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(outcome)

(BBWP G p R S 2 A R Al k> 2 B EE TR

EHEP LS ED T PR E AT £ 0 B A s AT

B F R )

- SR HARFY)
kirdd 10317 1p2 1042127 30p 520 xS RAHT 5
BQECREZ 3ARHHB FAPHIIEARBRE 2/
B)ogFh UE4 B #4) 23224 - w3 E AR E &
He B IEEPMERAP PN G G o

wn~ © 4 ¢ Comparison of load calculation between IEC and GL
of fshore wind turbine design guideline using NREL 5 MW reference

wind turbine - (International Ocean and Polar Engineering
Conference » 2015) o

w2 g & 1 [EC 61400-3 (2009) and GL Offshore guideline (2012)
are two commonly adopted guidelines for certification of
offshore wind turbines worldwide. Comparison of load
calculation between these two guidelines is performed in this
paper. The NREL 5 MW wind turbine with monopile support
structure is selected as the reference wind turbine system for
study of the impact on the loading conditions. Design load case
(DLC) 1, 6, and 7 are considered in this work and the focus is
on the Class I system with different turbulence characteristics
(category A, B, and C). Both of extreme and fatigue loads are
derived at critical components such as blade, shaft, tower, and

foundation. The major impact is identified in this paper.

wm~ ¢4 A Numerical Study ona Small Vertical Axis Wind Turbine
using NACA0015 Airfoil - (International Green Energy
39



Conference » 2015) o

wm~ i & © The paper presents the design of a small vertical axis
wind turbine (VAWT) using a DOE method. The NACA0015 airfoil
1s 1mplemented for the design and 3D simulation. The critical
design parameters are chord length, tip speed ratio (TSR),
aspect ratio (AR) and pitch angle in this work. The RNG k- ¢
turbulent model and the sliding mesh method are both adopted
in the CFD simulation. The results show that the model with zero
pitch, 0.3 m in chord length, TSR of 3, and AR of 10 demonstrate
the optimum aerodynamic power under the uniform 10m/s inlet
velocity. The aerodynamic power of J3.6l1kW and 3.89kW 1is
calculated for TSR equals to 3 and 4, respectively. It is
observed that the aerodynamic power decreases dramatically

while TSR increases to b.

w ¥ ¢ fi ¢ Investigations on Turbulent Characteristics and
Pressure Distributions with RANS-Based Turbulence Models for
NREL Phase VI Wind Turbine Blade ° (Energy Conversion and
Management » 2015) -

wm~ 4 &  Wind energy is one of the clean renewable energy.
However, the low frequency (20-200HZ) noise generated from the
wind turbine blades would bothers the residents seriously and
becomes the major resistance for development. It is useful for
predicting the aerodynamic noise by flow field and pressure
distribution on the wind turbine blade. Therefore, the main
objective of this study 1s to use different RANS-based
turbulence models to analyze the flow field and pressure
distributions of the wing turbine blade. Three-dimensional
Computation Fluid Dynamics (CFD) simulations of the flow field
were used to predict the flow characteristics on the National
Renewable Energy Laboratory (NREL) Phase VI horizontal axis
40



wind turbine. In respect to turbulence models used, most of
researches focused on Large Eddy Simulation (LES) model to
predict the variation of the flow field presently. LES model,
however, needs to huge calculation resources and time
consumption. In the present work, four types of
Reynolds-averaged Navier-Stokes Equations (RANS) turbulence
models, Standard k- e, Realizable k- ¢, SST k-w, and v2-f, were
used to predict and make comparisons with the results from LES
simulations and experimental data; meanwhile, the
applicability for different turbulence models would be
discussed further. Two different wind speeds with 72rpm were
m/s and 15m/s. The prediction results show that the pressure
distributions and the flow phenomena with SST k-@ and v2-f
turbulence models have good agreements with experimental data
and LES simulations. However, realizable k- & turbulence model
1s not appropriate for the predictions because of non-physical

phenomenon existing.
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wm~ ¢4 Comparison of the simplified load model for vertical
axis wind turbine between Japan and Taiwan standards > (& ##&
% Wind Energy) - i< 4 & : IEC 61400-2 is a worldwide adopted

design requirement for the small wind turbines. The
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methodologies and models, especially the simplified load model,
developed in IEC 61400-2 are specifically for the horizontal
axis wind turbines (HAWT). In other words, the equations and
models cannot directly apply to the vertical axis wind turbines
(VAWT). Therefore, the Institute of Nuclear Energy Research
developed the simplified load model for VAWT (V-SLM) in 2011 and
have been adopted in Taiwan standard, CNS-15176-2-1, in 2012.
At the same time, the research institutes in Japan also involved
in the development of V-SLM and the methodologies have been
adopted 1n Japan standard, JSWTA 0001, in 2013. The purpose of
this paper is to investigate the differences in V-SLM between
CNS-15176-2-1 and JSWTA 0001. The differences in load
considerations, modeling, load cases, and suggested aerodynamic
coefficients were i1dentified and a sample 400 W VAWT was used to
benchmark the V-SLM. The results showed that the loads obtained

from CNS-15176-2-1 are more conservative.

