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Abstract

Investigations on modeling methods of a CFD wind resource prediction program, WindSim for accurate predictions
of wind speeds were performed with the field measurements. Meteorological Masts having heights of 40m and 50m
were installed at two different sites in complex terrain. The wind speeds and direction were monitored from sensors
installed on the masts and recorded for one year. Modeling parameters of WindSim input variables for accurate
predictions of wind speeds were investigated by performing cross predictions of wind speeds at the masts using the
measured data. Four parameters that most affect the wind speed prediction in WindSim including the size of a
topographical map, cell sizes in x and y direction, height distribution factors, and the roughness lengths were studied
to find out more suitable input parameters for better wind speed predictions. The parameters were then applied to
WindSim to predict the wind speed of another location in complex terrain in Korea for validation. The predicted annual
wind speeds were compared with the averaged measured data for one year from meteorological masts installed for this
study, and the errors were within 6.9%. The results of the proposed practical study are believed to be very useful
to give guidelines to wind engineers for more accurate prediction results and time-saving in predicting wind speed of
complex terrain that will be used to predict annual energy production of a virtual wind farm in complex terrain.
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1. Introduction

Recently, interests on renewable energy
sources are getting higher due to high oil

prices caused by the earth’s environmental
pollution and depletion of the fossil fuel [1-3].

Wind Energy is considered as one of the

most efficient renewable energies, and
lots of new wind farms are constructed
every year all over the world.

For construction of wind farms, wind
resources of the area of interest must be
investigated, beforehand. Accurate analysis
and prediction of wind resource especially
in complex or mountainous terrain are important
because it increases as the altitude gets higher
[4-5].
mainly used for wind resource analysis and
prediction are WAsP (Wind Atlas Analysis
and Application Program) and WindSim [6].

Two popular commercial programs

Because WASP uses a linear topographic
model known as BZ-model, it is known that it
cannot consider flow separation phenomenon
that often occurs on complex terrain. As
the result, WASP is not considered to be
suitable for wind speed prediction in complex
terrain [7-8]. Unlike WAsP, WindSim is a
CFD program based on the Reynolds Averaged
Navier-Stokes (RANS) Equation, and it obtains
the steady state solution of a three dimensional
Due to
this reason, WindSim is considered more

computational domain of interest.

suitable to predict wind speeds in complex
terrain than WAsP [9-13].

Although WindSim is considered suitable
to predict wind speed in complex terrain, its
validation study has been limited to several
European countries, so far. Also, unlike the

expectation, the predictions from WindSim
in the literature were not always more accurate
than those from WASP depending on regions.
One of the many sources of the inaccurate
results from WindSim is considered due to an
inaccurate WindSim modeling. However studies
on the accurate modeling of WindSim input
parameters are very rare.

Finding suitable design parameters of
WindSim are important for a wind farm
design and especially siting wind turbines
at optimal locations for wind energy production.
Also, due to the increasing trend of constructing
wind farms in complex terrains, reliable and
practical modeling methods to use CFD
programs such as WindSim are necessary
to be investigated.

About 70% or more of the Korean territory
is known to be covered with mountains.
However, based on the literature, studies on
wind resource predictions using a CFD
code in Korea are very limited [14].

Therefore, this study was performed to
fulfill two goals. One was to establish a guidance
to accurately employ the CFD code, WindSim
to complex terrains in Korea to accurately
predict wind speed. The other goal was to
validate the WindSim modeling and predictions
in complex terrain other than European
regions. In order for these, two meteorological
masts were installed in complex terrain in
Korea, and the wind speed and direction for
each mast were recorded with the interval
of 10 minutes for a year. Then, various
modeling parameters of WindSim input
variables for accurate predictions of wind
speeds were investigated by performing
cross predictions of wind speeds at the
masts using the measured data.
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2. Modeling

2.1 Sites

As shown in Fig. 1, the two sites used
for wind speed measurement and prediction
in this study are located in complex terrain.

« | 5.09m/s (50m)

Fig. 1. Topography including sites A & B.

