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ABSTRACT

When using high-voltage transmission lines for energy transmission in loess hilly regions, local extreme wind fields
such as turbulence and high-speed cyclones occur from time to time, which can cause many kinds of mechanical
and electrical failures, seriously affecting the reliable and stable energy transmission of the power grid. The existing
research focuses on the wind field simulation of ideal micro-terrain and actual terrain with mostly single micro-
terrain characteristics. Model boundary constraints and the influence of constrained boundaries are the main
problems that need to be solved to accurately model and simulate complex flow fields. In this paper, a flow field
simulation method based on circular boundary constraints is carried out. During the study, the influence of the
model boundary and the selection conditions of the modeling range are systematically analyzed. It is more suitable
to make sure that the air domain is 4 times higher than the height of the hill undulations, in addition to ensuring
that there should be a minimum of 400 m between the study region and the boundary. Then, an actual terrain
model of a power grid line in Shanxi is established, through the method proposed in this paper, the wind speed
at the location of the transmission tower line under different wind directions is analyzed, and it is found that
when the incidence direction is 45 degrees north by east the wind speed is the highest. The findings demonstrate that
the circular boundary model has the advantage of more easily adjusting the wind incidence direction, in addition
to theoretically reducing the errors caused by traditional models in boundary processing. It can accurately obtain
the distribution characteristics of the flow field affected by the terrain, and quickly screen out the extreme working
conditions that are most harmful to the transmission lines in the actual transmission line for energy transmission
in complex loess hilly regions.
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Nomenclature

8 Wind speed change caused by boundary change/m-s™'
v Average wind speed/m-s™

v, Average wind speed at standard height/m-s™

y Height/m

W Standard height/m
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o Surface roughness coefficient

k Turbulent kinetic energy/m?*-s~?

1 Intensity of turbulence

L, Integral scale of turbulence/m

Zy Roughness length/m

ko Roughness height/m

e Turbulence dissipation rate/m?*-s™’

1 Introduction

The surface of the loess hilly regions is full of gullies and complex in structure. The macro wind
speed, wind direction, and other meteorological data are constantly evolving under the influence of
the gullies on the surface of the loess hilly regions, which makes it easy to produce various types of
turbulence and high-speed cyclones [1-3]. In most cases, the wind speed, wind direction, and pulsation
characteristics are significantly different from the macro meteorological data in strong convective
micrometeorology. For the operation and maintenance of high-voltage transmission lines in loess
hilly regions, the meteorological data of such terrain is often a blind area that cannot be covered
by comprehensive meteorological data monitoring. Extreme changes in wind fields caused by the
local microtopography can seriously compromise the stability and safety of various energy generation,
transmission, and usage operations [4—0].

In recent years, various kinds of wind-induced disasters have occurred frequently on power
transmission lines in the micro-topographic meteorological area. On July 31, 2021, the western regions
of Handan experienced a short-time severe convective weather, which caused damages to 21 lines in
total. On November 21, 2021, severe convective weather hit parts of Ningwu County, Shanxi Province,
causing damage to several high-voltage power transmission lines. The local strong convective climate
affected by microtopography has seriously affected the reliability of high-voltage transmission lines.

At present, three main research methods of flow fields have been developed [7-11]. On-site
measurement of the actual micro-terrain area is the most direct method. However, this method has
a high cost. In addition, due to the influence of actual terrain, wind speed and other factors, the
grid of wind measurement points is sparse. This phenomenon means that it is difficult to generalize
rules for terrain features, and wind maps can be rough. The wind tunnel test method based on the
microtopographic scaling model also has the characteristics of high difficulty in model making, long
test cycles, and difficulties to eliminate the influence of flow field boundary.

