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Abstract: Based on numerical simulations, this forward erosion or reverse erosion areas on the

study highlights the sedimentation and erosion
problems around a sand barrier through the
relationship between the shear stress of the surface
around the sand barrier and the critical shear stress of
sand grains. The numerical simulation results were
verified using data measured by the wind tunnel test.
The results showed that when the porosity was the
same, the size and position of the vortex on the
leeward side of the sand barrier were related to the
inlet wind speed. As the wind speed increased, the
vortex volume increased and the positions of the
separation and reattachment points moved toward
the leeward side. When the porosity of the sand
barrier was 30%, the strength of the acceleration zone
above the sand barrier was the highest, and the
strength of the acceleration zone was negatively
correlated with the porosity. Sand erosion and
sedimentation distance were related to wind speed.
With an increase in wind speed, the sand grain
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leeward side of the sand barrier gradually replaced
the sedimentation area. With an increase in porosity,
the sand sedimentation distance on the leeward side
of the sand barrier gradually shortened, and the sand
erosion area gradually disappeared. The sand
sedimentation distance on the leeward side of the
sand barrier with 30% porosity was the longest. The
numerical simulation results were in good agreement
with the wind tunnel test results. Based on the sand
erosion and sedimentation results of the numerical
simulation and wind tunnel test, when the porosity
was 30%, the protection effect of the High Density
Polyethylene (HDPE) board sand barrier was best.

Keywords: Sand sedimentation; Wind erosion;
Numerical simulation; Wind tunnel test

1 Introduction

Traffic road construction is an important part of



social development, and it is closely related to
people's production and life. It can be considered as a
structure and it can be affected by various natural
factors. Among these, the impact of sandstorm
activities on structures has attracted increasing
attention. In desert areas, local shear stress occurs on
the ground under the action of the wind. When the
local shear stress on the ground is greater than the
critical shear stress of the sand grains, the sand grains
move away from the surface and move with the wind,
forming a wind-sand flow (Wang et al. 2018). In
recent years, railways in sandy areas in China have
developed rapidly and sandstorm disasters have had a
serious impact on most railway transportation in the
area. The impact of wind-sand flow on railway
operation mainly includes the following two aspects:
(1) Erosion of embankments: both sides of the
embankment are eroded by wind-sand flow, which
affects the reliability of the embankment over time
(Bruno et al. 2018). (2) Sand accumulation on the
embankment: Owing to the obstruction of the
embankment, sand particles accumulate on the
embankment or even bury the track bed, causing
serious safety hazards (Zhang et al. 2022). Wind
erosion and sand burial cause serious damage to
traffic facilities, posing a significant threat to driving
safety.

Scholars around the world have researched three
types of sand control measures in the engineering
practice of sand control for decades (Dong et al. 2007;
Wang et al. 2017). The three types are mechanical,
chemical, and plant measures. Among them, plant
measures are one of the most fundamental and
effective methods to control sand damage, but the
environment along railway lines in most sandy areas
is harsh and precipitation is scarce, so plant measures
are difficult to apply practically. Chemical measures
during the construction process are complicated and
expensive. Mechanical measures have the advantages
of convenient construction, low  technical
requirements, rapid results, and significant protection
benefits. Therefore, mechanical measures are widely
used to protect against railway sandstorms (Zhang et
al. 2021).

In recent years, domestic and foreign scholars
have conducted extensive research on the protective
benefits of high vertical sand barriers. Hagen et al.
(2012) found that the leeward side of a shelter belt
with a porosity of 40% produced minimum wind
speed during field observations. Perera (1981)
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measured the velocity distribution on the leeward side
of a sand barrier using an anemometer through wind
tunnel tests. They found that when the porosity of the
sand barrier was approximately 30%, the Reynolds
shear force and turbulent kinetic energy on the
leeward side of the sand barrier were the strongest.
Lee and Kim (1999) measured the airflow velocity
field and pressure distribution characteristics and
found that sand barriers with porosities between 30%
and 40% could effectively reduce the average velocity
and surface pressure fluctuations on the leeward side
of the sand barrier. Moreover, with the increase in
porosity, the turbulence performance on the leeward
side of the sand barrier and the average wind speed
decreased (Wang et al. 2017; Wang et al. 2018). These
high vertical sand barriers are mainly made of
materials such as polythene (PE) nets, wheat grass,
and reeds, which have a limited protection life (Zhang
et al. 2020), and their durability is tested severely in
plateau low-pressure areas.

In recent years, researchers have developed a
new type of High Density Polyethylene (HDPE) board
high vertical sand barrier, which is suitable for harsh
environments, such as alpine regions, and areas with
high salinity, and high wind energy. Some scholars
have studied the sand control performance of sand
barriers. Li et al. (2019) studied the sand control
mechanism and effect of an HDPE board sand barrier
with a porosity of 46% through wind tunnel tests and
field test data. Qu et al. (2014) compared and
analyzed the wind protection benefits of HDPE board
functional sand-fixing barriers through wind tunnel
tests. The average porosity of the three types of sand
control nets used was approximately 30%, which is
the optimal porosity of the sand control nets. Zhang et
al. (2019, 2020) verified through numerical
simulations and wind tunnel tests that when the
porosity was 30%, the wind speed on the leeward side
of a high vertical sand barrier of the HDPE board was
the smallest, and the recovery range was the farthest
from the sand barrier. The above studies compared
the protection benefits of sand barriers with different
porosities through wind tunnel tests and field
observations. The results showed that the optimal
porosity of the HDPE sand barriers was in the range
of 30% to 50%. Unfortunately, these studies mainly
evaluated the protection benefits of HDPE board sand
barriers through changes in the wind-sand flow
velocity, pressure distribution characteristics, and
turbulent kinetic energy. Additionally, they did not
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systematically study the sedimentation and erosion
behavior of sand particles around the sand barriers.
Therefore, this study  highlights the
sedimentation and erosion problems around the sand
barrier through the relationship between the surface
shear stress around the sand barrier and the critical
shear stress of the sand grains. At the same time, the
results of numerical simulation and wind tunnel test
were compared and analyzed, including the wind-
sand flow field, wind-speed profile, sedimentation,
and erosion characteristics. This study clarified the
flow field and sand sedimentation mechanism around
HDPE board sand barrier, and has a positive guiding
significance for the selection of sand barrier.