The altitude of site A, located slightly off
the top of a mountain, is 1,147m. The site B
in the figure is located on top of a mountain
and its altitude is 1,154 m. A meteorological
mast (MM) having a height of 40m was
installed at site A. A 50m high MM was
installed at site B. The distance between the
two masts in sites A and B was about 7.6 km.
Most of the terrain in Fig. 1 is covered with trees.

The RIX(Ruggedness IndeX) representing
a degree of complexity of topography [15,
16] was calculated and found to be 20.63%
and 32.23%, respectively, for A and B. A
flat site has an RIX value of 0 %. An RIX
value of 30% means that about one third of
the terrain is steeper than the critical slope
which is normally 0.3. Terrain having RIX
values higher than 20 %6 is normally considered
highly complex.

The annual averaged wind speed measured
at the sites A and B were found to be 3.72m/s
and 5.09 m/s, respectively

10

2.2 Measurement Data

The 10 minute averaged measurement
data for one year is converted into the well
known Weibull probability density function
Compared to about 52,000
measurement data sets, Weibull probability

for simplicity.

density function requires only two parameters
to describe the annual wind characteristics.
As shown in Eq. (1), the two parameters in
Weibull probability density function, A and
k, are known as the scale factor and the
shape factor, respectively.

R TH R N

where V is the wind speed, f is the
frequency of occurrence of the wind speed,
k is the shape factor, A is the scale factor,
and exp is the exponential function. The
scale and shape factors are related to the
wind speed, and its distribution shape,
respectively. In WindSim, wind direction is
sectored by a 30 degree interval and the
parameters A and k to best describe the
measurement wind speed and frequency of
occurrence are calculated for each sector.
As long as the parameters are found, the
wind speed average is estimated using

V= AF(l - %) (2)
where Vs the averaged wind speed and

I' is the gamma function known as

Ir'(z)= fooe*ttw_ldt 3)
0
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Table 1 shows the Weibull representation
of the measured data at each site. When
converting the measurement data to the
Weibull probability density function, conversion
errors of 2.15% and 0.39 % occurred for
sites A and B, respectively. These errors
were considered small for this study.

Table 1. Measurement data and Weibull fitted

parameters.
Weibull Data T/
Site p— measured
Alm/sl |k |V [m/s] [m/s]
A 4.23 1.57 3.77 3.72
B 5.77 1.98 514 5.09

2.3 WindSim modeling

WindSim is a CFD program developed
solely for application to the field of wind
energy using the well known Phoenics code
[17]. WindSim models the atmosphere above
the ground as a three dimensional mesh
system and apply the, time-averaged, RANS
equation to each cell in the mesh system to
obtain a three dimensional wind flow solution.
The standard k—epsilon turbulence model is
normally used. Unlike a time step approach to
solve flow fields, WindSim starts from initial
boundary conditions specified by users and
obtain a time averaged steady—state solution.

The three dimensional (3D) calculation
domain of WindSim is limited by the map
boundaries in the horizontal x and y
directions, and by the ground at the bottom
and the upper boundary height at the top in
the vertical z direction.

The atmospheric boundary layer where
the wind speed varies with the altitude was
assumed to be 500m, which is known in
literature to be the most used by scientists

to describe the height of geostrophic wind
[18]. Above the atmospheric boundary layer,
the wind speed was fixed to be a constant
value, 10m/s. The effect of a constant speed
of the atmospheric boundary layer on the
speed prediction is known to be small [18].
Above the atmospheric boundary layer there
exists an upper layer. The upper boundary
height is automatically determined by WindSim
depending on sites and high enough to
avoid a blocking effect on the wind flow
[19] in any locations of the map. Normally,
it is the order of several kilometers.

Along the x and y boundary of the 3D
calculation domain below the atmospheric
boundary layer, a log profile of wind speed
is applied as a boundary condition in WindSim.
This is known to be equivalent to the fact
that infinite plain terrain is connected to the
x and y boundaries [19].

