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Abstract 
 

Computational domain size is a key factor in the numerical simulation of complex terrain wind fields. However, present 
studies on the selection of computational domain size in the simulation process are scarce. The influence of 
computational domain size on calculation results also remains unclear. This study analyzed the length and height of 
calculation domain and established 11 numerical wind tunnel models with different lengths to determine the influence of 
calculation domain size on the simulation results of complex wind fields, this. Information about the average and 
fluctuating wind fields of the target location was obtained using large eddy simulation. A detailed analysis was conducted 
on an actual mountainous terrain wind field in Zhangjiajie, China. Results show that the stable position of wind speed in 
the height direction is 7 to 8 times the height of the highest mountain in the simulation of complex terrain wind field. In 
the horizontal direction, the complex mountain topography of several kilometers cannot sufficiently generate the average 
wind field, and fluctuating wind fields are consistent with the actual situation. The application of additional reasonable 
average wind speed and fluctuating wind speed at the inlet boundary is necessary for detailed analysis of complex terrain 
wind fields. This study can provide a reference for numerical simulation of complex terrain wind fields. 
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1 Introduction 
 
Computational fluid dynamics (CFD) theory recently 
improved with the rapid development of computer 
technology. CFD numerical simulation technology is widely 
used in wind environment of complex morphology. CFD 
numerical simulations have many advantages, such as low 
cost, repeatability, and good capture of the detailed 
distribution of flow fields compared with field measurement 
and wind tunnel test. Some scholars favor this numerical 
simulation [1–4]. 

However, numerous studies [3–6] have generally 
focused on turbulence models and boundary conditions. 
Target research that concentrates on calculation domain size 
and its selection is lacking. Calculation domain size is also 
directly related to computational efficiency. The 
computational domain can be divided into global, regional, 
urban, and micro scales. The microscale includes 
community, street, and single building scales [7]. The global 
scale refers to the entire scale of the Earth and it aims to 
address global climate issues, such as ozone hole and 
greenhouse effect. The regional scale refers to the area of 
hundreds of kilometers, including cities, which belongs to 
the mesoscale category and has been widely used in 
meteorology. The city scale is generally 10–20 km and is 
applied to micrometeorological studies and wind energy 
assessment. The present study is tens of kilometers of 

complex terrain. 
Scholars are concerned with computational theory and 

method of numerical simulation for complex terrain wind 
fields, and previous studies have achieved numerous results. 
Meanwhile, modeling techniques of complex computational 
domain are relatively weak and have not drawn the attention 
of researchers. Model establishment accounts for a large part 
in the entire process of calculating a complex CFD model 
and is one of the most critical issues in the research cycle. 
Computational resources will be over consumed if the 
calculation domain is excessively large. Meanwhile, the 
detailed flow field information around the target building 
will not be obtained if the calculation domain is extremely 
small. Obtaining the influence of the calculation domain 
during wind field simulation and determining the 
appropriate calculation domain size are the keys to 
numerical simulation. Therefore, this study selected the 
computation domain size for the numerical simulation of a 
wind field in complex morphology as the research 
background. This study also established 11 numerical wind 
tunnel models with different calculation domain lengths. The 
average and turbulence wind fields of the target position 
were monitored. Moreover, the mountain terrain wind field 
in Zhangjiajie, China was thoroughly analyzed to obtain the 
optimal calculation domain size of the wind field simulation. 
This analysis provides reference to future research on CFD 
numerical simulation. 
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2 State of the art 
 