#w > ¢ A *  Analysis on Turbulent Characteristics using
RANS-Based Turbulence Models for Vertical Axis Wind Turbine -
(Fg3+#4% = Energy Conversion and Management) - 3 < 4 & : Energy
resources are scarce in Taiwan, surrounded by sea, which 99% of
the energy has to be imported. It is important to think over how
to get the limited energy via natural environment. Renewable
energy 1s one of the potential energy to be promoted in Taiwan,
especially for wind power. Taiwan is a densely populated country,
and suitable for small-scale wind turbines around the
neighborhood to provide household electricity or community
electricity. However, low frequency noise may cause serious
inconvenience to the nearby residents. The objective of this
study employed Computational Fluid Dynamics (CFD) with
different RANS-based turbulent models to predict the fluid field

42



and validate the international experimental data. The results
show that the distributions of velocity and pressure with SST
k- and v'-f have good agreements comparing to that with LES
model. The accurate predictions of flow field and pressure field

can give rise to the reliability on acoustic field simulation.
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AR LERRBEE AR P EAEE B R FRTHNLIR
6. ¢ AL BRI ABAF LT LT EFIHRERTHIE- 743371 30
PiETRA TR {7 & ]T‘—‘éﬁ-ﬁ‘&t& PR B GRS T o
T. 3330 4t S0 d 2B B Tafyee 2015 S #R%E%d 2 £
B B AP AIEE phh 4 8 TS E R T & P4 H03] (Passive Pitch
Control Mechanism for Small Vertical Axis Wind Turbine) » & % /]
ﬂ%ﬁﬁﬁﬁpﬁ$%’i?éiﬁgﬁﬁﬁéﬁﬁﬁﬁﬁo
PEAR S oD S FRER R o ByE2 2015 SR
fo b € BAFSE €0 X P g AW 3k (AT 150kW R T bk 48§ & 4
Bie &2 %2 R4 47 ~ NREL OMW & A~ %% b 4% IEC &2 GL K342
TR B 150kW B 4 3 T R SR EEERIE) 0 A 3 b
FAEEHEF R P A EREFH FRTHLIR
9. A#30 107" 6 p &jFfammy #7 ECN B3 & 154 L (MOU) > g
ﬁé’kf]‘u? Fh 4 FERTIELANRAABRITINE TEEIFE S Aid R
MR T BE oA F AR R EBAER F =2 11 7 6 p~11 ¢ 28
P LECN &R af b 48 % SR RIFHT Y > S 2 JLINEEEHE
AAOTR OBk AL BB 4 o
103 #

(1) #E2 R 55 F R F8ye2 2014 % PH1BERYF
FE X IFEART 2R AR IR B P EERETH R
MEZ o
(2) 17 28p % R®AWRLloyd = # Senior Advisor & L > %2 Senior
Partner %+ L ¥ kv d P FAFALFEHR - B2 L o B
EFRP R A FRBEEIRT
(3) A w327 13p& 67" 13 p Ehety+32 [EA Task 27 43 € 3% > +
p%@%éié CAE LD B AR B 1@ﬁﬁoﬁdwwtml

FEAGFEFAFE LT R PR PRRAEER R
B o

44



-
—

(._

(4) 2 Eppe LR 28 B F 2 r,f%}g,‘vg\'ﬁg s B33 8 28 p ~4 % 22
p~0?220p ~6723p ~82 7P ~97%30pmx 117 10p » 4%
O kW2 bl # #5473 & 7 HpTd5m o

(5) ** 8" 25 p & 29 p %487 SWAT2014 % IEA Task 27 1 % & # -

(6) > 107" 8 p Bz %= N 150 kW h 4 pld @ e L8 Fh 51
PR E > FFH AR AR A B AT PR RAER TS
oo

ERrry (B34 1 aae)
) HEAETE
104 =

AFE G2 AR P PRI HT E RP P e i TAF

WHEZFHT o HE AR SR TR ia?g’”ﬁﬁéﬁﬁ
Aol AR 4 B p R A R v&’f‘ﬁ“"ﬁ**ﬁ AR A B RRIEA

r?%?%‘i VEFERIP Y T AR 4 R o BA RPN AR A

A 55

103 &

AFF R AR P PRI HE A RPN P e Wi TAF
RELFRE VO R A0 R AR P A SR E TEC
61400-2 %3+ m4F 2 > F A0S ¥ P AP AR 4 PEF %
%’%%ﬁﬂﬂ%’%ﬁﬁ4ﬂwwﬂ&4%é%£ﬂﬁi4o

