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A Wind Farm Case Study by the Computational Fluid
Dynamics Model and LiDAR Data

Ming-Hong Chen"

ABSTRACT

The purpose of the present study is to verify of the numerical scheme for the evaluation of wind
resources by the computational fluid dynamics (CFD). Different turbulence and extended numerical
schemes referred in literature were employed and compared against the experimental data. Results showed
that the Realizable k-epsilon turbulence model would be the most appropriated choice in the present study.
The case study of the wind farm in the Institute of Nuclear Energy Research (INER) campus by the CFD
method was conducted. Results were compared with the measured LiDAR (light detection and ranging)
data. Similar results were observed within the range from 40 m to 100 m, while larger deviation was shown
for the region higher than 100 m. It is also suggested to measure wind data from ground to 40 m by LiDAR

for further investigation.
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1. Introduction

The features of weather in Taiwan include
the Asian monsoon and tropical cyclones in
summer time and northeast trade wind in winter
time, leading to strong winds in many places.
In the inland and urban region, the topography
is generally more complex, and it is not easy
to find the place with good potential to install
wind turbine. Therefore, reliable assessment
for the wind resource is paramount for decision
making. For the evaluation of wind energy, one
can employed the simplified linear model or
conducted the sophisticated non-linear method,
i.e., computational-fluid-dynamic (CFD) method
to better understand the detail flow field and

wind resource of the investigated spot. The
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CFD technique is a relatively mature method
for the evaluation of wind resources. There are
several commercial codes available for such
analysis. However, the optimal schemes should
be examined and verified to obtain the reasonable
results for the evaluation of wind resources
since the commercial codes are general-purpose
software. The purpose of this study is to conduct
the verification of the numerical scheme for the
evaluation of wind resources by CFD method.
Results were also compared with the experimental
data, and the optimal numerical model and
related parameters were determined. The verified
numerical methodology was then employed into
the case study for the renewable energy campus of
the Institute of Nuclear Energy Research (INER).

Results were compared with the measured data by
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the light detection and ranging (LiDAR) system
installed in INER.

1.1 Literature review

Berge et al. (2006) compare the Wind Atlas
Analysis and Application Program (WAsP) and two
CFD modes in the evaluation of wind in complex
terrain in western Norway. Results showed that
no improvements in the calculated mean wind
speed was observed by the CFD method. The
employed turbulence model in the CFD method
was the k-epsilon scheme. Balduzzi et al. (2012)
evaluated the feasibility of Darrieus vertical-axis
wind turbine (VAWT) installed in the rooftop of a
building by the CFD method. The optimal angle
of the slop (8°) of the installed roof was proposed
to increase the wind velocity. The employed
turbulence model was the k-epsilon scheme.
Song et al. (2014) built a CFD model as a tool
to assess the wind resources of the investigated
wind farm. The proposed model was validated
by the measurements of installed anemometers
within the analyzed wind farm. This model is able
to calculate reliable wind resources distribution
for a wind farm with complex terrain without
applying meso-scale methods. The employed
turbulence model was the k-epsilon model. Wang
et al. (2016) evaluated the wind energy over the
roof of two perpendicular buildings by the CFD
method. The employed numerical methods and
schemes were verified by introducing a benchmark
case of one building with experimental data. The
best numerical parameters and models included
the k-epsilon turbulence model, double precision
for temporal scheme, SIMPLE (semi-implicit
method for pressure linked equations) method for
pressure-velocity coupling, second-order scheme
for pressure discretization, Quadratic Upstream