2 Computational Models

2.1 Numerical simulation

2.1.1 Mathematical model

In this study, a three-dimensional steady-state
Reynolds-averaged Navier—Stokes (RANS) model was
used for the simulation, and the entire governing
equation was expressed in Cartesian coordinates as

o _
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— 9K 0K
Vja——aX/[(aAy,+/1)aXJ+PA—,B Ko 3)
— Jw w w
— = —|+Cc, =P
Tox, ox {(G‘””‘W)BX,} SR
Cpr +(1- ) 2% 2K 00
o 0X, dX

where 7, and 7, are the mean velocity in the i and j
direction; X;and X jare the 7 and j direction along the
x axis; P is the mean pressure; p is the air density; x is
the air kinematic viscosity; K is the turbulent kinetic
energy; o is the specific dissipation rate; = K/w is
the turbulent kinematic viscosity; and the kinetic
energy generation term P, is modeled by introducing
a limiter to prevent turbulent kinetic energy in the
stagnant region from creating turbulent flow:

B, = min(Pg, 108*Kw), P, = 4, %%—?% (5)

Definitions of the mixing function F: and the
model main constants f§*, ok, 0, C,; and C,, can be
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found in Menter et al. (2003). In the simulation of the
time-averaged flow field characteristics of the long-
term morphological movement of sand dunes, the
time scale of the turbulent flow characteristics was
much smaller than the time scale of sand particle
transportation. Therefore, unsteady flow can be
ignored, and this means that the RANS method is
suitable for simulating the flow field characteristics of
the two-phase flow of wind and sand. Shear Stress
Transfer (SST)k»was chosen for the turbulence model
because it has been shown to be accurate for bluff
body aerodynamics. The SST*® model is combined
with the sand roughness wall function near the wall.
The equivalent sand roughness height is
Ks=9.7937,/Cs, where Cs=0.5 is the roughness
constant, and Z, is the aerodynamic roughness length.

The three-dimensional (3D) model used is shown
in Fig. 1. The origin of the coordinates was set at the
entrance of the lower wall. The porosities of the 3D
model of the sand barrier were 30%, 40%, and 50%.
The height of the sand barrier was set to 1.5 m and the
thickness was set to 2 cm. The distance between the
inlet of the wind-sand flow and the windward side of
the sand barrier was 40H (H is the height of the sand
barrier), the distance between the leeward side of the
sand barrier and the outflow was 60H, and the length
of the sand barrier was 10H, which is the same as the
width of the computational domain. The height of the
computational domain was 20H. The computational
domain used was set to a size larger than or equal to
the computational size in previous similar studies
(Zhang et al. 2019, Noguchi et al. 2019), in order to
eliminate the influence of boundary conditions on the
computational results.

The boundary conditions are illustrated in Fig. 1.

We applied no-slip boundary conditions to the bottom
wall and symmetric boundary conditions to the sides.
v Z

The velocity profile at the inlet is /o (Z):Iln (_j,

Zy
* . . . .
where y is the friction velocity, von Karman

coefficient was k = 0.41, and Z, is the aerodynamic
roughness length. This combination of velocity and
turbulence was in equilibrium to ensure that the
specified profile did not fall within the domain of
further development.

2.1.2 Numerical methods

To ensure the quality of the grid, a hexagonal
unstructured mesh was used to complete the division.
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Fig. 1 The 3D computational domain and boundary conditions used in the simulation, all dimensions are expressed
with reference to the HDPE board sand barrier height H (not drawn to scale for clarity).

(@

The entire spatial watershed grid is shown in Fig. 2(a)
and the grid near the sand barrier is shown in Fig.
2(b). When dividing the grid, the surrounding area of
the sand barrier was accurately divided to ensure
accurate simulation of the wind-sand flow around the

sand barrier. The height of the boundary layer 72,
provides a sufficient vertical mesh resolution to
adequately resolve the flow variable gradient problem.
N, meets the requirements of the wall surface, that is,
30<n” =nu" /v<200, n,=2n, and Mpis the
height of the grid center to meet the above standards,

100<n" <200 | The number of grids depended on
the sand barrier used and the overall size. The total
number of grids was 2.36x106.

A steady-state solver was used for the Fluent
simulation. The calculation settings included the
finite volume method for the discrete control

(b)

Fig. 2 (a) The hexahedral grid used for the whole area; (b) the meshing around the sand barrier in the local area.

equations, a momentum being adopted for the
second-order upwind discrete scheme, and turbulent
kinetic energy and turbulent dissipation rate being
calculated using the second-order upwind formula
(Lima et al. 2020). The SIMPLE algorithm was used
for the pressure-velocity coupling. The convergence
criterion of the scaled residual error was set to 10 for
all the variables and the continuity equation, and the
calculation was aggregated, except for the continuity
equation (when the remaining ratio of the continuity
equation reaches 10+4). Additional iterations were
performed until the residual ratio of all of the
variables and the continuity equation were not further
reduced (Yang et al. 2009). The source code Fluent
was used.

The four incoming wind speeds used in this
simulation were 8, 12, 16, and 20 m/s at an altitude of
15 m and the corresponding friction speeds at the
entrance were 0.46, 0.56, 0.65, and 0.75 m/s,
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respectively. These values exceeded the critical shear
velocity of erosion corresponding to the sand particle
diameter range of d € [0.063,1.2] mm (Raffaele et al.

2016). Surface aerodynamic roughness length Z, =

0.003 m.
Studies have shown that wind-induced sand
shear force is closely related to sand erosion and

sedimentation (Raffacle et al. 2016). The
.7, |7
dimensionless ratios 7 , |Z' | 7, » 7 are the local
X

shear stress on the ground, 7y is the local shear stress

in the X direction, 7, is the critical shear stress of

sand grains (Horvat et al. 2021), and the sand grain
diameter d=0.1 mm is used for simulation (Tominaga
et al. 2018, Zhang et al. 2022), the critical value of
erosion shear stress for sand with this particle size is

7, =0.045 Pa (Raffaele et al. 2016). Horvat et al.

%
(2021) proposed the relationship between 7 and

sand erosion or sand deposition. The key factor is
7°=+1 (erosion threshold) when 7* 1 is forward

erosion, when —]< 7" <1 is sedimentation, and
when 7* < —1 is reverse erosion (Horvat et al. 2021).
The point corresponding to the transition between
sedimentation and erosion is called the sedimentation
point. This paper uses this method to study the sand
erosion and deposition around the sand barrier.

2.2 Wind tunnel test

2.2.1 Experimental Design

The wind tunnel test was conducted at the Wind
Tunnel Laboratory of the Institute of Environment
and Engineering in the Cold and Arid Regions of the
Chinese Academy of Sciences. The total length of the
wind tunnel is 37.78 m, the length of the working
section is 16.23 m, the cross-sectional area is 0.6 m
high and 1.0 m wide (inner wall size). The thickness of
the boundary layer is up to 20 cm, and the wind speed
in the wind tunnel can be adjusted in the range of 2-
40 m/s (Dong et al. 2007).

