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Z% 2~ SWAT 2014 F—KiEfE

Time | Subject | Speaker
Monday, 25 August
08:30 Registration and Check-in
08:45 Welcome and Opening Remarks 1. Trudy Forsyth
2. Leaders of China Electric
Power Institute

09:45 China’s SWT Industry Shen Dechang (CWEEA)
10:15 Break
10:30 Taiwan SWT Industry Dr. Chang, Chin-Jen (TSWA)
11:00 Overview of SWAT Trudy Forsyth (SWAT)
11:15 Explanation of Duration Proficiency Liu Brook (Intertek)

Test Exercise
11:30 IEA/IEC Consumer Label Finding Discussion — led by Ignacio

Host Cruz (CIEMAT)
12:00 Lunch

Status of Certification

13:00 Certification in China LV Bo (CGCQ)
13:30 Impact of IEC 61400-2 New Version to | Huang Ivan (Intertek)

SWT Industry
14:00 SWCC (US) Brent Summerville (SWCC)
14:30 Korea National Certification Scheme Dr. Kim, Seokwoo (KIER)
15:00 Break
15:20 Danish National Certification Scheme | Peggy Friis (DTU) (Virtual)
15:50 Chinese National Standards Wang, Chunguang (CGCC)
16:10 Japan National Standards Hikaru Matsumiya

(HIKARUWIND Lab.)

16:40 US National Standards Brent Summerville (SWCC)
17:00 Adjourn
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Z% 3~ SWAT 2014 55— KiffsE

Time | Subject | Speaker
Tuesday, 26 August
Unaccredited Test Lab Pannel
08:40 Development of SWT field test site | Gerald GIROUX (WEICan)
in Canada (virturally)
09:20 Development of SWT field test site | Ken Starcher (WTAMU)
in US West Texas A&M (virturally)
10:00 Break
10:20 Development of SWT field test site | Guillermo Martin (INTI)
in Argentina (virturally)
11:00 Test method and data analysis of Jiang Xingguo (CWPSI)
S/M wind turbine noise
11:40 Development of SWT field test site | Dr. Bao Daorina (Inner
in China mainland Mongolia University of Tech.)
12:20 Test method and data analysis of Sun Tongjin (CWPSI)
S/M wind turbine power curve
13:00 Lunch
Accredited Test Lab Pannel
14:00 China- Intertek Huang, lvan (Intertek)
14:40 A status report of Cigu test site in Dr. long Pei-Tat (MIRDC,
Taiwan Taiwan)
15:20 Break
15:40 Spain- CIEMAT Luis Cano (CIEMAT) (virtually)
15:50 Spain- Barlovento test site Jesus Pinedo (virtually)
17:00 Adjourn
18:00 Welcome Reception at Zhangjiakou Honghao Holiday Inn Hotel
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7% 4 ~ SWAT 2014 =5 = K52
Time | Subject | Speaker
Wednesday, 27 August
09:00 | IRENA Q1 SWT results | Trudy Forsyth
Lessons learned from SWT testing
09:40 Relationship and application among | Shi Yunyan (ZKenergy S&T Co.
vehicle tset, wind turnel test and Ltd)
site test
10:30 Break
10:50 Research on vibrating accelerations | Ma, Jianlong (Inner Mongoria
of wind wheel changing with yaw University of Technology)
angle
12:00 Lunch
13:00 Numerical simulation of wind Zhang, Liru ( Inner Mongoria
energy utilization on the roof of city | University of Technology)
building
13:50 Numerical simulation of wind Hou, Yali ( Inner Mongoria
characteristics above container top | University of Technology)
in Zhangbei wind farm
14:40 Break
S-VAWT Simplified Load Equations
15:00 Development and verification of Su, Wei-Lian (INER, Taiwan)
V-SLM using CFD
15:50 Japanese SWT standard regarding Dr. Matsumiya, Hikaru
V-SLM (HIKARUWIND Lab., Japan)
17:00 Adjourn
*® 5 GEEAREEEERER
[ 2013 | 2014
Energy : :
Typés Category Capacity 2010 2011 2012 FERE R [y
KW~ 10kW 111883 | 10.3185 | 9.4645 | 83971 | 81836 | 7.1602 | 7.1602
B 10KW-~100kW 129722 | 91799 | 85394 | 7.5432 | 7.3297 | 64190 | 6.4190
e ~top 100KW-~-500KW 129722 | 88241 | 81836 | 7.1162 | 69027 | 6.0448 | 6.0448
> 500KW 111190 | 7.9701 | 7.3297 | 63334 | 59776 | 52316 | 5.2316
pER ading | > 1IW 111883 | 7.3297 | 6.9027 | 59776 | 56218 | 49222 | 49222
e TRW-10kW 72714 | 73562 | 7.3562 7.3562 8.1735
\%ﬁi 4 L > 10kW 23834 | 26138 | 25971 26258 26338
B ore - 41982 | 55626 | 55626 55626 5.6076
IR K] . e
Traditional - - 20615 | 21821 | 23302 24652 25053
Hydro
A - - 51838 | 48039 | 4.8039 48039 49315
. KRB . . 20615 | 21821 | 23302 24652 25053
Biomass . . . .-
TR 20615 | 21821 | 2.6995 28014 32511
bl - - 20879 | 26875 | 2.8240 28240 2.8240
. - - 20615 | 21821 | 23302 24652 255053
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HAZ BRI R I8 7 HEm AR - HigAa 4 HRIMNRERGR 7) - B=(HE
ARG e B B AR RS 2 SIERR » HATC B H A Fujita A S &&ER HAK
TL/NRIJE TN E] 5 e H Ay N T i BaEs i (<S0KW) AE SR - Bangél
442 KEMCO(Korea Energy Management Corporation) » KEMCO i & Z (7T T i &5 5
I 4H 4R 2 (KIER Korea Institute of Energy Research) » KIER B 7% 5]y HI 54 4H 4%
DEWI ZETHIEA G AER AT » H AT KIER BHESSAEING - ETH B R AR MR
O A PR P R MR EORIA H - 1 KEMCO FrstyssE AR F=4F -