In contrast, simulation analysis has many advantages such as flexibility, efficiency, and low cost,
and its technology has developed rapidly [12]. Jackson et al. [13,14] and Hunt et al. [15] proposed
and perfected the functional formula for calculating the rate of change of wind speed at the top of a
two-dimensional mountain in the 1970s. Then the research on wind field simulation using numerical
simulation methods continued to develop. Zhou et al. [16] studied the application of the Realizable
k-e model in the calculation of the partial working condition of hydro turbines, and believed that
the model satisfies the Reynolds stress constraint condition and can more accurately simulate the
diffusion speed of the plane and circular jets. Li [17] used the Realizable k-¢ model to simulate the
wind field numerically and held the view that the model was closer to the actual situation in the wind
field simulation. Gao et al. [18] adopted a closed treatment for the turbulent Navier-Stokes equation
in the steady-state situation and obtained the corresponding numerical solution by discretizing the
microtopographic wind field. Sun et al. [19] conducted simulations of turbines in wind fields using the
realizable k- model to investigate the impact of walls on downstream wind speed changes.
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As far as the current simulation analysis of wind response of high-voltage transmission lines is
concerned, researchers have made significant advancements in the development of finite element mod-
els, the analysis of wind load characteristics and dynamic behavior, and the probability distribution
of tower line systems [20—22]. Some previous research focused mainly on the effects of typical ideal
terrain on wind fields [23,24]. Such research idealizes the structure of mountains, abstracts the various
shapes of mountain bodies in nature into ideal geometry models. However, in actual circumstances,
the terrain of the loess hilly regions is so complex that it cannot simply be analyzed and interpreted
using an ideal terrain or a local terrain, and many actual geological problems cannot be solved. Other
previous research focuses on the wind field simulation of actual terrain with only single micro-terrain
characteristics, such as a mountain or a hilly terrain, and they generally use a rectangular boundary
model similar to a wind tunnel [25-28]. Such a method can be used in some simple terrain areas. The
area in which the real transmission tower line is located may be affected by different complex terrains
and the wind speed results are completely different from the results of the simple terrain analysis.
The parts between the real terrain and the rectangular air domains generally adopt a functionally
smooth approach, thereby introducing unnecessary errors. Rectangular boundary constraints also
have certain limitations when studying different wind direction angles. In the case where the wind
speed is incident perpendicular to the rectangular boundary, the constraints of the side boundary will
affect the wind field simulation results. It is common practice to apply constraints simultaneously
on adjacent rectangular boundaries when changing the direction of the wind speed. This method of
imposing constraints is not only complex but also introduces relatively large errors.

To solve the problem mentioned above, this paper proposes a large-field wind field simulation
method with circular boundary constraints. It provides an easier solution to study the influence of
different wind incidence angles under complex terrain.

In this paper, the actual terrain model of the 220 kV transmission line in Yuncheng, Shanxi
Province is selected as the research object. Moreover, eight wind incidence angles of 0°, 45°, 90°, 135°,
180°,225°,270°, and 315° are set to study the distortion effect of the terrain distribution under different
wind incidence angles.

2 Establishment of Wind Field Simulation Model

2.1 Actual Terrain of the Study

In order to better simulate the wind field of the transmission tower line in the actual complex
terrain, this paper selects a typical loess hilly region near 35°29'N and 111°10’E in Yuncheng, Shanxi
Province for study, as shown in Fig. 1.

As can be seen from Fig. |, there are two crisscrossing sections in this area, including a hill
extending from southwest to northeast on the west side and a set of hills extending from northwest
to southeast on the east side. Transmission tower No. 55 of the Xinren line (that is, the location
marked in the map) is in a ravine terrain between these hills. The geographical structure is complex,
which is a typical loess hilly ravine. In such a topographic environment, local strong convective
micro-meteorological regions are prone to occur, resulting in wind speed and wind direction that
are significantly different from the macro-meteorological data in Yuncheng. Therefore, this location
selected for research can reflect the influence of local microtopography on the wind field.
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Figure 1: Actual topographic map of Yuncheng, Shanxi Province

2.2 Modeling Ranges for Circular Terrain Models
2.2.1 Heights of Circular Terrain Modeling

To reduce the influence of boundaries during wind simulation, a series of circular terrain models
with the same radius and different heights are established. The heights of the air domains z were taken

as 600, 800, and 1000 m, respectively. The hill undulations in the selected area vary by about 200 m,
that is, the heights of the established air domains are 3, 4 and 5 times the terrain height, respectively.

Use Ansys Fluent to conduct wind field simulation on the established model, keep the rest of
the simulation settings consistent, set the inlet wind speed to 25 m/s, and the direction is directed
along the x-axis to the negative direction of the x-axis. For different heights, wind field calculations are
performed separately, and then the same position is selected in the center of the model. From the data
within 450 m from the ground, the relationship between wind speed and height from the ground is

obtained, as shown in Fig. 2.
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Figure 2: Wind speed at different modeling heights
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From Fig. 2, it can be seen that the increase in model height from 600 to 800 m has a relatively
large impact on wind simulation, while the impact on wind simulation is negligible when the model
height increases from 800 to 1000 m. To determine this regularity, the air domain height of the model is
set to 2000 m (that is, 10 times the height of hill undulation) for wind field calculation, and the results
are added to Fig. 2. As can be seen from Fig. 2, from 1000 to 2000 m, the wind speed change is not
significant even if the height increases by 1000 m.