1 7BF o »0 5 kW2 dhh 4 R B

A
F
] p ',%—"zf’?r_g b/ﬁlﬁiﬁ” \4 LA 9}"5’-{:%’ @ 3
3

%i'ﬁﬁ/{ﬁ‘ﬁb r °

SO A EBME] 2 RN RPEREASEE R REHEY B

45



(z)

LS LRCELS AR R R I K e R

%E o EEPN AR BA S
SHR RS AR LR BASRT
RAHFRE P
104 #

SRR 2 BN 1,230 R o A ER jEm
YRz LTy A5 P TR pgE 2

AL g A€ ABALR T - BB FEL D)

TOPRAE

104

A EAFREL PR FRXFFEFF S ET 127 30P 5

ot it ARE T AR A FB Y R RERE R (U

AP R F A B R 2 S Ak R RRE S A Y R

A SHATE L RGRILE ~ 5 36 BT 4 1 AT € 4

RE) S E AR 1 Er 4 #TRT R 2 FERR

WAL har

103

$3§&w+a¢iﬂ/kﬂ&4%§m%¢% A% -7&2 117 30p 5
i&’{—ﬁz gy;—z*{z,y}‘; E,Ta]rgt* iéﬁ§{§&l~ ”\?"éﬁ%ﬁi’;ﬁ—‘ﬁi

gﬁﬂ&Jﬁéﬁﬁ\@“‘Hﬁﬁﬁ IR SR RS SR

(=) Hteqet s

104 =

46



APEII27 30P AL BT HAREEHFAELOE A AER
AR 24 ABEFHET)NA4,800F % o ¥ ahpars 4 o Al
FEB G o G RN AL

103 #

AFRIINL P30 S B FRRBEHEMAEZ A AER
g AR 34 AEEFT)N6,500F % o ¥ dah P 4o Al
;j‘}u-#ﬁﬁg ) 9)5 BAANTE MR & & oo

I~ tliaﬁ’z;,_(,f.t;}j;f(‘ﬁi:é;w‘/\j TR FE L G

%23 [EA Task 27 ®*% & i* f FEE bR s R g
S A BV HERE S T R 0 o TEC 61400-2 ) 4B
BRPBRERZ R SO RERFE R - ST A kG
AR E AR ARE 2 23T o

TALE
AR F R P REL
gk 4 4 ~230 1 kW KT dhk
R TR FA R HYE2 4

B & i

gy

Efi gy e 183K
#~20kW e 150 kW R 4 5T

3
'i’/ o
k|

%07 [BA Task 2T RS & (5 f FLEdhh 4 5 PP EHABge
St o g M HERE . T M N 0 TEC 61400-2 ] A B
WRAPEEFZRY > F O FARERERF - LN ARG
aid FR A BRI BT s

47



AT TR R

(ﬁ%@miﬁimﬁL%mﬁﬁﬁb?ﬁ% By aipma > Hras v
N A LR kT SR R e e LI
) 2 E :F%%&ra%iﬁ%@ NIRRT RLBES R
SRR N E L E R T R mﬁodﬁw:%?%?ﬁ
wﬁéxﬁéwﬁﬂw%@’ﬂaﬁﬁamsfi*ﬁ%ﬁ Bz )

i%%@%ﬁké%@%@f%;r%wﬁﬁﬁ&$¢ﬂéam$
IEA Task 27T @B ITBIE > M A F B R f F 28 bk 4 4
FACRR SR g F & EAM%27RW%%@%$i”&%ﬁ?*
ol _ﬁ_#gﬁﬁgv‘ 11?3‘;‘;9’%}%:} S TH T I REFR Jk"tﬁzﬁ‘?i“—"i’
LEFEER W, ¥ P R E RN YRR R 4 %&ﬁ ek 3t
FARF 2B EARAER S S EAT Y 20 p ety IEATaSk27ﬁi§%§€5z’
L P om L FIREEARRG o

b AP R BB R ERA IR AR 4 L E 2 TR
A BRERFREL IAREMES P g R A2 E LR
»ﬁﬁ«’jf@%*%%ﬁmw LS S A
P @ A3 kAR B REATTE AR F o R RN
%giiggyﬁwaﬁﬁé’aﬁlmﬁGL'”ﬁ?ﬁﬁﬂiﬁi e
ﬁﬁshﬁwlﬁgggwiuw§ VS G Al BN B Bl )~

