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When high-speed train runs in the environment with a large number of airborne
particles, these particles may accumulate on the bogie of the train, which will
further challenge the normal operation of the bogie and reduce the riding comfort
and train safety. In order to prevent particles entering into the bogie area, different
protective devices around the bogie are used. However, up to present, the
systematical analysis on the protective effects of diverse protective measures
against different types of particles are still very limited. In this study, with the
widely-used shirt boards and spoilers as protective devices, the airborne particle
transport processes around the bogie were simulated in the wind tunnel Lab. Three
kinds of typical particles, including artificial snow particle, wheat bran (substitute of
snowflake) and sieved soil, were chosen to represent different airborne particles under
real conditions. Three evolution indexes, including the relative reduction ratio of artificial
snow particles, the relative particle flux reduction ratio of fine wheat bran, and the
relative concentration reduction ratio of fine sieve soil particles, were used to assess
their protective effects. Results showed that the combination of short-skirt board and
straight triangular spoiler (i.e., in A5 case, the straight triangle spoilers installed at the
front and rear ends of the train bogie, and the short-skirt boards installed on both sides
of the train bogie) was the best protection with the studied three particles. The relative
reduction ratio of the average snow mass in this case was 75.59%, the relative
reduction ratio of the flux in the level of fine wheat bran exceeded 78%, and the
relative reduction ratio of the fine soil particle concentration was more than 96%.
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INTRODUCTION

When high-speed train runs in the environment with a large number of airborne particles such as
dust (Tian, 2015; Wang et al., 2017) or snow (Vajda et al., 2014; Wu et al., 2019), these particles may
enter the bogie area and affect the normal operation of the components inside the bogies. Especially,
in cold areas with abundant snow particles, snow particle accumulation and icing on the bogie often
(Liu et al., 2020) happens and then threatens the safety of trains (Knudsen et al., 1994; Shishido et al.,
2014; Zhu et al., 2016; Xie et al., 2017).
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In order to prevent the accumulation of particles on the bogie,
solutions are usually focused on the two sub-processes of particle
accumulation, including 1) particles enter the bogie area, and 2)
particles contact with and stick to the surface of the bogie to form
the accumulation eventually (Zhang et al., 2018). For example,
Bettez (2011) prevented snow and ice to enter the bogie through
sealing the coil spring device with a small gap or adding spoilers
in multiple locations. Andersson (2012) improved the design of
train bodies and bogies operating under the extreme cold
conditions in Northern Europe with protection measures to
block the accumulation of snow and ice in the sensitive areas,
such as suspension systems and braking systems. Azuma et al.
(2010) used the heater or air conditioner to heat the bogie end
cover and bogie cover plate to effectively prevent the
accumulation of snow particles, although the durability of the
heating wire and the layout of the exhaust pipe of air conditioning
were difficult to be satisfied. Recently, studies showed that anti-
icing coating on the key components of the bogie was very
effective although its cost was relatively high and life time was
till short (Janjua et al., 2017).

Up to present, due to the low cost and easy operation, fairings
or spoilers were often installed around the bogie to prevent or
reduce the entering of particles without any major change in the
layout of bogie components. For example, among the twelve
suggestions of Kloow (2011) to reduce the snow accumulation at
the bottom of bogie, the relatively simple and feasible method was
to change the flow field around bogie through adding spoilers to
reduce the snow particles entering the steering, although these
methods and the corresponding optimization needed further
experiments to confirm. Shishido et al. (2009) installed
deflectors on the outside of bogie to change the air flow
direction and prevent snow particles to enter from the bogie
side. According to wind tunnel tests and numerical simulations
on different-angle deflectors, it was believed that 60-degree
deflector was the best choice to reduce snow accumulation on
the bogie. Wang et al. (2018), Wang et al.(2019) used a discrete
model to study the effects of the end wall slope of the bogie cabin,
spoiler and brake shroud on the snow accumulation on the bogie
and brake calipers. Gao et al. (2020a), Gao et al.(2020b), and Cai
et al. (2021) simulated the anti-snow deflector with different
angles installed at the bottom of the bogie to reduce the
accumulation of snow on the surface of bogie. However,
analysis, comparison and optimization of the protection
efficiency of various measures under the same conditions has
not been done systematically. Therefore, in this study, five bogie
protection methods with typical particles (artificial snow particles
and wheat bran, the replacement of snowflake) and dust (fine
sieve soil) were investigated systematically through wind tunnel
experiments for the first time.