* 6 HARJSEEEER

Period 20 Years 20 Years

7 A H AR /N R

Hame of Sppficant Hame of Manufacturer Date aof Initial Certification Type Humber of Certified Product
ZEFHYR CORPORATION ZEFHYR CORPORATION 20127823 | Airolphin GTO ¢ 2-1000-250
ZEPHYR CORPORATION [Evarce Wind Turbines L 2013/2/20|z-9000
FUJITA BUSINESS PARTHERS Co., Ltd | Hi-WAWT Tachnology Corp. 2013/6/3|DE3000
dapardife o Ltd, SONKYD ENERGY 2013718 |WINDSPOTE SKW
MIKKD COMPANY [miko compay 2013/ 11722 |NWG-1K
Bergey WindPower Ca. [Berzey WindPower Ca. 2013/1212[ExCEL 10
| ET | ETE 20147/ 17wk -JA-01

Certification Process for Small WT (<30kw)

Cerl, Request

Test Report Submizsion “ WT Deslgn Spec.

" Shop Inspection
{en. Issus
Tester
\Wind Turkine (KIER)

Test Repurt v
5 ~ FRE/ N E S iSRS ]
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FRGHRE B SR N RS HNESGEE T A D » TR ERIR Iy
AIBIIER ~ 56 ~ FIRE - 8 (EE TEVE L) ~ KREE - IS - BEEE -
F B 52 T T RERHY Dr. Bao Daorina(f i H I AE2) S BUR » #EH T EIRHED

