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A wind-electric field model based on Computational Fluid Dynamics (CFD) and
some actual data of the complex terrain in Yunnan province is developed for
analyzing the distribution of wind speed, wind energy, turbulence intensity,
extreme wind velocity and other parameters which affect the micro location. The
results showed there is no consistent relationship between the inflow angle and
the slope angle, and indicated the elevation of the position where there is no
shelter before and after should be chosen. Meanwhile, areas where exist the
phenomenon of wind flow separation in micro-location should be avoided. The
results obtained can better guide the micro location of wind-electric field and
improve the comprehensive economic benefits of the wind-electric field, at the
same time reduce the risk of wind-electric field.
Key words: Wind-electric field, micro-location, CFD, the complex terrain.

INTRODUCTION
There will be an incredible challenge to meet the society’s
sustainable energy development in the future; the fossil
fuels currently are limited resources and could be
increasingly replaced by renewable energy sources (Lund,
2007; IEA, 2012). Wind energy plays an essential role in
terms satisfying energy demand as an important part of
the new energy, consequently developing wind energy is
the consensus of the whole society.
In the flat terrain, as wind speed is relatively stable,
construction conditions and transport conditions are also
relatively good, and the basic development of the wind
farm site is completed. At the same time, because the
accelerated effect of some complex terrains (such as
ridges, valleys, cliffs, pass, forest cover area) is better, the
development of wind-electric field in these complex
terrains is larger, and the related research is also
gradually in-depth. In the complex terrain, the
atmospheric boundary layer could produce flow past
body, vortex and separation of even circumfluence
(Gibson and Launder, 1978), resulting in larger wind
speed difference, increases in turbulence intensity, the
inflow angle exceeding the design value, thus affecting the
efficiency of wind power generation, destruction of safe

operation of wind turbine, and reduction of life of the
wind turbine. As a result, micro location becomes very
important to wind farm’s development in the complex
terrain.
But the micro location of the wind-electric field in the
complex terrain is extremely complicated. In this study, a
wind-electric field model based on CFD and some actual
data of A wind-electric field in Yunnan province is
developed for analyzing the distribution of wind speed,
wind energy, turbulence intensity, extreme wind velocity
and other parameters which affect the micro location.
Hence, we can get some rules of the boundary conditions
of the complex terrain, in the future it can better guide the
micro location of wind-electric field and improve the
comprehensive economic benefits of the wind-electric
field, at the same time reduce the risk of wind-electric
field.

LITERATURE REVIEW
Researches on the wind energy distribution of complex
terrain in foreign countries have been have gained huge

interest since the 90s, and one of the most well-known
researches was conducted by Andreas (2006) in the Riso
National Laboratory, Denmark, who simulated the flow of
askervein Mountain Region using FLUENT software on
the basis of experimental results in the year of 2006. Thus
the results showed good agreement between the
experimental and simulated values. Another research
conducted by Kondo et al. (2002) in Japan, takes the
views which give the increasing region, the change rate of
the average wind velocity and the fluctuating wind
velocity in the direction of flow and height, and discuss
the influence on the leeward slope to the flow separation
phenomenon. It also analyzes the distributions attributed
to the average wind velocity and the fluctuating wind
velocity of 7 kinds of slope. The latest views are mostly
represented by Tabib et al. (2015), who compared the
application of the sub scale LES model and RANS model in
the complex wind-electric field, and pointed out that LES
model has a better performance in the calculation of
turbulent flow and the attenuation of tail flow.
As compared with meso scale atmosphere, studies on
the micro scale have been scarce, but gradually on the
increase in recent years. One of the achievements that has
been found so far is from Wang and Liu (2002). According
to them, combination of the numerical calculation results
and experimental data of three kinds of typical terrain
simulated the terrain data of the actual wind field by CFD
technology. They pointed how to improve the utilization
rate of wind energy and how to determine the best
location of the wind turbine, and also verified the
numerical results. Similar research conducted by Wei
(2007), discussed the applicability of the wall turbulence
model, the turbulent separation of the two equation
model, and the simulation of the turbulent flow around
isolated mountain and continuous mountain ranges. In
2015, Liang et al. (2012 and 2015), conducted some
studies on numerical simulation of wind resources
characteristics in the complex terrain, they explored the
flow characteristics in the complex terrain by DES model
for Nanaodao wind-electric field.
CFD technology cannot accurately determine the
transition between laminar and turbulent flow, although
LES和DES technology (Takanori and Yuji, 2011; Renard
and Deck, 2015) could avoid this significant weakness.
This is because the cost is too high, and the studies found
that the simulation results are not better than the results
of the CFD and as such, not useful in practical
applications. Moreover, most of the published studies
considered a small range of simple region to carry out
numerical calculations, while studies on large range (10
km2) with less calculation, the reference points are less
compared with results of the wind tower.
Based on the examples of modeling calculation of W
wind-electric field, we analyzes the distribution of
parameters such as the wind speed, wind energy source,
wind turbulence intensity, and then sum up experience to

provide basis theory for engineering application.