WIND TUNNEL EXPERIMENT

The Main Equipment
Experiments were conducted in the Multi-functional
Environmental Wind Tunnel at Lanzhou University. The main
measuring instruments, train models, auxiliary equipments and

granular materials used in these experiments were shown in
Figure 1.

The Multi-Functional Environment Wind Tunnel at
Lanzhou University
In order to simulate the boundary layer wind environment, the
Multi-functional Environmental Wind Tunnel at Lanzhou
University (Figure 1A) was used. The wind tunnel has a
blow-down wind tunnel with four parts, including power,
rectification, experiment and diffusion sections, with a total
length of 85.00 m, a cave length of 55.00 m, an experiment
section length of 20.00 m and a cross-sectional area of 1.3 m
(width) × 1.45 m (height). The wind speed can be continuously
adjusted from 3 m/s to 40 m/s (Zhang et al., 2014).

Main Measuring and Auxiliary Equipment
The Aerosol spectrometer 1.109 with a measuring frequency of 1/
6 Hz from German (Figure 1D) was used to measure the
concentration of particles with a size smaller than 32 μm. The
light scattering principle was used to analyze the light scattering
intensity signal and the particle size in real time. Typically, after
the laser lights on the particle, the solid-state detector will detect
the scattered light and convert the light signal into an electrical
signal. After the electrical signal is amplified according to
different pulse amplitudes in the register, the number of
particles in a period of time or the concentration of particles
can be calculated out. The Aerosol spectrometer 1.109 can
continuously monitor the dust particle mass concentration in
31 particle diameter channels within 0.25~32 μm in real time.

The Snow/Sand Particle Counter (SPC-91, Figure 1C) was
from Niigata Electric Co., Ltd. Japan. The device emits a laser
beam opposing to a photosensitive elements with a certain
distance. When the particles pass through the region covered
by the laser, the received light intensity changes and the number
and size of the particle are identified and recorded. According to
the particle number and size, the transport flux of particles at the
measuring location can be obtained. The chosen SPC-91 can
identify particles with a particle size of 50–500 μm within 38
channels.

SHD4-1.5 moveable snowmaker (Figure 1B) was used to
make artificial snow. The mass of snow deposited on the bogie
was weighed on a balance.

Train Models and Experiment Layout
According to reference (Sui et al., 2020; Niu et al., 2016; Allain
et al., 2014), a high-speed train model with three coaches (head
train, middle train and tail train) was built in the Wind Tunnel
shown in Figure 2. The ratio of the model over the original CRH2
(China Railway High-speed 2) was 1/10. Blockage ratio of the
model fixed in tunnel was less than 10%, which satisfied the
definition of low blockage ratios given by Sui et al. (Sui et al.,
2020) Each bogie was sequentially numbered from G to L along
the direction of incoming flow, and number F was the front
reference position of the vehicle (Figure 2C).

In order to descript easily, a three-dimensional Cartesian
right-handed coordinate system was established with the
origin of coordinate as the intersection of the wind tunnel
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entrance face, the wind tunnel center axis and the wind tunnel
bottom face. The central axis of wind tunnel was the positive X
axis along the wind direction, the XOY plane was parallel to the
bottom of the wind tunnel, the Z axis direction was vertically
upward, and the unit was mm.