The solution procedure from WindSim
consists of two parts. In the first part, it
calculates the wind velocities at each sector
and grid point using the provided boundary
conditions such as the wind speed above
the boundary layer height and the log profile
of velocity without knowing the measured wind
data. After finishing the wind field calculation,
WindSim knows the velocity vector in any
grid point relative to the other grid points.
In the second phase, WindSim uses the
measured wind data which is the sectorwise
wind speed and the frequency of occurrence
to obtain the wind velocity relative to the
measurement point for the whole map.

3. Parametric Study

A total of four input parameters that
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affect the wind speed prediction of WindSim
were selected and used for the parametric
study. As mentioned in the previous section,
two sites located in complex terrain in
Korea were selected and meteorological masts
were installed to obtain data including wind
speed and direction for one year. WindSim
was used to predict the wind speed of one
site using the data measured at the other,
vice versa. When predicting wind velocities,
only one input parameter out of four was
varied and all the others were fixed to be
constants

3.1 Map Size

In wind resource prediction programs, a
map size means the size of the solution
area, and it determines the size of the terrain
information included when the prediction of
wind resource around a certain position of
interest is made. If the prediction position
is located too close to the map boundary,
the surrounding terrain information cannot
be included when the solution to the
governing equation is made for the position.
Therefore relatively large prediction error is
expected. On the other hand, if the map
size i1s too large, the time required for
modeling and analysis increases dramatically.
Also due to the limited computer resources
and the limited number of cell elements that
the program can handle, the cell size must
get larger as the map size gets larger. This
often causes high prediction errors. Therefore,
the relationship between the prediction
errors and the map size is very important.
However, research on this matter is very
limited and cannot be found in the literature.
For the parametric study of the map size,

12

as shown in Fig. 2, the distance between
the two sites and the map boundary was
set to L. Then, L was varied from 1km to
bkm and the wind speed of A and B were
predicted. When predicting the speed of A, the
measured data at B was used, and vice versa.

Fig. 2. Variation of topographical map size

The cell size in x and y direction was
fixed to be 50 m. The number of cells in
z direction was chosen to be 30. For the
z—cell size, it is related to the number of
cells in z direction and height distribution
factor. The height distribution factor is
defined as the ratio of the cell size at the
ground to that at the upper boundary. The
height distribution factor (HDF) was chosen
to be 0.01. As the HDF decreases, the cells
in z direction get closer to the ground.

As shown in Table 2 and Fig. 3, as the
map size changes, the wind speed prediction
also changes. When the distance between
the prediction site and the x and y boundaries
of the map was between 1km and 3km, the
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change rates of the prediction were large.
As the map size further increased, the rate
decreased, and became less than 0.8% when
the map size reached 5 km.

A — B(5.09 m/s)
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Fig. 3. Change Rate of Wind speed predictions for
different map sizes.

Table 2. Predicted wind speed with change of map
sizes. Dimensions in m/s.

Map Size [km]

1 2 3 4 5
A—B[m/s] 541 | 526 | 509 | 502 | 498
B—Alm/s] 381 | 386 | 391 | 392 | 394

Cell No[x10"] | 595 | 989 | 147.8 | 2064 | 2745

Cal. timelhour] | 6.0 | 95 14 22 285

This 1s due to be the fact that the log
profile of wind shear (horizontal wind speed
over height) used as a boundary condition
by the WindSim program causes errors in
predicting wind speeds of locations near the

x and y boundaries. A logarithmic profile of
wind shear is known to occur at flat
terrains, therefore applying that profile as a
boundary condition to the boundaries of the
map implies that the given topography in
the map is surrounded by flat terrains. This is,
however, different from the actual topography.
If the map size is small, the prediction site
is not far enough from the artificial flat
terrain created by the boundary condition
and the logarithmic profile at the boundary
will affect the actual profile on complex
terrain. If the map size is large enough,
however, although the topography of the
map is surrounded by flat terrains, the
effect of the flat terrain on the wind shear
will disappear for regions that are far
enough away from the map boundaries.

As the map size increases, the sites A &
B gets further and further away from the
boundaries, and the effect of the log profile
boundary condition on the wind speed
prediction gets smaller and smaller. Therefore
if the change in prediction errors are considered,
the distance between the prediction site and
the map boundary should be at least 5 km
or larger.

