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To explore how to lay the same specifications tomaximize the protection benefits
of mechanical sand barriers is an essential issue in the actual production process.
We used the Reynolds-Averaged Navier-Stokes (RANS) method and the shear
stress transport (SST) K-ε turbulence model to study the windbreak efficiency of
sand barriers with different structures. Among them, the structure of the sand
barriers includes rhombus 60° (cTnI = 60°, R60°), rhombus 90° (cTnI = 90°, R90°),
rhombus 120° (cTnI = 120°, R120°) and parallel straight line (belt). The sand barrier
was set to a porous jump model, where the surface permeability a was 2.6 × 108,
and the inertial resistance coefficient c2 was 9,400. The wind velocity field results
showed that the sand barrier’s blocking effect on wind velocity decreases with the
increase in height. The leading edge of the 120° obstacle has the strongest
weakening effect on the inlet wind speed. The minimum wind speed (0.97 m/s
to 1.41 m/s) occurs near the sand barrier, and the vortex appears on both sides of
the node, and the wind speed increases. The order of the blocking effect of
different angles on airflow is as follows: 120° > 90°> brand >60°. Under R120°

conditions, the wind speed is reduced by more than 60% at 0.05 m and 0.1 m
height behind the barrier compared to the initial wind speed. This will be
conducive to the design and control engineering planning of the laying angle
of the gauze sand barrier in the main wind direction.
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1 Introduction

The sand barrier is one of the essential engineering measures in arid and semi-arid
areas (Li et al., 2020a; Li et al., 2022). In the early stage of desertification control, laying
mechanical sand barriers can effectively increase the surface roughness, reduce the near-
surface wind speed, and weaken the wind erosion on the surface to achieve the purpose
of windbreak and sand fixation (Li et al., 2009; Zhang et al., 2015). At the same time, sand
barriers guarantee later vegetation restoration and soil seed bank formation (Tang and
Liu, 2012; Li et al., 2014). The materials commonly used in traditional engineering are
firewood, crop straw, clay, and gravel (Krishnappan and Burrell, 2012; Liang et al., 2021)
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After processing, the sand barrier was laid on the surface of the
flowing sand, which plays a significant role in the fixation of the
flowing sand (Mengmeng Wang et al., 2021) The straw
checkerboard sand barrier was most widely used in practical
production because of its common materials, easy to lay, and
lower price advantage (Taniguchi et al., 2021). Moreover,
previous studies on straw sand barriers have been carried out
in many aspects, such as theoretical analysis, numerical
simulation, experiment, and observation (Sun et al., 2021;
Wang et al., 2021). Due to the remarkable effect of sand
prevention after the layout of sand barriers, it has been
increasingly accepted by the masses in the sand areas. It has
achieved remarkable results in the prevention and control of sand
hazards in many areas with severe wind and sand hazards and on
traffic roads, such as Taklimakan Desert Highway,
Gurbantunggut Desert Oilfield Highway, and Golmud-Korla
Railway (Shengyu and Jiaqiang, 2003; Li et al., 2020a; Niu
et al., 2020).

The shortage of materials, short service life, easy damage, and
lowmechanization of traditional straw sand barriers hinder its large-
scale application. In addition, agricultural mechanization has made
traditional crop straw materials unable to meet the size and supply
requirements, which has accelerated the contradiction between the
supply and demand of traditional sand barrier materials. With the
deepening of research on desert control, degradable environmental
materials have attracted more and more attention in the field of
desert control. Polylactic Acid Fibre (PLA) is a new kind of
biodegradable green polymer material produced from wheat,
corn, sweet potato, potato, and sugar beet by fermentation. It is
decomposed into CO2 and H2O through external conditions and
microbial action, which will not cause secondary pollution to the
environment (Kricheldorf, 2001; Ismail et al., 2017). The PLA has
been widely used in China as the primary material for weaving sand
barriers fixed to the sand surface by pillars. Previous studies have
detailed studies on wind protection efficiency (Gao Li et al., 2022),
ecological benefits, setting methods (Baoying et al., 2017) and
degradation aging properties of PLA sand barriers. It is found
that the wind protection efficiency of PLA sand barriers is
equivalent to that of straw sand barriers, which promotes
ecological restoration.