The simulated ground (Figures 2B,C) at a height of 200 mm
from the bottom of the wind tunnel was used to obtain a uniform
incoming wind field. The width of the simulated ground was
1,200 mm and the thickness 18 mm. Meanwhile, the 45° guide
grooves were cut in the ground to reduce the thickness of surface
layer over it. The simulated roadbed and track were placed on the
simulated ground. The width of upper plane of the simulated
roadbed was 430 mm, the width of its lower plane was 560 mm,
its height was 53 mm, and the height of simulated track was
10 mm. The height of train model was 366 mm with an outer
distance between the two tracks of 165 mm (Figure 2B). The

coordinates of the reference position F in front of the train were
(9,000, 0, 299).

A Pitot tube (Figure 2C) was used to measure the wind speed
at the center of the entrance of wind tunnel test section with a
distance of 9,000 mm to the front of train. The Pitot tube was
650 mm from the bottom of the wind tunnel and 650 mm from
the side wall of the wind tunnel. The coordinates of the Pitot tube
measuring point were (0, 0, 650). A particle feed inlet was set at
the top of the wind tunnel with a distance of 3,000 mm from the
entrance. The coordinate of the feed inlet were (3,000, 0, 1,450).
The incoming wind speed used in the experiment was 30 m/s.

Particles and Relative Measuring Methods
In this study, the snow outlet of a moveable snowmaker was
6,000 mm from the head train and 400 mm high from the bottom
of the wind tunnel. Coordinates of the snow outlet of snowmaker

FIGURE 1 | Major devices and granular materials in this study, including (A) Multi-functional Environment Wind Tunnel at Lanzhou University, (B) the moveable
snowmaker, (C) prober and processer of the sand particle counter (SPC-91), (D) aerosol spectrometer, (E) artificial snow particles, (F) fine wheat bran particles, and (G)
fine-sieve soil particles.
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were (3,000, 0, 400). After the experiment, the weight increase of
the bogie of train was measured as the weight of snow
accumulated.

Through the SPC-91 with Probe A fixed at the F position
(reference position, Figure 2C) and Probe B fixed at the center of
the G area (Figure 2C), the horizontal transport fluxes at the
measured positions were obtained. The reduction ratio of the
horizontal flux of the G area over that of F area was used as the
basis to determine its protecting effect, in which a greater
horizontal flux reduction ratio meant a better protection
generated.

As shown in Figure 1D, the real-time dust concentration
measurement systems (Aerosol spectrometers) were fixed at the
positions of F, L andG to measure the concentration of sieved soil
particles (diameter dp = 0.1~150 μm). According to the reduction
ratio of the concentration at these points, the effectiveness of
protective measures was determined.

As listed in Table 1, the bulk density of fine wheat bran
particles used in this study was 290 kg/m3, and that of the fine-
sieve soil particles was 650 kg/m3. The physical properties of
natural snow particles were adapted from reported literatures.

Protective Components
As shown in Figure 3, three protective parts, including short-skirt
board (Figure 3E), oblique triangle spoiler (Figure 3A) and
straight triangle spoiler (Figure 3C), were added and tested.
The short-skirt board added to the two sides of train steering
frame was downward extended parts of the original train skirt. In
the test, the short-skirt board extended 17 mm downwards. The
spoiler was installed on the plane part of the equipment cover at
the front and back of bogie which was at the bottom of the train.
In order to compare the protection efficiency, two different
shapes of spoilers were provided. The maximum height of the
two spoilers was 10 mm, and they were attached to the train
equipment cover with a length of 178 mm and a width of 100 mm.
The lengths of the two oblique sides of the oblique triangle spoiler
(Figure 3A) were 31.60 and 70.73 mm, and the length of the
oblique side of the straight triangular spoiler was 100.50 mm
(Figure 3C).

In the experiment, each protective component was glued to the
corresponding position of the train model with plastic tape.
Because the surface of the tape is smooth, it should only have
little effect on the experiment and be easy to replace.

