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Abstract

The terrain of mountainous valleys is complex, and the distribution of wind speed
along the railway is affected by the terrain of the valleys, resulting in uneven
distribution of wind speed inside the valleys. Under the influence of the wind field in
the gorge, the aerodynamic loads of the train when crossing bridges and tunnels
change violently, causing a sudden increase in wheel-rail force, and reducing the
safety of the train. In this paper CRH380A three-marshalling high-speed EMU is
taken as the research object. the gorge wind field model is applied to the train running
across the bridge and tunnel, and the effects of the gorge wind field model and the
constant wind field model on the train's aerodynamic characteristics are compared. In
the process of the train running across the bridge and tunnel, the difference in the
aerodynamic load of each section under different wind fields is mainly reflected in the
process of the train entering and leaving the wind field, and the transition section
across the bridge and tunnel. The change rate and fluctuation amplitude of each
aerodynamic load under a constant wind field are greater than those under gorge wind
conditions.

Keywords: wind field model, high-speed train, gorge wind, entering and leaving
tunnel, aerodynamic load, numerical simulation.

1 Introduction

When the train runs across the bridge and tunnel between mountain gorges, because
each section of the car body suddenly enters or leaves the wind field in turn, it not
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only produces complex flow around the train, but also makes the load on each section
of the car body different and has strong abrupt change. It is easy to occur the operation
instability caused by the complex aerodynamic effect caused by the sudden change of
flow field, and even lead to major safety accidents such as train derailment and
capsizing [1-5]. The existing research shows that the aerodynamic load on the train
has an important influence on the safety indexes such as critical speed, derailment
coefficient, wheel load reduction rate and so on [6]. For the environment like
mountain gorge, the uneven distribution of wind field and the acceleration effect of
wind speed cause the train to face more complex crosswind environment in the
process of running across bridges and tunnels. By comparing the aerodynamic
characteristics of the high-speed train in the wind field of the constant wind and rain
canyon, this paper studies the aerodynamic characteristics and flow mechanism of the
train running across the bridge and tunnel. The research results can provide guidance
for train dynamics calculation and the establishment of mountain canyon train speed
safety region.

2 Train model and calculation method

2.1 Train model and calculation domain

The real train model CRH380A was adopted, as shown in Figure 1.
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Figure 1 Calculation model CRH380A

In order to simulate the whole process of the train leaving the tunnel, passing
through the bridge and entering the tunnel in the gorge, the calculation domain is
divided into five parts. Domain 1 is the starting operation area of the train, domain 2
is the tunnel area before the train enters the canyon wind field, domain 3 is the bridge
area where there is a canyon wind field in the middle of the canyon mountain, and
Domain 4 is the tunnel area after leaving the canyon wind field. The calculation
domain 5 is the outer area of the tunnel after driving out of the wind field. The distance
from the train floor to the top of train H (3.55m) is taken as the characteristic length,
and the dimensions of each area are shown in Figure 2. The tunnel section is shown
in Figure 3.
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Figure 2 Schematic diagram of the Figure 3  Cross-section dimensions of
calculation domain double track tunnel (unit: m)

Boundary conditions: except for the non-slip wall surface of the ground, the other
five surfaces of domains 1 and 5 are pressure outlet boundaries, the tunnels of domains
2 and 4 are also set to non-slip wall, and domain 3 is the gorge wind flow zone. the
boundary conditions of the inlet surface are set as the velocity inlet, and the upper and
lower boundaries and outlet surfaces of the bridge deck are set as the pressure outlet.

2.2 Calculation method and grid setting

In the process of a high-speed train running across the bridge and tunnel, on the one
hand, it is alternately affected by compression wave and expansion wave, on the other
hand, it is also affected by the canyon wind. The wake and leeward side of the train
also contain many kinds of eddies of different scales, and the flow field is very
complex. To accurately simulate the aerodynamic force of each section, the RANS
calculation method based on the SST k- turbulence model is used to calculate, and
the standard wall function is used to simulate the wall turbulence. By setting the height
of the grid in the first layer of the wall, the y + value falls well within the best
applicable range (30~150). The governing equation is the unsteady N~S equation.
When unsteady calculation, the time step is 2 x 1073s, the inner iterative step is 5, and
the internal iterative residual is reduced by at least one order of magnitude.