In order to reduce the research cost, CFD (computational
fluid dynamics) numerical simulation method was a widely used
study, and the control equations were the continuity equation,
momentum equation, and k-ε turbulence equation. Wenhua
et al. (2022) used ICEM CFD software to establish a
simplified two-dimensional model. This model analyzed the
movement law of wind-blown sand flow under different sand
barrier heights and sand barrier numbers to determine the
influence of sand barrier height and number on the wind-
blown sand fixation effect of the high vertical sand barrier;
Cheng (2012) used CFD software, the mesh type Tetra/Mixed,
the boundary layer Robust (octree), and a total number of
elements of more than 15 million. The research shows that
the wind speed profile between the wind wall and the upward
line increases and decreases with height. The central line of the
upward line first increases and then decreases and then
increases. However, the variation amplitude of the downward
line is significantly greater than that of the upward line. Zhang

et al. (2016) used CFD numerical simulation program to
simulate and analyze the flow field characteristics and
pressure changes of sand blocking and sand fixation network
and vertical windbreak fence based on a three-dimensional
simulation of porous media conditions. The simulation
results show that the porous media method can better reflect
the flow field changes of such sand barriers by reasonably
controlling parameters.

However, whether the traditional or new material
checkerboard sand barrier is laid in the field construction
process in the right angle direction. Previous studies focused
on the influence of the size of the checkerboard sand barrier on
the protective effect, and the difference between the windproof
and sand-fixing efficiency of the checkerboard sand barrier at
different angles is unclear. How to lay sand barriers of the same
specification to maximize the protective benefit of sand barriers is
an important problem that needs to be discussed further in the
actual production process. In this study, CFD numerical
simulation method was used to compare the wind speed flow
field and wind prevention benefit of sand barrier at 60°, 90°, 120°,
and belt. We reveal the effect of sand barriers laid at different
angles on the wind speed flow field, aiming further to improve the
wind protection efficiency of the sand barriers and provide
theoretical support for production practice.

2 Material and methods

In this paper, the computational fluid dynamics software
ANSYS Fluent 15.0 is used to simulate the wind speed flow
field around the sand barrier (Figure 1), and the flow field is
incompressible. The basic equations and algorithms of fluid
mechanics are used in the calculation models. For an
incompressible fluid, the mass and momentum conservation
equations are obeyed.

2.1 Governing equation

The standard model is used for numerical simulation. The
model does not require high grid accuracy, and local grid
encryption can achieve the calculation accuracy. The calculation
convergence rate is faster than other methods and is suitable for the
flow field environment with curved streamlines. Using this method
to simulate the flow field, the accuracy can meet the calculation of
wind speed characteristics of the near-surface flow field.

The standard k-ε model is a typical two-equation model, which
establishes a transport equation of turbulent kinetic energy k and an
equation of turbulent kinetic energy dissipation rate ε. This model is
currently the most widely used turbulence model. In the model,
turbulent kinetic energy dissipation rate e is expressed as:

ε � μ

ρ

zu′
i

zxk
( ) zu′

j

zxk
( ) (1)

Dynamic viscosity µ is a function of k and ε:

μt � ρCμ
k2

ε
(2)
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In the standard k-ε model, the transport equations for k and
e are:

z ρk( )
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(3)
z ρε( )
zt

+ z ρεui( )
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Where Gk is the generating term of turbulent kinetic energy k
caused by the average velocity gradient, calculated by the following
formula:

Gk � μt
zui
zxj

+ zuj
zxi

( ) zui
zxj

(5)

Gb is the production term of the turbulent kinetic energy k
caused by buoyancy, for incompressible fluid, Gb = 0; for
compressible fluid, there are:

Gb � βgi
μt
Prt

zT

zxi
(6)

In the above equation, prt is the turbulent Prandtl number, which
is taken as prt = 0.85 in this model, and gi is the component of
gravity acceleration in the i direction; β is the coefficient of
thermal expansion derived from the equation of state of
compressible fluid.

