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(57) ABSTRACT

It is intended to provide a wind turbine blade with superior
aerodynamic characteristics and rigidity, a wind turbine gen-
erator equipped with the wind turbine blade, and a method of
designing the wind turbine blade. The wind turbine blade 1 is
provided with a blade tip part 2, a blade root part 4 connected
to ahub 112, and an airfoil part 6 disposed between the blade
tip part 2 and the blade root part 4. The airfoil part 6 includes
a flatback airfoil 10 with a blunt trailing edge 8 at least in an
area in a longitudinal direction of the wind turbine blade 1
where a blade thickness ratio X is 40% to 50%. X indicates a
ratio of a maximum thickness t,,, toachordlength L . Inthe
area where the blade thickness ratio X is 40% to 50%, the
flatback airfoil has a trailing edge thickness ratio Y which is
5% to Y%, Y indicating a ratio of a trailing edge thickness
;5 to the maximum thickness t,,, -and Y, has a relationship
ofY,=1.5X-30 with the blade thickness ratio X.
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WIND TURBINE BLADE, WIND TURBINE
GENERATOR EQUIPPED WITH WIND
TURBINE BLADE AND METHOD OF
DESIGNING WIND TURBINE BLADE

TECHNICAL FIELD

[0001] The present invention relates to a wind turbine
blade, a wind turbine generator with the wind turbine blade
and a method of designing the wind turbine blade.

BACKGROUND ART

[0002] Inrecentyears, from a perspective of preserving the
environment, it is becoming popular to use a wind turbine
generator which generates power from wind power. In a wind
turbine generator, a kinetic energy in the wind is converted
into a rotation energy of a blade (i.e. a rotor as a whole
including the blade) and the rotation energy is converted into
electric power in a generator.

[0003] Electricity generated by the wind turbine generator
(wind turbine output) is expressed by Formula 1 below. The
wind turbine output is improved with higher blade efficiency
and a greater blade diameter.

(Formula 1)
[0004]

Wind turbine output=Y4*air density*(wind speed)
**plade efficiency*conversion efficiency*II*
(blade diameter/2)?

[0005] The blade efficiency, herein, refers to an efficiency
of converting the kinetic energy in the wind to the rotation
energy of the blade (i.e. a rotor as a whole including the
blade). The conversion efficiency refers to an efficiency of
transmitting the rotation energy of the rotor to the generator
and generating power in the generator.

[0006] It is know that blade efficiency has a maximum
theoretical efficiency (Betz’s limit=0.593). Specifically, even
at the maximum theoretical efficiency, only 59.3% of the
kinetic energy in wind can be converted to the rotation energy
of the blade (precisely, the rotor as a whole, including the
blades). In an actual wind turbine blade, the blade efficiency
that can be achieved is up to approximately 0.5 due to influ-
ence of swirl of a wake and presence of air resistance.
[0007] Presently, the blade efficiency of the wind turbine
blade developed for practical use is typically around 0.49.
This leaves merely about 0.01 in the blade efficiency (2% of
the entire blade efficiency of the existing blade) to improve by
improving the blade design. However, the blade design
improvement may lead to increased noise and efficiency
decline due to off-design condition and thus may be undesir-
able.

[0008] Therefore, it is difficult to significantly increase the
power generated by the wind turbine generator by improving
the blade efficiency.

[0009] Meanwhile, the power generation output is affected
as the square of the blade diameter. Thus, it is effective to
increase the blade diameter so as to enhance the power gen-
eration output. However, the increased blade diameter leads
to an increase in load acting on the wind turbine blade from
the wind (aerodynamic load) and an increase in load (weight
load) in response to increased weight of the wind turbine
blade, which may result in a larger nacelle to support the rotor
and in increased cost.
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[0010] Inview ofthis, itis possible with a modified design
of an airfoil (a cross-sectional shape of the wind turbine
blade) to reduce the load on the blade from the wind (aero-
dynamic load) by making the chord of the wind turbine blade
shorter and also to suppress the increase in the load (weight
load) in response to the increased weight of the wind turbine
blade.

[0011] There are flatback airfoils with thicker trailing edge
in a portion closer to a hub side of the wind turbine blade (e.g.
Patent Literatures 1 through 5 and Non-Patent Literature 1).
[0012] Specifically, Patent Literature 1 describes a wind
turbine blade having a plurality of flatback airfoils defined by
coordinates. Patent Literature 2 proposes a flatback airfoil of
a divergent type whose blade thickness around the trailing
edge increases as closer with shorter distance to the trailing
edge. A technique of producing a wind turbine blade having a
flatback airfoil using a flatback airfoil insert is disclosed in
Patent Literature 3. Patent Literature 4 discloses a wind tur-
bine blade of a flatback airfoil type having a splitter plate
attached to a trailing edge to reduce noise. Patent Literature 5
proposes to additionally attach a blade element to a wind
turbine blade having a sharp trailing edge so that the airfoil
profile is changed to a flatback airfoil profile by increasing a
thickness of the trailing edge. Further, in Non-Patent Litera-
ture 1, evaluation results of aerodynamic characteristics of a
flatback airfoil using several calculations are shown.

[0013] FIG. 15 shows a wind turbine having a flatback
airfoil. The wind turbine blade 100 has a thickness in the
trailing edge 8, which generates wake in a area 102 down-
stream of the trailing edge 8. A negative pressure in the area
102 downstream of the trailing edge 8 draws the flow ofthe air
flowing along a suction-side surface 14 and delays separation
of a boundary layer from the suction-side surface 14. More
specifically, the negative pressure generated in the arca 102
downstream of the trailing edge 8 draws the flow of the air
toward the suction-side surface 14, thereby suppressing the
separation of the boundary layer and moving a separation
point of the boundary layer on the suction-side surface 14
toward the downstream side to a vicinity of the trailing edge
8 (fixing the separation point of the boundary layer to the
vicinity of the trailing edge 8). Thus, in comparison to a
conventional airfoil with a sharp trailing edge, this airfoil
creates lift to a high angle of attack. Therefore, itis possible to
obtain enough lift in spite of a shorter chord length. By
reducing the chord length, the aerodynamic load acting on the
wind turbine blade from the wind can be reduced.

[0014] The flatback airfoil has a blunt trailing edge and
thus, section modulus of the flatback airfoil is superior to that
of'the conventional airfoil with a sharp trailing edge. Thus, it
is possible to reduce the weight of the blade while maintain-
ing its strength.

[0015] Although not related to a flatback airfoil, Patent
Literature 6 discloses a wind turbine blade provided with an
additional portion on a pressure-side near a trailing edge in a
transition portion between an airfoil portion and a blade root
portion to increase lift.
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[0017] Patent Literature 2 US 2009/0263252 A
[0018] Patent Literature 3 US 2010/0143146 A

[0019] Patent Literature 4 EP 2063106 A
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[0023] Non-Patent Literature 1 “Aerodynamic Analysis of

Blunt Trailing Edge Airfoils” by K. J. Standish et al, from
Journal of Solar Energy Engineering published in November
2003, vol. 125, pp. 479-487

SUMMARY OF INVENTION

Technical Problem

[0024] Inageneral wind turbine blade, in a high wind speed
range above a wind speed that achieves a rated rotation speed,
an increase in angle of attack in response to an increased wind
speed is greater as it is closer to the blade root in a longitudinal
direction of the blade and also the angle of attack tends to
increase. This is explained in reference to a speed vector
diagram of FIG. 15.

[0025] InFIG. 15, the wind turbine blade rotates in a direc-
tion of an arrow R. The wind turbine blade 100 is arranged
such that the chord 16 is set with an angle 6 with respect to the
blade rotation direction R. The angle 6 is an angle between a
line L1 extending from the chord 16 and a straight line [.2
parallel to the rotation direction R and indicates an attach-
ment angle (a pitch angle) of the wind turbine blade 100. A
relative wind speed vector W is a speed vector of the wind
relative to the wind turbine blade 100 rotating in the blade
rotation direction R. The relative wind speed vector W is a
vector sum formed by combining a wind speed vector A
blowing in a direction perpendicular to the rotation direction
of'the wind turbine 100 and a circumferential speed vector rQQ
of the wind turbine blade 100. And an angle o formed
between the relative speed vector W and the line L1 extending
from the chord 16 is the angle of attack of the wind turbine
blade 100.

[0026] In the high wind speed range above the wind speed
that achieves the rated rotation speed, the wind turbine blade
100 is kept at the rated rotations peed and thus, the circum-
ferential speed vector rQ is constant. Thus, the wind speed
increases and the wind speed vector A becomes greater. Cor-
respondingly, the angle of attack a of the wind turbine blade
100 increases. The amount of increase in the angle of attack a
is greater as it gets closer to the blade root with a small
circumferential vector rQ in the longitudinal direction of the
blade. Specifically, the closer it is to the blade root side with
the small circumferential vector rQ in the longitudinal direc-
tion of the blade, the amount of increase in the angle of attack
a becomes greater in response to increased wind speed and
the angle of attack o tends to increase.

[0027] Therefore, in the area near the blade root part, it is
desirable to form the trailing edge with thickness (by adopt-
ing the flatback airfoil) and to maintain the lift to the high
angle of attack. With blunt trailing edge, a drag increases as
well as the lift. In the area near the blade root part, the
advantage of increased lift outweighs the disadvantage of the
increased drag and thus, the technical advantage of making
the trailing edge thicker prevails. Specifically, a high lift-drag
ratio can be achieved. In contrast, as it gets closer to the blade
tip part, the disadvantage of the increased drag by adopting
the flatback airfoil outweighs the advantage of the increased
lift. In some cases, the lift-drag ratio even decreases by mak-
ing the trailing edge thicker.

[0028] Through researches by the inventors, it was learned
that, in an area which is comparatively closer to the blade root
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part and in which a blade thickness ratio X of a maximum
blade thickness relative to the chord length is in a range of
40% to 50%, the technical advantage of forming the trailing
edge with thickness outweighs the disadvantage. Therefore,
in the above area, it is important to set the thickness of the
trailing edge of the flatback airfoil within an appropriate
range so as to improve the aerodynamic characteristics and
rigidity.