Interpolation for Convective Kinematics (QUICK)

scheme for momentum, k and epsilon equations.
The proposed numerical models by this study will
be examined in the present work as the verification
before conducting further numerical analysis. Toja
et al. (2015) evaluated the effect of roof shape
on the flow field by the CFD method in order to
determine threshold of turbulence intensity on the
horizontal-axis wind turbine (HAWT). Results
showed that building with curved shape roof top
were the most interesting choice, leading to the
highest speed-up and lowest turbulence intensity.
The employed turbulence model was the standard
k-epsilon scheme in this study. Yang et al. (2016)
developed a CFD model to evaluate the wind
energy of a selected building of urban environment.
The employed turbulence model is the Realizable
k-epsilon model, and good agreement was
observed when comparing to the experimental
data. The effect of the geometry of building on
the flow field was conducted. Results showed
that the rounded roof resulted in smoother corner
expansion flow and lower turbulence intensity. At
the same time, the power density increased up to
86.5%. Llaguno-Munitxa et al. (2017) evaluated
the influence of building geometry on street canyon
air flow by large eddy simulation (LES) model
and wind tunnel experiments. Results showed that
reliable agreement with experimental data could
be obtained by using the LES model. They also
pointed out that larger error was also observed for
the case with round and pitched roof due to the
difficulties in the prediction of the exact location
for the separation. Thus, more research is needed
to evaluate the effect of roof geometry on the
performance of wall-models.

Hassanli et al. (2018) proposed the innovative
Double Skin Facade (DSF) system to exploiting
wind energy in urban environments. CFD results

were validated against a series of wind tunnel
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tests. Results showed that with newly proposed
method, the turbulence could be reduced by up
to 30%, and the average wind power density
could be increased by a factor of 2 and 4.2, by
creating recessed regions and curved walls. The
employed turbulent method was the Shear Stress
Transport (SST) k-omega scheme. Garcia et al.
(2018) compared the turbulence model of LES
and RANS (Reynolds-averaged Navier-Stokes) in
the simulation of urban flow against measurement
data. Results showed that the LES model was
found to be more accurate in the prediction of
turbulence kinetic energy in 80% of the measured
sites, while it reduced to 50% in the prediction of
mean velocity field. This study also suggested that
the inflow uncertainties can be a dominant factor,
and its effect should be verified to guarantee the
reliability of the results calculated by the LES
model. Du et al. (2018) evaluated the effect of
mesh density, turbulence model and computational
domain size on the simulation of wind environment

in complex urban area by the CFD modeling

process. The case study was conducted by the
campus of Hong Kong Polytechnic University.
Validation was also made against wind tunnel
experimental data, and good agreement was also
observed. Four turbulence models were compared,
including standard k-epsilon, Re-Normalisation
Group (RNG) k-epsilon, MMK k-epsilon, and
Realizable k-epsilon. Among the investigated
turbulence model, the scheme of RNG k-epsilon
yielded the best results in the employed case study.
The employed turbulence models in literature were
comprehensively compared in Table 1. As shown
in Table 1, the most commonly used turbulence
model is the k-epsilon model. However, in the
study of finding the optimal turbulence model,
there was no consistent result so far.

Dadioti and Rees (2017) conducted a case
study by the CFD method. The proposed CFD
model was built with Detached Eddy Simulation
(DES) turbulence method for the full scale
campus of De Montfort University (DMU) in UK.

Calculated data were compared with data measured

Table 1. Comparison of the employed turbulence models in literature (by author)

Ref. Stand.ard RNG k-epsilon Reahngle SST-k-omega LES
k-epsilon k-epsilon
(Berge et al. 20006) Employed
(Balduzzi et al.
2012) Employed
(Song et al. 2014) Employed
(Wang et al. 2016) | Compared Best Compared Compared
(Toja et al. 2015) Employed
(Yang et al. 2016) Employed
(Llaguno-Munitxa
et al. 2017) Employed
(Hassanli et al.
2018) Employed
(Garcia-Sanchez et
al. 2018) Compared Compared Better
(Wang et al. 2018) Employed
(Du et al. 2018) Compared Compared Best | Compared
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from 3 sites. Good agreement was presented of
this study. Such method is then applicable for the
analysis of the wind potential in the complex urban
environments. Wang et al. (2018) proposed a CFD
model and compared with data measured from a
LiDAR system. For the inlet condition, a semi-log
formula was proposed and adjusted, comparing
the commonly employed logarithm relation.
Comparison was made at different azimuthal
position. Larger deviation was observed near the
lower grounded region, while good consistency
was observed for the rest of the investigated
heights. The optimal height and location for the
installation of wind turbine were suggested based
on the CFD results.