However, as the map size increased, the
number of cells used in the simulation increased,
and finally the calculation time considerably
increased, too. Therefore, it should be careful
not to have the map size too big for an
efficient calculation.

3.2 Cell Size

A parametric study of the cell size was
performed. The map size was set to be bkm
based on the findings in the previous section.
The cell size was varied regularly with an
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interval of 25m from 100m to 50m. As the
cell size decreased, the number of cells
increased. Due to the limited cell numbers
that WindSim can handle, a cell size of 25m
wasn’t be possible. In order to make the cell
size slightly smaller than 50m, a “refinement”
option in WindSim was used. The smallest
cell size achieved was 305 m. If the refinement
area is selected in the map, a smaller constant
cell size is applied inside the area and the
cell sizes gradually get larger as they get
further away from the area. The refinement
area was set to be 1km away from both the
measurement mast and the prediction position
as shown in Fig. 4.

Fig. 4. Topographical map for parametric study of cell size.

As shown in Table 3 and Fig. 5, the
result shows that as the cell size decreases,
the wind speed prediction from WindSim
approaches the measured value. Also when
the cell sizes changed from 30.5m to
100.0m, the change in wind speed prediction
was within 2.36 %. Although the change
rate of prediction looks somewhat large, a
smaller cell size couldn’t be achieved due to
the large size of the map.

14

Table 3. Predicted wind speed with change in cell size.

Cell Size
305 | 500 | 750 | 100.0
A=>B [5.09m/s] 509 | 497 | 49 4.8
Change Rate from
5.09 m/s [%]
B=>A [3.72m/s] 388 | 395 | 3.99 4.06
Change Rate from

- 236 | 373 | 570

- 180 | 284 | 464

3.88 m/s [%]
Cell Number [x10,000] | 276 | 275 | 12.1 6.9
Cal. Time [hour] 30 21 3 4.3
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Fig. 5. Predicted wind speed for different cell sizes in x
and y direction.

The reason why the wind speed prediction
from the program is affected by the cell
size is that the cell size is considered as the
resolution of the terrain model which depicts
the actual terrain. As shown in Fig.6, if the
cell size is large, the resolution of the terrain
model becomes low. For flat terrains, the
low resolution of the terrain doesn’t play much
role on the wind speed prediction because

SHREfUIAR|E] ==& Vol. 31, No. 6, 2011
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the actual terrain can be accurately depicted
by the low resolution terrain model.

However for complex terrain, the low
resolution of the terrain model will actually
change the topography of the terrain from
the actual topography of the terrain, and as a
result, the mountains might become substantially
lower.

1525 . 1525

E

(a) Cell Size : 100 m
1525

375.

(c) Cell Size : 50 m

(b) Cell Size : 75

(d) Cell Size : 30.5 m

Fig. 6. Terrain according to cell size

This, in the end, affects the prediction of
the terrain.

The topography of the terrain model
never becomes exactly the same as that of
the actual terrain because the cell size is
finite. However, as the discrepancy due to
the finite resolution decreases, the wind
prediction errors associated with it will
decreases and in the end will be within a
certain error limit.

3.3 Z—cell Numbers and HDF

Both cell numbers in z direction and height
distribution factors are related to the cell
size (resolution of the solution) in z direction.
The upper boundary of the three dimensional
solution domain is automatically determined
by WindSim high enough to avoid a blocking

effect on the wind flow. In complex terrain,
the upper boundaries often reach several
kilometers. As mentioned before, the height
distribution factor (HDF) is defined as the
ratio of the cell size at the ground to that
at the upper boundary. The ratio of the
height/width/length between the first and
last cell according to HDF is defined as
[19]

AR = L — 4
ne(n—1)
_|_
l—c i=1
and
«  Ah'eln—
At = OHeln=1) ®

In Equations (4) and (5), L is the
distance over which the distribution is
applied, n is the number of elements (cells)
within L, ¢ is the height distribution factor
and equals to h;"h,",hi")is the size of the
first element (height / width / length of
firstcell), and h," - The size of the last
element(height/width/length of last cell)

As the HDF decreases, the cells in z
direction get closer to the ground. Therefore,
it determines the cell sizes in z direction in
conjunction with the z cell numbers.