[0029] However, there is not enough knowledge regarding
the flatback airfoil or regarding an ideal thickness of the
trailing edge of the flatback airfoil in the above-described
area.

[0030] In Patent Literatures 1 through 6 and Non-Patent
Literature 1, there is no detailed description about what range
the thickness of the trailing edge of the flatback airfoil should
be set within the range where the blade thickness ratio is in the
range of 40% to 50%.

[0031] In view of the above issues, it is an object of the
present invention is to provide a wind turbine blade with
superior aecrodynamic characteristics and rigidity, a wind tur-
bine generator equipped with the wind turbine blade, and a
method of designing the wind turbine blade.

Solution to Problem

[0032] A wind turbine blade of the present invention may
include, but is not limited to:

[0033] a blade tip part;

[0034] a blade root part which is connected to a hub of a
wind turbine; and

[0035] an airfoil part which is disposed between the blade
tip part and the blade root part and which includes a flatback
airfoil with a blunt trailing edge at least in an area in a
longitudinal direction of the wind turbine blade where a blade
thickness ratio X is not less than 40% and not greater than
50%, X indicating a ratio of a maximum thickness t,,, - t0 a
chord length L, and

[0036] in the area where the blade thickness ratio X is not
less than 40% and not greater than 50%, the flatback airfoil
may have a trailing edge thickness ratio Y which is not less
than 5% and not greater than Y ;%, Y indicating a ratio of a
trailing edge thickness t,; to the maximum thickness t,, .
and

[0037] Y may havearelationship of Y, ,=1.5X-30withthe
blade thickness ratio X.

[0038] According to the knowledge of the inventors of the
present invention, in the area which is comparatively close to
the blade root side where the blade thickness ratio X is not less
than 40% and not greater than 50%, the flatback airfoil is
formed with a blunt trailing edge, hence effectively improv-
ing the characteristics of lift-drag ratio. Therefore, in the
above wind turbine blade, in the area where the blade thick-
ness ratio X is 40 to 50% in the longitudinal direction of the
blade, the flatback airfoil is formed with a blunt trailing edge.
[0039] Further, in the area where the blade thickness ratio X
is 40 to 50%, the trailing edge thickness ratio Y is set to not
less than 5% and thus, it is possible to effectively delay
separation of the boundary layer from the suction-side sur-
face by negative pressure generated due to the wake behind
the trailing edge. More specifically, the negative pressure
generated on a downstream side of the trailing edge draws the
flow of the air toward the suction-side surface, thereby effec-
tively suppressing the separation of the boundary layer from
the suction-side surface. Therefore, it is possible to generate
lift up to a high angle of attack. In other words, the high lift
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characteristics of not losing speed until the high angle of
attack is reached can be achieved. Further, by setting the
trailing edge thickness ratio to not less than 5%, section
modulus of the wind turbine blade is improved, thereby
attaining a lighter wind turbine blade while maintaining the
strength of the wind turbine blade.

[0040] However, the blunt trailing edge causes increase of
the drag as well as the lift. And the thicker the trailing edge is,
the higher a lift-drag ratio (=lift/drag) becomes, which does
not necessary improve the aerodynamic characteristics.
According to the result of the study made by the inventors, in
such a case that the trailing edge thickness ratio Y is set higher
than the upper limit Y ,(=1.5X-30), the increase in the lift is
inferior to the increase in the drag and thus, there is not
sufficient improvement effect of the lift-drag ratio in almost
entire range of the angle of attack. On that point, in the above
turbine blade, the trailing edge thickness ratio Y is set not
greater than the upper limit Y ,(=1.5X-30) in the area where
the blade thickness ratio X is 40 to 50%. Thus, it is possible to
have sufficient improvement effect of the lift-drag ratio in at
least some range of the angle of attack.

[0041] In the above wind turbine blade, in such a case that
a relationship T=-5S+5 is satisfied where S is a parameter
expressed by S=Ly,,+/R, Loyrsx being a maximum chord
length, R being a rotation radius of the wind turbine blade and
T is a parameter expressed by T=RQ*Lr/R, RQ being a cir-
cumferential speed of the blade tip part, Lr being a represen-
tative chord length, the trailing edge thickness ratio Y of the
flatback airfoil may have a relationship of X-20=Y=1.5X~
30 in the a where the blade thickness ratio X is not less than
40% and not greater than 50%,

[0042] in such a case that a relationship T>-5S+6 is satis-
fied, the trailing edge thickness ratio Y of the flatback airfoil
may be expressed by 5S=Y=0.5X-5 in the area where the
blade thickness ratio X is not less than 40% and not greater
than 50%, and

[0043] in such a case that a relationship —5S+5<T<-55+6
is satisfied, the trailing edge thickness ratio Y of the flatback
airfoil may be expressed by 0.5X-5<Y<X-20 in the area
where the blade thickness ratio X is not less than 40% and not
greater than 50%.

[0044] The representative chord length may be a chord
length at a blade radius position r where a ratio of the chord
length to the rotation radius R is 0.8.

[0045] The technical definitions of the parameter S and T
are explained in reference to FIG. 16A to FIG. 16D.

[0046] In a general wind turbine, once the wind speed
reaches a cut-in wind speed V, or above, the wind turbine is
operated at approximately constant circumferential speed
ratio at which performance (efficiency) is optimum (maxi-
mum) (see FIG. 16B). The circumferential speed ratio is also
referred to as an optimum circumferential speed ratio or a
design circumferential speed ratio. The circumferential speed
ratio is a ratio of a blade tip speed [rpm] relative to an
upstream wind speed [m/s]. A wind speed on an infinite
upstream side (the upstream wind speed) is used, which is not
affected by the presence of the wind turbine blade. In a vari-
able speed range between the cut-in wind speed V, and a wind
speed V, at which the rated rotation speed is reached, a rela-
tive speed vector W changes in response to the change of the
wind speed vector A so as to maintain the circumferential
speed ratio at the optimum circumferential speed ratio (a
design circumferential speed ratio), and the angle of attack
is maintained approximately at a constant value (=an opti-
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mum angle of attack a,,) which is optimal for the wind
turbine blade (see FIG. 16B and FIG. 16D).

[0047] In contrast, once the wind speed reaches the wind
speed V, at which the rated rotation speed is reached, the
rotation speed is maintained at a constant value (a rated rota-
tion speed) and thus, a circumferential speed vector rQ is
maintained approximately ata constant magnitude. Thus, in a
high wind speed range between the wind speed V, at which
the rated rotation speed is reached and a wind speed V; at
which a rated power is reached, when the wind speed
increases, the wind speed vector A alone increases, resulting
in increased attack of angle a (see FIG. 16D). The increase of
the angle of attack a continues till the wind speed V; (the rated
wind speed) at which the wind turbine output reaches the
rated power. Once the rated wind speed V; is reached, the
angle of attack a is reduced using pitch control of the wind
turbine blade, thereby maintaining constant wind turbine out-
put. Further, conditions may slightly vary betweenV, and V5
from those shown in FIG. 16 due to the pitch control.

[0048] In the high wind speed range between the wind
speed V, at which the rated rotation speed is reached and the
wind speed V; at which the rated power is reached, the
amount of increase in the angle of attack a with respect to the
increase in the upstream wind speed is expressed as a slope in
FIG. 16D and is affected by the chord length. If the wind
turbine blade has zero chord length, the magnitude of the
wind speed vector A increases for the amount of increase in
the upstream wind speed and the angle of attack a of the wind
turbine blade increases in response to the amount of increase
in the magnitude of the speed vector A. However, the chord
length of the actual wind turbine blade is not zero and thus, the
magnitude of the wind speed A toward the wind turbine blade
is affected, in no small part, by the presence of the wind
turbine blade and thus the magnitude of the wind speed vector
A increases below the amount corresponding to the increase
of the infinite upstream wind speed (the upstream wind
speed). Further, with the larger chord length of the wind
turbine, the presence of the wind turbine blade inevitably has
influence. Thus, the amount of increase in the magnitude of
the wind speed vector when the infinite upstream wind speed
(the upstream wind speed) decreases, is smaller. Accordingly,
the increase in the angle of attack a with respect to the
increase in the upstream wind speed is smaller as the chord
length of the wind turbine blade increases. The increase in the
angle of attack a with respect to the increase in the upstream
wind speed is a sensitivity of the angle of attack a with respect
to the change of the wind speed, more specifically the slope of
the graph in FIG. 16D. The parameter S is a ratio of the
rotation radius R of the wind turbine blade to the maximum
chord length L, s The parameter S is a dimensionless
number indicating a dimension of the size of the chord length
of'the wind turbine blade. Thus, the greater the parameter S is,
the smaller the sensitivity of the angle of attack a with respect
to the wind speed is. More specifically, the parameter S is
indicative of sensitivity of the angle of attack a to the change
of'the wind speed (an amount of increase in the angle of attack
a to an amount of increase in the wind speed on an infinite
upstream side).

[0049] As seen in FIG. 16D, the greater the wind speed
difference (=V;-V,) between the wind speed V, and the wind
speed V; (the rated wind speed), the greater the maximum
angle of attack, o, within the operation range of the wind
turbine is. This increases the likelihood of the angle of attack
exceeding a stall angle (particularly at a position on the blade
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root side in the longitudinal direction of the blade). Therefore,
it is important to design the wind turbine blade so as not to
stall up to a high angle of attack.