FIGURE 2 | Sketch of the train model, including (A) 3 days diagram, (B) front view of YZ plane in mm, and (C) side view of XZ plane in mm (F is reference position,G,
H, I, J, K and L represent the central positions of six bogie areas).

TABLE 1 | . Materials used in this study.

Item Material Bulk density (kg/m3) Scientist

1 Snow 18–550 Kuroiwa et al. Kuroiwa et al. (1967), Tominaga et al. Tominaga et al. (2011), Zhou et al. Zhou et al. (2016); Zhou et al. (2021)
2 Bran 290–340 Wang et al.Wang et al. (1988), lsyumov and Mikitiuk Isyumov and Mikitiuk, (1990)
3 Soil 650 Kumar et al. Kumar et al. (2020), Zhang Zhang et al. (2016)
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Experiment Procedures
According to different combinations of protection and spoiler
measures, five cases were tested (Figures 3DA1–A5; Table 2),
including the original case A1 without short-skirt board and
spoiler, A2 without short-skirt board but with oblique triangular
spoiler, A3 with both short-skirt board and oblique triangular
spoiler, A4 without short-skirt board but with straight triangular
spoiler, and A5 with both short-skirt board and straight
triangular spoiler.

As shown in Figure 2, after trains were fixed along the
direction of incoming flow, protective effects of artificial snow,
fine wheat bran and fine-and-sieved soil were investigated in the
five cases (A1-A5). Experiments were carried out as the followed:

1. The simulated ground and train models and related
experimental equipment were arranged in the wind tunnel
as shown in Figure 2.

2. in the wind field test, a pitot tube was used to measure the
wind speed at the upwind cross section [Z∈(223, 518) mm and

Y∈(-160, 160) mm] with a distance (in X direction) 500 mm
away from the train head.

3. During the artificial snow accumulation measuring, when
the outdoor temperature was below −6°C, the moveable
snowmaker (Figure 1B) was used to make snow particles.
These snow particles were fed into the wind tunnel to
simulate wind blowing and snowing conditions. After the
accumulation test was done within 5 min, the bogie was
removed and measured on a balance to obtain its mass
change. The increase of weight was the amount of
accumulated snow. The A1-A5 cases were tested
separately, while the average accumulated snow mass on
the six bogies (G-L in Figure 2C) in each case was
measured.

4. In the comparative test on particle flux of fine wheat bran, fine
wheat bran was added from the feeding port as shown in
Figure 2. Probes of SPC were located at F and G positions
along the center line of the train, respectively. Probe A was
fixed at the reference position F to measure the horizontal flux
of incoming particles. Probe B was put under the bogieG of the
front train at the center to measure the horizontal flux of
particles around bogie G. Each measurement was repeated for
5 min, and each feed was about 4 kg.

5. In the test on fine and sieved soil concentration, through a
feeding tube at the feeding port (openings on both ends of
wind flow), fine and sieved soil dust particles was sent into the
wind tunnel. The Grimm probe C (Figures 2A,C) at the
reference position F (Figure 2C) was installed to measure
the concentration of incoming particles. The Grimm probe D
(Figures 2A,C) was put behind the center of the bottom on the
train bogie G to measure the dust concentration in the region

FIGURE 3 | Protective components [(A) oblique triangle spoiler, (B) the bogie and (C) straight triangle spoiler, and (E) short-skirt board] and their five layout with
arrows pointing to the component enlarged (D).

TABLE 2 | Tested cases.

Cases Skirt board Spoiler

A1 Without Without
A2 Without Oblique triangular
A3 Short Oblique triangular
A4 Without Straight triangular
A5 Short Straight triangular

Note: A1 is the original case.
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of bogie G. The Grimm probe E was put behind the center of
the truck of the bogie L (Figures 2A,C) to measure the particle
concentration around bogie L. Each test was done within
5 min and A1-A5 cases were tested separately.