For wind energy applications, the solution
especially lower than 500 meters are important,
because the maximum height from the
ground to the tip of the rotor blade of modern
multi-megawatt wind turbines is less than
300 meters.
measurement heights of the wind speeds

Moreover, for this study, the

and direction from meteorological masts are
40 and 50 meters, therefore it is important to
find out a suitable z cell resolution relatively
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close to the ground.

For the simulation, the cell number in z
direction was fixed to be 30 and the HDF
was varied. The map size was bkm, and
the cell size in x and y direction was 30.5
m with refinement option, like before. Table 4
shows the first five cell heights from the
ground in z direction for three different
HDF values. For each HDF value, Min and
Max means the locations where the distance
between the altitude of the ground and the
upper boundary are minimum and maximum,
respectively. For other locations, the cell heights
in z direction are between the values of Min
and Max.

Table 4. Cell height in z direction with various HDF
(Height Distribution Factor).

Distance [m]

1 2 3 4 5
Min | 69.8 | 2095 | 349.2 | 4888 | 6285
10 Max | 89.0 | 267.0 | 4450 | 623.0 | 8010
Min | 466 | 141.3 | 239.2 | 340.3 | 4447
05 Max | 59.3 | 180.0 | 304.8 | 4337 | 566.7
Min | 14 | 89 | 258 | 522 | 880
001 Max | 18 | 113 | 329 | 665 | 1121

The result is shown in Table 5 and Fig 7.
As can be seen in the table, the variations
were small but when the HDF was 0.01,
the wind speed prediction from WindSim
was the closest to the measured value. As
the lowest cell height decreases from 69.8m~
89.0m to 1.4m~1.8m, the prediction errors
decreased. Also when the HDF reached 0.1,
the lowest cell height became lower than
the prediction height, and the changes in
prediction values for the cases of 0.1 and
0.01 in HDF were very small.

16

Table 5. Predicted wind speed with change in
height distribution factor.

Height Dist. Factor
001 01| 05 | 10
A=>B (5.09m/s) 5.09| 5.06| 495 | 4.75
B=>A (3.72m/s) 3.88] 3.88| 399 | 411

Cell No. 2,764,000
Cal. Time (hour) 30

"""" Measured
*— Predicted
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Fig. 7. Predicted wind speed for different cell sizes in z
direction.

For the z—cell size, This is considered due
to be the fact that as long as the wind flow
solutions are obtained at the lower and
upper cells compared with the measurement
or prediction height, the solution at the
height of interest is obtained similarly by
interpolation regardless of the number of cells
lower than the measurement or prediction
height. Therefore, when the prediction or
measurement heights are low, it is very

S=Ef ORISR =& Vol. 31, No. 6, 2011
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important to adjust the cell number in z
direction and the height distribution factor
to make sure that the first cell height in z
direction is lower than the prediction or
measurement height.

3.4 Roughness Length

The roughness length represents a
friction from the ground surface which
affects the wind velocity, and it varies with
different state of the terrain. Generally water
surface has the smallest roughness length
and the center of a large city surrounded by
tall buildings has the biggest roughness.
For this study, all the analyses are made
for complex terrain as shown previously in
Fig. 1.

The roughness lengths recommended in
literature for complex terrain are slightly
different as shown in Table 6. The reason
why different roughness lengths exist for
complex terrain is that the roughness length
of complex terrain depends on the heights,

leaves and density of trees.

Table 6. Roughness length variation for forests.

Literature Rough. L. [m]
Dev. Wind Pow. Proj. [20] 03 - 05
WASsP[6] 0.4
Int. Wind E. Eng. [21] 0.5

The roughness also depends on the climate
of the complex terrain. In other words, the
roughness length is the largest in the Summer.
To find a suitable annually—averaged roughness
length on forest, the parametric study of
roughness length was performed. The roughness
length was varied regularly with the interval
0.Im from 0.3 to 0.5.