[0050] Herein, the rated wind speed V is around 10 m/s in
most wind turbines (normally 11 to 12 m/S). And the maxi-
mum angle of attack, a,,, »-that is available within the opera-
tion range of the wind turbine is mainly influenced by the
wind speed V, at which the rated rotation speed is reached.
More specifically, the smaller the wind speed V, at which the
rated rotation speed is reached, the greater the wind speed
difference, V,-V, is. For the corresponding amount, the
amount of increase in the angle of attack from the optimum
angle of attack increases and the maximum angle of attack,
o, vincreases. The wind speed V, can be given by the blade
tip speed/the design circumferential speed ratio. The design
circumferential speed ratio has a strong correlation with a
chord length distribution of the wind turbine blade and as a
fact of aerodynamics, the design circumferential speed ratio
has substantially an inverse relationship with the chord
length/the rotation radius R. Further, the chord length is dis-
tributed at different values in the longitudinal direction of the
wind turbine blade but is often represented by a representative
chord length (=a chord length at a blade radius position r
where a ratio ofthe chord length to the rotation radius R is 0.8)
which has the most influence on performance of the wind
turbine blade. More specifically, as a relationship of 1/design
circumferential speed ratio o« blade tip representative chord
length/rotation radius R is established, a parameter T
expressed by T=RQ*Lr/R is indicative of the wind speed V,,
at which the rated rotation speed is reached. In T=RQ*L.r/R,
RQ is a circumferential speed of the blade tip part, Lr is a
representative Chord length and R is the rotation radius
(T=blade tip circumferential speed*blade tip representative
chord length/rotation speed radius Roc blade tip circumfer-
ential speed/design circumferential speed, i.e. Toc wind speed
V, is substantially established).

[0051] Then, therated wind speed V; takes similar values in
most wind turbines and thus, the parameter T which is indica-
tive of the wind speed V, at which the rated rotation speed is
reached, expresses the wind speed difference V,-V, As a
result, the parameter indicates the maximum angle of attack,
.45 Within the operation range of the wind turbine. More
specifically, in such a case that the parameter T is great and the
wind speed V, is high, the wind speed difference V;-V, is
small and for the corresponding amount, the amount of
increase in the angle of attack from the optimum angle of
attack, a.,,, decreases, and hence the maximum angle of
attack, o, v resulting in comparatively low maximum angle
of attack, o, + In contrast, in such a case that the parameter
T is small and the wind speed V, is low, the wind speed
difference V;-V, is great and for the corresponding amount,
the amount of increase in the angle of attack from the opti-
mum angle of attack, o, increases, and hence the maximum
angle of attack, o, y, resulting in comparatively high maxi-
mum angle of attack, o, X.

[0052] Therefore, in such a case thatthe parameters S and T
satisfy the relationship of T=-5S8+5, the parameter S is small
for the same parameter T in comparison to the case of
Tz-5S+6. More specifically, the sensitivity of the angle of
attack a to the change of the wind speed is high. The param-
eter T expresses the difference between the wind speed at
which the rated rotation speed is reached and the rated wind
speed. Therefore, the angle of attack a increases significantly
during increasing of the wind speed from the wind speed at
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which the rated rotation speed is reached to the rated wind
speed. Moreover, in the case where the parameters S and T
satisfy the relationship of T=-5S+5, for the same parameter
S, the parameter T is small in comparison to the case of
Tz=-5S+6. In other words, the difference of the wind speed,
V;-V,, is large. Therefore, the angle of attack a increases
significantly during increasing of the wind speed from the
wind speed at which the rated rotation speed is reached to the
rated wind speed. More specifically, in the case where the
parameters S and T satisfy the relationship of T=-5S+5,
within the operation range of the wind turbine from reaching
the rated rotation speed to the rated power, the angle of attack
a increases to a comparatively high value. In such case,
therefore, it is effective to set the trailing edge thickness ratio
Y to X-20=Y=1.5X-30 in the area where the blade thick-
ness ratio X is 40% to 50% so as to suppress the separation of
the boundary layer on the suction-side surface to the high
angle of attack a.

[0053] In contrast, in such a case that the parameters S and
T satisfy the relationship of TZ-5S+5, the parameter S is
large for the same parameter T (the difference between the
wind speed at which the rated rotation speed is reached and
the rated wind speed) in comparison to the case of T=-5S+6.
More specifically, the sensitivity of the angle of attack o to the
change of'the wind speed is low. Therefore, the angle of attack
a increases slightly during increasing of the wind speed from
the wind speed at which the rated rotation speed is reached to
the rated wind speed. Moreover, in the case where the param-
eters S and T satisfy the relationship of T=-5S+5, for the
same parameter S, the parameter T is great in comparison to
the case of T=-5S+6. In other words, the difference of the
wind speed, V,-V, , is small. Therefore, the angle of attack a
increases slightly during increasing of the wind speed from
the wind speed at which the rated rotation speed is reached to
the rated wind speed. More specifically, in the case where the
parameters S and T satisfy the relationship of T=-5S+5,
within the operation range of the wind turbine from reaching
the rated rotation speed to the rated power, the angle of attack
aincreases slightly. In such case, therefore, it is effective to set
the trailing edge thickness ratioY to 5=Y=0.5X-5 in the area
where the blade thickness ratio X is 40% to 50% so as to
minimize the trailing edge thickness and suppress increasing
of the drag, thereby increasing the lift.

[0054] Insucha case that the parameters S and T satisfy the
relationship of —=58+6<T<-5S+5, in the area where the blade
thickness ratio X is 40%=X=50%, the trailing edge thick-
ness ratio Y is set to 0.5X-5<Y<X-20to maintain the trailing
edge thickness ratio within the appropriate range. By this, the
increase of the drag can be suppressed to a certain extent
while suppressing the separation of the boundary layer to a
certain angle of attack a.

[0055] Inthe above wind turbine blade, in an area where the
blade thickness ratio X is not less than 35% and not greater
than 40%, the blade thickness- ratio X and the trailing edge
thickness ratio Y may have a relationship of X-35=Y=4X-
130.

[0056] Inthis manner, by setting the trailing edge thickness
ratio Y to not less than X-35, it is possible to effectively delay
separation of the boundary layer from the suction-side sur-
face by the negative pressure generated due to the wake
downstream of'the trailing edge, thereby generating the lift to
the high angle of attack. Further, by setting the trailing edge
thickness ratioY to not less than X35, section modulus ofthe



US 2013/0094970 Al

wind turbine blade is improved, thereby attaining a lighter
wind turbine blade while maintaining the strength of the wind
turbine blade.

[0057] Meanwhile, by setting the trailing edge thickness
ratio Y to not greater than 4X-130, it is possible to attain
sufficient effect of improving the lift-drag ratio at least in
some area of the angle of attack.

[0058] In the above wind turbine blade,

[0059] the flatback airfoil may have a cross-sectional shape
with the blunt trailing edge formed by expanding a distance
between a pressure-side surface and a suction-side surface of
a standard airfoil with a sharp trailing edge,

[0060] the airfoil part may include a pressure-side exten-
sion surface which is one of a concavely-curved surface and a
flat surface that extend in a continuous manner behind the
trailing edge of the flatback airfoil from the pressure-side
surface of the flatback airfoil, and

[0061] the pressure-side extension surface may incline with
respect to a chord of the flatback airfoil such as to separate
from the chord toward a downstream side.

[0062] In this manner, by providing the concavely-curved
or flat pressure-side extension surface which extends continu-
ously behind the trailing edge of the flatback airfoil from the
pressure-side surface of the flatback airfoil. This deflects the
flow of the air (wind) on the pressure side of the flatback
airfoil downward (in a direction away from the pressure-side
surface) and the lift acting on the wind turbine blade 1
increases.

[0063] In such a case that the pressure-side extension sur-
face is provided,

[0064] the airfoil part may include a suction-side extension
surface which extends behind the trailing edge of the flatback
airfoil from the suction-side surface of the flatback airfoil,
[0065] the pressure-side extension surface and the suction-
side extension surface may be respectively an outer surface on
a pressure-side and an outer surface on a suction side of an
extension portion which extends behind the trailing edge of
the flatback airfoil, and

[0066] ananglebetweenaback end surface ofthe extension
portion and the suction-side extension surface may be smaller
than an angle between the suction-side surface and an end
surface of the trailing edge of the flatback airfoil.

[0067] By this, the angle between the back end surface and
the suction-side extension surface of the extension portion
becomes closer to an acute angle. Therefore, the negative
pressure downstream of the extension portion draws the flow
of'the air flowing along the suction-side surface more strongly
toward the suction-side surface and thus the separation of the
boundary layer from the suction-side surface can be further
delayed.

[0068] Further, by attaching to the flatback airfoil the exten-
sion portion as the separate member formed separately from
the flatback airfoil, it is possible to improve the rigidity of the
trailing edge of the flatback airfoil, a buckling strength of the
wind turbine blade and a strength of adhesive bonding of the
pressure-side outer shell and the suction-side outer shell that
constitute the wind turbine blade.

[0069] Alternatively, in the case where the pressure-side
extension surface is provided,

[0070] the pressure-side extension surface may be an outer
surface on a pressure-side of an extension portion which
extends behind the trailing edge of the flatback airfoil, an
outer surface of the extension portion on the suction side may
intersect with an end surface of the trailing edge of the flat-
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back airfoil at a position closer to the pressure side than an
intersection point where the suction-side surface of the flat-
back airfoil intersects with the trailing edge of the flatback
airfoil, and

[0071] the intersection point between the suction-side sur-
face and the trailing edge of the flatback airfoil may be not
covered by the extension portion.

[0072] In this manner, by not covering the intersection
point between the suction-side surface and the trailing edge of
the flatback airfoil by the extension portion, it is possible to
attain an effect of improved lift by the pressure-side extension
surface without an adverse effect on the suppression effect of
the separation of the boundary layer.

[0073] In the above wind turbine blade,

[0074] the flatback airfoil may have a cross-sectional shape
with a blunt trailing edge formed by expanding a distance
between a pressure-side surface and a suction-side surface of
a standard airfoil with a sharp trailing edge,

[0075] the airfoil part may be provided with a covering
member which covers the trailing edge of the flatback airfoil
and parts of the pressure-side and the suction-side of the
flatback airfoil that are on the trailing-edge side, and

[0076] an outer surface of the covering member on the
pressure side may be one of a concavely-curved surface and a
flat surface that extend in a continuous manner from the
pressure-side surface of the flatback airfoil, said outer surface
of the covering member inclining with respect to a chord of
the flatback airfoil such as to separate from the chord toward
a downstream side.

[0077] In this manner, by forming the outer surface of the
covering member on the pressure side as the concavely-
curved or flat pressure-side extension surface which extends
continuously from the pressure-side surface of the flatback
airfoil, the flow of the air (wind) on the pressure side of the
flatback airfoil is deflected downward (in a direction away
from the pressure-side surface) and the lift acting on the wind
turbine blade increases.