The wind tunnel test was consisted of two parts: a
flow field test and a sediment load test. The test inlet
wind speeds at a height of 30 cm were 8, 12, 16, and
20 m/s, and HDPE plate models with 30%, 40%, and
50% porosity were tested (as shown in Fig. 3). The
length, thickness, and height of the test model were
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1.0 m, 2.0 mm, 15.0 cm, respectively.

The inlet wind speed was measured using a pitot-
tube probe placed 30 ¢cm above the ground. For the
wind-speed profile measurements near the HDPE
board sand barrier in the flow field test we made
measurements on both the windward and leeward
sides (on the windward side of the sand barrier 0.5H1
(P1), on the leeward side o0.25H1 (P2), 0.75H1 (P3),
2.5H1 (P4), 5H1 (P5), 7.5H1 (P6), and 12.5H1 (P7). It
should be noted that H; was the height of the sand
barrier model in the test. The gradient wind speed in
the wind tunnel was measured using a pitot tube at
heights of 0.4, 0.8, 1.2, 2.0, 4.0, 8.0, 12.0, 16.0, 20.0
and 24.0 cm. After each run, the pitot tube was moved
to the next position for measurement. During the test,
the wind-speed collection time was 20 s and the
collection frequency was 0.5 s.

The sand bed in the sediment transport test was
4 m long and 5 cm thick, and the particle size was
mainly 0.08 to 0.315 mm (average 0.118 mm). Before
the test, a sand accumulation instrument was placed
under the condition of no sand barrier, and the test
duration under each wind speed was determined
according to the capacity of the sand accumulation
instrument. The durations were 4 min at 8 m/s, 3 min
at 12 m/s, 2 min at 16 m/s, and 1.5 min at 20 m/s. The
sand accumulation test was used to measure the
length of sand accumulation on the windward and
leeward sides of the sand barrier using a steel ruler
after each test.

2.2.2 Wind tunnel similarity

In terms of geometric similarity, consideration of
the ratio of the wind tunnel turbulent boundary layer
to the ground-attached boundary layer is essential.
Generally, the blocking degree does not exceed 6% in
order to satisfy the requirements of avoiding wall
interference. In this experiment, the ratio of the
model to the actual field was 1:10, which satisfied
geometric similarity. The height of the model
produced in this experiment was 15 cm, and the
thickness of the boundary layer of the wind tunnel
could reach approximately 20 cm (Zhang et al. 2021),
meaning that the model was in the boundary layer.

Motion similarity mainly considers the similarity
of the flow state and wind-speed profile. The wind-
speed profile was experimentally verified and
conformed to the logarithmic motion law (Fig. 4). If
the Reynolds number in the wind tunnel is sufficiently
large, a self-simulation region independent of the
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Fig. 4 Comparison of the dimensionless wind-speed profiles between the wind tunnel tests and numerical
simulations under cavity conditions. (a)-(d) are the comparison of wind-speed profiles under the conditions of inlet
wind speeds of 8, 12, 16 and 20 m/s, respectively. Hi represents the sand barrier heights H and H1 in the numerical
simulation and wind tunnel test, respectively, and Vi represents the velocity V and V1 at the height of the sand barrier
in the numerical simulation and wind tunnel test, respectively.

Reynolds number can be formed (White 1996). Four
inlet wind speeds (8, 12, 16, and 20 m/s) were
selected for the wind tunnel test. The Reynolds
number (Re = pvL / i, where Re is the flow Reynolds
number, represents the air density, 1.205 kg-m3, v is
the free-flow wind speed, L is the characteristic
length, where this is the height of the sand barrier,

0.15 m, and H is the air kinematic viscosity, 1.4x10°5
m2-s1), ranges from 1.01x105 to 2.58x105. When the
Reynolds number is greater than 105, the fluid motion
state no longer changes with an increase in the
Reynolds number, i.e., dynamic similarity is satisfied
(Zhang et al. 2021).
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3 Results and Analysis

3.1 Numerical simulation

3.1.1 Streamline characteristics of the wind
and sand flow

Fig. 5 is the streamline characteristic diagram of
the wind-sand flow with different inlet wind speeds
flowing through the 30% porosity HDPE board sand
barrier (hereinafter referred to as the sand barrier).
When the wind-sand flow passes through the sand
barrier, the fluid particles of the wind-sand flow are
blocked by the sand barrier around the sand barrier
and gradually decelerate. Kinetic energy is
continuously consumed. When the wind-sand flow
passes through the separation point (the red point in
the figure), the kinetic energy of the fluid particles is
exhausted, and the fluid particles cannot continue to
move forward with the original airflow. After the
separation point, the following fluid particles are also
hindered by obstacles, and the airflow is forced to
stagnate or reverse its movement due to the air

Vorticity Magnitude:

Vorticity Magnitude: 0 10 20 50 100 200

pressure difference. On the leeward side of the sand
barrier, the reverse motion of the fluid particles
develops rapidly, while the original airflow outside
this area continues to move forward, and the two
move in opposite directions, resulting in a clockwise
vortex with a high vorticity. The vortex continuously
consumes the kinetic energy of the wind-sand flow. At
the end of the vortex motion, the wind-sand flow
particle begins to restore the original airflow motion
state. This position is the reattachment point (yellow
point in the figure). The magnitude of the vorticity is
determined by two inflection points, the separation
point and the reattachment point. The magnitude of
the vorticity is determined by two inflection points,
the separation point and the reattachment point. The
vortex motion interacts with the surface friction in the
near-surface area, and the motion intensity and the
friction force determine the motion state of sand
particles on the surface. Therefore, the vortex vorticity
represents the sand-blocking performance of the sand
barrier.

By analyzing the streamline characteristics of the

B | | LW esepomionpom

0 10 20 50 100200 © Reattachment point

e Separation point
Vorticity Magnitude: 010 20 50 100 200 © Reattachment point

B [ LW esemaionpom
o Reattachment point

@ Separation point

Vorticity Magnitude: 0 10 20 50 100 200 © Reattachment point

(@

Fig. 5 (a)~(d) Streamline characteristic diagrams around the sand barrier when the inlet wind speeds are 8, 12, 16,
and 20 m/s, respectively. The specific positions are 0.5H (P1) on the windward side of the sand barrier, 0.25H (P2),
0.75H (P3), 2.5H (P4), 5H (P5), 7.5H (P6), 12.5H (P7) on the leeward side of the sand barrier.
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different inlet wind speeds in Fig. 5, it can be
concluded that the size and position of the vortex are
related to the inlet wind speed. As the wind speed
increases, the positions of the separation point and
reattachment point move toward the leeward side,
and the distance between them gradually increases.