To simulate the relative motion between the train, the tunnel, and the bridge, the
overlapping grid technique is used for calculation. The component grid in this paper
is the overset grid containing the train, and the background grid is the whole
computing domain grid. The size of the car body overset grid is 0.25m, the total
amount of the car body overset grid is about 12 million, and the maximum size of the
calculation domain grid is about 2m. Two encrypted areas are set near the train
running route. The grid size of the inner encryption area is 0.25m, which meets the
requirement of overlapping at least 4-5 layers between the component grid and the
background grid. The grid size of the outer encryption area is 0.5m, and the total
amount of the background grid is about 21 million. The diagram of the grid model is
shown in Figure 4.
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Figure 4 Schematic diagram of local grid

3 Aerodynamic load characteristics of trains under different wind
fields

In this paper, the aerodynamic load characteristics and flow field characteristics of
constant wind field and canyon wind field are compared by taking the working
conditions of speed 350km/h and wind speed 15m/s as examples.

3.1 Different wind field description

Different wind field models have an important influence on the aerodynamic load of
the train. The constant wind field model and the canyon wind field model in reference
[36] are selected.

The constant wind field model does not change with the change of spatial
coordinates, that is, the train enters the constant wind field immediately after leaving
the tunnel at one end of the canyon, as shown in figure 5.
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Figure 5 Schematic diagram of uniform wind field
The schematic diagram of the canyon wind field is shown in Figure 6.
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Figure 6 Schematic diagram of the gorge wind field

The wind field model is applied to the calculation domain by changing the
boundary conditions. the constant wind field is directly given the wind speed as 15m/s,
and the canyon wind field is applied by a given piecewise function at the velocity
entrance boundary. The canyon wind field is shown in Formula 8 [7].
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3.2 Comparison of aerodynamic load characteristics of trains entering wind field

The main difference between the canyon wind field and the constant wind field lies
in the wind speed distribution near the mountain wall, that is, in the 30m area of the
transition section between the mountain tunnel and the bridge, the difference of the
aerodynamic load of the train under different wind fields is mainly reflected in this
area.

Figure 7 shows the comparison of the aerodynamic time history curves of the first
train entering the wind field under different wind fields. The time when the head car
arrives near the entrance of the bridge tunnel (t = 3.8s) is taken as the initial time, and
the time at which the nose cone of the tail car passes through the entrance of the bridge
girder is taken as the end time (t = 5s). For the resistance of the first car, as the first
car drives out of the tunnel and enters the wind field, due to the sudden opening of the
flow space in front of the first car and the sudden decrease of resistance, there is no
significant difference in the resistance curves between the two wind field models. For
lateral force and lift, it can be seen from Fig. 7 (b) and (c) that the lateral force and lift
increase obviously with the first car driving out of the tunnel under the two kinds of
wind fields, the increase of lateral force is as high as 30kN and the increase of lift is
as high as 20kN, but without crosswind, the lateral force and lift do not increase
significantly. When the head car arrives at the exit of the tunnel, because the crosswind
speed of the constant wind field is fixed, the lateral force and lift of the head car
suddenly increase, while the wind speed of the canyon wind field increases gradually
due to the existence of the boundary layer, and the increasing rate of lateral force and
lift is lower than that of the constant wind field. there is no significant difference in
the amplitudes of lateral force and lift under the two wind field models. It can be seen
from Figure 7 (d),(e),(f) that after the head car enters the wind field, the absolute value
of the overturning moment under the action of the two wind fields increases obviously,
and the growth rate of the overturning moment under the constant wind field is higher
than that in the canyon wind field, the pitching torque fluctuates obviously in the
process of entering the wind field under the constant wind field, while there is no
obvious fluctuation in the gorge wind field. the growth rate and amplitude of the yaw
torque of the head car under the constant wind field are larger than that of the canyon
wind field.
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Figure 7 Aerodynamic load time history curves of the leading car (t=3.8s ~ 5s)