From the above literature review, it can
be observed that linear model and intricate
CFD model were commonly employed in the
assessment of wind resources. In the region with
simple geographical condition, both models lead
to similar results. However, in the complex terrain,
only the intricate CFD model can provide better
prediction. In the CFD modeling process, it is very
important to employ the appropriate turbulence
model. From the surveyed studies, there were five
turbulence models employed or compared. The
most commonly used one is the standard k-epsilon
model. In one compared study, the standard
k-epsilon model was also verified as the best
model (Wang et al., 2016). However, another study
published in 2018 showed that the RNG k-epsilon
model performed better than the standard one (Du
et al., 2018). Another study showed that the LES
model was the better choice in the CFD modeling
(Garcia-Sanchez et al., 2018).

The subject of the present study is to conduct

a case study for wind farm analysis by using the

" https://www.ansys.com/zh-tw/products/fluids/ansys-fluen .

CFD method with verified numerical schemes.
More discussion on the effect of turbulent model
on the simulation can be found in relevant studies
(Sanderse et al., 2010; Rezaeiha et al., 2019;
Stergiannis et al., 2016).

Therefore, the most commonly used standard
k-epsilon model might not be the best choice in the
calculation by the CFD model since there is still no
consistent conclusion on this issue. In the present
study, the effect of the employed turbulence model
on the assessment of wind energy and flow field
was verified by the CFD model and published
experimental observation in literature. Results
were comprehensively compared. The appropriate
turbulence model in the simulation of urban
environment was proposed accordingly.

With the verified turbulence model, the CFD
model of the entire campus of INER was proposed.
The inlet wind condition was specified based on
the site measurement on the building of INER.
A LiDAR system was installed at the same time
to measure the wind data at different heights for

validation of the proposed CFD model.

2. Numerical Model and LiDAR
System

In this chapter, the developed CFD model and
employed LiDAR system are introduced.

2.1 CFD model

In this study, the CFD model has been built
by using the commercial code ANSYS-FLUENT'.
Numerical schemes and turbulence models were
comprehensively investigated and compared
against the experimental data in literature (Yoshie

et al., 2007). The basic set-up of the CFD model
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was employed from the study of Wang et al.
(2016). The investigated building was covered by
a rectangle box. Grid adaption was employed near
the building to capture the complex variation of the
flow field. Grid independent test was conducted,
with enforcement near the building. The upstream
distance from inlet to the building is 125 m, and the
downstream distance is 375 m. The width of the
computational domain is 500 m. The configuration
size of the domain size was adopted from the study
of Wang et al. (2016).

The CFD model was built by including a
block with thickness of b, width of 4b and height
of 4b as indicated in Figure 1. This configuration
was proposed by Yoshie ef al. in 2007 (2007)
with the wind tunnel experiment with scale of
1 : 100. This wind tunnel experiment was made
as a comparative and parametric study on the
flow around a square prism. The configuration
of2:1:1and 4 :4:1 of the square prism were
investigated. In the present study, the case of 4 :
4 : 1 was selected as the validation configuration.
Detail measurement was conducted at the place in
the turbulent boundary layer. The wind velocity
was measured by the split film probe. The

average wind speed and the standard deviation of

b

-

4b

L

Fig. 1. Schematic diagram of the building of CFD
model (by author).

fluctuation were also evaluated.