The result is shown in Table 7 and Fig 8.
When the prediction of wind speed was
performed from site A to site B, the best
result was obtained with the roughness
length of 0.4m. However, for the prediction
from site B to site A, the best result was
obtained with the roughness length of 0.5m
but the prediction was very close to that
with the roughness length of 0.4m.

58 1 || == Measured
gg —=— Predicted
2 6>2
E ’ —e
; 5.1 PRERENESPONEE = = e
o 5.0
8 49
@D 48
2 47
< 46
4.5 - : . - .
030 035 040 045 050
Roughness Length (m)
40, | Measured
+— Predicted

w
©
.
|

w
@

Wind Speed (m/s)
w w
&) ~

w
o

030 035 040 045 050
Roughness Length (m)

Fig. 8. Predicted wind speed for different roughness
length

Table 7. Predicted wind speed with change in
roughness length

Roughness Length(m)
0.3 04 05
A=>B (5.09m/s) 507 | 5.09 513
B=>A (3.72m/s) 3.89 | 3.88 3.87
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3.5 Suitable Parameter Selection

The selected parameters for a better WindSim
prediction, obtained from the parametric study
are presented in Table 8.

Table 8. Selected parameters

Parameter Value
1. Map Size Bkm
2. x, y Cell Size 30.5/34m
3. z Cell Numbers 30
4. Height Dist. Factor 0.01
5. Roughness Length 04 m

They were used for wind speed predictions
and the results are shown in Table 9.

Table 9. Results with optimized parameters
Measured | Predicted | Error(%)

A=>B 5.09 513 0.78
B=>A 3.72 3.87 4.0
Cell No. 2,764,000
Modeling |Simulation| Total

Cal. Time (hour)
24 31.3 55.3

As shown in the table, the prediction
error was 0.78% when site B was predicted
using the data measured at site A, and it
became 4.0%6 when site A was predicted using
the data measured at site B. Considering
that sites A and B are located in complex
terrain, the results are found to be excellent.
For the calculation time, it took about three
days to complete the WindSim simulation
with a computer having a quad core processor,
16 Giga bytes of memory and a 64-bit
operating system.

4. VALIDATION

For a validation of the result, a meteorological

18

mast having a height of 50 m was installed
at a location named site C with an altitude
of 876m in complex terrain in Korea and the
parameters obtained from the parametric
study were used. The RIX value of site C
was 37.80 2%, which means the terrain is
highly complex. The predictions of wind
speed were made for C from both A and
B. The first case included sites A and C
and was named location 1. The second case
included sites B and C and was named
location II. Descriptions of the two locations
are presented in Fig. 9. The measured
annual wind speed for site C was 4.22 m/s.
For the two locations, the two sites where
meteorological masts are installed are separated
by 21km and 24.6 km, respectively.

I Site A
5 1147m

A s 0om's (som

50m) -,
\_{_ 1te B 3
[‘ 1154m I
y £

1

[ o com |

Fig. 9. Topography of application locations.
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For the two locations I and II, the map
sizes are larger than that used for the
parametric study because the distance between
the two measurement sites are 21.0km and
24.6km, respectively, and therefore the cell
size had to be larger. In WindSim, the cell
size cannot be specified by the user but
rather determined by the map size and the
maximum allowable cell numbers. Therefore
it couldn’t be possible to set the cell size
exactly the same for all different locations.
The cell size was selected to be close to
75m for comparison. Table 10 shows the
parameters used for the simulation.

Table 10. Input Parameters for parametric study and
validation

Study |Location I| Location II

Map Size(X*Ykm)| 14x17 24x22 20x28

x, v Cell Size | 30.5x34.0 | 74.0x84.0 | 78.0x77.0

z Cell Numbers 30 30 30

HDF 0.01 0.01 0.01

As shown in Tables 11 and 12, for the
two cases, the prediction errors were within
6.9 %. The prediction results are considered
excellent because the measurement and
prediction sites are about 25 km away and
located both in complex terrain.

