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ABSTRACT

This paper proposes a novel airfoil named “KA2” for the blade of the wind turbine systems. Dynamic loads characteristics
are analyzed and compared using aerodynamic data of ten airfoils including the proposed airfoil. The blade is divided into the
sixteen elements in the longitudinal direction of the blade for applying the Blade Element Method Theory (BEMT) method,
and in each element, torque, thrust, and pitching moment are calculated using turbulent time varying wind speed and
aerodynamic data of each wing. Additionally, each force and torque is accumulated in the whole region of the blade for the
estimation of representative values. The magnitude of such forces is comparatively analyzed for different airfoils. The angle of
attack is constant below the rated wind speed due to the fact that the tip speed ratio is kept at the constant value, and it
increases in the region of over rated wind speed as the tip speed ratio decreasing with constant rated rpm and increasing wind
speed. Such increase in the angle of attack causes the changes of the force acting on the airfoil with different characteristics
of lift and drag in the stall region of each different airfoil. Even though the mean wind speed is in the rated speed in a given
time, because of the turbulence, it has either the over rated or under rated speed most of the time. Furthermore, the dynamic
properties of each force are analyzed in this rated wind speed in order to objectively understand the dynamic properties of the
blades which are designed based on the different airfoils. These dynamic properties are also compared by the standard deviation
of time varying characteristics. Moreover, the output characteristics of the wind turbine are investigated with different airfoils
and wind speeds. Based on these investigations, it was revealed that the proposed airfoil (KA2) is well applicable to the blade

with passive pitch control system.
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Table 1 Wind turbine specification”

Item Condition
Power [kKW] 10
Rated wind speed [m/s] 10
Radius [m] 35
Revolutions per minute [rpm] 120
Blade number [EA] 3
Tip speed ratio [-] 44
Radius of hub [m] 0.15
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Table 2 Lift coefficient in the design point of different airfoils

Airfoil Angle of attack [deg]| Lift coefficient [-]
SG6042 18 162
NACA4412 18 1.59
SG6043 17 1.56
SD7034 17 1.56
KA2 18 153
SG6040 18 1.44
SG6041 17 1.43
S822 19 1.32
E387 13 1.25
KAl 13 1.06
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Fig. 2 Turbulent wind speed generated by GH-Bladed

Table 3 Standard deviation of thrust

Wings orated [N] oover wind [N]
SG6040 1315 176
SGE041 131.1 17.3
KA2 131.3 13.1
KA1 131.3 10.4
SD7034 131.3 10.0
S822 1315 6.4
NACA4412 1314 58
E387 131.2 46
SG6042 131.3 39
SG6043 1314 3.6
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Table 4 Standard deviation of torque 16 400
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Table 6 Mean ratio of change

Airfoil Lift coefficient [-] Drag coefficient [-]
KA2 -0.013 0.015
SG6E040 -0.016 0.017
KA1 -0.018 0.012
SGE042 -0.021 0.019
SD7034 -0.027 0.021
NACA4412 -0.031 0.021
S822 -0.045 0.031
SGE043 -0.052 0.021
E387 -0.074 0.022
SGE041 -0.097 0.028

o] ZasAt Z7lske 5 1 ATl olge] wet A= o

27 vehddt ol AASHT fA5 e Thed S5
S7hR Qlsto] F&ul7)E fhashar wgzte] Sukste] WA
Sz &gl FEAGTH Fasls A=t FEASTL
S7FEs A=t Rl A2 27 die] Wit
TEFANA F&ol S7Ist] EAUA7E Skt
=7kl EEo] fhshs SdlolEe F50] St s

A A @l ““36?01 Feo] g4 sk, P
S7IR Qlete] BEAS AFEshE A (103 A (DellA His
Hpe} o] v_—%OWXH S7HEG B ol BV} AEy|
ol Tk,

M2 Aol A ZEo] F43) T AhHoR
7Foks SHlo|Ee Fig, 73 o] £59) SR A& 9
o] WAYSHARE A& 5 FHA] fhagol AA]
3 3¢ ogor fAEo] geo] FrlslodE Bzt
Z7)s}7] wj&Rolct waba oFEA S HAET) g
Aol Z7Ho] 22 ojFo] A, Eeloj=e] B2
9} Zejo] Z7hEC)

KA2E  AFolx] HEH A& o2 o9 107] F 4
Aol W wskgol 7hg AW, FeAse] B Wakgol
319] 20 %ol EAEo] = B} ASEE Ao BelE
o Wit WEEE 4 (157 BEEGoH, 7 )3y B
W8-S Table 631 2L},