Instead of using the constant profile for the
inlet velocity, the employed inlet velocity profile
was assumed with the shear exponent of 0.25.
At the height of 100 m, the free stream velocity
was 7.84 m/s according to the referred study
(Wang et al., 2016). Comparison was also made
for the proposed CFD model with experimental
data as shown in Figure 2. As indicated in Figure
2, consistent distribution along the height of the
simulation was observed, validating the designated

inlet velocity distribution.

100

90 - ® Experimental

—CFD

0 —T e T —
0 2 4 6 8
U (m/s)

Fig. 2. Comparison of inlet velocity profile (Yoshie
et al., 2007).

The deployment of the compared experimental
measurement (Yoshie et al., 2007) was shown in
Figure 3. There were 109 points for data collection.
For the comparison, the data on top of the building
(point 14 to 31), before (point 1-13) and after the
building (point 58-70 and 84-96) were employed.

For the parametric study, various turbulence
models were employed and results were compared
to verify the feasibility for the investigated
condition. The investigated turbulence models
were the Standard k-epsilon, RNG k-epsilon with
Wall function, SST-k-omega, Realizable k-epsilon,
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Fig. 3. Wind tunnel measurement distribution (Yoshie et al., 2007).

and Transient SST.

2.2 LiDAR system

The employed LiDAR system was installed as

illustrated in Figure 4. Measured range is from 40

m to 280 m with sampling frequency of 1 Hz. The
precision for wind speed is 0.1 m/s from 0 to 60 m/
s. The main system is a cubic box with dimension
of 54 cm/55 cm/54 cm, and its weight is 45 kg.

Wind data were measured from September-17-

Fig. 4. Employed LiDAR system in INER campus (by author).
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2018 to December-19-2018.

The observed wind data was scrutinized
carefully to allocate a stable 30 minute interval
during the measurement. It takes about 3.3 minutes
for an average wind of 4 m/s to pass through the
campus of INER with dimension of 800 m. The
average wind speed of the chosen interval was
employed for the comparison and adjustment
of the inlet velocity profile as the validation
of inlet conditions. After this validation of the
inlet condition, the flow ficld was calculated to
investigate the wind distribution and flow field

characteristics of the case study.

3. Results and discussion

The grid independent test was conducted
for the proposed CFD model as the first step
in this study. Secondly, the turbulence models
and related numerical schemes were employed
and comprehensively examined and compared.
Comparison was also conducted against the
experimental data. Finally, the most appropriate

combination of the turbulence model and

numerical schemes were proposed for the CFD
model to conduct the simulation of the flow field
and the assessment of wind energy in the campus

of INER as a case study.

3.1 Grid independent test for the
benchmark model

Grid independent test was conducted by
comparing the calculated velocities with the
experimental data from literature (Yoshie et al.,
2007). Data on top of the building were selected
for the comparison. As indicated in Figure 3 and
Figure 5, selected positions included the front edge
(pl~p4 for point of 16~19), middle (z1~z6 for
point of 20~25) and rear edge (m1~m6 for point
of 26~31) of the building. The computational grid
of the CFD model was gradually increased from
32 k, 315 k, to 446 k. Deviation was evaluated
by comparing the calculated values with the
experimental measurements. The largest deviation
was observed in the grid of 32 k at the position of
m’. In overall, velocity difference decreases with
the increase of grid number except the position

of z1. This might be the insufficient density of

ml m2 m3 m4 m5 m6 zl

5.0
45 .

z mE 32k

g40 mE_ 315K
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Fig. 5. Grid independent test and comparison of velocity difference (by author).
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the measurement in the original experiment. The
overall results suggested that the grid system of 32
k was not suitable. The improvement from the grid
of 315 k to 446 k was only 2.95%. Therefore, the
grid system of 315 k was employed in the further

investigation.

3.2 Effect of turbulence models
and numerical schemes

Different turbulence models and related
numerical schemes referred in literature were
employed and compared against the experimental
data as shown in Figure 6.

The case of Basic was the model compared
in the previous section with sufficient amount
of grid number. The case of paper best simply
employed the turbulence model and numerical
schemes from the study of Yoshie et al. (2007),
where the standard k-epsilon model was used.