Scholars worldwide have studied turbulence models and 
boundary conditions of numerical simulation of complex 
terrain wind fields. The Reynolds averaged Navier–Stokes 
(RANS) model is the mainstream turbulence model due to 
the limitation of early computer hardware. Tang et al. [8] 
used the standard RANS turbulence model to evaluate 
complex terrain wind resources; however, the accuracy of 
the wind field was relatively low. The turbulence model 
slowly transitioned into large eddy simulation (LES) to 
improve accuracy. Gousseau et al. [9] simulated the 
pollutant diffusion in downtown Montreal, Canada using 
two turbulence models, namely, RANS and LES. They 
compared the results of wind tunnel test and found that the 
calculation results of LES were obviously better than those 
of RANS. Uchida [10] simulated the turbulent wind field of 
complex mountain topography by using the LES method. 
Jiang et al. [11] summarized the progress of LES in the 
study of atmospheric boundary layer in the past 30 years. 
They indicated that the uniqueness of LES and its simulation 
characteristics could reveal the basic laws of random 
turbulence. Maurizi et al. [12] focused on inlet boundary and 
used one-tenth of slope as the airflow transition section to 
analyze the mountainous terrain of a 14 km × 15 km terrain 
area; however, the slope’s practicability needs to be 
improved further. Hu et al. [13] treated the boundary of a 
mountain canyon with the curve transition section; however, 
the artificial wind attack angle was generated, which directly 
affected the distribution of the target wind field. Li et al. 
[14], Ti [15], Yu [16], and Yao et al. [17] studied the wind 
field of a mountain canyon bridge site. These scholars 
reached numerous conclusions but did not provide 
references for the calculation domain size of the numerical 
model. Many scholars have explored the coupling technique 
between weather research forecasting (WRF) model and 
CFD software [18–19]. Baik et al. [20] coupled the RANS 
model with a mesoscale model to study Seoul’s atmospheric 
flow and pollutant diffusion. Liu et al. [21] used WRF and 
LES to couple a multiscale analysis of traffic pollution in a 
district in Beijing. Xie [22] reported that the coupling 
method of LES and mesoscale meteorological models is the 
direction of the numerical simulation of urban communities. 
However, the workload of this simulation model was large, 
and considerable computational resources were needed to be 
consumed with low computational efficiency. At present, 
related reports on the principle of size selection of coupled 
computational domain are especially rare. 

The results of previous studies are mainly for turbulence 
models and other issues, such as inlet boundary conditions. 
However, the study on calculation domain size remains 
scarce, especially the quantitative study of the height and 
length of the computational domain in complex terrain 
simulation. To solve this problem, the present study 
established 11 numerical wind tunnel models with different 
calculation lengths. The influence law of different length 
calculation domains was obtained by monitoring the average 
wind field and turbulence of the target location. The wind 
field of the different heights and inlet lengths of the actual 
mountainous terrain in Zhangjiajie, China was thoroughly 
analyzed. The influence of the numerical simulation field on 
the simulation results was also quantitatively analyzed, 
which can be reference for future numerical simulations of 
complex wind fields. 

The remainder of this study is organized as follows. 
Section 3 introduces the control equations of the LES and 

details the standard and actual numerical models. Section 4 
analyzes the simulation results of the actual wind field and 
obtains the general rules of the influence of the calculation 
domain size on the wind field and the basic principles of 
calculation and selection. Finally, Section 5 summarizes the 
study and provides relevant conclusions. 
 
3 Methodology 
 
3.1 LES equations 
This study adopts a LES turbulence model given its rapid 
development. Deardoff [23], an atmospheric scientist, first 
applied LES turbulence model in engineering to decompose 
each variable into a solvable scale φ and an unsolvable 

scale 'φ  by a filter function. The solvable scale φ  can be 
expressed as 
 
= ' ( , ') '

D
G x x dxφ φ∫                                  (1) 

 
where D is the flow area; 'x  is the spatial coordinate inside 
the actual flow area; x  is the filtered large-scale space 
coordinate; and ( , ')G x x is a filtering function, which can be 
expressed as follows: 
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where V is the size of the geometric space occupied by the 
control volume, and the spatial Navier–Stokes (N–S) 
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Formulas (3) and (4) are the momentum conservation 

and mass conservation equations, respectively, wherein the 
amount of the horizontal line indicates the filtered solvable 
scale, u denotes velocity, p represents pressure, and ijτ  is the 
subgrid scale stress. 
 
3.2 Standard model and parameter settings 
Eleven CFD numerical wind tunnel models with different 
inlet lengths were established to analyze the flow field 
influence of the inlet distance on the calculation domain. 
The inlet distance was increased from 0.3 m to 3 m. 
Different models had different inlet roughness lengths, as 
shown in Fig. 1. The numerical wind tunnel test section had 
a width of 2.2 m, a height of 2 m, and cube size of 0.1 m × 
0.1 m × 0.1 m (length × width × height), where the spacing 
of each cube is 0.1 m. 
 