METHODOLOGY
System descriptions
The wind-electric field with a large number of gullies,
independent mountains, pass, ridges along the wind and
other typical terrains of dali in Yunnan province is
selected as this object of study, here the declivity of most
slops is about 10~35. The topography and slope of the
wind-electric field are shown in Figure 1.
The wind-electric field includes a mountain ridge,
whose direction trend is approximately from northwest to
southeast, the length of the mountain ridge is about 22
km and its elevation is between 2450 and 2850 m. The
field is about 56.5 km2, it has 3 wind towers, which are
respectively 6, 7 and 8 from north to South, the
topography and the tower locations are shown in Figure 2.

Modeling
All of the date collected were processed through a
software of Meteodyn wt5.2, an internationally popular
software, which is a kind of fluid mechanics calculation
software based on CFD model, and with which the siteselection of wind-electric field is more convenient and
accurate.

Terrain and result points
The software of Global mapper (Meteodyn, 2016) is used
to deal with the topographic map as a recognizable format
for the software. The topographic map after processing is
shown in Figure 3.

The grid and thermal stability
The intercalation of grid is shown in Table 1

The meteorological data
W wind-electric field has 3 wind towers, and their wind
parameters are shown in Tables 2 to 4.

Wind direction and wind frequency distribution
In the synchronous observation period, the 3 wind
tower's wind direction is also concentrated between the
SSW to w in the height of 60 m (Figure 4), which
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Figure 2: The topography and the tower locations.

Figure 3: The w wind-electric field.

Table 1: The intercalation of grid.

Parameter
Horizontal resolution (m)
Vertical resolution (m)
Horizontal expansion coefficient
Vertical expansion coefficients
Horizontal resolution of ladar(m)
Horizontal expansion coefficient of ladar
The quantity of grid (million)
Forest canopy model
The height of transition layer
Ratio of forest canopy height and roughness length
Convergence rate (%)

045
40
4
1.1
1.2
8
1.1
12.5
1
15
20
99.3

067
40
4
1.1
1.2
8
1.1
14.1
1
15
20
99.1

090
40
4
1.1
1.2
8
1.1
13.1
1
15
20
99

112
40
4
1.1
1.2
8
1.1
12.9
1
15
20
99.2

135
40
4
1.1
1.2
8
1.1
11
1
15
20
99.6

157
40
4
1.1
1.2
8
1.1
10.8
1
15
20
99.7

180
40
4
1.1
1.2
8
1.1
10.4
1
15
20
99.3

202
40
4
1.1
1.2
8
1.1
14.5
1
15
20
98.8

225
40
4
1.1
1.2
8
1.1
15.8
1
15
20
98.7

247
40
4
1.1
1.2
8
1.1
15.2
1
15
20
98.5

270
40
4
1.1
1.2
8
1.1
13.4
1
15
20
98.9

292
40
4
1.1
1.2
8
1.1
11.8
1
15
20
99.6

315
40
4
1.1
1.2
8
1.1
11.9
1
15
20
99.4

337
40
4
1.1
1.2
8
1.1
14.1
1
15
20
99.4

360
40
4
1.1
1.2
8
1.1
12.6
1
15
20
99.5

Table 2: The wind condition parameters of wind tower 6.

T6Wind condition parameter
Before correction

Annual average wind power density (W/m2)
annual average wind speed (m/s)

10 m
351
8.3

After correction

Annual average wind power density (W/m2)
Bigger than before correction (%)
Average wind speed in many years (m/s)
bigger than before correction (%)

314
-10.54
7.81
-5.90

The exponent of wind shear

-0.053～0.095
WSW
0.91
0.0832

Maximum wind direction
Air density(kg/m3)
The average turbulence
intensity in the high of 60 m.
The speed of wind is 15 m/s

High degree measured (m)
30 m
50 m
488
554
9.2
9.5
438
-10.25
8.72
-5.22

498
-10.11
9.05
-4.74

60 m
530
9.3

5

475
-10.38
8.9
-4.30

Maximum wind speed measured (m/s)

wind direction

date

Maximum
Maximum
Maximum
wind
speed in 50 years

WSW
WSW
Maximum
wind
speed in 50 years

2010-3-2
2010-3-2
67

27.1
32.8
48

Grade

4

Table 3: The wind condition parameters of wind tower 7.