6. In the data processing and analysis, the average snow mass of
the bogies in A1-A5 cases, the horizontal flux of fine wheat
bran and the soil concentration of the fine-and-sieved soil
were all summarized to evaluate the snow-protecting effects of
the tested protective components.

RESULTS AND DISCUSSION

Wind Field Test and Reynolds Number
As shown in Figure 4; Supplementary Appendix SA1, the test was
carried out in a stable flow field because the height of the train bogie
model was above the position Z > 218 + 53 = 271 mm (Figure 4).

According to previous reports (Kwon et al., 2001; Anderson,
2007; Cross et al., 2015; Niu et al., 2016), the Reynolds number
can be calculated from the following Eq. 1 as,

Re � ρUH

μ
(1)

where the air density ρ is 1.225 kg/m³, U is the incoming wind
velocity (21–33 m/s), H is the height of the train model and used
as a characteristic length, and the air viscosity coefficient μ is 1.8 ×
10−5 Pa s.

In this study, the established Reynolds numbers were in the
range of 5.2 × 105–8.8×105.

Tests on Snow Accumulation
The five cases were tested separately to calculate the average mass
of snow accumulated on the six bogies under the test conditions,
and the average snow mass was recorded as Mi for cases Ai. The
average reducing ratio of snow mass in each case from that of the
original case A1 (without short-skirt board and spoiler) was
recorded as RMi, as,

RMi � (M1/Mi)/M1, i � 1, 2, 3, 4, 5 (2)

With the original case A1 as a reference, a larger RMi meant a
smaller average amount of accumulated snow in the Ai case,
indicating a better measure to suppress the snow accumulation on
the bogie correspondingly.

Figure 5 shows the relative reduction ratio of the average snow
mass on the six bogies in the five cases. With the short-skirt boards
and bottom spoilers, the average mass of accumulated snow was
significantly lower than that in the original case A1 without short-
skirt board and spoiler. In the case of A3 with the smallest reduction,
its reduction ratio RM3 was 62.46%, indicating that the short-skirt
boards and oblique triangular spoilersmight have excellent protective
effects. The reduction ratios of average accumulated snowmass in A5
with short-skirt boards and straight triangular spoilers, A4 without
short-skirt board but with straight triangular spoilers, andA2without
short-skirt board but with oblique triangular spoilers were RM5 =
75.59%, RM4 = 69.79%, and RM2 = 67.08%, respectively. Results
showed that both short-skirt boards and straight triangular spoilers
could reduce the snow accumulation and icing in the bogie area
effectively. Therefore, the design with changes in the position of the
bogie side skirts and the front and rear cover plates of the original case
could be done to reduce the snow accumulation and icing in the bogie
area during the snowy days as listed in Supplementary Appendix
SA2. Among these five cases, A4 case was similar to case 3 in
reference (Wang et al., 2018), and its snow cover of the entire bogie
was reduced by less than 69.79%due to the spoiler while that of case 3
in reference (Wang et al., 2018) was reduce by 49.34%.

Flux Test on Fine Wheat Bran
The horizontal flux measured with the SPC probe A at position F
was recorded as QAi (i = 1, 2, 3, 4, 5, corresponding to the five
cases). Similarly, QB was the data from the SPC probe B at
position G. The horizontal flux QA of incoming particles was
measured at front of head train, which was the initial particle
horizontal flux state without effects of the train and protective

FIGURE 4 | Effects of incoming wind field. V is the wind speed at the
upwind cross section [Z∈(223, 518) mm and Y∈(-160, 160) mm].

FIGURE 5 | The relative reduction ratio RMi of average snow mass on
the six bogies in different cases over that of the original case (A1).
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parts. QB was the horizontal flux state of particles when the flow
field was affected by lower-part cover plates and protective parts
of the train. The ratio difference between these two fluxes (QA-
QB) and QA was defined as the flux reduction ratio RQ (Eq. 3).

