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Abstract: Based on numerical simulations, this 
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 

forward erosion or reverse erosion areas on the 
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. 
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1    Introduction  

Traffic road construction is an important part of 
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barrier: Numerical simulation and wind tunnel test studies 
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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) 

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 
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where iV  and jV  are the mean velocity in the i and j 
direction; Xi and X j are the i and j direction along the 
x axis; P is the mean pressure; ρ is the air density; μ is 
the air kinematic viscosity; K is the turbulent kinetic 
energy; ω is the specific dissipation rate; μt= K/ω 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: 𝑃 = 𝑚𝑖𝑛 𝑃 , 10𝛽∗𝐾𝜔 , 

i j i
k t

j i j

V V VP
X X X

μ ∂ ∂ ∂≈ +
∂ ∂ ∂

 (5) 

Definitions of the mixing function F1 and the 
model main constants β*, σk, σω, Cω1 and Cω2 can be 

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-ω was chosen for the turbulence model 
because it has been shown to be accurate for bluff 
body aerodynamics. The SSTk-ω model is combined 
with the sand roughness wall function near the wall. 
The equivalent sand roughness height is 
Ks=9.793Z0/Cs, where Cs=0.5 is the roughness 
constant, and Z0 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. 

The velocity profile at the inlet is ( )0
0

Z lnv ZV
k z

∗  
 
 

= , 

where v*  is the friction velocity, von Karman 

coefficient was k = 0.41, and Z0 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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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 wn  

provides a sufficient vertical mesh resolution to 
adequately resolve the flow variable gradient problem. 

wn  meets the requirements of the wall surface, that is,

30 / 200pn n u v+ ∗< = < , 2w pn n= , and Pn  is the 

height of the grid center to meet the above standards, 
100 200n+≤ ≤ . The number of grids depended on 
the sand barrier used and the overall size. The total 
number of grids was 2.36×106. 

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

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 10-6 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, 

 
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). 
 

(a)  
(b) 

Fig. 2 (a) The hexahedral grid used for the whole area; (b) the meshing around the sand barrier in the local area. 
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respectively. These values exceeded the critical shear 
velocity of erosion corresponding to the sand particle 
diameter range of [ ]0.063,1.2d ∈  mm (Raffaele et al. 

2016). Surface aerodynamic roughness length 0z  = 

0.003 m. 
Studies have shown that wind-induced sand 

shear force is closely related to sand erosion and 
sedimentation (Raffaele et al. 2016). The 

dimensionless ratios 
*τ , 

x

x

=
t

τττ
τ τ

∗

, τ  are the local 

shear stress on the ground, xτ  is the local shear stress 

in the X direction, tτ  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 

tτ =0.045 Pa (Raffaele et al. 2016). Horvat et al. 

(2021) proposed the relationship between 
*τ  and 

sand erosion or sand deposition. The key factor is 
= 1τ ∗ ±  (erosion threshold) when 1τ ∗ >  is forward 

erosion, when 1 1τ ∗− < <  is sedimentation, and 
when 1τ ∗ < −  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 

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 0.25H1 (P2), 0.75H1 (P3), 
2.5H1 (P4), 5H1 (P5), 7.5H1 (P6), and 12.5H1 (P7). It 
should be noted that H1 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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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 /vLρ μ= , where Re is the flow Reynolds 
number, represents the air density, 1.205 kg·m-3, 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 μ  is the air kinematic viscosity, 1.4×10-5 
m2·s-1), ranges from 1.01×105 to 2.58×105. 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).  

(a)  

(b)  

(c)  
Fig. 3 Sand barriers of three HDPE boards with different porosities. (a) 30% porosity; (b) 40% porosity; (c) 50% 
porosity. 

 
(a) 

 

(b) (c) (d) 

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. 
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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 

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 

(a)  

(b)  

(c)  

(d)  
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 ( iV  

represents XV  for speed in the X direction and ZV  

for the speed in the Z direction, respectively. HV  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. 1XV , 2XV , 3XV , 4XV , 

1ZV , 2ZV , 3ZV , 4ZV  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 Z HV 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 X HV 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 

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 X HV V  values are obviously 
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, X HV V  has the second smallest negative 
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 X HV V  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, X HV V  with an inlet wind speed of 8 m/s is 

positive, indicating that its vortex has disappeared. 
The X HV V  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. 