3.1.2 Wind-speed profiles when different inlet
wind speeds flow through the sand barrier

At the position of 0.5H (P1) on the windward side
of the sand barrier, 0.25H(P2), 0.75H(P3), 2.5H(P4),
5H(P5), 7.5H(P6), 12.5H(P7) on the leeward side (the
positions are shown in Fig. 5), a total of 7 points are

selected for dimensionless speed comparison (Vi
represents VX for speed in the X direction and VZ

for the speed in the Z direction, respectively. VH is

the velocity in the X-direction at height H).

When comparing the wind-speed profiles around
the sand barriers with 30%, 40%, and 50% porosities,
it is found that the wind-speed profiles changed
regularly. For simplicity, an example analysis of the
wind-speed profiles around the 30% porosity sand

barrier is shown in Fig. 6. VX1 S VXZ , VX3, VX4 ,

VZla sz, Vz3 ) Vz4 are the wind-speed profiles in

the X direction and the wind-speed profile in the Z
direction when the inlet wind speeds are 8, 12, 16, and
20 m/s, respectively. At P1, the wind-sand flow
accelerates on the windward side of the fence. As the
flow area at the sand barrier decreases, a part of the
fluid pass over the sand barrier, and this part of the
fluid has to pass at a faster speed to ensure the same
flow capacity as the other fluids. Therefore, a vertical
wind-speed acceleration zone appears, resulting in an
increase in the speed of V,/V, at this position.

Obstructed by the sand barrier, a portion of the sand
grains in the wind-sand flow is deposited here. The
positions of P2 and P3 are close to the sand barrier,
and V, /V, shows a segmental logarithmic growth

trend. It is mainly divided into two stages: the first
stage is caused by the wind-sand flow flowing through
the pores of the sand barrier within the height range
of 0-1H, and the second stage is caused by the wind-
sand flow that crosses the sand barrier 1H above the
ground. At P3, the inlet wind speeds of 8 and 12 m/s
have small negative values, indicating that a vortex is
generated at a position of 0.75H on the leeward side
of the sand barrier. Therefore, the vortex separation
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point is located within 0-0.75H on the leeward side of
the sand barrier. Owing to the leeward side vortex,
reverse erosion and sand sedimentation occur on the
ground, which is related to the vortex volume. The
positions of P4 and P5 are in the core area of the
vortex, and their Vx / Vi
negative, which reflects the clockwise movement of
the wind-sand flow in the vortex movement from
another angle. At both locations, significant negative
values appear at the inlet wind speeds of 12, 16, and
20 m/s, indicating that the vortex volume at this
location is very large, and reverse erosion is likely to
occur. At position P4, when compared with positions
P2 and P3, V', /7, has the second smallest negative

values are obviously

value, and the value is the smallest when the inlet
wind speed is 16 m/s. This indicates that the location
of the separation point on the leeward side of the sand
barrier is different at different wind speeds, that is,
the location where the vortex appears is also different.
At P5, the ¥V /7, of the four inlet wind speeds reach
the minimum value; that is, this position is closest to
their vortex center among the seven positions. At P6
position, ¥, /¥, with an inlet wind speed of 8 m/s is
positive, indicating that its vortex has disappeared.
The Vx/Vu value of the remaining wind speeds
gradually increase and the reattachment point
becomes closer. The value at the P7 position returns
to the motion state present at the P1 position, and
there is no change with increasing height. This
position exceeds the influence range of the vortex, and
the wind-sand flow restores the motion state of the
original airflow.

3.1.3 Wind-speed profiles around the sand
barriers with different porosities

As mentioned above, the wind-speed profile
around the sand barrier changes regularly under the
same porosity. For simplicity, the inlet wind speed of
12 m/s is used as an example for analysis in Fig. 7.
Viow » Viaony , Visony s Vziow » Vziaon » Vzison
are the wind-speed profiles in the X direction and the
wind-speed profile in the Z direction after passing
through the sand barrier with 30%, 40%, and 50%
porosity, respectively. At the position of P1, the ¥, /7,

characteristic curve has a vertical upward acceleration
region, and the larger dV,/dZ is, the greater the

intensity of the acceleration region is. In the range of
0-1H height, the o¥ /0z is the largest when the

porosity is 30%, that is, its acceleration zone strength
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" Fig. 6 The dimensionless wind-speed profile of the

2.0 I wind-sand flow at different inlet wind speeds when
' the wind-sand flow passes through the sand barrier
0.0 ! with a porosity of 30% (P1-P7 are the wind-speed
O5000 05 L0 LS 2028 profiles at 7 locations in the streamline feature map,
ViV respectively).
is the largest. By comparison, it is found that the which means that more wind-sand flow needs to pass
strength of the acceleration zone is inversely above the sand barrier. The v, /¥, characteristic
proportional to the porosity. The part of the wind- curves at the positions of P2 and P3 are similar to
sand flow passing through the pores of the sand those at the P1 position, while the v /1,
barrier decreases with the decrease of the porosity, characteristic curve shows a piecewise logarithmic
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growth trend. At the position of P3, the characteristic
curves of V, /V, all show negative values, which

indicates that the separation points of the three
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Fig. 7 The wind-speed profiles of the sand flow with
an inlet wind speed of 12 m/s flowing through sand
barriers with different porosity.

porosity sand barriers are located in the range of o-
0.75H on the leeward side of the sand barrier. At the
P4 position, the negative value of the V. /V,
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characteristic curve of the 30% porosity sand barrier
is further reduced, which is much smaller than other
characteristic curves. It shows that the vortex volume
on the leeward side of the 30% porosity sand barrier
at this location is much larger than that of other
porosity, and sedimentation may occur. At the
position of P5, in the characteristic curve of the flow
field flowing through the sand barrier with 30%
porosity, Vy/V, reaches the minimum value,
indicating that this position is closest to the center of
its vortex, and therefore reverse erosion may occur. In
the wind-speed profile of the 30% porosity sand
barrier at the P6 position, the minimum value of the
characteristic curve is close to 0, indicating that the
P6 position is close to its reattachment point. The
characteristic curve of Vx /Vy at the P7 position has
returned to the motion state present at the P1
position, and the characteristic curve of V,/V,

basically does not change with the increase of the
height.