Table 11. Prediction results for Location |

Measured | Predicted | Error

(m/s) (m/s) (%)

A=>C 4.22 4.02 4.7

Cell No. (x10%) 195.7

Modeling |Simulation| Total

Calculation Time (h)
24 187 42.7

Table 12. Prediction results for location Il

Measured | Predicted | Error

(m/s) (m/s) (%)

B=>C 4.22 3.99 6.9

Cell No. (x10% 185.1

Modeling |Simulation| Total

Calculation Time (h)
24 14.1 38.1

Figure 10 shows the contour maps obtained
using the data from Site A and Site B. As
shown in the figure, the two results are
consistent and very close.

Fig. 10. Wind Resource map (Velocity contour)

Table 13 shows the comparisons of the
wind speed predictions from WindSim and
a linear code commonly used to wind speed
prediction for a wind farm construction
[22].

Table 13. Comparison of the prediction results with
those from a linear code

Error(%)
1\,7:)/ :;fiifll Linear Code
A=>B 0.78 4.52
B=>A 4.0 15.32
A=>C 4.7 11.85
B=>C 6.9 7.58
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The same map size and roughness length
with a higher resolution were used. As
can be seen from the table, the predictions
from the CFD code were -consistently
better than those from the linear code.

Therefore, this validates that the results
from the parametric study are useful
enough to be used for WindSim modeling
to predict wind speeds in complex terrain
in Korea. Also, it shows that the results
from WindSim are accurate in predicting

wind speeds in complex terrain in Korea.

5. CONCLUSION

Investigations on finding suitable design
parameters of WindSim and its validation
for wind speed prediction in complex terrain
of Korea were performed. Meteorological
masts were installed to measure wind
speed and direction for one year at various
locations, and the data measured were
implied for the parametric study. Four different
input parameters selected were studied to
find out the optimal design values for wind
speed predictions. The results of the parametric
study are as follows:

(1) For the map size, the distance from the
map boundary and the prediction site
was found to be at least larger than 5
kilometers. This is due to be the fact
that the log wind profile boundary condition
used in WindSim produces errors in
predicting wind speeds near the map
boundary.

(2) For the horizontal cell size, it was found
that for the cell size less than about
70m, the change in wind speed prediction
was small (less than 4 %) although the

20

cell size was changed from 75m to
30.5m. The wind speed prediction
converged when the cell size became
about 36m. However, when the cell size
30.5m, the
calculation time increased more than

changed from 75m to

three times.

(3) For the z cell number and the HDF, it
was found that at least the first cell
height from the ground determined by
the two factors should be lower than
the measurement or prediction height
for accurate prediction of wind speed.
As long as the first cell height from the
ground is lower than the measurement
height and the prediction height, the
prediction results were almost the same
although the second or the third cell
height is higher than the measurement
or prediction height.

(4) For the roughness length, values of 0.3m
to 0.5m were considered based on the
literature and a value of 0.4m was found
to be the best for the complex terrain in
Korea.

For validation of the parametric study
results, the parameters obtained from the study
were applied to predict the wind speed of
another site in complex terrain, and the
results were compared with the measured
data. For all the cases, the WindSim prediction
errors for wind speed were less than 6.9 %.
Also these prediction errors were found to
be much smaller than those from the linear
code commonly used to predict the wind
speed for a wind farm construction. The
results of the proposed practical study are
believed to be very useful to wind engineers
for more accurate prediction results and
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time-saving in predicting wind speed of
complex terrain that will be used to predict
annual energy production of a virtual wind
farm in complex terrain. However, in this
study only one site in Korean complex terrain
were considered for validation. Therefore,
more validations to more sites in complex
terrain are necessary to prove the findings
in this study.

Acknowledgement

This work was supported by the New &
Renewable Energy of the Korea Institute of Energy
Technology Evaluation and Planning(KETEP)
grant funded by the Korea government Ministry
of Knowledge Economy.

(No. 20093021020030).