(30%)XV , (40%)XV , (50%)XV , (30%)ZV , (40%)ZV , (50%)ZV  

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 Z HV V  
characteristic curve has a vertical upward acceleration 
region, and the larger /

Z
V Z∂ ∂  is, the greater the 

intensity of the acceleration region is. In the range of 
0-1H height, the /

Z
V Z∂ ∂  is the largest when the 

porosity is 30%, that is, its acceleration zone strength 
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is the largest. By comparison, it is found that the 
strength of the acceleration zone is inversely 
proportional to the porosity. The part of the wind-
sand flow passing through the pores of the sand 
barrier decreases with the decrease of the porosity, 

which means that more wind-sand flow needs to pass 
above the sand barrier. The Z HV V  characteristic 

curves at the positions of P2 and P3 are similar to 
those at the P1 position, while the X HV V  

characteristic   curve  shows  a  piecewise  logarithmic  

 

 
 
 
 
 
 
 

Fig. 6 The dimensionless wind-speed profile of the 
wind-sand flow at different inlet wind speeds when 
the wind-sand flow passes through the sand barrier 
with a porosity of 30% (P1-P7 are the wind-speed 
profiles at 7 locations in the streamline feature map, 
respectively). 
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growth trend. At the position of P3, the  characteristic 
curves of X HV V  all show negative values, which 

indicates that the separation points of the three 

porosity sand barriers are located in the range of 0-
0.75H on the leeward side of the sand barrier. At the 
P4 position, the negative value of the X HV V  

 

 

 

 
 
 
 
 
 
 
 
 
 

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. 
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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, X HV 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 X HV V  at the P7 position has 
returned to the motion state present at the P1 
position, and the characteristic curve of Z HV 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 

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 

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). 
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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. 

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 1
/X HV V  value is 

the smallest when the porosity is 30% within the 

height range of 0.2-1H1. The second is the 1
/X HV V  

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 

P6, the value of 1
/X HV V  at the height of H1 from the 

ground is basically unaffected by the sand barrier, and 

the values of 1
/X HV V  with different porosities are 

basically the same. Within the height range of 0-0.8H1 

from the ground, the 1
/X HV V  value with a porosity of 

30% is the smallest, followed by the 1
/X HV V  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 0.2-0.8H1 from the ground, the value of 1
/X HV V  is 

the smallest when the inlet wind speed is 20 m/s, and 

the value of 1
/X HV V  is the largest when the inlet 

wind speed is 8 m/s. The negative values of 1
/X HV V  

appear at the positions of P3, P4 and P5. The negative 

value of 1
/X HV V  at the inlet wind speed of 20 m/s is 

the smallest, and the negative value of 1
/X HV V  at the 

inlet wind speed of 8 m/s is the largest. It shows that 

the reverse erosion of the leeward side 1
/X HV V  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 

1
/X HV 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 9H1, when the porosity 
is 40%, the sedimentation distance on the leeward 
side of the sand barrier is approximately 8H1; and 
when the porosity is 50%, the sedimentation distance 
on the leeward side of the sand barrier is 
approximately 6.5H1. 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% 

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). 
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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 12H1, 9H1, 
5H1, and 3H1, 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 0.75H (H1) 
position on the leeward side of 
the sand barrier and disappear 
near the 7.5H (H1) 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 
effect of the sand barrier. By observing the wind-
speed profile in the Z direction, it is found that the 
smaller the porosity of the sand barrier, the greater 
the slope of the wind-speed profile, that is, the greater 
the strength of the acceleration zone. The above 

results show that a sand barrier with a porosity of 30% 
has a significantly better protective effect on sand flow 
than those with porosities of 40% and 50%. Zhang et 
al. (2019) used the same inlet wind speed and analyzed 
the wind speeds at different heights and the results are 

 
(a) 

 
(b) 

 
(c) 

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. 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

0 1 2 0 1 2 0 3 6 0 2 4 0 2 4 0 1 2 0 1 2

VX/VH1

X/
H

1

 30%  40%  50%  
P1 P7P6P5P4P3P2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

0 1 2 0 1 0 1 2 0 5 10 0 3 6 0 1 2 3 0 1 2 3

VX/VH1

Z/
H

1

 20 m/s  16 m/s  12 m/s  8 m/s
P2 P3 P4 P5 P6P1 P7



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

 
975 

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 

(a) (b)
 

(c) 
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). 
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sand barrier model (H1) 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, 

 
(a) 

 
(b) 

(c) (d) 
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, c, d 
shows the sand sedimentation when the inlet wind speeds are 8, 12, 16 and 20 
m/s, respectively). 

 

 
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). 
 

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). 
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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 

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. 

(a) 
 

(b) 
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%. 
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