PO RHECIHEETEEE - AN H LERE - AEHBRECERGSREE
ik ~ MAE et aE L O = B R E BT - WSS TR T /N B4
S RARIH L DUR R/ NRL R 38 R AR L I B ARG Y R - NS R
PER R e Inh B B /NI 3 BE A = [ B M B S MHIEAIE A e 5 AL B fran
2B AE TN R E AR IS BT ZE - & R A I B E 8E 2 A A N B2 8A
JERFH AR U7 m] 45 N EE - SR HAISEPERE 6.5 AH » BREE 113 “41° Jf4g 42 5 H
SIS Ry 1230 oK 5 phME FELIPEIEEURS T - AEFKEEREK - B R EHHE
/)N 5 Bl BRW\20kW\S0KW\ 100KW JEF4EELRS: iy AH ELSHIEES 5 B B IEfERLH
o TSI BT S MHIEAE B A i L PR RS AB B &8 & - S IhERELY 100000 ~F-J7
ok HEAERESEIE ARSI REOR 12.4 °C > 10 SRR Fy 5.2 0K » T m] £ 5
FAE o HATHESSHA B E N EEEERE A B~ C D E~F- AJE 10 kW JElI%E
Bt 5 B 30KW [EMERLRE 5 C 2 50KW JEEELHE 5 D & 200KW FEEELRE s E» F 2 3
KW RS - H AR SERE T 5e R - S0 MRS T oepk (B 6) - AR Eiisfr 55
#E A/ NHIER S+ IR A ROHIEE A OB BEAE - PRI RV 2 S el 2R S e -
H AT HERIEAY R EC B S d e AL TR » filiae 1 R TR TS AR Y B AR © Ui
FHHAVEE R A 380V/10 KV HYE ERaslix F B4 - BRNEUS T E 2014 4 8 HW)RLA
R IER A - FHGSHAAE 1 H FE AT $H55 PNy 100 KW ~ 30 KW ~ 3 KW ~ 1.5 kW ~ 600
W EEBRIA ST R A DR ~ MK ~ 22 Bioas ~ FEEE -
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B E R RS - W RIS A AR B NS LR (IMUT)RY Zhang,
Liru (GREEZN) T3 - S (EAE L 22BN 58 KERITEE - & 8L IEA Task 27
[ PR B R Y 53 T > (EEORAEAG R R sE IR SR " R/ NEY R i SR e
i AP S PR et T T B & T ETHS 2R A E i as &
s RN EREREETCEERENE T O HEREILSE R T EES
FOREM o GBS ENEEAE AL R K & LI R i 82 5% (Taipei College of
Marine Technology)(I& 7). 2% /a3 THYATEEF E YA BFEFIH CFD #E{THIE Sy
WHEIEE Sy » RIAER R G281 Task 27 TAERYELEE T » IMUT Bt & &8 K2 1T
B - EEHT H AR &8 R eIt Y&kt - #EfT CFD 225
DR 7 iR ) R R A (A8 (C=VIVG - 1) s B BEFI FIRTSR S AR TR
58 & (Turbulent Intensity) f Ry S Ak B JH° BR TRZ S A EAVFERE - 10 Y RE A B4
8FfT » WIS o AN E OfE 10f/r
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The coefiicient of Wind speed increases

Turbulert kinetic energy
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KErék 245 81 " Development and verification of V-SLM using CFD | BEH #
Tt (E 11) - /N B il i 2 R G TR E(V-SLM) Ry IR SR eha g% - HAY
fEff e H AT IEC 61400-2 HYfE 7 & e TR =008 8 A /K Pl A T RE - FRET9)
L 2011 S22 81 |EA Task 27 S EIR LB S - HI&IEE Bl B E—EE
ST EL R IB AR ERT - R IREI AT Y V-SLM G AR B TR E AR

AR g% - HAREINGRY 2013 4 4 HAY Task 27 &5 L > I ART#R & DIRETT =
FHE V-SLM HfE AT 20 % BN ST (RIS - HAERY 2013
FE R Y HAY N E D AR JISWTA 0001:2013 o » R H B4 BU=HY V-SLM
A ELfF 3% C o o iSLLHR(EHETG Task 27 fHE &K V-SLM I M AR TIFHE 1L
(Working Package 5) » 2 ffi 1] IEAWind HYsAZE G 12 tH TIFatEE - & 2 MR
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H A/ N L A A o = il R i 2 B G T R H A HikaruWind
JEBERFFT 2 HY Hikaru Matsumiya 5% o H ASHY/NEUJE 54 JSWTAO0001 i+ 2013 4
AT R PO T B B R TR 2 T R (V-SLM) R BB % C o < S (RS
EHHAHY Mie University Fragfe » F2{H AR H B Bl 5% o #EXa9PRE
RAERZEZAER © EF TEEEEG] H ARG - 22EREH 0.3%ME © 1
VI 25158 v AR5 58 - Matsuimiya Zazfigh 7= S E AT s asE
Bl A~H(E:H B A1 C A1 e 82 bAE A R RE T DA =5 58) B FH S S5 s B A 58 R AR
Mie University 3ifi 7 F JEUR PR B8 15 2o 05 - W& S 4SR Ry e AR T R4S SRR
(R5F o AT ERY V-SLM A3 » B 1 Savonius LK Darrieus JE&AIS > 15 H
A AHBERER ARS8 AN AFIEE R E - HIE - K& T Trudy 55
FTék B REEEH B B H AT RIE I 72 5 - W R T2RAY IEA Task 27 &g EErT