3.1.4 Sedimentation and erosion
characteristics around the sand barriers

Fig. 8 shows the sedimentation and erosion
characteristics of the wind-sand flowing through a
sand barrier with 30% porosity. To compare the
influence of different inlet wind speeds on sand
erosion and sedimentation, 1#, 2#, 3#, and 4# in the
figure show the sand sedimentation and erosion
characteristic curves at wind speeds of 8, 12, 16, and
20 m/s, respectively. In Fig. 8, the sedimentation
mainly occurs on the leeward side of the sand barrier,
and on the windward side of the sand barrier, there is
only a small amount of sedimentation under the 1#
and 2# characteristic curves. Overall, with an increase
in wind speed, forward erosion or reverse erosion
gradually replaces sedimentation; that is, as the
erosion area increases, the sedimentation area
gradually shortens. The 1# characteristic curve can be
divided into two areas: sedimentation — forward
erosion, which begins at the 2H position on the
windward side of the sand barrier, and forward
erosion, which begins after the sedimentation ends.
The distance between the sedimentation areas is as
long as 18.9H. With an increase in wind speed, the 2#
and 3# characteristic curves can be divided into four
different regions: sedimentation — reverse erosion
— sedimentation — forward erosion. Among them,
the 2# characteristic curve begins to deposit at the
position of 0.9H on the windward side of the sand
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Fig. 8 Sedimentation and erosion characteristics around
the sand barrier when the sand flow at different inlet
wind speeds passes through the sand barrier with 30%
porosity (the white area is forward erosion, the yellow
area is sedimentation, the pink area is reverse erosion,
1#, 2 #, 3#, 4# represent the characteristic curves when
the inlet wind speed is 8, 12, 16, and 20 m/s,
respectively).

barrier, with a distance of 4.8H. Then, reverse erosion
occurs at a distance of 3.5H, followed by
sedimentation at a distance of 7.7H, and the
transition to forward erosion begins after the end of
sedimentation. The 3# characteristic curve begins to
deposit at the sand barrier with a distance of 1.5H,
then reverse erosion at a distance of 6.2H, followed by
sedimentation at a distance of 3.7H. Forward erosion
begins after the sedimentation. In the 4#
characteristic curve, sedimentation begins to appear
at the position of the sand barrier at a distance of
1.2H, then reverse erosion occurs at a distance of 8H,
followed by sedimentation at a distance of 1.3H.
Forward erosion begins to occur after sedimentation.
Comparing the reverse erosion distance of the
characteristic curves of 2#, 3# and 4#, it can be
observed that the greater the wind speed, the longer
the reverse erosion distance, reflecting the law that
the vorticity is proportional to the wind speed.

To compare the effects of sand barriers with
different porosities on sand sedimentation and
erosion, Fig. 9 shows the sedimentation and erosion
characteristics of the wind-sand flow with an inlet
wind speed of 12 m/s flowing through sand barriers
with different porosities. 5#, 6#, and 7# in the figure
are the characteristic curves of sand sedimentation
and erosion after wind-sand flow passes through sand
barriers with 30%, 40%, and 50% porosity,
respectively. In Fig. 9, the 5# characteristic curve can
be divided into four different regions: sedimentation
— reverse erosion — sedimentation — forward
erosion. Sedimentation begins to appear at 0.9H from



the windward side of the sand barrier, and the
distance is 4.8H. Then, reverse erosion occurs at a
distance of 3.5H, followed by sedimentation at a
distance of 7.7H, and forward erosion begins after
sedimentation is over. The characteristic curves of 6#
and 7# can be divided into two different regions:
sedimentation —  forward erosion. The 6#
characteristic curve begins to deposit at the position
of the sand barrier, and the distance is 10.2H; the 7#
characteristic curve begins to deposit at the position
of the sand barrier, and the distance is 8.5H. The
overall trend of the sand barrier characteristic curves
of the three porosities is the same, that is the 5#
characteristic curve has a part of reverse erosion on
the leeward side of the sand barrier.

Barrier location

8
7 - -~ Erosion threshold t*=+1
6 -~~~ Erosion threshold t*= -1 74
3 Erosion range
5 3 Sedimentation range
4 3 Backward erosion range 6#
* 3
T2
1
0
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-2
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Fig. 9 Sedimentation and erosion characteristics of
wind-sand flow around sand barriers with different
porosity when the inlet wind speed is 12 m/s (5#, 6# and
7# represent characteristic curves of sand barriers with
30%, 40% and 50% porosity, respectively).

3.2 Wind tunnel test

3.2.1 Wind profile around the sand barrier

Fig. 10(a) shows the wind-speed profile at each
measuring point on the windward and leeward sides
of the sand barrier with different porosities (30%,
40%, and 50%) at an inlet wind speed of 12 m/s. It
can be observed from the figure that at P1, the overall
wind-speed profile shows a logarithmic growth trend,
and there is almost no difference between the curves.
Because the positions of P2, P3, and P4 are close to

the sand barrier, it is found that the Vy / VH. value is
the smallest when the porosity is 30% within the
height range of 0.2-1H:. The second is the VX/ VHI

value with a porosity of 40%, which means that the
sand barrier has the best protection effect on the flow
field when the porosity is 30%. At positions P5 and
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P6, the value of Vy / VH] at the height of H; from the
ground is basically unaffected by the sand barrier, and
the values of Vy / VH1 with different porosities are
basically the same. Within the height range of 0-0.8H,
from the ground, the VX / VHl value with a porosity of

30% is the smallest, followed by the Vy / VH] value
with a porosity of 40%.

Fig. 10(b) is the wind-speed profile at each
measuring point on the windward and leeward sides
of the sand barrier with a porosity of 30% under
different inlet wind speeds (8, 12, 16 and 20 m/s). It
can be seen from the figure that at the P1 position, the
overall wind-speed profile shows a logarithmic growth
trend, and the change rules of each curve are basically
the same. At the P2 position, within the height range

of 0.2-0.8H; from the ground, the value of Vel VH1 is
the smallest when the inlet wind speed is 20 m/s, and

the value of Vy/ VH1 is the largest when the inlet

wind speed is 8 m/s. The negative values of V' / VHl
appear at the positions of P3, P4 and P5. The negative
value of Vy / VH] at the inlet wind speed of 20 m/s is

the smallest, and the negative value of ¥y /¥ at the
inlet wind speed of 8 m/s is the largest. It shows that
the reverse erosion of the leeward side ¥y /7y, of the

sand barrier increases with the increase of the inlet
wind speed. At the positions of P6 and P7, when the
inlet wind speed is 8 m/s, the V', /¥, value restores

the original inflow wind-speed profile the fastest.

3.2.2 Erosion and sedimentation around the
sand barriers

In the wind tunnel test, when the inlet wind
speed is 12 m/s, the sedimentation distances around
the sand barriers with porosities of 30%, 40%, and
50% are shown in Fig. 11. When the porosity is 30%,
the sedimentation distance on the leeward side of the
sand barrier is approximately 9gHi, when the porosity
is 40%, the sedimentation distance on the leeward
side of the sand barrier is approximately 8H:; and
when the porosity is 50%, the sedimentation distance
on the leeward side of the sand barrier is
approximately 6.5H: It can be concluded that the
sedimentation distance is negatively correlated with
the porosity of the sand barrier. The sedimentation
distance on the leeward side of the sand barrier at
different inlet wind speeds when the porosity is 30%
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is shown in Fig. 12. When the
inlet wind speeds are 8, 12, 16,
and 20 m/s, the sedimentation
distances on the leeward side of
the sand barrier are 12H,, 9H,,
5Hi, and 3H;, respectively; this
sedimentation  distance is
negatively correlated with the
inlet wind speed.