In order to quantitatively describe the change of wind speed with height in Fig. 2, define the
amount of wind speed change caused by the height change in the air domain as 8. It is used to measure
the relationship between the wind speed difference under different conditions and the model height
multiple difference. The mathematical expression is as follows:

Ay
T (1)

It is known by calculation that the average wind speed change of each point reaches 0.93 m/s when
the model height increases from 600 to 800 m, and the average change decreases to 0.18 m/s when the
model height increases from 800 to 1000 m. The influence of increasing the model height on the wind
field change in the model decreases. During the increase in model height from 1000 to 2000 m, the
average change decreased to 0.08 m/s. It can be concluded that the influence of increasing the height
of the model air domain on the wind field will decrease with the increase of the height of the model
air domain.

S =

Therefore, in order to reduce the calculation amount while ensuring the calculation accuracy, it is
more appropriate to select the height of the model air domain as 4 times the hill undulation height.

2.2.2 Radius for Modeling Circular Terrain

The limitation of boundary conditions in wind field simulation will cause errors between the
simulation results near the boundary and the actual situation. The closer the position to the internal
area of the model, the closer the calculation results are to the real situation. In order to explore the
specific scope affected by the boundary of the circular area model, a series of circular 3D models with
the same height and different radii of the model air domain were established, with radii of 400, 500,
600, 700 and 800 m, respectively.

Use Ansys Fluent to conduct wind field simulation on the established model, keep the rest of the
simulation settings consistent, set the inlet wind speed to 25 m/s, and the direction is directed along the
x-axis to the negative direction of the x-axis. For different radii, wind field calculations are performed
separately, and then the same position is selected in the center of the model. From the data within
450 m from the ground, the relationship between wind speed and height from the ground is obtained,
as shown in Fig. 3.

From Fig. 3, it can be seen that the increase in the radius of the model from 200 to 600 m
has a relatively large impact on the wind field simulation. However, the impact on the wind field
simulation is relatively small when the model height is increased from 600 to 800 m. This change
can be quantitatively expressed by the wind speed change value § defined above. After calculation, the
average wind speed change of each point is greater than 3 m/s when the model radius increases from
200 to 400 m. When the model height increases from 400 to 600 m, the average change decreases to less
than 1 m/s. And the average change decreases to 0.4 m/s when the model radius increases from 600 to
800 m. It shows that increasing the model radius will still have an impact on the wind field simulation,
but the impact continues to weaken with the increase of the model radius.
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Figure 3: Wind speed under different modeling radii

Therefore, the error between the result and the actual situation when the radius is less than 400 m
from the boundary can be large, while it is very small and can be ignored when the radius is more than
600 m from the boundary.

2.3 Establishment of a Three-Dimensional Terrain Model with a Circular Boundary

According to the research in Part 1.2, the accuracy and calculation of the simulation should be
considered. As the topographic elevation map shown in Fig. 4, a circular area with a radius of 1000 m
is selected, and the height of the top of the model from the terrain surface is set to 800 m. The direction
of wind incidence is also marked in Fig. 4, and the direction in the negative direction of the x-axis is
0°. Rotate a certain angle counterclockwise to obtain other directions of wind incidence, such as the
45° direction marked in Fig. 4.
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Figure 4: Round boundary topographic elevation map

Converting elevation data into a 3D terrain model is mainly done through Delaunay triangulation.
Currently, the Incremental inserting algorithm is the most commonly used algorithm for Delaunay
triangulation, which has simple principle, less memory resources, moderate time complexity, and good
segmentation effect [29,30]. Delaunay triangulation is first realized in plane coordinates, and then the



EE, 2023, vol.120, no.10 2423

height data corresponding to these split nodes is given to form a three-dimensional triangular split
terrain mesh surface. The main finite element modeling steps for circular 3D terrain with Ansys are
shown in Fig. 5.
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Figure 5: Steps of 3D terrain modeling for circular boundary

3 Flow Field Simulation in Loess Hilly Areas

3.1 Test for Grid Independence

The irrelevance of meshing needs to be checked before wind simulation. Use Ansys Fluent to
conduct wind field simulation on the established model, keep the direction of incidence and inlet
wind speed unchanged, gradually refine the mesh, and calculate the model. To judge the irrelevance
of the calculation results to the mesh, compare the calculation results under different mesh accuracy
conditions. After calculation, the influence on the results after the mesh accuracy reaches 20 m is
negligible. It can be considered that the mesh-independent solution has been obtained.