RQi � (QAi − QBi)/QAi, i � 1, 2, 3, 4, 5 (3)

A larger RQmeans that the incoming flux horizontal fluxQA and
the particle horizontal flux at the bottom of the bogieGQB have a
larger difference, the horizontal fluxQB at the bottom of the bogie
G is smaller than the horizontal fluxQA of incoming particles, the
amount of particles entering the bogie area is relatively small, and
the protective effect of the corresponding protective measures on
the bogie from fine wheat bran with large particle size and low
density is better.

Figure 6 shows the Probability density function (pdf) of fine
bran particles (particle diameter/pdf) tested with SPC probe A in
the A1 case. Because the size of fine wheat bran particles is out of
the SPC test range, there was a relatively high proportion of
36–60 μm and 490–500 μm particles, but the overall particle flux
was still controllable.

Figure 7 illustrates the relative reduction ratios of particle flux
RQi (i = 1, 2, 3, 4, 5) with fine wheat bran under the five conditions
(A1, A2, A3, A4 and A5). Because repeated RQi (i = 1, 2, 3, 4, 5)
values of every group were relatively close, the experiments were
repeatable. According to the layout of the SPC and the data
processing method, a greater relative reduction ratio of flux RQi

should suggest a better protection effect on the bogie from fine
wheat bran with large-grain and low-density.

As shown in Figure 7, the relative reduction ratio RQ1 of the
original case A1 without any protective measures did not exceed
8%, which was the lowest in the five cases. This result indicated
that, without the skirt boards and bottom spoilers, the horizontal
flux QA1 of incoming particles and the horizontal flux QB1 of the
particles at the bottom of bogie G was very small, and there were
more than 92% of incoming particles entering the bogie area
through the train bottom and along the incoming flow. These

results further approved that the airborne snow particles would
enter the bogie area along the high-speed travelling of the train
andmight form accumulated snow and ice. Additionally, with the
protection of skirt boards and bottom spoilers, the relative
reduction ratio of flux RQi (i = 2, 3, 4, 5) was increased
significantly compared to that of the original case A1. The
relative flux reduction ratio of RQ2 (without short-skirt board
but with oblique triangular spoilers) exceeded 34%, RQ3 (with
short-skirt boards and oblique triangular spoilers) was more than
30%, RQ4 (without short-skirt board but with straight triangular
spoilers) was larger than 37%, and RQ5 (with short-skirt boards
and straight triangular spoilers) was more than 78%. These results
showed that the protective effect in A5 with both short-skirt
boards and straight triangular spoilers was the best among the five
cases. Therefore, in the experiments with fine wheat bran having
large particle size and low density, the combination of protective
short-skirt boards and straight triangular spoilers could
effectively reduce the amount of particles entering the bogie
area as shown in Supplementary Appendix SA3.

Concentration Test on Fine-and-Sieved Soil
Particles
In the test of sieved soil, a Grimm probe C (Figures 2A,C) was
placed at the reference position F (Figures 2A,C) to measure the
concentration of incoming soil particles, which was recorded as
NAi (i = 1, 2, 3, 4, 5, representing the five tested cases). Another
Grimm probe D was placed in the back center at the bottom of
bogie G of the head train (Figures 2A,C) to measure the dust
concentration entering the bottom of the bogie G (recorded as
NBi). The third Grimm probe E was placed in the back center of
the bogie L of the trail train (Figures 2A,C) to measure the
concentration of particles entering the bottom of the bogie L
(recorded as NLi). A1-A5 cases were tested separately.

The reduction ratio of particle concentration under the bogie
G (NBi) over the incoming particle concentration (NAi) was
calculated as,

FIGURE 6 | Probability density function (pdf) of fine bran particles tested
with SPC Probe A in A1 case (particle diameter/pdf).

