
Journal of Modern Transportation                                     
Volume 20, Number 1, March 2012, Page 36-43
Journal homepage: jmt.swjtu.edu.cn 

1
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Abstract: Based on the aerodynamics and vehicle dynamics, the aerodynamic performances and vehicle dynamic 
characteristics of two high-speed trains passing each other on the ground, embankment and bridge are studied. Firstly, 
a train aerodynamic model and a vehicle dynamic model are established. Through the simulation of the two models, the 
pressure waves, aerodynamic forces, and vehicle dynamic responses are obtained. Then, the pressure waves and aero-
dynamic forces on different foundations are compared. The results show that the variation trends of pressure wave and 
aerodynamic forces of trains passing each other on different foundations are almost similar. The peak-to-peak differ-
ences in pressure wave and aerodynamic force are below 4% and 3% in three cases in open air. Besides, the differences 
of security indexes, including coefficient of derailment, wheel unloading rate, the wheelset lateral force, and the wheel-
rail vertical force, are below 2% among the three cases; the differences of comfort indexes, including the lateral accel-
eration and the vertical acceleration, are also below 2%. It is concluded that the dynamic performances of trains pass-
ing each other are influenced little by different foundations in open air.
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1. Introduction

igh-speed train can induce strong disturbance to 
the surrounding air. When two high-speed trains 

are passing each other in open air, the disturbance will 
be aggravated, which would induce very large transient 
pressure fluctuations [1-3]. The pressure wave will lead 
to the deformation and lateral movement of car body, 
even the destruction of the window glass, and then in-
fluence the running security of the trains and the pas-
senger comfort [4-7]. Tian et al. [8] studied the behav-
iors of trains passing each other at different speed levels 
and different line spacings. The research proved that the 
amplitudes of pressure wave of trains passing each other 
are proportional to the train speed, and that the relation-
ship between pressure wave and line spacing is nega-
tively exponential. Aiming at the computational effi-
ciency, Ref. [9] proposed a method with only a half of 
the computational domain to the simulation problems of 
trains passing each other at the same speed. Because 
only a half of the computational domain is required, and 
the dynamic mesh technique is avoided, the computa-
tional efficiency is greatly improved. In addition, Khier 
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et al. [10] studied the flow structure around trains under 
side wind condition by simulation and obtained the 
aerodynamic performances of train running under side 
wind condition.  

Two trains passing each other may happen on the 
ground, embankment, and bridge in open air. However, 
few researchers studied the effects of different founda-
tions on the train aerodynamics and vehicle dynamics 
when trains passing each other. In this paper, we inves-
tigate the influences of different open foundations 
(ground, embankment and bridge) on the dynamic be-
havior of trains passing each other. The aerodynamic 
performances and vehicle dynamic responses of trains 
are simulated with the commercial software Fluent and 
Simpack. The pressure waves, aerodynamic forces and 
vehicle dynamic responses are analyzed on different 
foundations in open air.

2. Aerodynamic model building

2.1 Governing equation of fluid dynamics

When the two trains are passing each other at the 
speed of 380 km/h, the air flow around the trains is 
compressible, unsteady and turbulent in nature with high 
Reynolds number. On the basis of the standard 
two-equation, the equations of the flow around trains are 
written as [11]: 

H
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where  is flow flux, t is time, is density of fluid, S is
the area of control-volume interface, V is volume, U is 
the velocity of fluid, Ug is the velocity of control-
volume interface,  is the diffuse coefficient, and S
is the source term. 

Ideal gas state equation is described as follows [12]: 

,p RT (2)

where p is pressure,  is density, R is gas constant, and T
is temperature. 

Finite volume method is used to solve Eqs. (1) and 
(2), and the second-order upwind difference formula is 
selected as the discrete format. Based on Eqs. (1) and 
(2), the pressure wave and aerodynamic forces of high-
speed train are obtained by the simulation of the train 
aerodynamic model. 