The discretization scheme was second order

for pressure equation, and QUICK scheme for
momentum, k and epsilon equation. Further
compared cases were the RNG k-epsilon model
with enhanced wall function, Realizable k-epsilon
model, SST-k-omega model, and the Transient
SST model. As compared in Figure 6, the largest
difference was observed for the case using the
model of SST-k-omega at the position of pl.
The second largest one was also SST-k-omega
at position of z2. The overall largest difference
was obtained by SST-k-omega, too. The second
largest difference in average was obtained in the
case of the Transient SST, mainly due to the large
deviation at the position of z1 and p1. The average
velocity differences for the rest of three cases (paper
best, RNG k-epsilon with enhanced wall function,
and Realizable k-epsilon) were comparable.
Among the compared cases, the Realizable
k-epsilon model resulted in the smallest difference,

and it was even lower than that of the paper best

== B R e e R
S W S W [ W S
| I 1 | I L L

Velocity difference (V,,casured = Verp) (M/8)

=
W
|
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5.0
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45 - ® RNG+Wall function m Realizable k-epsilon
m SST-k-omega ® Transient SST
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Compared positions

Fig. 6. Comparison of turbulence models and numerical schemes (by author).
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case. Therefore, it can be noted that the Realizable
k-epsilon turbulence model should be the most
appropriated choice in the present study.

The average velocity difference by the best
model of the present study was 0.44 m/s, while
it was 0.49 m/s for the case of paper best. In
the original study for the case of paper best, the
proposed model using the standard k-epsilon
resulted in the difference of 0.37 m/s (Wang et al.,
2016). In that study, all the data of the 109 points
were compared. By extending the comparison to
the position before the building (10 m) and after
the building (20 m and 40 m), the average velocity
difference was 0.55 m/s for the case using the
Realizable k-epsilon model, while it is 0.61 m/s for
the case of paper best.

It was also firstly observed that the turbulence
model of Realizable k-epsilon resulted in better
performance in the model comparison when
compared with the surveyed relevant studies as
shown in Table 1. However, the standard k-epsilon

model was suggested at the same time for the

relevant investigation in the future since the
resulted difference just 0.06 m/s larger than that of
the Realizable k-epsilon. The Realizable k-epsilon
model was employed in the following investigation

of this article.

3.3 CFD model for the case study
of INER campus

With the verified turbulence model, the case
study was conducted for the campus of INER
by CFD method using the commercial code of

ANSYS-FLUENT as indicated in Figure 7.

3.4 Grid independent test for the
case study of INER campus

Grid independent test of this case study was
also conducted, and results were shown in Table 2.
As compared in Table 2, the deviation from M1 to
M2 is 3.57%, and it reduces to 0.37% only when
applying the mesh of M3. Thus the grid system of
M2 was employed for the further calculation.

700,00 (m)

175.00 525.00

Fig. 7. CFD model of the case study of INER campus (by author).
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Table 2. Grid independent test for the model of

INER campus (by author)
Name Cell number Deviation
Ml 687,095 -
M2 2,093,093 3.57%
M3 6,086,270 0.37%

3.5 LiDAR data

The wind data from the Longtan site (the
closest weather site to INER) was observed (Figure
8) as the first step for the further analysis of
LiDAR data.

Wind data of Longtan site and LiDAR
measurement were available for 4 months. By
observing the historical value of daily wind speed
of Longtan site, 5 days (October 30, 31, November
1, 2, and December 8.) with relatively strong
wind speed were identified as shown in Figure 8.
LiDAR data were shown in Figure 9. Relatively

stronger winds were also identified at October 30,

Journal of Taiwan Energy Volume 7, No. 2, June 2020

31, November 1, 2, and December 8.