4 Discussion

4.1 Wind-speed profile

By comparing the wind
tunnel test and numerical
simulation results, when the
sand barrier porosity is 30%,
the negative values of the wind-
speed profile in the X direct ion
all appear near the o.75H (H.)
position on the leeward side of
the sand barrier and disappear
near the 7.5H (H.) position on
the leeward side of the sand
barrier, indicating that their
leeward side vortices appear at
similar locations. Taking the
inlet wind speed of 12 m/s as an
example, the numerical
simulation results show that the
wind-speed profile in the X
direction is within the range of
2.5H-7.5H on the leeward side
of the sand barrier. The negative
value of wind velocity profile of
sand barrier with porosity of
30% is far less than that of wind
velocity profile of sand barrier
with porosity of other values.
The smaller the negative value,
the greater the vorticity on the
leeward side of the sand barrier
and the better the protection

30% 40%—— 50%

X/H,

01 2
V'V

Wind direction Sand barrier
_—

Pl P2 P3 P4 P5 P6 P7

(©
Fig. 10 (a) Wind-speed profiles at each different position on the windward and
leeward sides of the sand barrier with different porosities when the inlet wind
speed is 12 m/s. (b) Wind-speed profiles at each position on the windward side
and the leeward side of the sand barrier with different inlet wind speeds when the
porosity is 30%. (c) P1-P7, the positions of the seven points in the numerical
simulation are the same under the dimensionless condition.

effect of the sand barrier. By observing the wind- results show that a sand barrier with a porosity of 30%
speed profile in the Z direction, it is found that the has a significantly better protective effect on sand flow
smaller the porosity of the sand barrier, the greater than those with porosities of 40% and 50%. Zhang et
the slope of the wind-speed profile, that is, the greater al. (2019) used the same inlet wind speed and analyzed
the strength of the acceleration zone. The above the wind speeds at different heights and the results are

974



J. Mt. Sci. (2023) 20(4): 962-978

Fig. 11 When the inlet wind speed is 12 m/s, the resulting sand accumulation around the sand barrier is shown (a, b,
and c are the HDPE board sand barrier with porosity of 30%, 40% and 50%, respectively).

consistent with the results of this study, that is, a sand
barrier with a porosity of 30% has the most obvious
protection effect. Tsukahara et al. (2012) used visible
laser technology to monitor the flow field and sand
dune erosion around dunes and found that a sand
barrier with a porosity of 30% had the best protection
effect, which was found in this study.

4.2 Erosion and sedimentation

In the numerical simulation, the wind-speed
profile around the sand barrier with a porosity of 30%
shows that when the wind sand flows through the
sand barrier with different inlet wind speeds, the
position and size of the vortex created on the leeward
side of the sand barrier are different. With an increase
in wind speed, the vortex position moves in the
direction of the wind-sand flow, and the distance
between the separation point and the reattachment
point increases; that is, the vorticity is larger. In the
wind tunnel test, the measured wind-speed profiles at
different inlet wind speeds are consistent with the
numerical simulation results; that is, the greater the
wind speed, the greater the vorticity on the leeward
side of the sand barrier. In the numerical simulation,
the sedimentation and erosion distances around the
sand barriers with different porosities are shown in
Fig. 13. When the inlet wind speed is 8 m/s, the
sedimentation distance on the leeward side of the
sand barriers is as long as 18.9H. The other three
wind speeds show reverse erosion on the leeward side
of the sand barrier. With an increase in wind speed,
the sedimentation area decreases, and the reverse
erosion area increases. The closer the location of the
restoration erosion is to the sand barrier, the
sedimentation distances are 12.5H, 5.2H and 2.5H
when the inlet wind speeds are 12, 16, and 20 m/s,
respectively. Fig. 14 shows the sedimentation and

erosion distances around the sand barriers with
different porosities. When the inlet wind speed is 12
m/s, the sand barrier with a porosity of 30% exhibits
sedimentation and partial reverse erosion on the
leeward side, and the sedimentation distance is 12.5H.
However, the sand barriers with 40% and 50%
porosity are only deposited on the leeward side, and
the sedimentation distances are 10.2H and 8.5H,
respectively, which are similar to the results in the
wind tunnel test. As the distance increases, the point
where erosion is restored was further away from the
sand barrier. Zhang et al. (2020) studied the
distribution of sand accumulation around sand
barriers with different porosities and found that when
the porosity was 30%, the sand accumulation around
the sand barriers was significantly higher than that
around sand barriers with other porosities. However,
when the porosity was 30%, sand accumulation was
mainly distributed on the windward side of the sand
barrier, which was inconsistent with the results
presented in this paper. The reason for this
phenomenon may be that Zhang et al. (2020) used
the volume fraction of the sand phase to characterize
sand accumulation around the sand barrier. Jin et al.
(2005) found in field investigation that with the
increase of wind speed, the amount of sand deposited
around the fence decreased correspondingly, which
was consistent with the study in this paper. Wang et
al. (1999) investigated the field site and found that the
deposition distanc e of sand grains around the sand
barrier was about 1-7 H, and most of the sand grains
deposition distance was 3-5 H. However, the specific
wind speed and porosity of the sand barrier were not
explained in the paper.

The numerical simulation and the wind tunnel
test sedimentation distances are compared with the
dimensionless values. In the wind tunnel test, the
sedimentation distance is divided by the height of the
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sand barrier model (H:) to obtain
the dimensionless sedimentation
distance of the wind tunnel test. In
the numerical simulation, the
sedimentation distance is divided
by the height of the sand barrier
model (H) to obtain the
dimensionless sedimentation
distance of the numerical
simulation. The dimensionless
sedimentation  distances  are
compared. Fig. 15(a) shows a
comparison of the sedimentation
distance between the numerical
simulation and the wind tunnel
test under an inlet wind speed of
12 m/s. When the porosity is 30%,
the ratio of the length of the
sedimentation distance is 1.4.
When the porosity is 40%, the
ratio of the length of the
sedimentation distance is 1.3.
When the porosity is 50%, the
ratio of the length of the
sedimentation distance is 1.3. The
average ratio of sedimentation
distance between the numerical
simulation results and the wind
tunnel test results is 1.3. The
reason for the error may be the

slight difference between the
wind-speed  profile of the
numerical simulation and the