[0078] Further, by covering the trailing edge side of the
flatback airfoil by the covering member, it is possible to
improve the rigidity of the trailing edge and a buckling
strength of the wind turbine blade.

[0079] In the above wind turbine blade,

[0080] the airfoil part may be twisted in a longitudinal
direction of the wind turbine blade, and

[0081] an end surface of the trailing edge of the flatback
airfoil may be a flat or curved surface not twisted in the
longitudinal direction by varying an angle 6 between the end
surface of the trailing edge of the flatback airfoil and a plane
orthogonal to the chord of the flatback airfoil in relation to the
longitudinal direction of the wind turbine blade.

[0082] By this, the end surface of the trailing edge of the
flatback airfoil, i.e. the trailing edge surface is formed into a
flat or curved surface which is not twisted and this makes it
easy to produce the wind turbine blade.

[0083] Inthe above wind turbine blade, the 6 may increase
with a distance from the blade tip part.

[0084] Ina general wind turbine blade, the closer it is to the
blade root part in the longitudinal direction of the blade, the
greater the amount of increase in angle of attack in response
to an increased wind speed and the greater the angle of attack
tends to be. In view of this, by increasing the angle 6 with a
distance from the blade tip part, the angle between the suc-
tion’side surface and the trailing edge surface becomes closer
to a sharp angle. Thus, the closer to the blade root part, the
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higher the angle of attack can be to generate more lift (higher
lift characteristics can be achieved to a high angle of attack
without losing speed).

[0085] In the above wind turbine blade,

[0086] the flatback airfoil may be open at the trailing edge
such that a pressure-side outer shell forming a pressure-side
surface of the flatback airfoil and a suction-side outer shell
forming a suction-side surface of the flatback airfoil do not
contact with each other at the trailing edge, and

[0087] the pressure-side outer shell and the suction-side
outer shell may be joined together by a trailing-edge spar
which extends in a longitudinal direction of the wind turbine
blade between the pressure-side outer shell and the suction-
side outer shell at a position nearer to the trailing edge.
[0088] By joining the pressure-side outer shell and the suc-
tion-side outer shell via the trailing-edge spar, it is possible to
achieve sufficient strength although the pressure-side outer
shell and the suction-side outer shell are not closed at the
trailing edge. Further, the flatback airfoil is open at the trailing
edge but the open trailing edge does not significantly affect
the flow of the wind on the pressure side and the suction side.
Furthermore, by leaving the trailing edge open, the trailing
edge spar is exposed to outside and this is favorable for
checking an attachment state of the trailing edge spar.

Advantageous Effects of Invention

[0089] According to the present invention, in the area
which is comparatively close to the blade root side where the
blade thickness ratio X is not less than 40% and not greater
than 50%, the flatback airfoil is formed with a blunt trailing
edge, hence effectively improving the characteristics of lift-
drag ratio.

[0090] Further, inthe area where the blade thickness ratio X
is 40 to 50%, the trailing edge thickness ratio Y is set to 5% or
higher and thus, it is possible to effectively delay separation
of the boundary layer from the suction-side surface by nega-
tive pressure generated due to the wake behind the trailing
edge. More specifically, the negative pressure generated on a
downstream side of the trailing edge draws the flow of the air
toward the suction-side surface, thereby effectively suppress-
ing the separation of the boundary layer from the suction-side
surface.

[0091] Therefore, it is possible to generate the lift up to a
high angle of attack. Further, by setting the trailing edge
thickness ratio Y to 5% or above, section modulus of the wind
turbine blade is improved, thereby attaining a lighter wind
turbine blade while maintaining the strength of the wind
turbine blade.

[0092] Furthermore, the trailing edge thickness ratio Y is
set not greater than the upper limit Y ,,(=1.5X-30) in the area
where the blade thickness ratio X is 40 to 50%.

[0093] Thus, it is possible to have sufficient improvement
effect of the lift-drag ratio in at least some range of the angle
of attack.

BRIEF DESCRIPTION OF DRAWINGS

[0094] FIG. 1 shows an exemplary structure of a wind
turbine generator.

[0095] FIG. 2 is an oblique perspective view of a wind
turbine blade regarding a first embodiment.

[0096] FIG. 3 shows an example of a flatback airfoil.
[0097] FIG. 4A is a cross-sectional view taken along a line
A-A of FIG. 2.
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[0098] FIG. 4B is a cross-sectional view taken along a line
B-B of FIG. 2. FIG. 4C is a cross-sectional view taken along
a line C-C of FIG. 2.

[0099] FIG. 5 is a graph showing setting areas used to
determine a shape of a flatback airfoil.

[0100] FIG. 6 is amap used to select the setting area of FIG.
5 from first to third areas.

[0101] FIG. 7 shows an example of an inner structure of a
wind turbine blade.

[0102] FIG. 8 shows another example of the inner structure
of the wind turbine blade.

[0103] FIG. 9 shows an example of the wind turbine blade
regarding a second embodiment.

[0104] FIG. 10 shows another example of the wind turbine
blade regarding the second embodiment.

[0105] FIG. 11 shows an example of the wind turbine blade
regarding a third embodiment.

[0106] FIG. 12 shows another example of the wind turbine
blade regarding the third embodiment.

[0107] FIG. 13 shows an example of the wind turbine blade
regarding a fourth embodiment.

[0108] FIG. 14 shows another example of the wind turbine
blade regarding the fourth embodiment.

[0109] FIG. 15 shows the wind turbine blade having a flat-
back airfoil.
[0110] FIG. 16A to FIG. 16D show operation conditions of

a general wind turbine. FIG. 16A is a graph showing a rela-
tionship between an upstream wind speed and a rotation
speed. FIG. 16B is a graph showing a relationship between
the upstream wind speed and a circumferential speed ratio.
FIG. 16C is a graph showing a relationship between the
upstream wind speed and a wind turbine output. FIG. 16D is
a graph showing a relationship between the upstream wind
speed and an angle of attack.

DESCRIPTION OF EMBODIMENTS

[0111] A preferred embodiment of the present invention
will now be described in detail with reference to the accom-
panying drawings. It is intended, however, that unless par-
ticularly specified, dimensions, materials, shape, its relative
positions and the like shall be interpreted as illustrative only
and not limitative of the scope of the present invention.
[0112] While the present invention is described with refer-
ence to exemplary embodiments, it is obvious to those skilled
in the art that various changes may be made without departing
from the scope of the invention.

[0113] (First Embodiment)

[0114] First, a wind turbine blade regarding a first embodi-
ment is explained.

[0115] FIG. 1 shows an exemplary structure of a wind
turbine generator. FIG. 2 is an oblique perspective view of the
wind turbine blade regarding the first embodiment.

[0116] As shownin FIG. 1, the wind turbine generator 110
is provided with at least one wind turbine blade 1 (three
blades in this example), a hub 112 where the blade 1 is
attached, a nacelle 114 supporting a rotor including the wind
turbine blade 1 and the hub 112, and a tower 116 supporting
the nacelle 114 rotatably. The rotation of the rotor is inputted
to a generator not shown and the generator generates power.
[0117] The wind turbine blade 1 is attached to the hub 112
by fixing a blade root part 4 of the wind turbine blade 1 to the
hub 112 using any fixing member.

[0118] As shown in FIG. 2, the wind turbine blade 1
includes a blade tip part 2, the blade root part 4 coupled to the
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hub 112 of the wind turbine (see FIG. 1), and an airfoil part 6
disposed between the blade tip part 2 and the blade root part
4. The airfoil part 6 includes a leading edge 7. The airfoil part
6 is at least partially formed with a blunt trailing edge. In other
words, the airfoil part 6 at least partially includes a flatback
airfoil 10 with the blunt trailing edge 8.

[0119] The flatback airfoil 10 of the airfoil part 6 is
explained. FIG. 3A and FIG. 3B show examples of the flat-
back airfoil 10.

[0120] As shown in FIG. 3A and FIG. 3B, the flatback
airfoil 10 is shaped by a pressure-side surface 12 and a suc-
tion-side surface 14. FIG. 3A and FIG. 3B show a trailing
edge thickness t, of the trailing edge 8 of the flatback airfoil
10, a chord length L.~ of'a chord 16 between the leading edge
7 and the trailing edge 8 and a orthogonal plane N which is
orthogonal to the chord 16. The chord 16 is created by con-
necting middle points in a thickness direction of the trailing
edge surface 9.

[0121] As shown in FIG. 3B, in such a case that a trailing
edge surface 9 inclines with respect to the chord 16, the
trailing edge thickness t, is a thickness in the orthogonal
plane N which intersects with the pressure-side surface 12
and the suction-side surface 14 at the most downstream.

[0122] Inthe examples shown in FIG. 3A and FIG. 3B, the
thickness of the flatback airfoil 10, i.e. a distance between the
pressure-side surface 12 and the suction-side surface 14,
gradually increases from zero starting from the leading edge
7 toward the trailing edge 8 until the thickness of the flatback
airfoil 10 reaches the maximum thickness t,,,. Once the
thickness of the flatback airfoil 10 reaches the maximum
thickness t,,,+, it gradually decreases to the trailing edge
thickness t;.

[0123] The flatback airfoil 10 preferably has a cross-sec-
tional shape with the blunt trailing edge formed by expanding
a distance between the pressure side surface 22 and the suc-
tion-side surface 24 of a standard airfoil 20 with a sharp
trailing edge. More specifically, different from a truncated
airfoil formed by chopping off the sharp trailing edge of the
standard airfoil 20, the flatback airfoil 10 is preferably formed
by opening the sharp trailing edge of the standard airfoil 20.

[0124] Forinstance, as shown in FIG. 3A, the pressure-side
surface 22 and the suction-side surface 24 of the standard
airfoil 20 are displaced outward by the same amount from a
camber line 26 as a centerline so as to obtain the pressure-side
surface 12 and the suction-side surface 14 of the flatback
airfoil 10. The camber line 26 is formed by connecting mid-
points between the pressure-side surface 22 and the suction-
side surface 24 of the standard airfoil 20. The camber line is
an important factor that affects aerodynamic characteristics
of the airfoil. In this manner, by displacing positions of the
pressure-side surface 22 and the suction-side surface 24 of the
standard airfoil 20 outward by the same amount from the
camber line 26, the flatback airfoil 10 with a blunt trailing
edge can be obtained while maintaining the camber line 26,
which affects the aecrodynamic characteristics.