YM representing the contribution of pulsating expansion in
compressible fluids, for incompressible fluids, YM = 0; For
compressible fluids, there is:

YM � 2ρεM2
t (7)

Mt is turbulent Mach number, Mt =
����
k/α2

√
; α is the sound speed.

After experimental verification, the constant value in the
standard k-ε model is:

C1ε � 1.44, C2ε � 1.92, Cμ � 0.09, σk � 1.0, σε � 1.3 (8)

For the coefficients C3ε in the calculation of compressible fluid,
when the mainstream direction is parallel to the gravity direction,
there are C3ε = 1; When the direct current direction is perpendicular
to the gravity, there is C3ε = 0.

When the fluid is incompressible, the standard k-ε model is
simplified to:
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2.2 Upright reticulation barriers model
details

The sand barrier is set to the porous jump model. The surface
permeability and the inertial resistance coefficient of the porous
jump model are 2.6 × 108 and 9,400, respectively. Its coordinate
origin is located at the midpoint of the beginning of the calculation
area, and the positive direction of the X-axis is the direction of
incoming flow wind speed. Studies have shown that a 1 m × 1 m
checkerboard barrier is an effective measure of desert control,
0.1–0.2 m checkerboard barrier can effectively reduce wind speed
(Dong et al., 2004). Therefore, the first yarn net distance from the
beginning of the region L = 2 m, yarn net length × height ×
thickness = 16 m × 0.1 m × 0.001 m. In this paper, the effects of
belt gauze and checkerboard gauze barriers on near-surface airflow
field are simulated, respectively, and the spacing D of gauze barriers
is 1 m. In order to ensure the full development of the flow field in the
region, the geometric size of the calculation region along the airflow
direction is taken as 3–5 times the yarn spacing. In order to ensure
the full development of the wind speed profile along the vertical
direction, the vertical height is taken as 2 m. Therefore, the
calculation domain is cuboid, length × width × height = 30 m ×
30 m × 2 m, which can ensure that the boundary on both sides of the
region is not affected by the sand barrier (Figure 2).

Several scholars studied the characteristics of wind-sand flow
structures under 30°, 60°, and 90° sand barrier laying modes. The
results showed that the angle between the sand barrier and wind
direction was positively correlated with the average wind reduction
effect. However, the characteristics of wind speed and flow field of
the sand barrier under blunt angle laying are rarely reported.
Therefore, in this study, the rhombus 60° (∠A = 60°, R60°),
rhombus 90° (∠B = 90°, R90°), rhombus 120° (∠C = 120°, R120°),

FIGURE 1
Gauze sand barrier (A) and recovery effect after laying (B).
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parallel linear (belt) gauze sand barrier are simulated. The schematic
diagram of four kinds of gauze sand barrier laying is shown in
Figure 3.

2.3 Computational grid

The tetrahedral mesh is used, and the sand barrier area and the
computational domain share nodes. The mesh is automatically
encrypted around the sand barrier. The bottom layer is set up
with an expansion layer (5 layers and the growth rate is set to
1.1). The mesh number of the belt gauze mesh model is 5–8 million
(Figure 4), and the mesh number of the checkerboard gauze mesh
model is 9–13 million (Figure 5).

2.4 Boundary condition

(1) Bottom surface is set to no-slip wall, the ground roughness
index reference ‘building structure load specification’
(GB50009-2001), the roughness level of the desert area for
class A, ground roughness exponent σA = 0.12.

(2) The entrance boundary is set to INFLOW, the exit boundary
is set to OUTFLOW, and the other surface boundaries are
set to SYMMETRY. At x = 0, there is u = v = w = 0,
symmetric boundary conditions at the top and both sides
of the region; At z = 0, there is u = v = w = 0, entrance is
velocity entry boundary; At y = 0, there is u = u0, v = w = 0,
u0is the flow velocity, the exit is free exit, without setting any
parameters.

(3) The initial conditions of the given speed at the entrance of the
region are calculated. The initial wind speed is realized by UDF

FIGURE 2
Model diagram of square sand barrier and its calculation area.

FIGURE 3
60°, 90°, 120°, and belt sand barriers layout. Note: (A–C) represent 60°, 90°, and 120° respectively.