2.2 Geometry models 

In order to study the behaviors of trains passing each 
other on different foundations (ground, embankment, 
and bridge), a certain high-speed train is chosen as the 
research object in this paper. The geometry models in-
clude train model, ground model, embankment model 
and bridge model. This paper studies the models of 
three-car marshalling and eight-car marshalling. The 
three-car marshalling model [13] includes one head car, 
one middle car, and one tail car. While the eight-car 
marshalling model includes one head car, six middle 
cars and one tail car. The head car and tail car have the 
same car appearance in both the cases. Moreover, in or-
der to control the number of grids, the train is simplified 
as a 3D geometry with smooth surfaces, without consid-
ering the detailed features, such as pantographs, bogies 
and door handles, as shown in Fig. 1. 

In reality, the structures of foundation include rails, 
sleepers, and so on. The sizes of those detailed struc-
tures are smaller than those of the whole track bed or the 
train. If considering all these details, the amount of cal-
culation will be very enormous. Thus, the whole founda-
tions are simplified as a 3D geometry with smooth sur-
faces, ignoring sleepers, track bed, and the detailed fea-
tures such as bridge piers (Fig. 2). 

(a) Eight-car marshalling (b) Three-car marshalling 

Fig. 1  Simplified train model 
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Fig. 2  Simplified model of foundations (unit: m) 

3. Verification of computational models

In order to monitor the pressure wave of the train sur-
face in the whole process of trains passing each other, 
some monitoring points are fixed on the train aerody-
namic model (head car, middle car and tail car) in simu-
lation, as shown in Fig. 3. 

Fig. 3  Monitoring points on the window and door

The pressure waves of trains passing each other ob-
tained from experimental [14] and simulation are shown 
in Fig. 4 under the same conditions (both are eight-car 
marshalling with the same speed and foundation envi-
ronment). The peak-values and variation trend of the 
simulation results are almost consistent with the experi-

mental results. Therefore, the calculation method of 
eight-car marshalling model is feasible. 

The pressure wave and head-car side force Fx of 
three-car marshalling model and eight-car marshalling 
model are shown in Fig. 5. By comparing the pressure 
wave and aerodynamic force of two models, it can be 
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seen that the variation trends of two models are almost 
consistent, and the difference in peak values of two 
models is about 3%. 

The pressure waves and aerodynamic forces of mid-
dle car and tail car have the similar patterns. As a result, 
using the three-car marshalling model to simulate the 
problem will be more economic. 
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(a) Experiment results [14] (b) Simulation results

Fig. 4  Pressure waves comparison between real car experiment and numerical calculation
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Fig. 5  Comparison of three-car marshalling and eight-car marshalling
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4. Analysis of simulation results of train 
aerodynamic performances

In the simulation, six cases are simulated to study the 
aerodynamic performances of the trains passing each 
other on the ground, embankment, and bridge. The 
speed of train is 380 km/h. The height of embankment is 
5.0 m and 7.0 m, and the height of bridge is 10.0 m, 
12.0 m and 15.0 m. The track spacing is 5.0 m and the 
height of track bed is 0.35 m. 

4.1. Pressure wave of train passing each other 

The pressure waves of monitoring points on head car, 
middle car and tail car when trains passing each other on 
the ground, embankment and bridge at the speed of 
380 km/h are shown in Fig. 6. We can see that the pres-
sure waves of the corresponding monitoring points have 
a similar pattern. When the head car of one train is pass-
ing the monitoring points of the other train, the monitor-
ing point pressure will increase and then drop suddenly; 
when the tail car is passing the monitoring point, the 
pressure wave has the opposite regular pattern. 
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Fig. 6  Pressure waves of different foundations on open line

Comparison of the peak-to-peak values of pressure 
waves for trains passing each other on the ground, em-
bankment, and bridge are shown in Fig. 7. It is revealed 
that the peak-to-peak value on bridge is relatively 
smaller than on the embankment and ground. The dif-
ferences of peak-to-peak values of all monitoring points 
are below 4%, most of which are about 2%. 
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Fig. 7  Peak-to-peak values of pressure waves on different foundations

4.2. Aerodynamic forces of trains passing each other 

The computation of aerodynamic force and moment 
is based on the coordinate in Fig. 8, side force Fx, lift 
force Fy, yaw moment My, and roll moment Mz. The 
aerodynamic performance of train 1 is chosen as the re-
search object in this paper. The Fx, Fy, My, and Mz of 
head car passing by at the speed of 380 km/h are shown 
in Fig. 9. We can see that Fx, Fy, My, and Mz on different 
foundations have the similar fluctuation pattern. The dif-
ferences of peak-to-peak values of all aerodynamic 
forces are below 3%, most of which are about 2%. 