 
Model 1                 Model 2                    Model 3 
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Model 4                        Model 5                         Model 6 

 

 
Model 7                         Model 8 

 

 
Model 9                         Model 10 

 

 
Model 11 

Fig. 1. Schematic of different cases 
 

A hexahedral mesh was used for mesh generation to 
ensure calculation accuracy. The mesh was encrypted near 
the ground and the cube during generation. To satisfy the y+ 
value requirements, the height of the first-layer grid obtained 
by conversion was 0.0014 m, and the height of the bottom-
layer grid was 0.001 m in the actual process. The near-
surface grid stretching ratio was 1.1, and the grid ratio 
stretching away from the ground was 1.2. The number of 
meshes increased from 3.8 million to 8.4 million when the 
number of meshes met the requirements of AIJ [24]. The 
model and mesh diagram of Model 11 are shown in Fig. 2, 
where the coordinates of the monitoring center are x = 1, y = 
1, and z = 0.1. 

 

 

 
Fig. 2. Calculation model 
 

As shown in Fig. 1, different models had different inlet 
roughness lengths; however, the test section size of each 
numerical wind tunnel was consistent with the monitoring 
point position. The LES turbulence model was adopted in 
the numerical simulation. The inlet mean wind speed was 10 
m/s; the earth surface, the top surface, the side, and the 
outlet adopted nonslip, free-slip, symmetrical, and pressure-
outlet boundary conditions, respectively. This study solved 
the N–S equation using pressure-implicit with splitting of 
operators method. The convection and diffusion terms were 
in the second-order central difference scheme. Super-
relaxation method was used to solve the pressure Poisson 
equation. The factors of pressure and momentum relaxation 
were 0.3 and 0.7, respectively. 
 
3.3 Verification and results 
The entire calculation process used hyper-threaded parallel 
computing, and Cases 1–11 represent the working conditions 
of Models 1–11, respectively. The velocity contour obtained 
by the calculation of Case 10 is shown in Fig. 3. From the 
figure, the wind speed had a large fluctuation near the 
ground, and the fluctuation far from the bottom surface 
position was small. 
 

 
Fig. 3. Contour of calculation results 
 

 
Fig. 4. Variation of average wind speed changes for different cases 

 
 

The wind speed time history at different cases of the 
monitoring centers was analyzed. The average wind speed 
and turbulence intensity of the 11 cases were obtained, as 
shown in Figs. 4 and 5, respectively. From the figures, the 
average wind speed decreases with the increase of the rough 
length of the inlet, which indicates that the rough elements 
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have a drag effect on the wind speed. The average wind 
speed changes significantly with the increase of the inlet 
distance in Cases 1–10; however, the value changes 
gradually after Case 10. With sufficient rough length, the 
drag effect of the surface roughness on the average wind 
speed tends to be stable. For the turbulence intensity, the 
values increase with the inlet length, indicating that the cube 
brings a large disturbance to the wind field at the target 
position. Similar to the average wind speed, the average 
value of turbulent flow also changes significantly with the 
increase of the inlet distance in Cases 1–10. The value 
changes gradually after Case 10. Therefore, the disturbance 
caused by the surface roughness tends to be stable when the 
rough length is sufficient. 

 

 
Fig. 5. Variation of turbulence intensity for different cases 
 
 

The model verifies two problems. (1) First, the surface 
rough element has a drag effect on the wind field, and the 
drag force tends to be balanced when the rough distance is 
sufficiently long. (2) Second, the surface roughness element 
produces turbulence to the wind field. The turbulence tends 
to be balanced when the rough distance is sufficiently long. 
The premise of this verification is that the roughness length 
should be sufficiently long. This idea can be converted into 
the study of wind fields of mountain canyons. The rough 
element can be equivalent to the terrain fluctuation condition. 
That is, the fluctuation of the terrain makes the wind field 
stable within the feature height when the calculation domain 
is infinite. However, the calculation domain cannot be 
infinite in the actual CFD numerical simulation. The next 
section analyzes whether the mountain model can generate 
an atmospheric boundary layer consistent with the actual 
situation. 
 
3.4 Actual terrain geometric model 
The canyon of the Lishui Bridge in Zhangjiajie, China was 
taken as the research background to analyze the calculation 
domain height and inlet distance of the geometric model of 
the actual mountainous complex terrain. The mountain 
model adopted the actual size of the calculation area (10 km 
× 9 km × 4 km), as shown in Fig. 6. The numerical model 
also adopted a full hexahedral structural mesh for calculation 
accuracy. The mesh was encrypted near the ground. The 
lowest mesh height was 1 m, and its stretching ration near 
the ground was 1.05. Meanwhile, the mesh further from the 
ground was 1.15. The total number of grids was 6752495. 