[0125] As the standard airfoil 20, an airfoil for an aircraft,
such as a NACA airfoil or an airfoil specifically for a wind
turbine, such as a DU airfoil and MEL airfoil maybe used.
[0126] Insuchacase that the wind turbine blade 1 is twisted
in the longitudinal direction of the blade as shown in FIG. 2,
an end surface 9 of the trailing edge 8 may be a flat or curved
surface which is not twisted in the longitudinal direction by
varying an angle 6 between the end surface 9 of the trailing
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edge 8. and the orthogonal plane which is orthogonal to the
chord 16 in relation to the longitudinal direction of the wind
turbine blade.

[0127] FIG. 4A to FIG. 4C show cross-sectional views
along A-A line, B-B line and C-C line of FIG. 2 respectively.
As shown in FIG. 410 FIG. 4C, an angle 6 between a back end
surface 9 of the flatback airfoil 10 and the orthogonal plane 17
increases toward the blade root part 4 (6,>0,>0;. In this
manner, by varying the angle 6 between the back end surface
9 and the orthogonal plane 17 in the longitudinal direction of
the wind turbine blade, the back end surface 9 of the trailing
edge 8 of the flatback airfoil can be formed into a flat or
curved surface not twisted. Thus, the wind turbine blade 1 can
be produced easily. In the example shown in FIG. 2, the back
end surface 9 is a curved surface which curves in the longi-
tudinal direction of the blade.

[0128] Further, by increasing the angle 6 with a distance
from the blade tip part, the angle between the suction-side
surface 14 and the trailing edge surface 9 becomes closer to a
sharp angle. Thus, the closer to the blade root part 4, the
higher the angle of attack can be to generate more lift (higher
lift characteristics can be achieved to a high angle of attack
without losing speed).

[0129] The angle 6 between the end surface 9 of the trailing
edge 8 and the orthogonal plane 17, is zero at .a starting point
(a flatback starting point 11 in FIG. 2) where the flatback
airfoil 10 is applied and then gradually increases from the
flatback starting point 11 toward the blade root part 4 so that
the end surface 9 of the trailing edge 8 is a flat or curved
surface. The blade root part normally has a cylindrical shape.
[0130] In the first embodiment, the shape of the flatback
airfoil 10 is determined by a relationship between a blade
thickness ratio X and a trailing edge thickness ratio Y. X
indicates a ratio of a maximum thickness t,,,, to a chord
length L., X=t,,,/L .Y indicates a ratio of a trailing edge
thickness t ;5 to the maximum thickness t,,, v, Y=t;z/t,/
[0131] FIG. 5 is a graph showing setting areas used to
determine a shape of the flatback airfoil. In the first embodi-
ment, the shape of the flatback airfoil 10 is determined so that
the trailing edge thickness ratio Y is within an allowable area
30 between a lower limit Y, and an upper limit Y ., at a certain
blade thickness ratio X.

[0132] Itis know that, in a general wind turbine blade, the
blade thickness ratio X decreases from the blade root part 4
toward the blade tip part 2. In FIG. 5, the blade thickness ratio
X decreases from the left side toward the right side of the
graph and thus, the left side of the graph is the blade root side
and the right side of the graph is the blade tip side.

[0133] Inan area which is comparatively close to the blade
root side where the blade thickness ratio X is not less than
40% and not greater than 50%, the lower limit Y, of the
allowable area is 5% and the upper limit Y, of the allowable
area 30 is Y ,=1.5X~-30. More specifically, in such a case that
the blade thickness ratio X is not less than 40% and not greater
than 50%, the shape of' the flatback airfoil 10 is determined so
that the blade thickness ratio X and the trailing edge thickness
ratio Y satisfy a relationship of 5%=Y=1.5X-30.

[0134] By setting the trailing edge thickness ratio to 5% or
above in the range where the blade thickness ratio X is
40%=X=50%, it is possible to effectively delay separation
of'a boundary layer from the suction-side surface 14 by nega-
tive pressure generated due to the wake behind the trailing
edge 8. More specifically, the negative pressure generated on
a downstream side of the trailing edge 8 draws the flow ofthe
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air toward the suction-side surface 14, thereby effectively
suppressing the separation of the boundary layer from the
suction-side surface 14. Therefore, it is possible to generate
lift up to a high angle of attack. In other words, the high lift
characteristics of not losing speed until the high angle of
attack is reached can be achieved. Further, by setting the
trailing edge thickness ratio to 5% or above, section modulus
of the wind turbine blade 1 is improved, thereby attaining a
lighter wind turbine blade 1 while maintaining the strength of
the wind turbine blade 1.

[0135] Meanwhile, in the area of 40%=X=50%, by setting
the trailing edge thickness ratio Y to not greater than the upper
limit Y, (=1.5X-30), it is possible to attain sufficient effect of
improving the lift-drag ratio at least in some area of the angle
of attack.

[0136] Inthe range where the blade thickness ratio X is not
less than 35% and no greater than 40%, the lower limit Y, of
the allowable area 30 is Y,;=X-35 and the upper limit Y, of
the allowable area 30 is Y, ,=4X-130. More specifically, in
such a case that the blade thickness ratio X is not less than
35% and no greater than 40%, the shape of the flatback airfoil
is determined so that the blade thickness ratio X and the
trailing edge thickness ratio Y satisfy a relationship of
X-35=Y=4X-130.

[0137] Inthis manner, by setting the trailing edge thickness
ratio Y to not less than X-35, it is possible to effectively delay
separation of the boundary layer from the suction-side sur-
face 14 by the negative pressure generated due to the wake
behind the trailing edge 8, thereby generating the lift to the
high angle of attack. Further, by setting the trailing edge
thickness ratio Y to not less than X35, section modulus of the
wind turbine blade 1 is improved, thereby attaining a lighter
wind turbine blade 1 while maintaining the strength of the
wind turbine blade 1.

[0138] Meanwhile, by setting the trailing edge thickness
ratio Y to not greater than 4X-130, it is possible to attain
sufficient effect of improving the lift-drag ratio at least in
some area of the angle of attack.

[0139] In the area which is close to the blade tip part 2 and
where the blade thickness ratio X is below 35%, as the blade
thickness ratio X decreases toward the flatback starting point
11 (see FIG. 2), the trailing edge thickness ratio Y is gradually
reduced. In this process, the trailing edge ratio Y may be
gradually reduced so that the trailing edge thickness ratio Y
becomes not greater than the upper limit Y, (=X-25) as
shown in FIG. 5.

[0140] For the convenience of production, the thickness of
the trailing edge 8 cannot be reduced to zero and thus, the
trailing edge thickness ratio Y does not have to be reduced
completely to zero on the blade tip side of the flatback starting
point 11.

[0141] In the embodiment, the allowable area 30 in the
range ofthe blade thickness ratio X being 35 to 50% is divided
into three areas, a first area 32, a second area 34 and a third
area 36. Depending on a specification of the wind turbine
blade 1, an area is selected from the first to third areas 32, 34,
36 and the shape of the flatback airfoil 10 is determined.
[0142] In the range of the blade thickness ratio X being
40%=X=50%, the first area 32 is the area where the rela-
tionship of X-20=Y=1.5X-30 is satisfied, the second area
34 being the area where the relationship of 0.5X-5<Y<X-20
is satisfied, the third area 36 being the area where the rela-
tionship of 5%=Y=0.5X-5 is satisfied.
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[0143] Further, in the range of the blade thickness ratio X
being 35%=X<40%, the first area 32 is the area where the
relationship of 3X-100=Y =4X-130 is satisfied, the second
area 34 being the area where the relationship of
2X-65<Y<3X-100 is satisfied, the third area 36 being the
area where the relationship of X-35=Y=2X-65 is satisfied.
[0144] A process of selecting the area (32, 34, 36) depend-
ing on a specification of the wind turbine blade 1 is now
explained.

[0145] FIG. 6 is a map used to select the setting area from
the first area 32, the second area 34 and the third area 36. Inthe
map of FIG. 6, a horizontal axis indicates a parameter S and
a vertical axis indicates a parameter T.

[0146] The parameter S is a parameter expressed by
S=Lcaz4+/R, Lopraxbeing amaximum chord length (see FIG.
1), R being a rotation radius of the wind turbine blade 1 (see
FIG. 1). The parameter S is indicative of sensitivity of the
angle of attack a to the change of the wind speed (an amount
of'increase in the angle of attack . to an amount of increase in
the wind speed on an infinite upstream side).

[0147] Meanwhile, T is a parameter expressed by
T=RQ*Lr/R, RQ being a circumferential speed of the blade
tip part 2 (see FIG. 1), Lr being a representative chord length.
The parameter T is indicative of a difference between the
wind speed V, at which the rated rotation speed is reached and
the rated wind speed V (the wind speed at which the rated
power is reached).

[0148] In the map of FIG. 6, areas A, B and C are shown,
which are divided by a straight lines expressed by T=-5S8+5
and another straight line expressed by T=-5S+6. More spe-
cifically, the area A is the area where T=-5S+5 is satisfied,
the area B being the area where —5S+5<T<-5S+6 is satisfied,
the area C being the area where TZ-5S+6 is satisfied.
[0149] Insucha case that the parameters S and T satisfy the
relationship of T=-5S+5 (the area A), the parameter S is
small for the same parameter T in comparison to the case of
TZ-5S+6 (the area C). More specifically, the sensitivity of
the angle of attack a to the change of the wind speed is high.
The parameter T expresses the difference between the wind
speed at which the rated rotation speed is reached and the
rated wind speed. For the same parameter S, the parameter T
(the wind speed V, at which the rated rotation speed is
reached) of the area A is small in comparison to the area C. In
other words, the difference ofthe wind speed, V;-V,, is large.
Thus, in the case of using the wind turbine blade 1 whose
parameters S and T belong to the area A, the first area 32 is
selected from the allowable area 30 of FIG. 5 and hence the
shape of the flatback airfoil 10 is determined. More specifi-
cally, in the rage of the blade thickness ratio X being
40%=X=50%, the shape of the flatback airfoil 10 is deter-
mined so that the relationship of X-20=Y=1.5X-30 is sat-
isfied, and in the range of the blade thickness ratio X being
35%<X<40%, the shape of the flatback airfoil 10 is deter-
mined so that the relationship of 3X-100=Y=4X-130 is
satisfied. This enables the trailing edge thickness ratio Y to be
set comparatively high within the allowable area 30 and thus,
the separation of the boundary layer on the suction-side sur-
face 14 can be suppressed to high angle of attack c.