3.2 Boundary Condition Settings

The circular boundary model can divide the side boundary surface into two semicircles as the inlet
surface and outlet surface. It is not only simple to set up but also less affected by boundary constraints
inside the model than the rectangular boundary model with four side faces. Before the wind field
simulation, the boundary conditions of the circular air domain need to be set, mainly including the
inlet surface, the outlet surface, the top surface, and the bottom surface.

3.2.1 Radius for Modeling Circular Terrain

This article sets the inlet face of the air domain as the speed inlet in Ansys Fluent to conduct wind
field simulation. The direction of wind speed at the speed inlet can be changed by rotating the inlet
surface. Moreover, the average wind speed at the inlet, turbulent kinetic energy and its dissipation rate
can be set by writing user-defined functions.

The average wind speed at the speed inlet is described using the exponential law which was
first proposed by G. Hellman in 1916. A.G. Davenport of Canada [31] obtained the expression of
the exponential law wind profile after a large number of field observations and statistical analysis.
In general, the average wind speed 7 at a height of y from the ground can be obtained using the
exponential law [32]:

Vv [y ¢
7b_(yb) @

where y, and 7, denote the standard height and the average wind speed at the standard height,
respectively. The average wind speed is 25 m/s in this paper (equivalent to the basic wind pressure
of 0.4 kN/m?). « is the roughness coefficient of the ground, and its values are shown in Table 1.
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Table 1: Types of ground roughness and related parameter values [33]

Types Description o yJ/m  y,/m

A Offshore surfaces, islands, coasts, desert areas. 0.12 300 5

B Fields, countryside, jungles, hills, towns and suburbs with sparsely 0.16 350 5
sparse houses.

C Urban areas with a dense complex of buildings. 0.22 400 5

D Urban areas with dense complexes and skyscrapers. 0.30 450 10

The turbulent energy of the inlet face and the turbulent dissipation rate are functions of height,
like the wind speed of the inlet face [34]. The turbulent kinetic energy for the inlet face is:

2
k) =3V mImrF (3)

where k(p) is the turbulent kinetic energy at height y, V() is the average wind speed at height y, I(y)
is the intensity of turbulence at height y, which can be calculated as:

y —a—0.05
0.1(—) s W =<Y=Vn
Ve

y —a—0.05
0.1(—b) , O0<y<yy
Ve
where y, is the maximum height of the air domain, y, and y, are the critical values of gradient wind
height and turbulence segment, respectively, as shown in Table 1. The turbulence dissipation rate ¢ is:
3C, 5k ()3
E=——— (5)
KL, (y)

where C, takes 0.09, K takes 0.42. L, is the integral scale of turbulence and is a function of y, whose
expression is:

1(y)= (4)

1
Y2
100 (35) .30 <y <,
100,0 < y < 30

L.(y) = (6)

3.2.2 Outlet Surface and Top Surface

The details of flow speed and pressure are not known prior to solving the flow problem in circular
boundary constraint. To avoid the restriction of the outlet surface affecting the flow of wind, this paper
sets the outlet surface as outflow boundary conditions, so that the simulation results of the wind speed
field can be more accurate. Also, the model has chosen a suitable height, so the wind direction at the
top of the model hardly changes, but flows smoothly. To avoid additional boundary conditions that
produce different calculations than the wind field of the actual terrain, this paper directly sets the top
surface of the air domain as symmetry boundary conditions.
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3.2.3 Bottom Surface

The actual three-dimensional topography of the loess hilly regions constitutes the bottom surface
of the air domain. To facilitate further description of the roughness in the simulation process, this
paper sets the bottom surface as wall boundary conditions in Ansys Fluent to bound fluid and solid
regions, at the same time, uses the standard wall function without specifying shear to describe it.

The surface roughness coefficient («) and the roughness length (z,) are often used to describe the
roughness of the ground. As mentioned in 3.2.1, under different kinds of geomorphological conditions,
the values of @ and z, are also different under different kinds of geomorphological conditions. The
terrain studied in this paper has type B ground roughness, so the ground roughness length z, is 0.05.