The computational grid passed the independence test during 
the simulation. The inlet wind profile was not processed to 
obtain the influence of the mountain surface on the wind 
field. In addition, the velocity boundary condition of the 
entire field was 20 m/s. The surface, the top surface, the 
symmetry plane, and the outlet adopted nonslip, free-slip, 
symmetrical, and pressure-outlet boundary conditions, 
respectively, as shown in Fig. 7. 
 

 
Fig. 6. Schematic of the calculation domain 
 
 

 
Fig. 7. Boundary condition 
 
 
4 Result analysis and discussion 
 
The calculated velocity contour is shown in Fig. 8. The wind 
velocity has an obvious fluctuation near the ground due to 
the influence of complex earth surface, and its maximum 
velocity value reaches 26.23 m/s. The wind velocity away 
from the ground is relatively stable, which is similar to the 
inlet wind speed. 
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Fig. 8. Velocity contour 
 
4.1 Height influence of the actual model 
The average wind pressure coefficient range ( )pC zΔ  can be 
used as the standard for assessing the height (H) of the 
calculation domain [25], and ( )pC zΔ  can be expressed as 
 

2( ) / [0.5 ]p i HC p p vρ∞= −                           (5) 
 

,max ,min( ) ( ) ( )p p pC z C z C zΔ = −                    (6) 
 
where pC  is the average wind pressure coefficient of the 
monitoring point; ip  is the static pressure; ∞p  is the static 
pressure of the top surface of the calculation domain; ρ  is 
the air density; 2

Hv  is the square of the velocity at the 
reference point; and )(max, zCp  and )(min, zCp  are the maximum 
and minimum values of the average wind pressure at height 
z, respectively, and the difference between the two 
coefficients is the range of the average wind pressure 
coefficient. 

The relationship between the average pressure 
coefficient (that is, the difference between the minimum and 
maximum pressure coefficients of the same plane) and the 
height is expressed in Formulas (5) and (6), as shown in Fig. 
9. 
 

 
Fig. 9. Average pressure coefficient change with height 
 

As shown in Fig. 9, the wind field is affected by the 
topography terrain when it is close to the ground. The wind 
speed fluctuates greatly; thus, the maximum and minimum 
pressure coefficients also deviate considerably. The wind 
field gradually stabilizes with the gradual increase in height, 
and the pressure coefficient difference in the same plane 

gradually becomes smaller. The pressure difference of the 
same plane approaches zero when the height reaches 3700 m. 
This result shows that the influence of the complex surface 
on the wind field can be neglected. The analysis of the 
height of the mountain using the geometric model shows 
that the highest mountain elevation is 510 m, and the stable 
wind speed of the height direction is 3700 m. Therefore, 
obtaining 7 to 8 times of the highest mountain height is 
recommended for the height selection of CFD modeling of 
complex terrain in mountainous areas. 
 
4.2 Inlet distance influence of actual terrain calculation 
domain  
The numerical models of different inlet distances have been 
analyzed in Section 3.2. The results show that when the 
calculation domain is sufficiently long, the average wind 
speed and turbulence tend to be balanced after development. 
However, constructing an infinite computational domain is 
impossible due to the limitation of the number of grids and 
computational resources in the actual modeling process. This 
section discusses the wind field at different positions in the 
calculation domain and analyzes the influence of the 
horizontal distance of the model on the target wind field 
from a quantitative perspective. The model establishes six 
wind velocity observation sections. The wind velocities in 
the height direction were observed, and the monitoring 
section is shown in Fig. 10. 
 

 
Fig. 10. Wind velocity observation points for different inlet distances  
 

 
Fig. 11. Average wind profile distribution at different positions 
 

The wind velocity time history dates of the different 
monitoring positions were averaged, and the average wind 
profile distribution of each position was obtained. The 
height of stable wind profile was analyzed. The stable wind 
velocity height was defined as the distance between the 
bottom of the model and the position where wind velocity 
changes evidently. The height distribution of stable wind 
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velocity at six locations was obtained. The average wind 
profile and the height distribution of stable wind velocity are 
shown in Fig. 11. 
 