[0150] In contrast, in such a case that the parameters S and
T satisfy the relationship of T=-5S+6 (the area C), the
parameter S is large for the same parameter T in comparison
to the case of T=-5S+5 (the area A) where T is the difference
between the wind speed at which the rated rotation speed is
reached and the rated wind speed.



US 2013/0094970 Al

[0151] More specifically, the sensitivity of the angle of
attack a to the change of the wind speed is low. For the same
parameter S, the parameter T (the wind speed V, at which the
rated rotation speed is reached) of the area A is large in
comparison to the area C. In other words, the difference of the
wind speed, V;-V,, , is small. Thus, in the case of using the
wind turbine blade 1 whose parameters S and T belong to the
area C, the third area 36 is selected from the allowable area 30
of FIG. 5 and hence the shape of the flatback airfoil 10 is
determined. More specifically, in the rage of the blade thick-
ness ratio X being 40%=X=50%, the shape of the flatback
airfoil 10 is determined so that the relationship of 5%=Y=0.
5X-5 is satisfied, and in the range of the blade thickness ratio
X being 35%=X<40%, the shape of the flatback airfoil 10 is
determined so that the relationship of X-35=Y=2X-65 is
satisfied. This enables the trailing edge thickness ratio Y to be
set comparatively low within the allowable area 30 and thus,
the trailing edge thickness t,; is minimized and the lift is
increased while reducing the increase of the drag.

[0152] Insucha casethatthe parameters S and T satisfy the
relationship of -5S+6<T<-5S+5 (the area B), the second area
34 is selected from the allowable area 30 of FIG. 5. More
specifically, in the area where the blade thickness ratio X is
40%=X=50%, the shape of the flatback airfoil 10 is deter-
mined so that the relationship of 0.5X-5<Y<X-20 is satis-
fied, and in the range of the blade thickness ratio X being
35%=X<40%, the shape of the flatback airfoil 10 is deter-
mined so that the relationship of 2X-65<Y<3X-100 is sat-
isfied. This enables the trailing edge thickness ratio Y to be set
to a moderate value within the allowable area 30 and, the
increase of the drag can be suppressed to a certain extent
while suppressing the separation of the boundary layer to a
certain angle of attack a.

[0153] The inner structure of the wind turbine blade 1 hav-
ing the flatback airfoil 10 of the above-described shape. FIG.
7 shows an example of the inner structure of the wind turbine
blade 1. FIG. 8A and FIG. 8B show another example of the
inner structure of the wind turbine blade 1.

[0154] The wind turbine blade illustrated in FIG. 7 and
FIG. 8 has a cross-sectional shape which is defined by the
above flatback airfoil 10. The wind turbine blade 1 includes a
pressure-side outer shell 42 forming a pressure-side surface
12 of the flatback airfoil 10, a suction-side outer shell 44
forming a suction-side surface 14 of the flatback airfoil 10 and
a main spar 46 and a trailing-edge spar 48 which are provided
between the pressure-side outer shell 42 and the suction-side
outer shell 44.

[0155] The main spar 46 extends in the longitudinal direc-
tion of the wind turbine blade 1 in an interior of the wind
turbine blade 1 between the pressure-side outer shell 42 and
the suction-side outer shell 44. The main spar 46 is formed by
spar caps 46A which are fixed by adhesion bonding to inner
surfaces of the pressure-side outer shell 42 and the suction-
side outer shell 44 respectively, and a shear web 46B which is
provided between the spar caps 46A.

[0156] The trailing edge spar 48 is provided closer to the
trailing edge 8 than the main spar 46 is. In a similar manner to
the main spar 46, the trailing edge spar 48 extends in the
longitudinal direction of the wind turbine blade 1 in the inte-
rior of the wind turbine blade 1 between the pressure-side
outer shell 42 and the suction-side outer shell 44. The trailing
edge spar 48 is formed by spar caps 48A which are fixed by
adhesive bonding to the inner surfaces of the pressure-side
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outer shell 42 and the suction-side outer shell 44 respectively,
and a shear web 48B which is provided between the spar caps
48A.

[0157] The flatback airfoil 10 may be closed at the trailing
edge 8 such that the pressure-side outer shell 42 and the
suction-side outer shell 44 contact each other as shown in
FIG. 7, or may be open at the trailing edge 8 such that the
pressure-side outer shell 42 and the suction-side outer shell
44 do not contact each other as shown in FIG. 8 A and FIG. 8B.
[0158] The pressure-side outer shell 42 and .the suction-
side outer shell 44 are joined via the trailing edge spar 48 and
thus, even if the flatback airfoil 10 is open at the trailing edge
8, it is still possible to achieve enough strength. Further, the
open trailing edge 8 does not significantly affect a flow of the
wind on the pressure side and the suction side and thus,
aerodynamic characteristics can be maintained. The open
trailing edge 8 is also advantageous when checking an attach-
ment state of the trailing edge spar 48 (an adhesion state
between the spar cap 48A and the inner surface of the outer
shell) as the trailing edge 8 is open and the trailing edge spar
48 is exposed to outside.

[0159] Alternatively, at least one of the pressure-side outer
shell 42 and the suction-side outer shell 44 may not extend
beyond the trailing edge spar 48 toward the downstream side.
Forinstance, as shown in FIG. 8B, the suction-side outer shell
44 extends to a position of the trailing edge spar 48 but not
beyond the position toward the downstream side.

[0160] (Second Embodiment)

[0161] A wind turbine blade regarding a second embodi-
ment is now explained. The wind turbine blade of the second
embodiment is substantially the same as the wind turbine
blade 1 of the first embodiment expect that the flatback airfoil
10 of the airfoil part 6 is additionally provided with an exten-
sion portion. Thus, the extension portion different from the
wind turbine blade 1 of the first embodiment is mainly
explained.

[0162] FIG. 9 shows an example of the extension portion
which is added to the flatback airfoil 10. As shown in FIG. 9,
the extension portion 50 extends behind the trailing edge 8 of
the flatback airfoil 10. The extension portion 50 includes a
pressure-side extension surface 52 and a suction-side exten-
sion surface 54. The pressure-side extension surface 52
extends beyond the trailing edge 8 from the pressure-side
surface 12 of the flatback airfoil 10 and the suction-side
extension surface 54 extends beyond the trailing edge 8 from
the suction-side surface 14 of the flatback airfoil 10.

[0163] The shape of the flatback airfoil 10 may be deter-
mined in a manner similar to the first embodiment.

[0164] The pressure-side extension surface 52 is a con-
cavely-curved or flat surface that extends in a continuous
manner from the pressure-side surface 12 of the flatback
airfoil 10. The pressure-side extension surface 52 inclines
with respect to the chord 16 such as to move away from the
chord 16 toward a back end surface 56 of the extension
portion 50. Thus, the pressure-side extension surface 52
deflects the flow of the air on the pressure side of the flatback
airfoil 10 further downward (in a direction away from the
pressure-side surface 12) and the lift acting on the wind
turbine blade 1 increases.

[0165] The back end surface 56 of the extension portion 50
is disposed approximately parallel to the end surface (trailing
edge surface) 9 of the trailing edge 8 of the flatback airfoil 10.
[0166] The extension portion 50 may be added when
designing the airfoil of the wind turbine blade, so as to change
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the aerodynamic characteristics of the flatback airfoil 10.
More specifically, for the purpose of improving the aerody-
namic characteristics, the airfoil of the wind turbine blade
may be designed with the extension portion 50 added to the
flatback airfoil 10 and the pressure-side outer shell 42 and the
suction-side outer shell 44 (see FIG. 7 and FIG. 8) may be
shaped so as to obtain the designed airfoil. By this, it is
possible to produce the wind turbine blade at low cost in a
easy method, which has aerodynamic characteristics
improved by the pressure-side extension surface 52 of the
extension portion 50.

[0167] Alternatively, the extension portion 50 may be
formed separately from the flatback airfoil 10 and then added
to the flatback airfoil 10 when producing or altering the wind
turbine blade. In such case, the extension portion may be
formed of fiber-reinforced plastic and fixed by adhesive
bonding to the flatback airfoil 10. In this manner, forming the
extension portion 50 separately from the flatback airfoil 10
has the following advantages.

[0168] First, depending on the shape of the pressure-side
extension surface 52, it is difficult to form the extension
portion 50 integrally with the flatback airfoil 10, which may
restrict the shape of the pressure-side extension surface 52.
Therefore, forming the extension portion 50 as a separate
member allows the pressure-side extension surface 52 to have
any shape. By this, the aerodynamic characteristics of the
flatback airfoil 10 are further improved.

[0169] Further, depending on where the wind turbine is
installed, an appropriate chord length L. of the wind turbine
is different. Thus, it is necessary in some cases to achieve the
chord length LC which is appropriate for respective locations.
For instance, in an area near a residential district and an urban
district where the noise of the wind turbine must be mini-
mized, from the perspective of reducing the noise, the rated
rotation speed of the wind turbine is set lower and accordingly
the chord length L.C is set longer in accordance with the
reduced rated rotation speed. In contrast, in an area such as a
mountain area where the noise is not an issue, from the
perspective of facilitating the transportation of the wind tur-
bine blades, the chord length L. is set shorter. In view of this,
by forming the extension portion 50 as a separate member
separately from the flatback airfoil 10, the chord lengths L.C
appropriate for respective locations can be achieved while
using a common mold for wind turbines blades with different
specifications depending on the installation locations.
[0170] Further, the flatback airfoils have been actively stud-
ied in recent years.