%

N
= :A
ENI

(=) IEATask 27 T/Eersh

FHARA Y IEA Task 27 T/E@ s » 55— K IEA Task 27 EJ& Trudy Forsyth » DL
Kz |IEA Task 27 i {7RAZE Ignacio Cruz £§f » 88 K Trudy Forsyth ZE 556 » R
B/ NS T Bese 22 B & (SWCC)RLfind s Brent Summerville A% £5F - FHRERE
TEGELFR 8FIFR 9 21K IEAWind Task 27 &y & B (G A £~ FEPEA
TR~ 88~ B4 - BEGEAERG=TZ A BN - I - HEEFEAMA
RO RIS - W7 Y R R SRR R s Y TR SR IE A EE 73~
B PEHEREENIRIZN - B RENRETIGIN S~ AFTEE S ~ DURETHULHY
BAREE o ARG SRR Bl E R B B Task 27 BT ERERE - HESLRIE
BRI AL E AT —KAY IEAWind Task 27 &35 -
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% 8~ 2014 IEA Task 27 55— K32

Time | Subject | Speaker
Thursday, 28 August
09:00 Task 27 Extension Package and Ignacio CRUZ (CIEMAT, Spain)

Exco Feedback

Country Reports (Include small wind financial incentives, number of turbines
produced, number of turbines sold [and if possible the size], small wind
research and testing summary)

10:00 CWEEA-China SHEN, Dechang

10:30 TIER-Taiwan Dr. CHANG, Chin-jen
11:00 Break

11:20 HikaruwInd Lab.-Japan Dr. MATSUMIYA, Hikaru
11:40 KIER - Korea Dr. KIM, Seokwoo

12:00 CIEMAT - Spain Ignacio CRUZ

12:20 AWEA - United States Trudy FORSYTH

12:40 Lunch

Working Package 2: Analyze and model highly turbulent wind resource
Activity 2.1 and 2.2 — Identification of existing high resource data sets and
results of data sets focused on turbulence characteristics

Activity 2.3 — Develop CFD models for rooftop measurements

13:30 On measurements from Port Amir Bashirzadeh Tabrizi
Kennedy to characterise the (Murdoch University)
turbulence and make
recommendations regarding the
NTM in -2

14:00 BWT Analyses of wind conditions | Dr. Takaaki KONO (Kanazawa
at the Tokyo observation site University)

14:30 Presentation of CFD analysis with | Shandong University
Taiwan field data information

15:00 Break

Working Package 3: Collection of “new” wind resource and turbine power
performance data for highly turbulent sites
Activity 3.3 Implement the rooftop wind resource measurement strategy
Activity 3.4 Characterize the rooftop test site- discussion

15:20 A hiah turbulence measurement at | Lona, Pei-Tat (MIRDC,
Chighu test site, Taiwan Taiwan)

15:50 What common parameters should Discussions(all participants ; lead
be used? by Brent Summerville)

16:30 Adjourn

%16 H




7% 9~ 2014 IEA Task 27 55— KEE

Time | Subject | Speaker

Friday, 29 August
Activity 3.3 Implement the rooftop wind resource measurement strategy
(continue
09:00 Progress in U.S. Johnson Space Jason Fields (NREL) (virtual)
Center wind resource
measurements
09:30 A hiah turbulence measurement at | Prof. LEE Kung-yen (NTU,
rooftop of Taipei Colleae of Taiwan)
Maritime Technology, Taiwan
10:00 Break
Working Package #5 — VAWT and HAWT SLM
10:20 Comparison of V-SLM between Su, Wei-Nian (INER, Taiwan)

CNS and JSSWTA
11:00 ExCo Presentation of Working Discussion(all participants)
Package 5 Lead by Ignacio CRUZ
(CIEMAT, Spain)
12:00 Lunch
13:00 Site Tour : All participants

