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Unsteady Aerodynamic Characteristics of High-speed Pantograph

GUO Dilong, YAO Shuan-bao, LIU Chen-hui, YANG Guo-wei
(LHD of Institute of Mechanics, CAS, Beijing 100190, China)

Abstract: The current collection performance of pantograph is critical to safe operation of high-speed trains.
The unsteady aerodynamic characteristics of pantograph influence the status of current collection of the panto-
graph system severely. In this paper, unsteady aerodynamic characteristics of high-speed train pantograph were
studied with detached eddy simulation (DES). The research results indicate as follows: The aerodynamic lift
coefficient of pantograph was strongly affected by the strength and shedding frequency of the detached eddy;
when without the cross wind, the lift of pantograph is negative, and when the train runs at the speed of 350
km/h, the fluctuating amplitude of the lift is 110% , and the fluctuating amplitude and frequency of pantograph
increases with further speed raising and the side force applied on the pantograph remains very small; when with
the cross wind, the vibration frequency of the pantograph lift differs from that in absence of the cross wind
greatly whereas the lift coefficient changes little, and the side force applied on the pantograph increases as the
cross wind speed increases. The results are helpful to optimized design of high-speed pantographs.

Key words: pantograph;lift coefficient; DES;vibration

2 o
- ]
o ’ b b
, N . ; , ( ) o
b o ’
V150 . el ,
574. 8 km/h , bl ,
: 2011-08-30; : 2012-04-12 ’
. (2009BAG12A03);
(973 ) °
(2011CB711100)
(1974—), B . o 4

E-mail: Jack9517@126. com



17

¢:F]§01+(1—F1)§02

11
, (DES)
RANS s
; , LES
o RANS
1:1 ’
. 2 DES s
SA , SST . DES
’ ’ ,DES Lo-8]
’ [9-11] [12] [13]
h , 10h, 15h, o SST DES,
4h, 8h., NS ’
10 , Roe . H
- (RANS) ;
. Y+ 1 LU_S(IS o ’
0.1 ms, 10,
[14]
, 1 000 . " SST
DES
. d(ok) d
o 128 CPU , 7 b)) —
Y + Oxj(pu]k)
300 h, s 5 ”
Hey 9R N B
ij((#'+ak)3xj)+Pk @B e ko 1)
S dwy I I poy don, o po
) ) dt - dx; (e dx; <(’ul JFo'w) dx; )7 k P
“35h f _ .
% > o + 0 Eoe b Ju oy
@ ALK w Iz, Iz,
W SRR b S S _
T it 30 sk ;X
g .j=1,2,3, NN s uU;
; P, 30,7 0u2 ~ Ok~ ;
w ;Fl ’
R o . 3 tyad) 5 e L 27
(e) i"f‘jﬂf/\ﬁmﬁﬂm*ﬁ)ﬁj{ min[&’a]@k} , .0 ca,=0.31,
B 1 e AR A QF.
2 JE )
F, = tanh| max|( 2 k ,w (3)
0.9y py w
'V °
9F1 1a /Wcu H
’ aFl Ov k’S °
) @i kw ’ ©2
/e—e 1) SST 90

C4)



18 34

k-w ron =0.85,0,, =0.5,6 =0.075,
B*=0.09,y,=0.5532, 4
ke iop2 = 1. 0,0, =0.856,p3 = 41
0.0828,8" =0.09,y, =0. 4404,
F, = tanh(gt) 7 . . ’
g = min[maX(g1a 281y 281 ] .
1 =B/ (0. 002 L a
g1 :500#1/((0603/2) Q:fi%%
g1 = 4pko,./ (CDLy* ) 2 dx; dz;
.CD,, , Q=5 000,
(D = max(H22 9 90 g e o e
Menter SST DES s R . s
(2) ) (1) ,
L s o ,
9(50;8) + 4 a;i[i) _ , | ,
aij(("’Jri)%HPk_% (5) D 500
05 km/h
’lkim:,&w o 350 km/h )
DES L, min(,—, s CpgsA) o °
;A Ax Ay.Az
+A = max (Ax, Ay, Az); Cpgs = (1= F ) Cig§ +
FiCie¢ s hes =0.61,Creg =0.78,
[} ] w [}
k , b ,
SST , ;
yw s L, Cpesd
3
, 4
, 1, )
, K3 THZFHBEES Q AHEIEl (Q=5 000
, 101 325 Pa; 4, 5 o
, . 4, 5 ) ,
! , . 350 km/h
/(mes™h) /(me«s b s s
97.22 0 ’
138. 89 0 o 500 km/h
97.22 5 ’
97.22 15 o N




11

19

K 5

T+ 71N

T I K T s

0.2 0.4 0.6

0.8

0
i a)/s
Bl6  Lil— T 52 s AR o i e
0
=50 |
Z -100
=
= -150
=200
0 0.2 0.4 0.6 0.8
N 1) /s
7 LSRR BZ AR D R R
2 3
o 2 3
o s 500
km/h 350 km/h, .
0, 2 3

b

13.4%,

5.4%; 500 km/h

b

350 km/h 110%, 500 km/h
. 210%., \
2 N
—80 —23 —52
759 801 774
—2 0 —1
3 N
—196 —3 —92
1551 1775 1661
—17 0 —9
8 9 St

St:fH/Uw, : f

780 7200
Z 60 z
40 =
& 20 5 100
i ., =
By % 0 TP
= 2468101214§ 2 4 6 8 10 12 14
St St
B8 TLi— Fzdomi K9 LA FZH SR
PAWALORYIE STy Tt 700 Th 2R 25 i
H LU . 8. 9
350 km/h
St=2.1,
o 500 km/h
SZ:1. 6 ’
350 km/h ,500 km/h
St s
4.2
, . 10
11 Q=5 000 Q
R 10 11 2 s s



