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NOMENCLATURE

u : wind velocity profile (m/s) w : eddy frequency (s

U  friction velocity (m/s) € * eddy dissipation (m%/s’)

K : Von Karman constant Vv : wind speed (mvs)

% . aerodynamic roughness length (m) Viet . reference velocity (y's)

z . height above ground level (m) k . turbulence kinetic energy (mf/s?)

G * standard model constant

Fadz 20119 69 289, AAtdak 2011 79 54, AAEA LA 2011 92 15Y
WAIA AL 317 (gnkor2@cheju.ac kr)
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1. Introduction

Wind energy technology is one of the
fastest growing technologies in new and
renewable energy. Average annual installed
wind power capacity was 27.8% over the
past five years. Wind power is estimated to
provide 1.92%9% of the world’s electricity in
2011, and to be able to meet 9.1% of the
world’s electricity demands by 20201

In Europe, where wind energy technology
is leading the way in the world, a simple
WASsP model was developed for micrositing
in a prospective wind farm, and now many
researchers and wind farm developers are
using the WAsP model for estimating the
power production of a potential site, and
finding better positions for each wind
turbine to obtain greater power production
in many countries, including South Korea.
However as the terrain in South Korea is
considered complex, it might be a problem
to apply the WAsP model to most types of
terrain in South Korea. This is because the
simpler rapid models such as in WAsP
have difficulties in accurately estimating
wind speed, turbulence intensity, even electric
power production on complex terrain. If there
are many wind turbines in a wind farm, it is
more difficult to predict these variables due
to wind turbines’ downstream wake.

To estimate wind characteristics over
complex terrain and behind wind turbines
more accurately, analyses using Computational
Fluid Dynamics (CFD) have been made
rather than those using a WAsP model.”> ™ Tn
South Korea, however, there have not been
many investigations using CFD techniques to
apply to wind farm design over complex terrain.

As a first step to applying CFD technique
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to complex terrain in Jeju Island, South
Korea, this present study aims to predict
wind speed and turbulence intensity using
ANSYS CFX software at the Seongsan wind
farm on Jeju Island which is considered to
have been set up on complex terrain.

2. Site description

The location of the Seongsan wind farm
on Jeju Island is shown in Fig. 1. The
Seongsan wind farm is located in eastern
inland part of Jeju Island. As shown in the
figure, there are some hills, which are
called 'Oreum’ by local people, around the
wind farm. Because of the hills, the Seongsan
wind farm is considered to be set within
complex terrain. At present, the wind farm
has ten wind turbines. It used to have six
wind turbines before the summer of 2010,
with which this investigation was performed
as the first step to applying CFD technique
to a real wind farm. The type of the six
wind turbines was VESTAS V80-2.0MW
with hub height of 78m.

Seongsan WF

Fig. 1 Location of Seongsan wind farm on Jeju Island
Fig 2. shows wind rose at Sinsan meteorological

observatory, which is about 7km south of
Seongsan wind farm. Two prevailing wind
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directions are from the west-north-west
(300 deg.) and the west (270 deg.), which
were considered as directions to analyze for
this study. The wind speed of 12 m/s at 60m
above ground level, used as the reference wind
speed, was input as the inlet condition because
it was expected to result in obtaining clear effect
of the wakes behind wind turbines and hills.

Fig. 2 Wind rose at Sinsan, which is about 7km
south of Seongsan wind farm

The triangulation algoﬁthm[ﬁ] was Implemented
to create terrain representation based on
real terrain data on and around the Seongsan
wind farm. To create the mesh, 12,000m of
radius and 1,000m of height were given,
and horizontal and vertical grid resolution
were 30m, respectively. To obtain more accurate
simulated value, /m and 7m were given for the
first and the second vertical layer thicknesses.
The vertical expansion factor was 1.3.

Fig. 3 Mesh for computing wind characteristics
distribution in Seongsan wind farm

Though there was a little difference
between the real hub height and the grid
height, it was ignored because the error due
to that was expected to be small. Then the
surface mesh was projected onto the terrain
representation. The final nodes and elements
were 6,194,154 and 6,636,409 for 300 deg. of
wind direction, and 4,639,679 and 4,725,857
for 270 deg. of wind direction, respectively.
Also, the aerodynamic roughness was set
to 0.03m which corresponds to roughness
class 1. The mesh for computing wind
characteristics distribution in Seongsan
wind farm is shown in Fig. 3.

3. Physical models

The flow was computed using the Reynolds
Averaged Navier Stokes equations implemented
in ANSYS CFX 12.1. Shear Stress Transport
(SST) k — o turbulence model was used in
this study. The inflow boundary conditions
were input using profiles as follows:

u(z) =ﬂln(ij (1)
K |z
2
U
k=—— (2)
/2
C,
3
e(z) = —2 (3)
K(z+2zp)

where the friction velocity u- is a prescribed
reference velocity at a reference height. K
is the Von Karman constant. zo and z are
the aerodynamic roughness length and the
height above ground level, respectively. C,
is a standard model constant with a value
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of 0.09. The eddy frequency @ can be obtained
in ANSYS CFX based on equation (3).

To provide a practical model for calculations
with many wind turbines, an actuator disk
model” was used in this study. Each wind
turbine was represented by momentum sink
that has constant thrust per volume at disk
location. So wind turbine thrust curve is
needed to compute the wake effect.

4. Simulation results
Normalized velocity, Viomaized, and turbulence

intensity, TI, were computed throughout
the domain, which are expressed by:

V
normalized = (4)
Vref
2k
. E 5)
%

where V is the wind speed at a location, and
Vit reference velocity. k£ is the turbulence
Kinetic energy.