T7Wind condition parameter
Before correction

annual average wind power density (W/m2)
Annual average wind speed (m/s)

10 m
55
4.5

After correction

Average wind power density in many years (W/m2)
Bigger than before correction (%)
Average wind speed in many years (m/s)
Bigger than before correction (%)

50
-9.09
4.3
-4.44

The exponent of wind shear

0.272～0.512
SW
0.901
0.144

Maximum wind direction
Air density(kg/m3)
The
average
turbulence
intensity in the high of 60 m,
The speed of wind is 15 m/s

High degree measured (m)
30 m
50 m
137
308
6.1
7.9
124
-9.49
5.6
-8.20

278
-9.74
7.4
-6.33

Maximum wind speed (m/s)

Wind direction

Maximum wind field
Maximum wind field
Maximum
wind
speed in 50 years

SW
NNW
Maximum wind
speed in 50
years

22.6
30.2
40

Grade

60 m
403
8.6

3

365
-9.43
8.16
-5.12

2

Date
2010-3-2
2010-4-28
56

Table 4: The wind condition parameters of wind tower 8.

High degree measured (m)

T8Wind condition parameter
Before correction

After correction

10 m

30 m

50 m

60 m

Annual average wind power density (W/m2)

618

815

823

885

Annual average wind speed (m/s)

9.9

10.8

10.8

11.1

Average wind power density in many years (W/m2)

556

739

749

806

-10.03

-9.33

-8.99

-8.93

9.41

10.31

10.32

10.62

-98.31

-98.60

-98.62

-98.68

bigger than before correction (%)
Average wind speed in many years（m/s）
Bigger than before correction (%)

Grade
7

6

The exponent of wind shear

0.001～0.083

Maximum wind speed (m/s)

Wind direction

date

Maximum wind direction

WSW

Maximum wind field

25.7

W

2010-2-18

Air density(kg/m3)

0.885

Maximum wind field

33.2

W

2010-2-18

The average turbulence intensity in
the high of 60 m. The speed of wind is
15 m/s

0.0722

Maximum wind speed
in 50 years

is good for the layout of the wind turbine. The
results showed that wind distribution are in good
agreement among No. 6, No. 7 and No. 8 wind
tower through the analysis of terrain and wind
conditions.

RESULTS AND ANALYSIS
The analysis of wind condition parameter
The wind speed and wind energy distribution
were processed through the software, and then
we obtained the inflow angle of every wind
turbine, point and the wind shear by calculating
the extreme wind conditions at each point.

Analysis
1). The results in Figure 5 ,9 and 10 processed by
computer show that in the areas, the wind speed
and wind power concentration are higher and are
all located on the ridge. Moreover, the windward
slope is better than the leeward slope. Overall, the
wind speed is relatively large in high altitude. The
phenomenon of wind speed exists in the complex
terrain, especially in the slope of the leeward
region.
2). The results from Figure 6 processed by
computer showed that the turbulence intensity in
the leeward slope is larger than that in the ridge,
and the turbulence
intensity
increases
exponentially in some areas. Thus it is also

45

Maximum wind
speed in 50
years

63

significantly larger behind some independent
hills. Therefore, the leeward areas need to be
avoided, especially the wind shadow zones,
during seat arrangement.
3). The results from Figure 7 processed by
computer showed that the wind shear is small,
which is of guiding significance for the selection
of hub height.
4). In the design of wind turbine, the optimal
inflow angle is often considered in order to get
more energy, and the Power generation will not
be significantly reduced when the average inflow
angle is less than 8 degrees. The results in Figure
8 processed by computer show that the most
inflow angles in the complex terrain are small
except those in the gully edge where some
individual seats are located.

N
O

wind direction

wind frequency

6
T

7
T

8
T

Figure 4: The distribution table of wind direction and wind frequency.

Figure 5: Average wind speed distribution map of the w wind-electric field.

Figure 6: Average turbulence intensity distribution map of the w wind-electric field.

Figure 7: Average wind shear distribution map of the w wind-electric field.

Figure 8: Average flow angle distribution map of the w wind-electric field.

Figure 9: Average energy density distribution map of the w wind-electric field.

Figure10: Average power generation distribution map of the w wind-electric field.

Conclusion
Based on the examples of modeling calculation of W windelectric field, we analyzed the distribution of parameters
such as the wind speed, wind energy source, wind
turbulence intensity and then obtained the following
conclusions:
1). The wind speed is relatively large in higher location,
but the wind speed and altitude are not the positive
correlation, we should choose the elevation of the
position where there is no shelter before and after .
2). There exist the phenomenon of wind flow separation,
we should avoid such areas in micro-location.
3). There is no consistent relationship between the inflow
angle and the slope angle, and the influence of wind speed
can be considered as far as possible in practical
engineering application.
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