The roughness height of the ground in the Fluent simulation environment setting also describes
the roughness of the ground. The conversion relationship between the rough ground height &, and the
rough ground length z, is:

k, = 20z, (7

That is, at the roughness of type B ground studied in this paper, the roughness height &, is 1. To
reflect the difference in surface roughness between flat fields and hilly ravines, existing studies usually
set the roughness of the ground in undulating terrain environments to 1.3—1.7 times that of flat [35].
In this paper, considering the surface conditions in the loess hilly regions, the multiple is taken as 1.5,
that is, the rough height of the ground is set to 1.5.

3.3 Flow Fields Simulation with Different Wind Angles

In the model of circular boundaries, the wind incidence angle can be changed by simply changing
the position of the division between the inlet and outlet surfaces. It is no longer necessary to calculate
the magnitude of components in different directions as in the model of rectangular boundaries, which
jointly changes the settings of two adjacent boundary surfaces to achieve a change in wind direction.
To study the difference under different wind incidence angle conditions, the direction is changed
sequentially by changing the position of the inlet surface and the outlet surface. The direction of wind
incidence should be perpendicular to the dividing line between the inlet surface and the outlet surface.
Starting from 0° in the wind direction angle, rotate counterclockwise to obtain the wind incidence
angle of 45°,90°, 135°, 180°, 225°, 270°, and 315°.

The gravitational acceleration is set to 9.8 m/s* before the simulation. The 3D Realizable k-¢ model
is used for steady-state calculations, and the fluid material is set to “air” to more clearly demonstrate
the mathematical and physical characteristics of the flow field. After setting up, initialize and then start
the iterative simulation. When the residual reaches the order of 1072, it can be considered that good
convergence has been achieved and the calculation has been completed. Change the wind incidence
angle to calculate the model repeatedly, and the wind field simulation results of the area under different
wind incidence angles can be obtained.

4 Results and Analysis

4.1 The Effect of Different Wind Paths on Wind Speed

Use the CFD-Post module to export the wind speed data of the plane passing through the center
of the circle at different wind incidence angles. Then obtain the cloud map and vector illustration of
wind speed directions, taking 90° and 270° as examples, as shown in Fig. 6.
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Fig. 6 shows that the plane passing through the center of the circular terrain model is the same at
90° and 270°. However, the wind speed cloud map and the wind vector illustration of this plane are
different because of different wind paths.

Velocity
Ptane 1
5.212e+01

3.909e+01
2.606e+01

1.303e+01

0.000e+00
[m s*-1]

(a) The wind incidence angle is 90°
Velocity
Ptane 1
5.258e+01
3.944e+01
2.629e+01

1.315e+01

0.000e+00
[m s*-1)

(b) The wind incidence angle is 270°

Figure 6: Wind velocity in different angles of incidence

From the wind speed cloud map, the wind speed is the same away from the ground in both
directions. The maximum wind speeds of both directions, which are 52.12 and 52.58 m/s, appear in
the top regions of the model, and it can be assumed that there is no difference. This part of the wind
speed is determined by the gradient wind speed at the entrance and is basically not affected by the
terrain. The wind speed in some parts near the loess hills has a relatively large difference, which is
determined by the different terrain undulations.

Combined with the wind direction vector map, at 90°, the wind path directions are from right to
left. The wind rises on the right side of the hill (windward slope) and drops on the left side of the hill
(leeward slope). There are obvious vertical wind velocity components on both sides of the hill, which
will affect the transmission tower line. The vertical component of the windward slope is upward, and
the vertical component of the leeward slope is downward. The closer to the top of the hill, the denser
the wind vector and the greater the wind speed. At 270°, the wind path directions are from left to right.
Therefore, the path that is a windward slope at 90° is now a leeward slope. The wind rises on the left
side of the hill and drops on the right side of the hill. The higher the windward slope rises, the stronger
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the wind speed accelerates. The greater the leeward slope drops, the larger the low wind speed area
behind the hill. The path of wind rises larger than it drops at 90°, while it rises smaller than it drops
at 270°. So smaller speeds and lower regions can be found behind the leeward slope at 90° and higher
speeds can be found at the top of the mountain at 270°. These laws are consistent with the existing
basic topographic structure on the wind field.

4.2 Influence of Different Wind Incidence Directions on Wind Field at an Actual Tower

For the actual terrain, the wind incident from different directions will lead to different travel paths.
Through different terrain, different wind fields will be generated at the tower location. The wind field
simulation results of the whole regions under different wind directions can be obtained through the
wind field simulation calculation. The location of transmission tower No. 55 of Xinren Line is selected
for research where the wind field will have some impact on the transmission tower line. The local
elevation contour map of the terrain near the transmission tower is shown in Fig. 7.

wapmny

Figure 7: Local enlarged view of the study terrain

The triangular position in Fig. 7 shows the location of the transmission tower No. 55. It can be
seen that the location is in a complex loess hilly terrain combined with the overall topographic analysis,
the valley above this terrain is a narrow valley terrain along the left and right direction, similar to the
typical canyon wind channel terrain for the lateral incidence direction, and the hills terrain below.