wind tunnel test. Fig. 15(b) shows
a comparison between the
sedimentation results of the
numerical simulation and the
wind tunnel test when the porosity
is 30%. The two sedimentation
distances are consistent: the
greater the wind speed, the shorter
the sedimentation distance on the
leeward side of the sand barrier.
When the wind speed is 8 m/s, the
ratio of the sedimentation distance
length between the numerical
simulation and wind tunnel test is
1.6; when the wind speed is 12
m/s, the ratio of the two is 1.4;
when the wind speed is 16 m/s,
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Fig. 12 When the porosity of the HDPE board sand barrier is 30%, the
resulting sand sedimentation around the sand barrier is shown (a, b, ¢, d
shows the sand sedimentation when the inlet wind speeds are 8, 12, 16 and 20
m/s, respectively).
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Fig. 13 The sedimentation and erosion distances around the sand barrier
when the porosity is 30% under different incoming wind speeds (1#, 2#, 3#,
and 4# represent the length of sedimentation and erosion around the 30%
porosity sand barrier when the wind speed is 8, 12, 16, and 20 m/s,
respectively).
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Fig. 14 Sedimentation and erosion distances around sand barriers with
different porosity when the incoming wind speed is 12 m/s (5#, 6#, 7# are the
surrounding sedimentation and erosion lengths when the wind speed is 12 m/s
and the porosity is 30%, 40%, and 50%, respectively).



the ratio of the two is 1.0; when it is 20 m/s, the ratio
of the two is 0.8. The average ratio of the
sedimentation distance of the numerical simulation
results to that of the wind tunnel test results is 1.2,
and the numerical simulation results are in good
agreement with the wind tunnel test results.

5 Conclusions

This paper presents a streamline feature map
around a sand barrier and the wind-speed profiles
corresponding to multiple feature points, showing the
characteristics of the wind-sand flow field around the
sand barrier. The possible sedimentation distance and
sand erosion on the surface near the sand barrier are
described by the ratio of the local shear stress on the
ground to the critical shear stress of the sand grains.
In particular, sand erosion and sedimentation area
maps of three porosity sand barriers under different
inlet wind speeds are drawn, which can be understand
the sand sedimentation and erosion distances around
sand barriers with different porosities. The numerical
simulation results are verified by analyzing the data
measured by the wind tunnel test. The main
conclusions of this study are as follows:

(1) On the leeward side of the sand barrier, the
reverse motion of the fluid particles developed
rapidly, while the original airflow outside this area
continued to move forward, and the two moved in
opposite directions, resulting in a high-vorticity
vortex moving in a clockwise direction. When the
porosity was the same, the size and position of the
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vortex on the leeward side of the sand barrier were
related to the inlet wind speed. As the wind speed
increased, the vortex volume increased, and the
positions of the separation point and reattachment
point moved toward the leeward side. Under the same
inlet wind speed, when the porosity of the sand
barrier was 30%, the intensity of the acceleration zone
situated above the barrier was the largest. The
comparison shows that the strength of the
acceleration zone was negatively correlated with
porosity.

(2) The erosion sedimentation distance was
related to wind speed. When the porosity of the sand
barrier was 30%, with the increase in wind speed, the
forward erosion or reverse erosion area on the
leeward side of the sand barrier gradually replaced
the sedimentation area. This meant that the erosion
area gradually increased and the sedimentation area
gradually shortened. With an increase in porosity, the
sedimentation distance on the leeward side of the
sand barrier gradually shortened, the erosion area
gradually disappeared, and the sedimentation
distance on the leeward side of the sand barrier with
30% porosity was the longest.

(3) A comparison between the sedimentation
results of the wind tunnel test and the numerical
simulation showed that the greater the wind speed,
the shorter the sedimentation distance on the leeward
side of the sand barrier, and the two sedimentation
distances were consistent. Combined with the results
of the numerical simulation and wind tunnel test,
when the porosity was 30%, the protection effect of
the HDPE board sand barrier was better.
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Fig. 15 The ratio of sedimentation distances around sand barriers between numerical simulation and wind tunnel test.
(a) The ratio of sedimentation distances around sand barriers at an inlet wind speed of 12 m/s. (b) The ratio of
sedimentation distances around the sand barrier when the porosity is 30%.

977



J. Mt. Sci. (2023) 20(4): 962-978

Acknowledgments

This research was financially supported by the
fellowship of the China Postdoctoral Science
Foundation (2021M703466), the Natural Science
Foundation of Gansu Province, China
(20JR10RA231), the Basic Research Innovation

References

Bruno L, Fransos D (2015) Sand transverse dune aerodynamic:
3d coherent flow structures from a computational study. J Wind Eng
Ind Aerod 147: 291-301.

https://doi.org/10.1016/j jweia.2015.07.014

Bruno L, Horvat M, Raffaele L (2018) Windblown sand along railway
infrastructures: a review of challenges and mitigation measures. J Wind
Eng Ind Aerod 177: 340-365.
https://doi.org/10.1016/j.jweia.2018.04.021

Dong ZB, Luo WY, Qian GQ (2007) A wind tunnel simulation of the mean
velocity fields behind upright porous fences. Agr Forest Meteorol 146(1-
2): 82-93.
https://doi.org/10.1016/j.agrformet.2007.05.009

Horvat M, Bruno L, Khris S (2021) CWE study of wind flow around
railways: Effects of embankment and track system on sand
sedimentation. J Wind Eng Ind Aerodyn 208: 104476.
https://doi.org/10.1016/j.jweia.2020.104476

Jin CN, Dong ZD, Li JJ, et al. (2005) Blown sand deposits and its
indications on wind activities around high windbreaks. J of Des Res
25(5): 652-657. (In Chinese)

Launder BE, Spalding DB (1974) The numerical computation of turbulent
flows. Comput Method Appl M 3(2): 269-289.
https://doi.org/10.1016/0045-7825(74)90029-2

Lee SJ, Kim HB (1999) Laboratory measurements of velocity and
turbulence field behind porous fences. J Wind Eng Ind Aerod 80(3):
311-326.
https://doi.org/10.1016/S0167-6105(98)00193-7

Li BL, Sherman DH (2015) Aerodynamics and morphodynamics of sand
fences: A review. Aeolian Res 17: 33-48.
https://doi.org/10.1016/j.aeolia.2014.11.005

Li KC, Zhou Q, Ding LS, et al. (2019) Prevention mechanism and effect
evaluation of HDPE sand barrier in gobi area of southern Xinjiang.
China Rail Sci 40(3): 10-14. (In Chinese)

Lima IA, Parteli EJR, Shao YP, et al. (2020) CFD simulation of the wind
field over a terrain with sand fences: Critical spacing for the wind shear
velocity. Aeolian Res 43: 100574.
https://doi.org/10.1016/j.aeolia.2020.100574

Liu BL, Qu JJ, Zhang WM, et al. (2011) Numerical simulation of wind flow
over transverse and pyramid dunes. J Wind Eng Ind Aerod 99: 879-
888.
https://doi.org/10.1016/jjweia.2011.06.007

Menter FR, Kuntz M, Langtry R (2003) Ten years of industrial experience
with the SST turbulence model. In: Hanjalic K, Nagano Y, Tummers J
(Eds.), Turbulence Heat and Mass Transfer 4: Proceedings of the Fourth
International Symposium on Turbulence, Heat and Mass Transfer,
Antalya, Turkey, 12-17 October, 2003. Begell House, p. 1208.