FIGURE 4
The grid division diagram of sand barrier model for ribbon gauze.

FIGURE 5
The grid division diagram of sand barrier model for checkerboard
gauze.
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programming and Fluent interface. The wind speed profile at
the entrance is defined as the speed function.

Vb � Va
hb
ha

( )
α

(11)

In this study, the wind speed at the height of 2 m is set to 8 m/s,
the fluid density is taken as the air density ρa = 1.225 kg/m3, and
P0 is taken as a standard atmospheric pressure.

(4) The pressure solver sets the steady-state flow with low-speed
incompressible flow, and the calculation model adopts the
K-epsilon standard turbulence equation. The thickness of the
sand barrier model in this paper is only 0.001 m, and the viscous
force of the airflow is negligible. Only the pressure difference
between the windward and leeward walls of the sand barrier is
considered.

2.5 Wind profiles

The von Karman-Prandtl equation represents the logarithmic
wind profiles at the three observation sites. The shear velocity (u*)
and roughness length (z0) can be calculated based on the logarithmic
wind profile, which was fitted using the least-squares curve fitting
method.

uz � u*
k
ln

z

z0
(12)

uz � a1 + b1 ln z( ) (13)
u* � kb1 (14)

z0 � exp −a1/b1( ) (15)
where u* is the shear velocity (m/s); z0 is the aerodynamic roughness
(m); k is the von Karman’s constant (0.4); z is the measurement
height (m); and uz is the velocity at height z (m/s); a1 and b1
represent regression coefficients.

3 Results

3.1 Wind speed variation at a height

It can be seen from Figure 6 that the gauze sand barrier can
effectively reduce the wind speed in the height range of 0–0.60 m
near the ground, and the effective protection height is increased
compared with the belt sand barrier. The wind speeds at 0.6 m
points of 60° sand barrier A, B, C, and D were 6.81 m/s, 6.92 m/s,
6.99 m/s, and 6.92 m/s, respectively. The wind speeds at 90° sand
barriers were 6.76 m/s, 7.05 m/s, 7.06 m/s, and 6.89 m/s,
respectively. The wind speeds at 120° sand barriers were 6.75 m/s,
7.14 m/s, 7.21 m/s, and 7.05 m/s, respectively. The wind speeds at

FIGURE 6
Wind velocity profile of near-surface airflow field of gauze barrier at different angles.
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belt sand barriers were 7.35 m/s and 7.33 m/s. The order of
weakening degree of A point wind speed is R120° > R90° >
R60°> belt. Compared with the belt sand barrier, the R120°, R90°,
and R60° sand barrier can effectively reduce the near-surface wind
speed, and the R120° has the best effect.

3.2 Horizontal wind speed profile

The spatial distribution of the wind speed flow field at
different vertical heights is shown in Figure 7. The sand
barrier has a decreasing effect on wind speed over a height
range of 20 cm from the ground, while the wind velocity flow
field varies in the same way over a height range of 10 cm from the
ground. The wind speed field at the front of the sand barrier is
6.02 m/s, 2.07 m/s, 1.18 m/s, 0.67 m/s, and 0.3 m/s lower than the
wind speed field at the inlet at a height of 1 cm, 5 cm, 10 cm, and
15 cm above ground level, respectively. The wind velocity field at
the front end of the sand barrier is not significantly affected by
the position of the sand barrier. The maximum wind speeds
within the sand barrier were 0.9 m/s, 2.8 m/s, 3.4 m/s, and 4.2 m/s
at 1cm, 3cm, 5cm, and 10 cm from the ground, respectively. With
the increase in height, the wind-proof effect of the sand barrier
gradually decreases.