Train 2

Train 1

Fz
Z Mx

Fx

My

Fy

Mz

Y

X

Train 2

Train 1

Fz
Z Mx

Fx

My

Fy

Mz

Y

X

Fig. 8  Computation coordinate 
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Fig. 9  Aerodynamic forces of the head car on different foundations
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5. Vehicle dynamic model building

In the dynamic modeling of high-speed trains, the 
suspension system and the vibration damper system are 
simplified to spring-damper force elements [15]. In this 
paper, we consider that the wheel-rail contact, wheel-rail 
force, yaw damper, lateral stop and the connection of 
spring and damper in series or in parallel are all geomet-
rically linear in the vehicle dynamic model. The vehicle 
dynamic model chooses LMA and T60 as the wheel pro-
file of the train and the rail respectively. The distance 
between backs of the wheel flanges is Chinese standard 
1 353 mm, and the vehicle dynamic model chooses the 
measured track spectrum of Beijing-Tianjin high-speed 
railway as the track irregularity. 

The equations of the train system dynamics are writ-
ten as [16]: 

,r aMX CX KX F F (3)

where M, C, and K are the mass, damp and stiffness ma-
trixes, respectively; X, X,  and X  are the generalized 
displacement, velocity and acceleration vectors of the 
systems, respectively; Fx is the generalized load vector 
of the rail excitation; and Fa is the generalized load vec-
tor of the aerodynamics forces load. Based on Eq. (3), 
the vehicle dynamic responses (the coefficient of de-
railment, wheel unloading rate, the wheelset lateral force 
the wheel-rail vertical force, lateral acceleration and ver-
tical acceleration) are obtained by the simulation of the 
vehicle dynamic model. 

The coefficient of derailment, wheel unloading rate, 
the wheelset lateral force and the wheel-rail vertical 
force are used in the evaluation of running security of 
high-speed trains in this paper. The indexes should be-
low these limitations: the coefficient of derailment 
(Q/P)lim=0.80, wheel unloading rate lim( / )P P =0.80,
wheelset lateral force Hlim=10+P0/3, (P0 is the axle load)  

(a) Coefficient of derailment (b) Wheel unloading rate

(c) Wheelset lateral force (kN) (d) Wheel-rail vertical force (kN)

Fig. 10  Safety index 
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and the wheel-rail vertical force Plim=170 kN. In addi-
tion, lateral acceleration and vertical acceleration are 
used as the evaluation of passenger comfort of high-
speed trains in this paper. The indexes should below 
these limitations: lateral acceleration (ay)lim=2.5 m/s2,
vertical acceleration (az)lim=2.5 m/s2.

6. Analysis of simulation results of vehicle 
dynamic responses

The indexes of security (coefficient of derailment, 

wheel unloading rate, the wheelset lateral force and the 
wheel-rail vertical force) of high-speed trains passing 
each other on the ground, embankment and bridge at the 
speed of 380 km/h are shown in Fig. 10. We can see that 
the differences of all the security indexes are below 2%. 

The comfort indexes (the lateral acceleration and the 
vertical acceleration) of high-speed passing trains on the 
ground, embankment and bridge at the speed of 
380 km/h are shown in Fig. 11. We can see that the dif-
ferences in all the comfort indexes are below 2%. 

(a) Lateral acceleration (m·s-2) (b) Vertical acceleration (m·s-2)

Fig. 11  Comfort indexes 

7. Conclusion

Based on the analysis of the results, the following 
conclusions can be drawn: 

(1) When two trains are passing each other on the 
ground, embankment and bridge, the pressure waves of 
the corresponding monitoring points have the similar 
regular pattern at the same speed; the differences of the 
peak-to-peak values are below 4%. 

(2) The aerodynamic forces of the passing trains have 
the similar regular pattern at the same speed on the 
ground, embankment, and bridge; the differences of the 
peak-to-peak values are below 3%. 

(3) The differences in all the indexes of comfort and 
security of trains passing each other on the ground, em-
bankment, and bridge are below 2%. 

(4) The train aerodynamics and vehicle dynamics of 
trains passing each other are influenced little by differ-
ent foundations in open air. 
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