 500 N , 200-20
. 1453 N,
(3) , AP, 200-20 , 1337 Pa,
160-30 . 1083 Pa, ,
2.4~3.2
[1] , ) , [Jl. ( ),
2018, 31(1): 1-5.
[2] , ; . LIl ( ), 2021, 34
(2): 16-23.
[3] ; ; . LJl. (

), 2019, 32(4). 8-15.

[4]NiuJ, Sui Y, Yu Q, et al. Aerodynamics of railway train/tunnel system: A review of recent research[J]. Energy and



80 ( ) 34

Built Environment, 2020, 1(4) . 351-375.

[5]Tian H. Review of research on high-speed railway aerodynamics in China[ J]. Transportation Safety and Environment,
2019, 1(1). 1-21.

[6]Chen Z, Liu T, Zhou X, et al. Impact of ambient wind on aerodynamic performance when two trains intersect inside a
tunnel[ J]. Journal of Wind Engineering and Industrial Aerodynamics, 2017, 169; 139-155.

[7]Chen X D, Liu T H, Zhou X S, et al. Analysis of the aerodynamic effects of different nose lengths on two trains inter-
secting in a tunnel at 350 km/h[J]. Tunnelling and Underground Space Technology, 2017, 66 77-90.

[8]Liu T H, Chen Z W, Chen X D, et al. Transient loads and their influence on the dynamic responses of trains in a tunnel
[J]. Tunnelling and Underground Space Technology, 2017, 66. 121-133.

[9]Huang S, Li Z, Yang M. Aerodynamics of high-speed maglev trains passing each other in open air[J]. Journal of Wind
Engineering and Industrial Aerodynamics, 2019, 188, 151-160.

[10]Li X, Tan Y, Qiu X, et al. Wind tunnel measurement of aerodynamic characteristics of trains passing each other on a

simply supported box girder bridge[ J]. Railway Engineering Science, 2021, 29(2): 152-162.

[11] s , . Lyl ( )
2019, 33(2): 51-57.

tz] , . . . 2010, 38(2): 31-34.

[13]JCEN. EN 14067-3 European standard railway applications aerodynamics-part 3: aerodynamics in tunnels[ S]. Brussels:
CEN, 2003.

[14]Liu T, Chen Z, Guo Z, et al. Reasonable pressure tap layout to measure the aerodynamic forces of a train at different

yaw angles[J]. Measurement, 2020, 166. 108255.

Numerical Study on the Aerodynamic Loads of Drum-Type Power
Concentrated EMUs Passing by Each Other in Different Conditions

Geng Yabin', Yu Miao’, Li Guoqing’, Chen Zhengwei’

(1. Product Development Center, CRRC Tangshan Railway Vehicle Co. Ltd. , Tangshan 063035, China;
2. Technology Research Center. CRRC Tangshan Railway Vehicle Co. Ltd. ., Tangshan 063035, China;
3. Key Laboratory of Traffic Safety on Track of Ministry of Education,

Central South University, Changsha 410075, China)

Abstract: The pressure waves induced by two trains passing by each other impact the car body, es-
pecially affecting the strength of window glass and the air intake of air-conditioning. To evaluate the in-
tersecting pressure change of new drum-type power concentrated EMUSs under different situations, this
paper used sliding grid technology, based on three-dimensional, compressible, unsteady reynolds-aver-
aged Navier-Stokes (URANS) method and SST turbulence model, to analyze the intersection pressure
of trains in a tunnel and crosswind environment. The results show that under the same line spaces in a
tunnel, P,..» P.. and increase with the increase of train speed; at the same train speed, the pressure
value of P,..,» P.i., and decrease with the increase of line spaces. Under crosswinds, the intersection
pressure values are the largest for the windward side train. The maximum pressure change amplitude of
the train in the tunnel is much larger than that under the crosswind, and the pressure amplitude in the
tunnel is about 2. 4~3. 2 times of that under the crosswind.

Key words: train; intersect in the tunnel; intersect in the crosswind; computational fluid dynamics

(CFD)