The spatial distribution of the wind velocity field at different
vertical heights of the 90° sand barrier is shown in Figure 8. The
sand barrier reduces the wind speed in the height range of 20 cm
above the ground, and the wind speed field changes in the same
pattern in the height range of 10 cm above the ground, indicating
that the wind speed decreases at the edge of the sand barrier and
increases in the middle of the sand barrier. Within 20 cm height
from low to high (i.e., 1 cm, 3 cm, 5 cm, 10 cm, 15 cm, and

20 cm), the wind speed flow field at the front of the sand
barrier is 6.41 m/s, 3.40 m/s, 2.65 m/s, 2.17 m/s, 1.70 m/s, and
1.48 m/s lower than that at the inlet. The blocking effect of the
sand barrier on the wind speed gradually decreases with the
increase in height. In the height range of 20 cm above the ground,
the lowest wind speeds in the sand barrier from low to high are
0.03 m/s, 0.08 m/s, 0.31 m/s, 1.19 m/s, 2.32 m/s, 3.09 m/s,
respectively. They are all located at the sand barrier position
or node.

The spatial distribution of the wind speed flow field at
different vertical heights of the 120° sand barrier is shown in
Figure 9. The sand barrier reduces the wind speed in the range of
20 cm in height. The wind speed flow field variation is the same in
the height range of 20 cm above the ground. The minimum wind
speed appears near the sand barrier, and the vortex occurs on
both sides of the node, which increases the wind speed. The
minimum wind speed in the height range of 10 cm above the
ground from low to high (i.e., 1 cm, 3 cm, 5 cm, and 10 cm) sand
barrier is 0.01 m/s, 0.05 m/s, 0.06 m/s, and 0.74 m/s, while the
wind speed in the vortex is 0.35 m/s, 1.2 m/s, 1.6 m/s, and 2.6 m/
s. In the height range of 20 cm above the ground from low to high
(i.e., 1 cm, 3 cm, 5 cm, 10 cm, 15 cm, and 20 cm), the wind speed
flow field in front of the sand barrier decreased by 6.56, 3.72, 2.93,
2.34, 1.87, and 1.42 m/s compared with the inlet wind speed. The
blocking effect of the sand barrier on wind speed decreased with
the increase in height.

The spatial distribution of the wind speed flow field at
different vertical heights of the belt sand barrier is shown in
Figure 10. The sand barrier has a decreasing effect on the wind
speed in the range of 3 cm height. When the airflow runs to the
windward side of the sand barrier, the airflow in 3 cm decreases
sharply when the sand barrier is blocked. The wind speed of the

FIGURE 7
Horizontal wind velocity profile around 60° sand barrier.
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FIGURE 8
Horizontal wind velocity profile around 90° sand barrier.

FIGURE 9
Horizontal wind velocity profile speed around 120° sand barrier.
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wind speed flow field decreases when the sand barrier is blocked
and increases behind the sand barrier. The wind speed decreases
at 1H (H represents barrier height) before the next sand barrier
and increases at 1H after the sand barrier. The wind speed from
the windward side to the leeward side of the sand barrier
decreases by 2.73 m/s. At the height of 3 cm, the flow field of
wind speed increased at 1H before the first sand barrier and
began to decrease at 1H after the sand barrier, showing a trend of
first increasing and then decreasing. The wind speed flow field at
different vertical heights of the parallel sand barrier shows
apparent stratification. The wind speed flow field increases
and then stabilizes for 0.5H–2H.

3.3 Wind speed profile

The spatial distribution of the wind speed field at vertical
height under different types of sand barriers is shown in
Figure 11. The variation law of the wind speed flow field at
the height of the sand barrier at different angles is consistent. At
the vertical height of 1H of the wind speed flow field of the sand
barrier, the wind speed decreases after the sand barrier is blocked,
and the wind speed decreases sharply at the first 2H of the sand
barrier node. The flow field situation presents multiple “V” types.
At the vertical height of 2H, the wind velocity field showed a
trend of sharp decline when the sand barrier node was blocked,

followed by a slow decline. The flow field line in the vertical
height of 5H increased slightly before the sand barrier and then
decreased slowly. The wind speed of R60° barrier from low to high
(i.e., 1H, 2H, 3H, 4H, and 5H)windward side to leeward side
decreased by 2.34, 1.70, 1.03, 0.43, and 0.05 m/s, respectively. The
wind speed of R90° barrier decreased by 3.17, 2.39, 1.68, 0.94, and
0.20 m/s, respectively. The wind speed of R120° barrier decreased
by 3.38, 3.14, 2.45, 1.16, and 0.14 m/s, respectively. The wind
speed of the band barrier decreased by 2.73 m/s (1H), 1.34 m/s
(2H), and 0.18 m/s (3H), respectively.