Considering the height of the transmission tower, the wind speed variation within 50 m above
the ground at different wind angles is obtained, as shown in Fig. 8. It can be seen that since the
location is located in a valley, the wind speed near the ground is very low, close to 0. It is irrelevant
with different incidence directions. However, with the increase in height, the wind speed of different
incidence directions has increased, and the slope is different. Until the height of 50 m from the
ground, the wind speed at different angles has been significantly different. It can be seen that different
wind incidence directions have different effects on the wind field distribution at tower No. 55. Such
results are consistent with wind field simulations in traditional rectangular models and aerodynamic
theoretical analysis.

This situation occurs mainly because the terrain on the wind’s path changes when changing the
direction of the wind.
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Unlike other situations, the terrain through which the path of wind passes is considerably raised at
135°. So the vertical wind at the lower position converges with the lateral wind vector here, resulting in
a large synthetic wind speed. Therefore, the wind speed, in this case, has increased significantly much
more than in other cases.

Height/m

0 10 20 30 40 50
Speed/m-s!

Figure 8: Speed at different incidence angles

At 90°, the upright cliff in front of the wind has a blocking effect on the incoming wind, and the
wind will collide with the hill. This collision will cause the wind to lose some of its kinetic energy, so
the wind speed is minimal in this situation.

For wind paths in other directions, the position of the transmission tower is in the height drop
phase. This location is exactly in the low-speed area of the leeward slope, which is affected by the
hill, and the wind speed is small. When the incident direction is 180°, it can be seen from the local
magnification that the hill body on the side of the path will converge at the transmission tower, resulting
in a large wind speed, which is called “the effect of narrow”[36,37]. “The effect of narrow” has a weaker
impact on the wind speed than the elevation of the terrain.

It becomes clear after analysis that there are specific angles for an actual terrain. Those angles
result in much higher wind speeds than other angles and more hazardous damage to transmission
tower lines. This angle that may cause greater damage to transmission tower lines is called the most
dangerous wind angle. For Tower 55 studied in this paper, when the wind direction is 45° north by
east, which is called the most hazardous wind incidence angle, the wind speed at the tower will be at its
highest. So during the operation and maintenance of the line, if there is strong wind in this direction,
special attention should be paid in advance. However, for some angles such as the wind coming from
the due north direction, there is no need to be too nervous.

The wind speed is affected by various factors such as side hills and ground uplift in complex loess
hilly terrain. So, it is difficult to obtain accurate results simply through theoretical analysis. Therefore,
it is crucial to establish a realistic and complex terrain model, flexibly change the direction of wind
speed incidence, and study the most dangerous wind direction through the circular boundary flow
field simulation proposed in this paper. In this way, targeted line operation and maintenance can be
carried out in the future to reduce the occurrence of wind induced tower collapses and avoid accident
losses.
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5 Conclusion

This paper suggests a method for simulating complex wind fields by generating large circular
fields through terrain modeling in combination with three-dimensional terrain modeling. The loess
hilly region where the Xinren line runs is chosen as an engineering example to demonstrate that such
a method is plausible. This paper leads to the following conclusions:

(1) The specific size of the model will have a great influence on the wind field calculation results in
the simulation of circular boundary terrain. It is reasonable to select 4 times the undulating height of
the terrain and 1000 m radius for the circular boundary wind field simulation modeling. The method
of selecting the modeling scope is also applicable when other model scope selections are used.

(2) By establishing a large-field 3D terrain model of circular boundary for wind field simulation,
the model can reduce the influence of rectangular model boundary constraints and be closer to the
actual situation. It can also facilitate the adjustment of wind incidence direction. This method is more
suitable for simulating complex hilly terrain related to the direction of wind incidence, and the model
is proved to be correct after specific case studies.

(3) The wind speed at a given place will vary depending on the direction of the wind and the path
it passes through. When the wind direction is 45° north by east, which is called the most hazardous
wind incidence angle, the wind speed at the tower will be at its highest for the tower No. 55 examined
in this paper. This discovery can prevent specific wind directions in advance during line operation and
maintenance, reducing the huge economic losses caused by wind disasters.
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