Fig. 4 shows normalized velocity distribution
at hub height under wind direction of 300
deg. The locations of wind turbines are
illustrated by (+), and the wind turbine
numbers are also presented in the figure.
First of all, the Ilocations of hills are
identified comparatively well in the figure.
The wakes behind some hills extend over
several kilometers, which hardly affect
wind turbines in the wind farm. Although
there are some hills upwind of number 4, 5
and 6 wind turbines, they scarcely affect
the wind turbines because of the low height
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of the hills.

The wake from some of the wind turbines
have a direct effect on other wind turbines.
In particular, number 2 wind turbine is
considered to be strongly affected by the
wake downwind of the number 4 wind turbine.

Turbulence intensity distribution at
hub height under wind direction of 300
deg. is shown in Fig. 5. Overall as wind
speed 1s high at any particular region,
turbulence intensity is low at that region.

Normalised velm:i&
1.40 -
130
1.20
1.10 ’

75000 225000

Fig. 4 Normalized velocity distribution at hub height above
ground level under wind direction of 300 deg.

Fig. 5 Turbulence intensity distribution at hub height above
ground level under wind direction of 300 deg.
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Strong turbulence intensity is found downwind
of some hills. The cumulative effect of the
wake was created downwind of number 1,
2 and 3 wind turbines because the wind
turbines were close to each other, and
furthermore number 4 wind turbine existed
upwind of the three wind turbines.

Fig. 6 shows vertical normalized velocity
profiles at the position of each wind
turbine. The zAGL in the figure means
height above ground level. Due to the effect
of actuator disk model which is applied
between 38m and 118m above ground level,
momentum losses are obviously identified
at that position. The number 2 wind turbine
had the lowest wind speed of all the
turbines because it was affected the most
by the wake. On the other hand, the number
6 wind turbine had the highest wind speed
because it was hardly affected by the wake.

Fig. 7 represents vertical turbulence intensity
profiles at the position of each wind
turbine. The trend is opposite to that of
normalized velocity. The number 6 wind
turbine which had the lowest turbulence
intensity in all the turbines, had about 9.3%
of turbulence intensity at hub height of 78m.
The highest turbulence intensity occurred at
the number 2 wind turbine, whose value
was about 10.8% at hub height.

For 270 deg. which was the second
prevailing wind direction, normalized velocity
distribution is displayed in Fig. 8. The
velocity deficit and its dissipation downwind
of the wind turbines and some hills are
clearly observed. The number 2 and 3 wind
turbines were affected by the wake behind
number 1 wind turbine, and the number 5
and 6 wind turbines were affected by the
wake behind number 4 wind turbine. In

particular, number 1 wind turbine is within
the wake downwind of hills, which means
velocity deficit occurs in the region.

Fig. 9 shows turbulence intensity distribution
at hub height under wind direction of 270
deg. Due to the effect of hills and wind
turbines upwind of another wind turbine,
turbulence intensity became higher than
normal and persisted for about 3~7 km.

Vertical normalized velocitiy profiles at
the position of each wind turbine under
wind direction of 270 deg. are shown in Fig.
10. Overall wind speeds in the figure are
lower than those in Fig. 6 which represents
wind speeds under wind direction of 300
deg. The highest wind speed occurred at
number 4 wind turbine because there were
no hills and wind turbines upwind of itself.
On the other hand, number 2 wind turbine
had the lowest wind speed of all the
turbines because of the cumulative effect of
the wakes downwind of the number 1 wind
turbine and hills creating an overall wake.
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Fig. 6 Vertical normalized velocity profiles at the position

of each wind turbine
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250 Fig. 11 shows vertical turbulence intensity
o ; profiles at the position of each wind turbine
‘ under wind direction of 270 deg. Overall
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turbulence intensities are higher than those
in Fig. 7. Turbulence intensity of the number
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2 wind turbine was shown to be the strongest
in the figure, while the number 4 wind turbine
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= had the weakest turbulence intensity. The
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For the number 2 wind turbine which had
the strongest turbulence intensity and the
lowest wind speed under wind direction of
270 deg., normalized velocity distribution in
a vertical plane was examined. The result
is shown in Fig. 12. The number 2 wind
turbine is illustrated as a black symbol (+)
and is located between number 1 and
number 3 wind turbine, whose locations are
denoted by one horizontal black line,
respectively. The wake distribution behind
number 2 wind turbine is obviously identified.
Where the lines of the (+) intersect, this
denotes the hub of wind turbine. A very
low wind speed region exists under hub
height just behind the wind turbine, which
persists for about 150m. The wake becomes
weaker and weaker the further it gets from
the wind turbine.

Fig. 12 Normalized velocity distribution in a vertical plane
at number 2 wind turbine under wind direction of
270 deg.

Fig. 13 shows turbulence intensity distribution
in a vertical plane at number 2 wind turbine
under wind direction of 270 deg. Turbulence
intensity distribution is similar to normalized
velocity distribution in Fig. 12, and the

values have opposite trends to each other.

5. Conclusions

Using ANSYS CFX software, the effect
of complex terrain and the wake behind
wind turbines was investigated for Seongsan
wind farm of Jeju Island. The results are as
follows.

1. The wakes downwind of hills and wind
turbines are estimated to result in wind
velocity deficit and enhanced turbulence
intensity.

2. The hills around Seongsan wind farm are
estimated to cause significant wake
which persists for about 3~7 km.

3. It is necessary that the wake model in
this study should be validated under the
terrain of South Korea.

Fig. 13 Turbulence intensity distribution in a vertical plane at number
2 wind turbine under wind direction of 270 deg.
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