[0171] However, there is not enough data on wind-tunnel
test regarding the flatback airfoils and the flatback airfoil may
not have desired aerodynamic characteristic, particularly lift-
drag ratio. In such case, for the purpose of complimenting the
aerodynamic characteristics of the flatback airfoil 10, the
extension portion 50 may be added to the flatback airfoil to
achieve the desired aerodynamic characteristics.

[0172] Furthermore, by attaching to the flatback airfoil 10
the extension portion 50 as the separate member formed
separately from the flatback airfoil 10, it is possible to
improve the rigidity of the trailing edge 8 of the flatback
airfoil 10, a buckling strength of the wind turbine blade and a
strength of adhesive bonding of the pressure-side outer shell
42 and the suction-side outer shell 44.

[0173] The extension portion 50 is not limited to the
example shown in FIG. 9 and may have a variety of shapes.
FIG. 10 shows different shapes of the extension portions 50.
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[0174] Inanexample of FIG. 10A, the back end surface 56
of'the extension portion 50 inclines with respect to the trailing
edge surface 9 of the flatback airfoil 10 and the pressure-side
extension surface 52 extends longer than the suction-side
extension surface 54. Thus, the lift is further improved by the
longer pressure-side extension surface 52.

[0175] Inan example of FIG. 10B, the back end surface 56
of the extension portion 50 is concave and an angle between
the back end surface 56 and the suction-side extension surface
54 is smaller than an angle between the suction-side surface
14 and the trailing edge surface 9 of the flatback airfoil 10. By
this, an intersection point where the back end surface 56
intersects with the suction-side extension surface 54 is altered
toward an acute angle and the negative pressure downstream
of the extension portion 50 draws the flow of the air flowing
along the suction-side surface 14 more strongly toward the
suction-side surface 14 (as well as the suction-side extension
surface 54) and delays the separation of the boundary layer
from the suction-side surface 14.

[0176] Inan example of FIG. 10C, the extension portion is
not provided with the suction-side extension surface 54 and
the back end surface 56 of the extension portion 50 is con-
nected to the intersection point 9 between the suction-side
surface 14 and the trailing edge surface 9 of the flatback
airfoil 10. Thus, the lift is further improved by the pressure-
side extension surface 52. Further, the pressure-side exten-
sion surface 52 is a concavely curved surface extending con-
tinuously from the pressure-side surface 12 of the flatback
airfoil 10.

[0177] Inanexample of FIG. 10D, except that the pressure-
side extension surface 52 of the extension portion 50 is flat,
the extension portion 50 is substantially the same as the
extension portion 50 of FIG. 10C.

[0178] Inan example of FIG. 10E, the back end surface 56
of the extension portion 50 is formed into a concave surface
and the angle between the back end surface 56 and the suc-
tion-side extension surface 54 is set smaller than the angle
between the suction-side surface 14 and the trailing edge
surface 9 of the flatback airfoil 10. The rest of the extension
portion is substantially the same as that of the FIG. 10D.

[0179] Inan example of FIG. 10F, the back end surface 56
of the extension portion 50 is connected to a point of the
trailing edge surface 9 of the flatback airfoil 10 (i.e. the point
of' the trailing edge surface 9 closer to the pressure side than
the intersection point between the trailing edge surface 9 and
the suction-side surface 14) such that the intersection point
between the trailing edge surface 9 and the suction-side sur-
face 14 of the flatback airfoil 10 is exposed. Thus, it is pos-
sible to attain an effect of improved lift by the pressure-side
extension surface 52 of the extension portion 50 without an
adverse effect on the suppression effect of the separation of
the boundary layer of the flatback airfoil 10 at the intersection
point between the trailing edge surface 9 and the suction-side
surface 14.

[0180] Inanexample of FIG. 10G, the pressure-side exten-
sion surface 52 of the extension portion 50 is a concavely
curved surface instead of a flat surface. The rest of the exten-
sion portion 50 is substantially the same as that of FIG. 10F.

[0181] Inanexample of FIG. 10H, the extension portion 50
is formed of a plate-like member and is connected to an
intersection point between the trailing edge surface 9 and the
pressure-side surface 12 of the flatback airfoil 10. A surface of
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the extension portion 50 formed of the plate-like member that
is on the pressure side, constitutes the pressure-side extension
surface 52.

[0182] In this manner, by using the extension portion 50
formed of the plate-like member, the intersection point
between the trailing edge surface 9 and the suction-side sur-
face 14 of the flatback airfoil 10 is exposed. Thus, it is pos-
sible to attain an effect of improved lift by the pressure-side
extension surface 52 of the extension portion 50 without an
adverse impact on the suppression effect of the separation of
the boundary layer of the flatback airfoil 10 at the intersection
point between the trailing edge surface 9 and the suction-side
surface 14.

[0183] Inan example of FIG. 101, the pressure-side exten-
sion surface 52 of the extension portion 50 is a concavely
curved surface instead of a flat surface. The rest of the exten-
sion portion 50 is substantially the same as that of FIG. 10F.
[0184] (Third Embodiment)

[0185] A wind turbine blade regarding a third embodiment
is now explained. The wind turbine blade of the third embodi-
ment is substantially the same as the wind turbine blade 1 of
the first embodiment expect that a covering member is pro-
vided to cover a part including and around the trailing edge 8
of the flatback airfoil 10 of the airfoil part 6. Thus, the cov-
ering member which is different from the wind turbine blade
1 of the first embodiment is mainly explained.

[0186] FIG. 11 shows an example of the covering member
which covers the part including and around the trailing edge
8 of the flatback airfoil 10. FIG. 12 shows another example of
the covering member which covers the part including and
around the trailing edge 8 of the flatback airfoil 10.

[0187] As shown in FIG. 11, the covering member 60 cov-
ers the trailing edge surface 9 of the flatback airfoil 10, the
pressure-side surface 12 and parts of the pressure-side surface
12 and the suction-side surface 14 of the flatback airfoil that
are on the trailing-edge side. An outer surface 62 of the
covering member 60 on the pressure side extends in a con-
tinuous manner from the pressure-side surface 12 of the flat-
back airfoil 10. In the same manner, an outer surface 64 of the
covering member 60 on the suction side extends in a continu-
ous manner from the suction-side surface 14 of the flatback
airfoil 10.

[0188] Further, the shape of the flatback airfoil 10 may be
determined in a manner similar to the first embodiment.
[0189] The outer surface 62 of the covering member 60 on
the pressure side is a concavely curved surface or a flat surface
that extends continuously from the pressure side surface 12 of
the flatback airfoil 10. The outer surface 62 of the covering
member 60 on the pressure side inclines with respect to the
chord 16 of the flatback airfoil 10 such as to move away from
the chord 16 (in a direction to the pressure side) as a back end
surface 66 of the covering member 60 approaches. Thus, the
outer surface 62 of the covering ember 60 deflects the flow of
the air on the pressure side of the flatback airfoil 10 further
downward (in a direction away from the pressure-side surface
12) and the lift acting on the wind turbine blade 1 increases.
[0190] Furthermore, by covering the part including and
around the trailing edge 8 of the flatback airfoil 10 by the
covering member 60, it is possible to improve the rigidity of
the trailing edge 8 of the flatback airfoil 10 and a buckling
strength of the wind turbine blade.

[0191] In the example shown in FIG. 11, the back end
surface 66 of the covering member 60 is a flat surface. How-
ever, the shape ofthe back end surface 66 is not limited to this,
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and may be a concave surface as shown in FIG. 12. In this
manner, by forming the back end surface 66 of the covering
member 60 as a concave surface, the angle between the back
end surface 66 and the outer surface 64 on the suction side
may be set smaller than the angle between the suction side
surface 14 and the trailing edge surface 9 of the flatback
airfoil 10. By this, an intersection point where the back end
surface 66 intersects with the outer surface 64 on the suction
side becomes closer to an acute angle and the negative pres-
sure downstream of the covering member 60 draws the flow
of'the air flowing along the suction-side surface 14 (as well as
the outer surface 64 on the suction side) more strongly toward
the suction-side surface 14 and delays the separation of the
boundary layer from the suction side.

[0192] (Fourth Embodiment)

[0193] A wind turbine blade regarding a fourth embodi-
ment is now explained. The wind turbine blade of the fourth
embodiment includes the extension portion additionally
attached to the flatback airfoil 10 explained in reference to
FIG. 4A 10 FIG. 4C (the flatback airfoil formed by varying the
angle 0 between the end surface 9 and the orthogonal plane
orthogonal to the chord 16). The rest is substantially the same
as the wind turbine blade 1 of the first embodiment and thus,
mainly the difference from the wind turbine blade 1 of the first
embodiment is explained here.

[0194] FIG. 13 shows an example of the wind turbine blade
of'the fourth embodiment. FIG. 14 shows another example of
the wind turbine blade of the fourth embodiment.

[0195] Inthe wind turbine blade of the fourth embodiment,
as explained in the first embodiment in reference to FIG. 4A
to FIG. 4C, the flatback airfoil 10 is formed by increasing the
angle 6 between the back end surface 9 and the orthogonal
plane 17 in the longitudinal direction of the blade as it
becomes closer to the blade tip part 4. By this, the back end
surface 9 of the flatback airfoil 10 can be formed into a flat or
curved surface that is not twisted. Thus, the wind turbine
blade 1 can be produced easily.

[0196] Changing the angle 6 to form the backend surface 9
into the untwisted flat or curved surface may restrict the
freedom of choosing the shape of the trailing edge 8 of the
flatback airfoil 10.

[0197] Therefore, in the fourth embodiment, an extension
portion 70 is provided to extend behind from the trailing edge
8 and the shape of the trailing edge 8 may be arbitrarily
adjusted by means of the extension portion 70.