National Wind Power Integration
Research and Test Center(NWIC)
17:00 Adjourn

F—RF EFAE R Task 27 BERGHETT » DUR & B NIJE a8 B i - He
BIRAREE - &8 - HA - 5B - DURPEHEAF S - Task 27 BEESHEL HE TSI
FFERY Ignacio Cruz 31T - 25/ NELE i S8 R B0 8L SWAT 2014 55— K
WAL > FEBERIPR FF BRI - Ignacio S¢S Task 27 H ATV TIE#ERE « KA
&~ DU IEAWInd $iZ gy Task27 1Y TAERCR 2 [O] fESE (i 25 - Ignacio 7F 2014 4
A A 5E] Newcastle %f IEAWind 25 73 st Ze & (ExCo) i fi Task 27 [y s
FEEEEL Ry ¢ (1) Task 27 2012~2015 Ay ZERE A 1T B RE ME/ N R R R0 2 A
B WA AR BT E e ERA EEE - IEC TC88 MEindik:AZEE
WIRFEE M ERTT IR © (2) Task 27 M SWAT ik » DARF Y sa B2 & a2k
FOAHARRIAT & —HIME - (3) T EE 70 WF (2013 FF1 A A a) it Task 27 T
—EMUFETE - WETHAT SRS/ NEEIIHETE" (Small Wind Turbines in High
Turbulence Sites) - [HEteE HELR © () AL ZMERE MY/ N E TSR
(ii) SHEAK IEC 61400-2 DA - F2 HI B 20 58 % 285 115 280 RIH Y/ N E ]
st (design class)FT/HAY S IRV G BB AISE R © ()R ALERA BREs By B D)
FRURAREL S 2R NI AR 4R 22 SR L - (4) R HIRAK IEC 61400-2 2
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RIERT » [R5 22 B AR i 2 Rl SR oo [ 12871 IEA Wind Task 27 2013~2016
Y TAETH H 8L H Ry AR -

Time schedule (Years 2013-2016)

12-sep|13-Jan 13-Apr 13-jul 13-sep|14-Jan 14-Apr 14-jul lbseplls -lan 15-Apr 15-jul 155&pll&lan 16-Apr 16-jul 16-sep)

WP 1 SWAT/Label Development
1.1. SWAT Deployment Transition for finding a SWAT host is currently unknown
1.2. Llobel Deployment Transition to SWT label system (IEC, IRENA, WWEA)

WP 2 HT WIND RESOURCE ANALYSIS & MODEL
2.1. Identifyexiting dotosets
2.2. Develop Teom - Anolyze 3-D Wind Dota

23. Model3-D for rooftop dato locotion Extended -—>>>
24. Anolyszeexisting ond new rooftop doto Postponed -2
2.5. Compore power performonce doto Existing PP test data (valid & invalid sectors) HYE-PR New PP test data (rooftop & High Turbulence)

2.6. Volidote CFD/TURBSIM model
2.7. Multivoriote Anslysis

WP 3 HTRESOURCE & POWER MEASUREMENTS
3.1. Develop international test teom

3.2. Design the experiment Ext->

33. Defineondimplementing meosurement Ext-> |

34. Choracterize rooftop testsite Postponed ->> Either pre- or post-test

3.5. Instoll turbine Postponed ->>>>

3.6. Collect doto & volidote dota quolity Postponed ->>>> Testing will likely continue
WP4 RP ON MICROSITTING OF SWT ON HT SITES

4.1, Micro-sitting of smoll wind turbines SEA| Data Analysis

WP5 PREPARING FOR STANDARDS
5.1 Refinement of HAWT SLM
52, Development of new VAWT SLM

5.2.1. Loads meosurements Measurements protocol  Load measurements Comparative Analysis
5.2.2. Fotigueloads through BEM & CFD BEM Fatigue methodology  BEM Fatigue Analysis Comparative Analysis
5.2.3. Ukimoteloods through BEM & CFD CFD ultimate cases ~ CFDUIltimate analysis Comparative Analysis

53. New IEC -2 wind closs definition

| A
In progress Planned Tentative -Reponing "‘

* This time schedule includes exnected new WP5 activities laa wind 8

12 ~ IEAWind Task 27 2013~2016 1y T /ETE H 1 H By B2

B—RK NFRIESHE T/EIEE 2(Working Package 2: Analyze and model highly
turbulent wind resource) & THEE 2 > A A S5 H AN Murdoch University fY
Amir Bashirzadeh Tabrizi ~ 4% Kanazawa University /4 Dr. Takaaki Kono ~ DL Kz AL
RRENRINZEEE » TEEBEAER T 2RI - o 2R BUE RS - DU
mZERENTENFEFEHRE - TIEHEE 2 B2eZmage o Bifkist - THEEEE S
BIPRF 5 TE 20y CFD JRUSHEEE &R A ~ ELiC P L & 2 SRS R M A
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725 ~ 73Mr CFD A1 NREL TurbSim f2Xfy7= 2% » HAlE —TH LIFA 2R E XA
HEFT - H DUEAR ~ BON - I R TIERCR R % -