-O.ﬂ o2 oZ: olN

o

A ¥ %

%

flz+2z)—f(z)
Ax

(15)
TFS PN A & o] gt ZEe W)
folu} ulg opr|sta g A A &8 A|oj2 Edto] ¢F
& fstelorgict, BT Lol Felel Sk Ka2
DHEYL 33, F49] Wl wE mnHES] H
7] who] 553 HAR} mEol AsiL, %
g Zoz odsHot

F

3

0O
O

oXx

(<]

o offt rlr oX T
}*\)l'oﬁlﬂ
- — o
N

w

2

S=ERADIHSE =2&: M182, X6Z, 2015

of=0ll thet S5 oA
5. 22 ¥ na
£ ATl Seolmel WAL o 71X WSe
A P B ANSom, A o3 KA2E Edstol
AR e o 10742 AAR Zo|=S olyFO g 16
A RAE B o] sl AN AEHEE 2 gstol
P& AEHAL, o150 EHS AT lmaldct ol u}
goz theat gL AR Agt
(1) 2t B5<] $54 B4 A Ka2o] Fe7} Eat A
2 B4 ofst TN AR THE o9t ulm A WE
e BRI ekl R0 s, HES
TN WEAo] A9l 30%2 A 1L
A EfEe] 4 AAES olst TatelA WEAe]
9] 80%E A SALYAT, BES T A
B4 5H9] 80% WA BhlE|olt
(2) A17F o7 Ka2Z ZHsho] A2 Tk 1079) ofade
thote] A AA A % A3l wriE Feie
slo] Zele JAFS ol FAIAE FARE 3
Hol gk, BHES Al A F FeAset 3
PAlse 2] e B4oE Qlstel FelENel 29
E4o] AAElE Aow SRelu gt
(3) A1 o3 KA FeA47E $451a, Al o) o
P40 gagt eALe] S7hgo) Aol Fo &

E:] =
MEOﬂ 75‘1& *] Z Q A BT AREE &2 29

AN .

@ KAz 54 F0o1 2elol=ol g e 5w
7} 231, WE4go] He Aom Helue] HYm
WES o83 45 Aol BE g A
Ao ghoe,

1ok

7|

B AT 20149 % ARIEARI U] Aeo Sty
X7)44 7} U(KETEP) 9] A9 o} =gt A7 sy
th(No, 20143010024330), (No.2012T100100650),

References

(1) Burton, T., Sharpe, D., Jenkins, N., and Bossanyi, E.,
2001, “Wind energy handbook”, John Wiley & Sons.

(2) Kang, D. H,, Woo, Y. ], and Lee, J. H, 2012, “A study
on the development for the airfoil of wind turbine blade
using digital wind tunnel”, The KSFM Journal of Fluid
Machinery, Vol, 15, No. 5, pp. 42~47.

(3) Woo, Y. J. and Lee, J. H, 2014, “Study on aerodynamic

69



uz -

characteristics of the original airfoil, ka2. for the
application of wind turbine blade”, Journal of Wind
Energy. Vol. 15, No. 5. pp. 33~42.

(4) Kulunk, E., 2011, “Fundamental and Advanced Topics in
Wind Power” in “Aerodynamics of Wind Turbines”,
INTECH Open Access Publisher, pp. 1~18.

(5) Yoon, J. Y., 2013, “A study on the aerodynamic blade
design and verification for small horizontal axis wind
turhines”, Gangwon National Univ, Master’s thesis.

(6) Mo, J. O, Kim, B. S, Kim, M. E,, Choi, Y. D., and Lee,
Y. H, 2011, “Software development for the performance
evaluation and blade design of a pitch-controlled hawt
based on BEMT”, The KSFM Journal of Fluid Machinery,

70

O|X|3 - 0|EZ

Vol. 14, No. 2, pp. 5~10.

(7) Kang, S. K, Lee, J. H, and Lee, J. H, 2014,
“Aerodynamic characteristics of several airfoils for
design of passive pitch control module of 10 kw class”,
Trans. Korean Soc. Mech. Eng. A, Vol. 38, No. 6, pp.
609~617.

(8) Burton T. Jenkins, N., Sharpe, D., and Bossanyi, E.
2011, "Wind energy handbook second edition”, WILEY.

(9) IEC 61400-1 ed.2

(10) Lim, C. W. and Kim, S. G., 2012, “Torque control of
wind turbine using nonlinear parameter of rotor speed
in the region of optimal tip speed ratio”, The KSFM
Journal of Fluid Machinery, Vol. 15, No. 2, pp. 30~35.

S=ERADIASE =28 M182, M6S, 2015



	신규 익형 KA2가 적용된 풍력 블레이드의 공력 하중에 대한 동특성 해석
	ABSTRACT
	1. 서론
	2. 블레이드 검토
	3. 블레이드 동특성 분석
	4. 풍력터빈의 출력
	5. 결론 및 고찰
	References