REFERENCES

1. KH. Yoon, A Study on the Changes of
the US Energy Policy and the Expansion
of the New and Renewable Energy, J. of
Korean Reg. Dev. 8 (2008) 151-179.

2. J. S. Hwang, H. J. Lee, S.H. Park, Green
IT Policies for Low Carbon, Green
Growth, J. of Korean Assoc. for Inform.
Soc. 14 (2008) 3-28.

3. J.B. Kil, B.K. Jung, Green Growth and
Environment-Economy Integration: Between
Modification and Transition, J. of Korean
Inst. of Gov. Studies, 15 (2009) 45-71.

4. J.M.LM. Palma, F.A. Castro, L.F. Ribeiro,
A.H. Rodrigues, A.P. Pinto, Linear and
nonlinear models in wind resource assessment
and windturbine micro-sitingin complex
terrain, J. of Wind Eng. and Ind. Aerodyn.
96 (2008) 2308-2326.

5. A. Llombart, A. talayero, A. Mallet, and
E. Telmo, Performance Analysis of Wind
Resource Assessment Programs in Complex
Terrain, Int’'l. Conf. on Renew. Energies
and Power Qual., 2006.

6. Risoe Laboratory, available online at
http://www.wasp.dk/last last seen in
March 2010.

7. P. Moreno, A. R. Gravdahl, and M. Romero,
Wind Flow over Complex Terrain: application
of Linear and CFD Models, European
Wind Energy Conf. and Exhib., Madrid,
2003.

8. T. Wallbank, WidSim Validation Study,
CFD validation in Complex terrain, 2008.
Available online at http://web.windsim.com
/library/papers—-presentations.aspx,
lastaccessedinMarch2010.

9. G. Waston, N. Doublas, S. Hall, Comparison of
Wind Flow Models in Complex Terrain, World
Renew. Energy Congr., 2005.

10. K. Yoon, I. Paek, N.S. Yoo, Wind Speed
Prediction using WAsP for Complex
Terrain, Proc. of the 2008 autumn Conf.
of Korea Wind Energy Assoc., 2008.

11. S.-W. Kim, H.-G. Kim, Sensitivity
Analysis of Wind Resource Micrositing
at the Antarctic King Sejong Station, J.
of the Korean Solar Energy Soc. 27
(2007) 1-9.

12. R. Cattin, B. Schaffner, S. Kunz, Validation
of CFD Wind Resource Modeling in
Highly Complex Terrain, FEuropean
Wind Energy Conf., Athens, 2006.

13. J. Maza, G. Nicoletti, "CFD-RANS
applications in complex terrain analysis.
Numerical vs experimental results. A
case study: Cozzovallefondi wind farm
in Sicily” European Wind Energy Conf.,

Journal of the Korean Solar Energy Society Vol. 31, No. 6, 2011 21



[=2] e delAetsl =2

14.

15.

16.

17.

18.

19.

20.
21.

22.

Athens, 2006.

Y. Hwang, 1. Paek, K. Yoon, W. Lee, N.
Yoo and Y. Nam, “Application of wind
data from automated weather stations
to wind resources estimation in Korea,”
Journal of Mechanical Science and
Technology, 2010.

N.G. Mortensen and E.L. Peterson,
“Influence of topographical input data on
the accuracy of wind flow modeling in
complex terrain,” Ris® National Laboratory,
Roskilde, Denmark

A.J. Bowen and N.G. Mortensen, “WAsP
prediction errors due to site orography,”
Ris® National Laboratory, Roskilde,
Denmark, 2004.

Available online at www.cham.co.uk last
seen in March2010.

D. Fallo, “wind energy resource evaluation
in a site of central Italy ny CFD
simulations”, Ph. D. Dissertation, Univ.
of Cagliari, DiMeCa, 2007.

WindSim 4.8.1 Getting started, WindSim
AS, Norway, 2008.

Developing Wind Power Project

G.N. Kor, J. Ch. Huh, Introduction of
Wind Energy Engineering, Munundang,
Korea. 2008.

WindPRO Manual

22

S=Ef ORISR =& Vol. 31, No. 6, 2011