Table 1 Height of stable wind velocity for each position 
(unit: m) 
Position 1 2 3 4 5 6 
Height 18 85 150 360 32 21 

 
As shown in Fig. 11, the stable wind velocity is 

significantly higher at Positions 3 and 4 because the points 
are located inside the canyon, which indicates that the wind 
velocity profile inside the canyon is significantly different 
from the outside. Meanwhile, the stable wind velocity is 
relatively higher at Positions 2 and 5 near the canyon 
because the wind field at these positions is disturbed by the 
canyon wind field. Positions 1 and 6 are unaffected by the 
canyon; thus, they have relatively stable wind velocity 
heights of approximately 20 m. This velocity height is far 
lower than the gradient wind field height (the actual gradient 
wind field height at mountainous area is approximately 300–
500 m). The reasons for low stable wind velocity height are 
summarized as follows. (1) The effects of trees on the wind 
field were not considered in the modeling. (2) The 
calculation domain was extremely small, and the 
development of the boundary layer was still insufficient. In 
summary, several kilometers of mountain terrain cannot 
generate a reasonable atmospheric boundary layer from the 
perspective of average wind velocity. 

The simulated wind profile was fitted with an 
exponential rate to analyze the wind profile index at each 
simulation position. The fitting result is shown in Fig. 12, 
and the α values are shown in Table 2. 
 
Table 2 Wind profile index α at each position 
Position 1 2 3 4 5 6 

α 0.07 0.026 0.04 0.11 0.1 0.24 
 

As shown in Fig. 12 and Table 2, that the value of α of 
each wind profile is considerably smaller than the class D 
surface value (0.3) described in the standard of China 
(JTG/T 3360-01-2018). Therefore, the value of α also proves 
that the disturbance caused by the undulation of several 
kilometers of mountain cannot simulate the gradient effect 
of the actual wind field. 

The turbulence intensity at 10-m-high position of the six 
monitoring profiles was analyzed to further explain the 
influence of the inlet distance on the wind field. The results 
are shown in Fig. 13. 

 

 
Fig. 13. Turbulence intensity at 10-m-high position  

 
As shown in Fig. 13, the turbulence intensity in Positions 

3–5 is relatively large because these points are inside the 
canyon and are more complicated than the wind fields at 
other positions. In comparison with Fig. 8, the turbulence 
intensity in Fig. 13 has not stabilized after its development 
to a certain stage, and its value remains significantly smaller 
than the results from a previous study and field test. 
Therefore, from the perspective of turbulence intensity, the 
inlet boundary of several kilometers cannot generate an ideal 
atmospheric boundary layer. 
 

 
Position 1 

 

 
Position 2 

 

 
Position 3 
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Position 4 

 

 
Position 5 

 
Position 6 

Fig. 12. Wind profile fitting for different positions 
 

In sum, average wind speed and turbulence intensity 
indicate that several kilometers of mountain disturbance 
cannot generate an ideal atmospheric boundary layer. Thus, 
a suitable average wind velocity and fluctuating wind 
velocity at the inlet must be added to simulate complex 
terrain wind fields accurately.  
 
 
5 Conclusions 
 
This study used the LES method in investigating the wind 
field in a complex terrain to determine the influence of the 
computational domain size of complex terrain on the 
calculation results. The complex terrain wind field with 
different calculation domain lengths and heights was 
quantitatively analyzed. The following conclusions could be 
drawn from the results.  

(1) The numerical wind tunnel models of 11 different 
inlet distances were calculated. The results show that the 
surface roughness has a drag effect on the wind field. The 
drag force tends to be balanced when the rough distance is 
sufficiently long. Meanwhile, the surface roughness causes a 
certain turbulence in the wind field, and the turbulence 
intensity also tends to be balanced when the rough distance 
is sufficiently long. 

(2) The calculation domain of the complex terrain CFD 
model was analyzed. The analysis shows that the calculation 
domain can be selected from 7 to 8 times of the highest 
mountain elevation in the height direction. 

(3) In the horizontal direction, several kilometers cannot 
sufficiently generate an average wind field and a fluctuating 
wind field consistent with the actual situation of a complex 
mountainous area. A reasonable average wind velocity and 
fluctuating wind velocity are thus required at the inlet for a 
refined analysis of complex terrain wind fields. 

On the basis of LES, the selection of the calculation 
domain size of the numerical simulation in the complex 
wind field was analyzed in detail. Its basic selection 
principles, which have certain reference value for future 
high-efficiency wind field numerical simulations, were 
obtained. However, the influence of surface roughness on 
wind field distribution was not considered during the 
simulation. Therefore, the model would be further optimized 
after considering the surface roughness for future studies. 
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