As shown in Figure 8 and Figure 9, roughly
consistent trend was observed at October 30-31,
November 1-2, and December 8. Furthermore, the
wind speed of December 8 is much higher (9.6 m/
s) then those of other identified days (7.1 m/s ~ 7.7
m/s).

Next, the minutely wind data at October
31, November 1 and December 8 were shown in
Figure 10, Figure 11, and Figure 12 for the whole
day (1,440 minutes). The wind speeds were taken
at the height of 100 m, and its variation w.r.t. the
30-minute-average value was also compared.

These time series data was divided into 48
parts for each day with time interval of 30 minutes.
For those intervals with smaller variation were
marked by the red line circles. The variation for
the interval of December 8, 505~649 minute was
relatively small with deviation about 2%. However,

the corresponding wind speed gradually increases

—September

------ October

- = November ——December

S

Wind speed (m/s)
w

1234567 89101112131415161718192021222324252627282930

Date

Fig. 8. Collected wind speed history of Longtan site (by author).
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Fig. 9. Collected wind speed history by LiDAR system (by author).
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Fig. 10. Collected wind speed history and deviation at October-31 2018 (by author).
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Fig. 11. Collected wind speed history and deviation at November-1 2018 (by author).
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within this time interval. The second last interval
of December 8 (1,381~1,410 minute) showed the
minimum deviation within whole day (just 1.83%).
Thus, this time interval was chosen for further
investigation.

Sensitivity study of the wind shear exponent
for the inlet condition was conducted and
comprehensively compared. As indicated in Figure
13, smaller deviation within the height of 100 m
and overall was obtained with wind shear value
of 0.25. The purpose of the present study is to
investigate the flow filed within the height from 40
m to 100 m. Thus, larger deviation from the height
of 100 m to 140 m won'’t affect the conclusion of
the present study. With the wind shear exponent
of 0.25, the deviation within the height of 40 m to
100 m is only 1.37%. It is 3.9% above the height
of 100 m. Therefore, the wind shear exponent of

0.25 was chosen for the following calculation.

3.6 Comparison of CFD and
measurement data

Results by the CFD model (blue line) were

compared with the measured LiDAR data (dots) as
shown in Figure 14. Similar variation was observed
within the range from 40 m to 100 m, while larger
deviation was shown for height higher than 100 m.

For LiDAR data, the variation of velocity
was observed within the height of 40 to 80 m,
and it kept constant higher than 80 m, indicating
the range for the effect of boundary layer in the
velocity profile for the investigated site. For CFD
results, however, velocity variation was observed
from 5 to 140 m. The comparison showed close
profile within the range of 40 to 60 m and larger
deviation above 60 m. The velocity difference for
higher domain might due to the employed velocity
profile (power law) in the present study. It was
suggested to introduce different inlet velocity
profile to improve the prediction of velocity for
higher domain in the future.

In the present study, the hub heights of
the considered wind turbine are within 40 m to
60 m. For the range from ground to 40 m, the
comparison and reliability of CFD model cannot

be investigated without the measured data. Thus,

7%
—deviation (<100m)
6% 5.77% >.79% —deviation_overall
- 4.82% 4.84% 4.80%

\? \ \ 0/
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Fig. 13. Effect of wind shear exponent (by author).
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Fig. 14. Comparison of CFD results and LiDAR data (by author).

it was also suggested to conduct the measurement
from ground to 40 m by the LiDAR system in the
future.

Velocity distributions were drawn from 6 m
to 100 m. The maximum and minimum velocity
for all velocity distribution plots were the same for
comparison as shown in Figure 15.

The height of 6 m is specifically for the
wind turbine with rated power less than 5 kW.
As indicated in Figure 15, low wind speed was
observed in the most locations due to the effect of
building and ground boundary layer. Therefore,
it is not recommended to install the wind turbine
with hub height lower than 6 m within the campus
of INER. For the height of 12 m, lower buildings
were not observed, while low speed region
downstream still existed. Speed-up was observed
in the tunnel between buildings. There is a region
in right, lower corner with higher wind speed
where the 25 kW and 150 kW wind turbines were
installed. At the height of 25 m, only 2 buildings

were observed, and low wind speed region still

existed downward. At the height of 50 m, the effect
of 3 height buildings still existed and resulted in
low speed regions. At the height of 100 m, there is
no effect of building on the flow field.