FIGURE 7 | The flux reduction ratios in the tested cases.
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RNBi � (NAi −NBi)/NAi, i � 1, 2, 3, 4, 5 (4)

The reduction ratio of particle concentration (NLi) under the
bogie L over the incoming particle concentration (NAi) was
determined as,

RNLi � (NAi −NLi)/NAi, i � 1, 2, 3, 4, 5 (5)

And the larger RNBi and RNLi indicated the better protection.
The Probability density function (pdf) of soil particles (particle

diameter/pdf) tested with Grimm Probe A in the A1 case showed
that 10–30 μm particles account for a relatively high proportion
(Figure 8).

Figure 9 shows the concentration reduction ratio of fine and
sieved soil particles under bogies G and L in the five cases. A larger
concentration reduction ratio suggested a better protective effect from
fine and sieved soil particles with a small size and high density. The
relative concentration reduction ratio in all cases exceeded 71%,
suggesting that, at high wind speed of 30m/s, only relatively limited
dust particles could enter the bogie area. However, in different cases,
compared to that of the original case A1 (without short-skirt board
and spoiler), the relative reduction ratios of particle concentration in
all cases with skirt boards and bottom spoilers [RNBi and RNLi (i = 2,
3, 4, 5)] were increased to more than 94%. At the bottom of the bogie
G, the relative reduction ratio of particle concentration in case A5
(with short-skirt boards and straight triangular plates) (RNB5) was
the largest. At the bottom of the bogie L, the relative concentration
reduction ratio in A4 (without short-skirt board but with straight
triangular spoilers) (RNL4) was the largest, followed by that in A5
(RNL5). In these tested cases, A5 had the best protection, followed by
A4, which indicated that short-skirt boards and straight triangular
spoilers could effectively reduce the dust particle concentration in the
bogie area in the experiment with fine and sieved soil particles with
small size and high density.

In the experiments with fine and sieved soil particles, both the
relative reduction ratios of the particle concentration under the

front bogie G of the head-train and the incoming particle
concentration, and those under the rear bogie L of the tail-
train and the incoming particle concentration, were compared.
It was found that the relative concentration reduction ratios of the
five cases all exceeded 71%, which verified again that relatively
limited dust particles entered the bogie area at a high wind speed
of 30 m/s. The relative particle concentration reduction ratio in
A5 was more than 96%, and even exceeded 99% in the front bogie
area of the front train. These results suggested that short-shirt
boards and straight triangular spoilers could reduce the dust
particle concentration in the bogie area and protect the high-
speed train effectively (Supplementary Appendix SA4).

CONCLUSION

In this study, through wind tunnel experiments, protecting effects
of the bottom protective parts of the bogie (skirt boards and
spoilers) from three typical particles (snow grains, fine wheat
bran and fine sieved soil particle) were studied. Based on different
combinations of protective shirt boards and bottom spoilers,
experiments were done within five cases, including the original
case A1 (without short-skirt board and spoiler), A2 (without
short-skirt board but with oblique triangular spoilers), A3 (with
short-skirt boards and oblique triangular spoilers), A4 (without
short-skirt board but with straight triangular spoilers), and A5
(with short-skirt boards and straight triangular spoilers). It is
concluded that both skirt boards and bottom spoilers could
significantly prevent the particle to enter into the bogie area.
A5 had the best protection in all five tested cases with different
particles. Compared with the original case A1, A5 had the average
reduction ratio of accumulated snow mass of 75.59%, the relative
reduction ratio of the fine wheat bran horizontal flux (RQ5) of
more than 78%, the relative concentration reduction ratio of fine
and sieved soil particles of more than 96%. Therefore, in the new
train design, changes should be done in side skirt boards of the

FIGURE 8 | Probability density function (pdf) of fine soil particles tested
with Grimm Probe A in A1 case (particle diameter/pdf).

FIGURE 9 | The reduction ratios of particle concentration at the bottom
of bogies G and L (RNBi and RNLi) over the incoming particle concentration.
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bogie, and the front and rear cover spoilers of the original case,
thus to effectively reduce the particle accumulation in the bogie
area of new trains.
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