Noguchi Y, Suzuki M, Baker C, et al. (2019) Numerical and experimental
study on the aerodynamic force coefficients of railway vehicles on an
embankment in crosswind. J Wind Eng Ind Aerod 184: 90-105.
https://doi.org/10.1016/jjweia.2018.11.019

Perera MDAES (1981) Shelter behind two-dimensional solid and porous
fences. J Wind Eng Ind Aerod 8(1-2): 93-104.
https://doi.org/10.1016/0167-6105(81)90010-6

Qu JJ, Yu WB, Qin XB, (2014) Wind-protecting efficiency of HDPE
functional sand-fixing barriers. J Des Res 34(5): 1185-1193. (In Chinese)

Raffaele L, Bruno L, Pellerey F, et al. (2016) Windblown sand saltation: a
statistical approach to fluid threshold shear velocity. Aeolian Res 23: 79-

oL
https://doi.org/10.1016/j.ae0lia.2016.10.002

978

Group Project of Gansu Province, China
(21JR7RA347), an Special Funds for Guiding Local
Scientific and Technological Development by the
Central Government (22ZY1QA005).

Smyth TAG (2016) A review of computational fluid dynamics (CFD)
airflow modelling over aeolian landforms. Aeolian Res 22: 153-164.
https://doi.org/10.1016/j.ae0lia.2016.07.003

Tan LH, Zhang WM, Bian K (2016) Numerical simulation of three-
dimensional wind flow patterns over a star dune. J Wind Eng Ind Aerod
159:1-8.
https://doi.org/10.1016/]j.jweia.2016.10.005

Tominaga Y, Okaze T, Mochida A (2018) Wind tunnel experiment and
CFD analysis of sand erosion/deposition due to wind around an
obstacle. J Wind Eng Ind Aerod 182: 262-271.
https://doi.org/10.1016/j jweia.2018.09.008

Tsukahara T, Sakamoto Y, Aoshima, D, et al. (2012) Visualization and laser
measurements on the flow field and sand movement on sand dunes
with porous fences. Exp Fluids 52(4): 877-890.
https://doi.org/10.1007/s00348-011-1157-4

Wang T, Qu JJ, Ling YQ, et al. (2017) Wind tunnel test on the effect of
metal net fences on sand flux in a Gobi Desert, China. J Arid Land 9(6):
888-899.
https://doi.org/10.1007/s40333-017-0068-5

Wang T, QuJJ, Ling YQ, et al. (2018) Shelter effect efficacy of sand fences:
A comparison of systems in a wind tunnel. Aeolian Res 30: 32-34.
https://doi.org/10.1016/j.aeolia.2017.11.004

Wang XM, Chen GT, Han ZW, et al. (1999) The benefit of the prevention
system along the desert highway in Tarim Basin. J Des Res 19(2): 120-
127. (In Chinese)

White BR (1996) Laboratory simulation of aeolian sand transport and
physical modeling of flow around dunes. Ann Arid Zone 35: 187-213.
https://doi.org/10.1007/s00585-996-0986-6

Wu XX, Zou XY, Zhang CL, et al. (2013) The effect of wind barriers on
airflow in a wind tunnel. J Arid Environ 97: 73-83.
https://doi.org/10.1016/j jaridenv.2013.05.003

Yang Y, Gu M, Chen SQ, et al. (2009) New inflow boundary conditions for
modelling the neutral equilibrium atmospheric boundary layer in
computational wind engineering. J Wind Eng Ind Aerod 97(2): 88-95.
https://doi.org/10.1016/j jweia.2008.12.001

Zakeri JA, Esmaeili M, Mosayebi S, et al. (2012) Effects of vibration in
desert area caused by moving trains. J Mod Transp 20: 16-23.
https://doi.org/10.1007/BF03325772

Zhang K, Wang QC, Yang ZlJ, et al. (2019) Research on numerical
simulation on wind protection benefits of HDPE panels with high
vertical sand barrier in the newly-built Golmud-korla railway. J China
Railw Soc 41(3): 169-175. (In Chinese)

Zhang K, Zhao PW, Zhang XX, et al. (2020) Study on difference of wind-
sand flow of HDPE board high vertical sand fence by wind velocity
profile. J China Railw Soc 42(9): 143-149. (In Chinese)

Zhang K, Zhao PW, Zhao JC, et al. (2021) Protective effect of multi-row
HDPE board sand fences: A wind tunnel study. Int Soil Water Conse 9:
103-115.
https://doi.org/10.1016/j.iswcr.2020.08.006

Zhang K, Zhao LM, Zhang HL, et al. (2022) Numerical simulation on flow
field, wind erosion and sand sedimentation patterns over railway
subgrades. J Mt Sci 19: 2968-2986.
https://doi.org/10.1007/511629-022-7396-4

Zhang J, Wang J, Tan X, et al. (2019) Detached eddy simulation of flow
characteristics around railway embankments and the layout of
anemometers. J Wind Eng Ind Aerod 193: 103968.
https://doi.org/10.1016/j.jweia.2019.103968



	Title
	Abstract
	1 Introduction
	2 Computational Models
	2.1 Numerical simulation
	2.1.1 Mathematical model
	2.1.2 Numerical methods

	2.2 Wind tunnel test
	2.2.1 Experimental Design
	2.2.2 Wind tunnel similarity


	3 Results and Analysis
	3.1 Numerical simulation
	3.1.1 Streamline characteristics of the windand sand flow
	3.1.2 Wind-speed profiles when different inletwind speeds flow through the sand barrier
	3.1.3 Wind-speed profiles around the sandbarriers with different porosities
	3.1.4 Sedimentation and erosioncharacteristics around the sand barriers

	3.2 Wind tunnel test
	3.2.1 Wind profile around the sand barrier
	3.2.2 Erosion and sedimentation around thesand barriers


	4 Discussion
	4.1 Wind-speed profile
	4.2 Erosion and sedimentation

	5 Conclusions
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