Figure 8 shows the comparison of the aerodynamic time history curves of the
rear car entering the wind field under different wind fields. the windshield of the tail
car of taper 4.42s reaches the entrance of the tunnel, and the nose cone of the tail of
taper 5s reaches 30m outside the entrance of the tunnel. From the resistance curve, it
can be seen that the overall amplitude of the tail car resistance under the action of the
constant wind field is greater than that under the canyon wind field, and the increase
of the tail car resistance is faster than that under the canyon wind field. There is a large
abrupt change in the lateral force of the tail car in the constant wind field, and the
lateral force of the tail car suddenly increases and then decreases, which is due to the
large crosswind at the exit of the tunnel. As the tail car enters the wind field, the side
wind contact area of the car body is larger, and the lateral force increases gradually.
After the tail car completely enters the wind field, the lateral force decreases gradually
because of the large upwind velocity of the airflow in the streamlined area of the tail
and the existence of a low-pressure region. The sudden increase of lift, overturning
moment, pitching moment, and yaw moment in the process of driving into the wind
field under the constant wind field is larger than that in the canyon wind field.
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Figure 8 Aerodynamic load time history curves of trailing car (t=3.8s ~ 5s)
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3.3 Comparison of aerodynamic load characteristics of trains leaving the wind
field

Figure 9 shows the comparison of the aerodynamic time history curves of the first
train leaving the wind field under different wind fields. As shown in Figure 9a, in the
process of driving out of the wind field, the difference in head car resistance under the
action of different wind fields is relatively small. It can be seen from Figure 9b that
the lateral force under the two wind fields is different. The lateral force under the
canyon wind field begins to decrease earlier than that under the constant wind field,
and the lowest peak value of the lateral force under the constant wind field is lower
than that under the canyon wind field. The main difference in the lift of the first car is
that the decline rate of lift in the canyon wind field is lower than that in the constant
wind field, and there is no significant difference in amplitude. As can be seen in Figure
14d, the difference in the overturning moment of the head car is mainly reflected in
the decreasing rate when driving out of the wind field, and the decreasing rate of the
overturning moment in the constant wind field is greater than that in the canyon wind
field. The difference between the pitching torque and yaw torque of the head car is
mainly reflected in the fluctuation in the process of driving out of the wind field, and
the fluctuation of pitching torque in the constant wind field is larger than that in the
canyon wind field.
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Figure 9 Aerodynamic load time history curves of leading car (t=6.6s ~ 7.8s)



Figure 10 shows the comparison of the aerodynamic time history curves of the
rear car leaving the wind field under different wind fields. Among them, the nose cone
of the tail car of taper 7.2s reaches the position 30m away from the exit tunnel of the
bridge, and the windshield of the tail car of taper 7.78s reaches the exit tunnel of the
bridge. As can be seen from the picture, in the process of driving out of the wind field,
the aerodynamic force difference of the rear car under different wind fields is also
relatively small compared with the front car. The peak value of resistance and lateral
force in a constant wind field is larger than that in a canyon wind field. There is no
significant difference in the performance of the overturning moment under the two
kinds of wind fields, and the fluctuation of the overturning moment under the
condition of no wind is larger than that under the condition of no wind. The other
aerodynamic loads show that the decreasing rate of the constant wind field is higher
than that of the canyon wind field.
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Figure 10 Aerodynamic load time history curves of trailing car (t=6.6s ~ 7.8s)

4 Conclusions and Contributions

The wind field model has an obvious influence on the aerodynamic characteristics of
the high-speed train running across the bridge and tunnel, and the real and reasonable
wind field model is helpful in accurately calculating the dynamic characteristics and
safety of the train operation. The effects of the canyon wind field model and constant
wind field model on train aerodynamic characteristics are compared, and the
following conclusions are obtained.

(1)In the process of the train running across the bridge and tunnel, the difference of
the aerodynamic load between the constant wind field and the canyon wind field is
mainly reflected in the process of the train entering the wind field and leaving the
wind field. the area in different wind fields mainly lies in the change rate and
fluctuation amplitude of aerodynamic load, and the change rate and fluctuation



amplitude of each aerodynamic load in a constant wind field are larger than those in
canyon wind conditions.

(2)In the process of entering the wind field, the instantaneous difference of the
aerodynamic load under the two wind fields at different times is also very obvious,
and the maximum instantaneous difference of the overturning moment of the head car
under the two wind fields is as high as 68.4% of the average value under the canyon
wind condition.

(3)In the process of leaving the wind field, the average lift and overturning moment
of the front car under the constant wind field are larger than that of the canyon wind
field, and the maximum instantaneous difference of the overturning moment is as high
as 74.99% of the average value of the lower canyon wind.
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