[0198] The extension portion 70 includes a pressure-side
extension surface 72 which extends continuously behind the
trailing edge 8 of the flatback airfoil 10. The pressure-side
extension surface 72 is a concavely-curved or flat surface
extending continuously from the pressure-side surface 12 of
the flatback airfoil 10. The pressure-side extension surface 72
inclines with respect to the chord 16 such as to separate from
the chord 16 (toward the pressure side) as it gets closer to the
back end surface 76 of the extension portion 70. Thus, the
pressure-side extension surface 72 deflects the flow of the air
on the pressure side of the flatback airfoil 10 further down-
ward (in a direction away from the pressure-side surface 12)
and the lift acting on the wind turbine blade 1 increases.
[0199] Further, the shape of the extension portion 70 is not
limited to the example shown in FIG. 13 and may be any
shape.

[0200] For instance, as shown in FIG. 14A, the pressure-
side extension surface 72 of the extension portion 70 may be
a concavely curved surface. In the examples shown in FIG.



US 2013/0094970 Al

14B and FIG. 14A, a back end surface 76 of the extension
portion 70 is connected to a point of the trailing edge surface
9 of the flatback airfoil 10 (i.e. the point of the trailing edge
surface 9 closer to the pressure side than the intersection point
between the trailing edge surface 9 and the suction-side sur-
face 14) such that the intersection point between the trailing
edge surface 9 and the suction-side surface 14 of the flatback
airfoil 10 is exposed. Thus, it is possible to attain an effect of
improved lift by the pressure-side extension surface 52 of the
extension portion 50 without an adverse impact on the sup-
pression effect of the separation of the boundary layer of the
flatback airfoil 10 at the intersection point between the trail-
ing edge surface 9 and the suction-side surface 14.

[0201] As described above, in the first through fourth
embodiments, the airfoil part 6 is formed as the flatback
airfoil 10 at least in the area in the longitudinal direction of the
wind turbine blade where the blade thickness ratio X is
40%=X=50%, X indicating the ratio of a maximum thick-
ness t,,, to the chord length L., and in the area of the blade
thickness ratio X being 40%=X=50%, the flatback airfoil 10
has the trailing edge thickness ratio Y of 5% =Y =Y (=1 .5X -
30)%, Y indicating the ratio of the trailing edge thickness t;5
to the maximum thickness t, .

[0202] According to the first to fourth embodiments, in the
area which is comparatively close to the blade root side where
the blade thickness ratio X is not less than 40% and not greater
than 50%, the flatback airfoil is formed with a blunt trailing
edge, hence effectively improving the characteristics of lift-
drag ratio.

[0203] Further, inthe area where the blade thickness ratio X
is 40 to 50%, the trailing edge thickness ratio Y is set to 5% or
higher and thus, it is possible to generate the lift up to the high
angle of attack and to improve the section modulus of the
wind turbine blade. As a result, it is possible to reduce the
weight of the wind turbine blade while maintaining the
strength of the wind turbine blade.

[0204] Furthermore, in the area of 40%=X=50%, by set-
ting the trailing edge thickness ratio Y to not greater than the
upper limit Y, (=1.5X-30), it is possible to attain sufficient
effect of improving the lift-drag ratio at least in some area of
the angle of attack.

[0205] While the present invention has been described with
reference to the above exemplary embodiments, it is obvious
to those skilled in the art that various changes may be made
without departing from the scope of the invention. For
instance, the first to fourth embodiments can be arbitrarily
combined.
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26 CAMBER LINE
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34 SECOND AREA
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100 WIND TURBINE BLADE

102 DOWNSTREAM-SIDE AREA

110 WIND TURBINE GENERATOR.

112 HUB

[0249] 114 NACELLE

[0250] 116 TOWER

1. A wind turbine blade comprising:

a blade tip part;

a blade root part which is connected to a hub of a wind

turbine; and
an airfoil part which is disposed between the blade tip part
and the blade root part and which includes a flatback
airfoil with a blunt trailing edge at least in an area in a
longitudinal direction of the wind turbine blade where a
blade thickness ratio X is not less than 40% and not
greater than 50%, X indicating a ratio of a maximum
thickness t,,,+ to a chord length L,

wherein, in the area where the blade thickness ratio X is not
less than 40% and not greater than 50%, the flatback
airfoil has a trailing edge thickness ratio Y which is not
less than 5% and not greater than Y%, Y indicating a
ratio of a trailing edge thickness t; to the maximum
thickness t,,,+, and

wherein Y, has a relationship of Y =1.5X-30 with the

blade thickness ratio X.

2. The wind turbine blade according to claim 1, wherein, in
such a case that a relationship T=-58+5 is satisfied where S
is a parameter expressed by S=L.,,,+/R, Loasx being a
maximum chord length, R being a rotation radius of the wind
turbine blade and T is a parameter expressed by T=RQ*L1/R,
RQ being a circumferential speed of the blade tip part, Lr
being a representative chord length, the trailing edge thick-
ness ratio Y of the flatback airfoil has a relationship of
X-20=Y=1.5X-30 in the a where the blade thickness ratio
X is not less than 40% and not greater than 50%,

wherein, in such a case that a relationship TZ-5S+6 is

satisfied, the trailing edge thickness ratio Y of the flat-
back airfoil is expressed by 5>Y=0.5X-5 in the area
where the blade thickness ratio X is not less than 40%
and not greater than 50%,
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wherein, in such a case that a relationship —5S+5<T<-
5S+6 is satisfied, the trailing edge thickness ratio Y of
the flatback airfoil is expressed by 0.5X-5<Y<X-20in
the area where the blade thickness ratio X is notless than
40% and not greater than 50%, and

wherein the representative chord length is a chord length at
a blade radius position r where a ratio ofthe chord length
to the rotation radius R is 0.8.

3. The wind turbine blade according to claim 1,

wherein, in an area where the blade thickness ratio X is not
less than 35% and not greater than 40%, the blade thick-
ness ratio X and the trailing edge thickness ratio Y have
a relationship of X-35=Y=4X-130.

4. The wind turbine blade according to claim 1,

wherein the flatback airfoil has a cross-sectional shape
with the blunt trailing edge formed by expanding a dis-
tance between a pressure-side surface and a suction-side
surface of a standard airfoil with a sharp trailing edge,

wherein the airfoil part includes a pressure-side extension
surface which is one of a concavely-curved surface and
a flat surface that extend in a continuous manner behind
the trailing edge of the flatback airfoil from the pressure-
side surface of the flatback airfoil, and

wherein the pressure-side extension surface inclines with
respect to a chord of the flatback airfoil such as to sepa-
rate from the chord toward a downstream side.

5. The wind turbine blade according to claim 4,

wherein the airfoil part includes a suction-side extension
surface which extends behind the trailing edge of the
flatback airfoil from the suction-side surface of the flat-
back airfoil,

wherein the pressure-side extension surface and the suc-
tion-side extension surface are respectively an outer sur-
face on a pressure-side and an outer surface on a suction
side of an extension portion which extends behind the
trailing edge of the flatback airfoil, and

wherein an angle between a back end surface of the exten-
sion portion and the suction-side extension surface is
smaller than an angle between the suction-side surface
and an end surface of the trailing edge of the flatback
airfoil.

6. The wind turbine blade according to claim 4,

wherein the pressure-side extension surface is an outer
surface on a pressure-side of an extension portion which
extends behind the trailing edge of the flatback airfoil,

wherein an outer surface of the extension portion on the
suction side intersects with an end surface of the trailing
edge of the flatback airfoil at a position closer to the
pressure side than an intersection point where the suc-
tion-side surface of the flatback airfoil intersects with
the trailing edge of the flatback airfoil, and

wherein the intersection point between the suction-side
surface and the trailing edge of the flatback airfoil is not
covered by the extension portion.

7. The wind turbine blade according to claim 1,

wherein the flatback airfoil has a cross-sectional shape
with a blunt trailing edge formed by expanding a dis-
tance between a pressure-side surface and a suction-side
surface of a standard airfoil with a sharp trailing edge,
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wherein the airfoil part is provided with a covering member
which covers the trailing edge of the flatback airfoil and
parts of the pressure-side and the suction-side of the
flatback airfoil that are on the trailing-edge side, and

wherein an outer surface of the covering member on the
pressure side is one of a concavely-curved surface and a
flat surface that extend in a continuous manner from the
pressure-side surface of the flatback airfoil, said outer
surface of the covering member inclining with respect to
achord of the flatback airfoil such as to separate from the
chord toward a downstream side.

8. The wind turbine blade according to claim 1, wherein the
airfoil part is twisted in a longitudinal direction of the wind
turbine blade, and

wherein an end surface of the trailing edge of the flatback

airfoil is a flat or curved surface not twisted in the lon-
gitudinal direction by varying an angle 6 between the
end surface of the trailing edge of the flatback airfoil and
a plane orthogonal to the chord of the flatback airfoil in
relation to the longitudinal direction of the wind turbine
blade.

9. The wind turbine blade according to claim 8,

wherein the angle 0 increases with a distance from the

blade tip part.

10. The wind turbine blade according to claim 1,

wherein the flatback airfoil is open at the trailing edge such

that a pressure-side outer shell forming a pressure-side
surface of the flatback airfoil and a suction-side outer
shell forming a suction-side surface of the flatback air-
foil do not contact with each other at the trailing edge,
and

wherein the pressure-side outer shell and the suction-side

outer shell are joined together by a trailing-edge spar
which extends in a longitudinal direction of the wind
turbine blade between the pressure-side outer shell and
the suction-side outer shell at a position nearer to the
trailing edge.

11. A wind turbine generator comprising:

the wind turbine blade of claim 1.

12. A method of designing a wind turbine blade which
comprises ablade tip part, a blade root part connected to a hub
of' a wind turbine and an airfoil part disposed between the
blade tip part and the blade root part, the method comprising
the step of determining the airfoil part as a flatback airfoil
with a blunt trailing edge at least in an area in a longitudinal
direction of the wind turbine blade where a blade thickness
ratio X is not less than 40% and not greater than 50%, X
indicating a ratio of a maximum thickness t,, . to a chord
length L,

wherein, in the area where the blade thickness ratio X is not

less than 40% and not greater than 50%, the flatback
airfoil has a trailing edge thickness ratio Y which is not
less than 5% and not greater than Y%, Y indicating a
ratio of a trailing edge thickness t; to the maximum
thickness t,,,+, and

wherein Y, has a relationship of Y =1.5X-30 with the

blade thickness ratio X.