34

20
5 N
5m/s , , —120 —4 —62
; 15 m/s 781 881 824
’ 88 99 94
’ 5 m/s
12, 13 , s
5 m/s
15 m/s R 15 m/s
K10 L= T Q S{H i &l Q=5 000) 100
ol
0 H |' || ' l
Z
= o i it \H‘ Il '\'U i
™ 100
BT THY R RBES Q SR K (Q=5 000) 0l ‘
4 o 200 : - : )
i 0 0.2 0.4 0.6 0.8
i a)/s
_ 12 LW =R 32 BTt o s
| : l\ i l‘ Ll
: : X0 h‘lw } l‘ “'i" H “‘\
15. 2%, - ‘ ‘ ’
N 5 m/s s
10.9%; 15 m/s ~140
12.8%. ’ X 0 02 0.4 0.6 0.8
5m/s 15 m/s 19. s
1% 5 m/s , K13 TP 32 e oot o i
454% , 5m/s 187%., Jo60 7320
5 m/s 5400 €240,
’ ’ : S ol ?1603
15 m/s 67%. 5m/s . 52200 = 50 I
135%, 15m/s 11.7%., ;: o 51015%+ o 5 10 15
. St St
. P14 Loe— PRSI 15 TH U2 iR
R T HI D) o
, 14 15
5m/s
4 N St=2. 3,
—158 69 —50 15m/s .
898 996 949 St=2 o 15 m/s
10 52 31
’ 5 m/s




11

21

’ 5 m/s
5
(1) s 0,
350 km/h
110% , 5.4%; 500
km/h 210%,
13.4%. ,
2) , ,
o 350 km/h
s 5 m/s ]
454% , 10. 9%,
135%, 15 m/S ’
187% , 12.8%.,
11.7%.
(3) ,
5m/s 15 m/s
’ B) m/s °
[1] . 574. 8 km/h
[Jl. , 2007,35(5) :1-3.

QIAN Li-Xin. Contents Special Report Inspiration from
574.8 km/h the New Speed Record of High-speed Trains
in the World[ J]. Railway Quality Control, 2007,35(5) ;1-
3.

[2] . [Jl.

, 2009, 20(3):17-20.

YANG Zhen. Aerodynamics Based Study of Pantograph
High-speed Current Collection[J]. Electric Railway, 2009,
20(3) :17-20.

[3] , ; .

(1], . 2010, 21(1):28-32.

SONG Hong-Lei, WU Jun-Yong, WU Yan, et al. Influ-
ence of Aerodynamic to High-speed Pantograph Current
Collection Characteristics[J]. Electric Railway, 2010, 21
(1):28-32.

(4] . Ll
, 2006,23(7):67-70.
CAI Guo-Hua. The Experimental Technique of Pantograph
of Super Express Train in Low Speed Wind Tunnel [ J].
Journal of Railway Engineering Society, 2006, 23(7);:67-
70.

[5] Sung-1I Seo, Yong-Hyun Cho. A Study on the Measure-
ment of Contact Force of Pantograph on High Speed Train
[J]. Journal of Mechanical Science and Technology, 2006,
20(10) : 1548-1556.

[6] Mitsuru IKEDA, Kazushige YOSHIDA. A Flow Control
Technique Utilizing Air Blowing to Modify the Aerody-
namic Characteristics of Pantograph for High-speed Train
[J]. Journal of Mechanical Systems for Transportation and
Logistics, 2008 ,1,(3):264-271.

[7] LANGTRY R, SPALART P. Detached-eddy Simulation of
a Nose Landing-gear Cavity[ C]//TUTAM Symposium on
Unsteady Separated Flows and Their Control, ITUTAM,
2009:357-366.

[8] MENDONCA F, ALLEN R, de Charentenay J, et al. To-
wards Understanding LES and DES for Industria
Aeroacoustic Predictions [ EB/OL . [ 2011-8-29 . http://
cmsl. gre. ac. uk/ school seminars/seminars0304sl men-
donca download/lesacoustics. pdf.

[9] MADDOX S, SQUIRES K, WURTZLER K, et al. De-
tached-eddy Simulation of the Ground Transportation sys-
tem [ EB/OL]. [2011-8-29]. http://www. springerlink.
com/index/q325873187709v57. pdf.

[10] KAPADIA S, ROY S, WURTZLER K. Detached-eddy
Simulation over a Reference Ahmed Car Model[ Z]. Re-
ston, USA:AIAA.2003.

[11] SREENIVAS K, PANKAJAKSHAN R, NICHOLS D,
et al. Aerodynamic Simulation of Heavy Trucks with Ro-
tating Wheels[ Z]. Reston, USA:AIAA,2006.

[12] WILSON R, HAUPT S, PELTIER L, et al. Detached
Eddy Simulation of a Surface Mounted Cube High Reyn-
olds Number[ C]//Proceedings of ASME 2006 2nd Joint
U. S.-European Fluids Engineering Summer Meeting.
New York: ASME Institute, 2006.:1213-1222.

[13] FORSYTHE J. STRANG W, SQUIRES K. Six Degree
of Freedom Computation of the F-15E Entering a Spin
[Z]. Reston, USA.AIAA,2006.

[14] . [M].

, 2006.

[15] JEONG J, HUSSAIN F. On the Identification of Vortex

[J]. Journal of Fluid Mechanics, 1995,285(2) :69-94.

( )