4. Conclusion

The CFD technique is relatively mature
method for the evaluation of wind resources.
However, the optimal schemes should be tested
and verified to obtain the reasonable results for the
evaluation of wind resources since the commercial
codes are general-purposed software. The purpose
of the present study is to conduct the verification of
the numerical schemes for the evaluation of wind
resources by the CFD method. Results were also
compared with the experimental data to find the
optimal numerical model and related parameters
for the case study of INER campus.

The CFD model has been built by using the
commercial code ANSYS-FLUENT. The grid

independent test was conducted for the proposed
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Fig. 15. Velocity distributions at selected height (by author).

CFD model as the first step in this study. Secondly,
the turbulence models and related numerical
schemes were employed and comprehensively
examined and compared. Comparison was also
conducted against the experimental data. Finally,
the most appropriate combination of the turbulence
model and numerical schemes were proposed
for the CFD model to conduct the simulation of
the flow field and the assessment of wind energy
in the case study. Results of grid test indicated
that the grid system of 32 k was not suitable.
The improvement on the evaluation of velocity
from the grid of 315 k to 446 k was only 2.95%.
Therefore, the grid system of 315 k was employed

in the further investigation. Different turbulence
and extended numerical schemes referred in
literature were employed and compared against the
experimental data. Among the compared cases, the
Realizable k-epsilon model resulted in the smallest
difference, and it was even lower than that of the
best case proposed in literature. Therefore, in can
be noted that the Realizable k-epsilon turbulence
model would be the most appropriated choice in
the present study.

For the case study of the INER campus, the
measurement data by the Longtan site were taken
as the reference to identify the representative wind
data of the LiDAR system for the CFD model. By
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focusing on the higher wind speed, 3 days has been
chosen as the second step. The wind speeds were
taken at the height of 100 m, and its variation w.r.t.
the 30-minute-average value was also compared.
Results showed that the wind speed at December
08. (1,381~1,410 minute) was observed with the
minimum deviation within whole day (just 1.83%).
Thus, this time interval was selected for following
investigation. Sensitivity study of wind shear for
the inlet condition was conducted and deviation
was compared. With the wind shear exponent of
0.25, the deviation within the height of 40 m to
100 m is only 1.37%. Therefore, the wind shear
exponent of 0.25 was chosen for the following
calculation.

Results by the CFD model were compared
with the measured LiDAR data. Similar variation
was observed within the range of 40 m to 100 m,
while larger deviation was shown for height higher
than 100 m. In the present study, the hub heights
of the considered wind turbines are within 40 m
to 60 m. For the height from ground to 40 m, the
comparison and reliability of CFD model cannot
be investigated in the present study.

Detail velocity distributions were presented
from 6 m to 100 m. The height of 6 m is
specifically for the wind turbine with rated power
less than 5 kW. Low wind speed was observed in
the most regions due to the effect of building and
the ground boundary layer. Furthermore, it is not
recommended to install the wind turbine with hub
height lower than 6 m within the campus of INER.
For the height of 12 m, lower buildings were not
observed, while low speed region downstream
still existed. Speed-up was observed in the tunnel
between buildings. There is a region in right-lower
corner with higher wind speed where the 25 kW
and 150 kW wind turbines were installed. With
higher height, the effect of buildings on the flow

field vanished gradually. At the height of 100 m,
there is no obvious effect of building on the flow
field within the investigated INER campus.

In the present study, the employed wind data
were measured within the height from 40 m to
200 m. However, more sophisticated variation
is expected from ground to 40 m. Thus, it is
suggested to measure wind data within this region

for further investigation.
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