3.4 Wind prevention benefit analysis

Table 1 shows the Gradient table of wind speed at 0.05 m
height near the surface and windbreak efficiency. Differences in
laying angles affect the variation in wind speed gradients and the
efficiency of wind protection. The order of wind-proof efficiency
of point A airflow is: 120° > 90° > 60°> belt. The order of wind-
proof efficiency of airflow at points B, C, and D is as follows:
120° > 90°> belt >60°. The wind speed gradient and windbreak
efficiency at the height of 0.1 m near the ground are consistent
with those at 0.05 m (Table 2). The wind speeds at points A, B, C,
and D at the heights of 60°, 90°, 120°, and belt, 0.1 m near the
ground between bands are all less than 0.05 m, and the wind-
proof efficiency is lower than 0.05 m.

FIGURE 10
Horizontal wind velocity profile speed around parallel sand barrier.
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4 Discussion

The sand barrier is an auxiliarymeasure for biological sand fixation,
which has leading and protective effects (Li et al., 2006; Wang and

Wang, 2019; Zhao and Wang, 2019). The setting of the checkerboard
sand barrier at the early stage of treatment can provide shelter for
seedlings and seeds. The CFD numerical simulation method is used to
compare the wind speed flow field and wind prevention benefit of grid

EFIGURE 11
Wind profile around sand barrier at different angles.

TABLE 1 Gradient table of wind speed at 0.05 m height near surface.

Site Belt 60° 90° 120°

V (m/s) Drop (%) V (m/s) Drop (%) V (m/s) Drop (%) V (m/s) Drop (%)

A 4.88 7.22 4.72 10.19 4.38 16.62 4.05 22.88

B 0.75 85.73 2.59 50.65 1.45 72.42 0.94 82.05

C 1.55 70.44 2.22 57.84 1.25 76.30 0.47 90.99

D 1.69 67.85 2.39 54.58 1.48 71.86 0.87 83.54

TABLE 2 Gradient table of wind speed at 0.1 m height near surface.

Site Belt 60° 90° 120°

V (m/s) Drop (%) V (m/s) Drop (%) V (m/s) Drop (%) V (m/s) Drop (%)

A 5.48 2.71 5.30 5.95 5.04 10.57 4.74 15.79

B 2.08 63.00 3.28 41.69 2.05 63.58 1.41 74.93

C 2.41 57.28 2.89 48.63 1.90 66.29 0.97 82.80

D 2.55 54.76 2.95 47.55 2.08 63.15 1.37 75.69

Note: Drop indicates wind-proof efficiency.

Frontiers in Environmental Science frontiersin.org09

Dang et al. 10.3389/fenvs.2023.1159977

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2023.1159977


sand barrier at 60°, 90°, 120°, and between belts. Revealing the influence
of sand barrier laying at different angles on wind speed flow field is of
great significance further to improve the wind prevention efficiency of
grid sand barrier and provide theoretical support for production
practice. Previous studies have shown that the laying mode and
specifications of the checkerboard sand barrier affect the thickness of
sand accumulation and sand blocking effect (Zhang et al., 2018; Liu and
Bo, 2020). The decrease in wind speed before and after the barrier is the
primary sand control mechanism of the checkerboard sand barrier. The
growth area of wind speed in the middle of the barrier is the leading
cause of no or less sand accumulation in the middle of the sand barrier.
The experimental results show that the wind speed flow field forms a
deceleration zone and a vortex zone in the barrier (Wang et al., 2020).
From the windward side to the leeward side of the barrier, the spatial
variation of wind speed can be divided into three stages: decline stage,
stable stage, and recovery stage (Bo et al., 2015). There is a series of
unevenly distributed wind-sand flow vortexes inside the checkerboard
sand barrier, and its intensity gradually decreases from the windward
side to the leeward side of the sand barrier (Huang et al., 2013). The
vortex action of airflow inside the barrier may lead to the erosion of the
original sand surface. The sand grains in the square barrier move to the
front and side walls of the barrier, and the sand grains are redeposited to
reach a stable concave equilibrium state (Qu et al., 2007). The erosion
situation in the barrier is low in the middle and high around (Xu et al.,
2018).