B AR Wl“ﬁ*ifﬁﬂlﬁﬁ’* °
A3 1007 6 P iEia BTy o ECN &3 & 78 L (MOU) » g
ﬁ%ﬁé%&4%§?$#4*2@%%ﬁnfimr,fﬁgﬁlm,Lwc @ Ep
boaw iz o AF s pM =311 2 6 p~11 % 28 P
‘71MN£ﬁwﬂ&%s‘€ﬂﬁmﬁ”’%fﬁm‘mﬁéﬁﬁﬁﬁw
Bk SLE PIE TR 4 o

B RHRRL

(E B :Fiﬁﬂr¢ HEAVLI TRV R TR 07
ﬁtﬁ%ﬁii FECEDFEAFRICAP LT THPE A
Y N LTt T N TRy SO o



BIP AR 4 A £ Aotdeh g BrsE > P 0 T4k 5~10 KW = gE
ZEPRAPAS S Sl AR A B F TP TELD S -
LA ST 510 KW F o F B AR igH{ 4 Bt ] AR
S LE TR R BRL 2RV EOFRAFETR R
RS AP TR R 2B E 27 0 R R R P m R T o B P
wd AV E A AL AR BT o s LA SR
2o A2 AR R WK RE Y A A EHTN R F AT BN AL ER
FdoE Wivd 45455 (ABS) &4 2 FBEh B H AR % 2R ik
FiErin o WA FRE A G RFEHT(NREL) 103 # 1 * 4155 “Assessment
of Offshore Wind System Design, Safety, and Operation Standards”
PHRE AP Z A BRI EREAFF L EET > TR EF R P
% GL* 102 # 9 7 » &-4"Tropical Cyclone" B8 J1 5 pis o 2 5 FpL »
A E AR RAR PRFEREFT LG HSEN S AL RRE SR
BRERBEFREBLX 2P ETE o SRR A g b, 5 B
SF SRR YNSRI i E N U

49



72 B %
B 1~150 kW= AR 8 % 328 324255 (Auto mode) & ie

INER-P130Il Pursue Testing Result(Auto Mode)
Fa

Angle(deg)

Awve Wind Direction ||

Pitch Angle

' Yaw Angle

A0 | T T T

1423 14235 1424 14245 1425 14255 1426 14265 1427
Time(hr)

______________

B2~ 150 kW= &R 8 % siaf A [
BT AT150kW AU 2 Sl A MG

2000

1800

1600

1400

1200

1000

w5 8 i (kW-hr)

200

n 1B n

2014 2015
e E)= 108 115 128 15 2H 3H af sH 6H

|IEH§§;§§§E 12034 | 39549 | 1802.19 | 12742 | 109532 | 2954 | 177.45 | 6103 | 40548 | 25188 | 11381

50



— T T

B 3-150 kW= iS85 so2 £03 A sipedizcd §7Y RE

3 T T T T

Torque

L=
-
-

51



W55 KWEE k#5510 FF %
- NACA0015, r=300mm

%

45 /
4.0

/

\

% s \
§30 / \
\

g. ' —4—U=14.855m/s
=25
2 —@—U=9.95m/s
20
Cis
1.0
0.5
0.0 . .
0.0 0.5 1.0 1.5
TSR, A

W6 f R ESHEHE T ER AN

WEDA-BASE-104

E -

52

2.0



M7 R RRREEES fRAEMAH

B8~h # &=RIFRERAMRIIZEXK

Rotor Radial Thrust Gear Box Generator
Bearing Beagi

F ng

et R
EHIREIRR

P a kil
st

53



B9~ & i 4a 2 & dined & 07 503 B

Spectra - Horizontal
Company\150WT2015\Cha-GS2\ch4-Acc-gating-54Y

2015/3/9 T4 02:49:07; Speed: 38.43604 cpm

305.1953 Hz; 0.0485 g P

T e

((+_Harmonic 205.1953 Hz; 0.0485_+ Sinale cursor 205.156 Hz; 0.058 — cha-Acc-gating-54 0.144 D]

0.10

0.095

0.09 4

0.085

0.08 4

0.075 §

0.07 4

0.065 T

0.06

0.055

0.05

0.045 4

0.04 4

0.035 §

0.03 4

0.025

i} 50 100 150 200 250 300 350

450 500 550 600 650

W10 ~ 83 b H A2 @i T ehdR gy AF

1400%

1200%

m
/

10005

AFH ?ﬁ // —4—35rpm

ZBUE

—B—45rpm
400%
S55rpm
200% /
ﬂ“}E -—" T T 1
0 mm 5 mm 11 mm

54




11~ IEC 2 GL R4 2 %3 f £ 5 61

el Spaed i)

[EC $# GL .36z ETN ALt

Tustmdisi Clids A

-

%J

l'.'li.n

[EC $# GL A 352 NIM R Lt

55



W12~ IEC& GL 2 &g 3K 8%

TEC Extreme load
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Turbulent | Steady

Blade flapwise moment
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(kN-m)
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