Sand invasion is a serious problem in arid areas. Square sand
barriers are usually used as wind buffers to stabilize the soil at risk of
desertification and improve soil nutrients. Therefore, the grid sand
barrier is widely used in arid areas (Li et al., 2018). The combination of
sand fence and straw checkerboard sand barrier can more effectively
control the wind and sand flow into the oasis in the study of Minqin
oasis desertification control measures (Krishnappan and Burrell, 2012).
In this study, it was found that the wind speed flow field was stratified
within the sand barrier 1H, which was consistent with the research
results of Zhang et al. (2016), that the 0.2 m high barrier obtained by
observing the wind speed flow field and sediment transport in dunes
before and after the sand barrier was laid increased the aerodynamic
roughness length to more than 0.02 m, which is two to three times
higher than that of bare sandy. The sand barrier reduced the wind and
sediment flow, and changed its vertical distribution. There are
significant differences in sediment transport efficiency of sand
barriers with different shapes, mainly due to their different
inclination angles that change the direction of cross-border wind
and sand flow (Bruno et al., 2018).

The results of this experiment show that checkerboard sand barriers
can significantly reduce wind speed near the ground, and the greater the
angle between the sand barriers, the stronger their wind protection
benefit. Because the angle is sharp, the leading role is the dredging effect,
and the airflowwill move forward along the sand barrier affected by the
sand barrier. When the angle increases, the blocking effect of the sand
barrier on the airflow is obvious, and the airflow is forced to rise when it
passes through the sand barrier. Therefore, the blocking effect of sand
barriers on airflow increases with an increasing angle on the windward
side of the sand barrier. The angle between the sand barrier and the
wind direction is positively correlated with the average wind reduction
effect (Xue et al., 2021). The results of Xu et al. (2018) and other studies
show that under constant wind speed, when the angle between themain
shaft of the lateral transport project of the feather sand-flushing bath

and the wind speed is less than 30°, the formed flow field is the most
suitable for the lateral transport of wind-sand flow. Compared with the
checkerboard sand barrier, the sediment deposition distance of the
triangular sand barrier increases by 25% (Sarafrazi and Reza Talaee,
2020). The research results of Zhang et al. (2018) on the characteristics
of wind-blown sand flow under the different inclined angles of the sand
barrier show that increasing the inclined angle of the sand barrier can
enhance the blocking effect of the sand barrier on airflow. When the
inclined angle of the sand barrier is 90°–135°, the sand control effect is
the best (Dun et al., 2021). The study of Zhang et al. (2022) on
windbreak and dust suppression networks shows that the
checkerboard barrier with an angle of 50° near the ground has
better wind and sand shielding effect than the checkerboard barrier
with an angle of 30°.

5 Conclusion

The current study investigated the wind-blown sand-fixation
efficiency and the wind flow fields around checkerboard sand barriers
at different angles using computational fluid dynamics (CFD)
simulations. The verification study on checkerboard sand barrier
systems with different angles showed that the numerical modeling
approach employed in this study, which is full-scale 3D Reynolds-
Averaged Navier-Stokes (RANS) simulation with an unsteady solver
and shear stress transport (SST) K-ε turbulence model, predicted the
wind speed around the checkerboard sand barrier with different angles
reasonably well. The limitations of this study are the lack of field tests.
Based on the investigation carried out in this study on wind-blown sand-
fixation efficiency, the following conclusions can be made.

(1) Vortex can be observed in wind velocity fields of grille barriers at
different angles.

(2) Different angles of sand barrier can reduce the wind speed in 5H
of vertical height wind velocity field.

(3) The wind speed flow field at different vertical heights of the belt
sand barrier shows obvious stratification. The wind speed flow
field in 0.5H–2H increases first and then tends to be stable.

(4) With the increase of the angle between the sand barriers, the
windproof effect of the sand barrier is enhanced, and the 120°

obstacle front edge has the strongest weakening effect on the
inlet wind speed.
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