HAZEL Task 27 BRI S ZmERAYE R - AUt B AR H B A F]
Wy TH(Nasu denki tekko Co., Ltd)([& 13) - &My T2 AR RAY Hideki
Tokuyama & & » £y CFD it T HE Al 4% A2 (Kanazawa Univ.)#y Takaaki Kono
PR EE - FHIEMN(2013 SLAE 2014 JLH) > DUEILETHESRIE A AT -
Lifeig s SRy 2D EUEEHS A2 5 MRS - MG E S EREAY 3D FERzsHy &M
LY - 217 2D/3D Wy ERIEIERE (% > WEERFLL CFD LR &AM T FA Y = 2 -
PEESE (2014 JUH & 2015 JLH) > AIFE 3D JEZRE YA B EEIERVECIH - D&
SRR TEZE ety AT it - Kono Sk i AR, FrontFlow B sRAges » 5
FREAIANE 14FTR » 5 R A AT BREE R » DASTAE K-8 ZOMIEAY » AR R 2107 0%
PEormlaniE 15AIGE 1677 - B 178071 Kono 4% H i CFD R g1 4554 -

13 ~ AHE R A E R THZ M
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Inlet

@J&é&_ Fr’E -slip
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N

I
No-slip

Outlet

14 ~ 478 K Kono #i#% CFD Sy #risif

500

300 )
200

100 /

Altitude (m)

Wind Speed (@inlet (m/s)

15 ~ 7 ARER Kono F#% CFD AL At B 77 {ffi

300 N
E 400
=
=
< 100 >
0 _’—T/ 1
0 0.3 1

TKE @inlet (m?%/s?)

16 ~ S AER Kono #f CFD AR A 20 8 & 73 {ffi
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- _ Horizontal
Prevailing wind wind speed
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17 ~ g% K52 Kono 1% CFD 0045 5%

B RE B AT /EXEE 3(Working Package 3: Collection of new wind resource
and turbine power performance data for highly turbulent sites)#:{ T#EfE# 5 » itk A &5
A R35E] NREL 1y Jason Field » DUR GVE R ISR - FE A EAE R
SERTE - TIFHEHE 3 ZEFEMESLRIERENEEN » EEREEE F S EIEE
B T = 2RI R O - B ERAYEET - E U B T — 2 am Al DL e
TR - EHGH AR YRR R ~ 2 E IR ~ DLURCE RIS B
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an'H - HAIEABEHEIERAETEHENEZN 2V ER L (ERERER - /1
SEIH ~ ROM ~ HA ~ EEIRE ~ APHE Y T(E B AR R T S B R (R Bl e
SEIDHVENETE - R & CFD #ETERRE T -

B0 NREL JEBERFZE 40,69 Jason Fields DU TEREG WA BB @ (1)
Rt R THE AR NS H Aiay B TR E IR Ry TR 5 & - 1M
H AT HERERE IR Ry T IR ERIR MRS T - (2) 1EC 61400-2 H ATHYARANE S B3 =
ZOREE T > HEE R LR EUUEA T AT RE BB EELE - (3) AEMETR
Bt - WEEE AR AR - R - SRR EEJIRAI S ETTH - EE
FE MR (Yaw rate) ~ §ikEh ~ T FRAVLIHREL > (4) NREL 8155 DOE &1F - #E1T
AL FEINIR LT NASA Johnson K Z= H LAY SR 12 SRS ETRRVENETS - HERAERUS
R IHEE R - B e BRI AUS M) ~ DRI 7= S8R - (5) M
#s LLUHEL Urban Green Energy /3 &]HY 1KW 2 B il % f &N 52 - H ATE 22584
VU0 — S A IRV R\ [ 5 DA S PR Oy EL A B M i - SR PR BRAG B R HRE (] 18) -

18 ~ NASA Johnson AZ= e 12 s s TRAY B MIBCE IR

TR B T/EE H 5(Working Package 5: VAWT and HAWT SLM)#E7T i 7

0 3 AIE HAS AIST /Y Hikaru Matsumiya > DUs ARk SAET TR - TIFHHE 5 /&
/NIRRT R T > T ZEE S IEC 61400-2 AYESVURR - HITYYE TIEH
HgE e e T (HETH TR Rt BRSNS EL - THRHE T — (R E g g
A S o EH TIEEREACPE S B EET RNV - #EEEME S A

B FREILEHE S afET BB &#EEH - DL BEM 1 CFD [EFFHiHRiRiE
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JIRIE S5 AR B R ET R ~ PR L RS/ NRY R A S B O Bt ¥ & 20 AR AE N
B o BRI PR - EEEREGLNE Trudy Forsyth iy SWAT &g
P H S EE T RAVEGIE G > NI A A Rt 0 A B 58 e/ N H gk
PR TR B BT PR (R =) - SR E AT RI(E R _EAYEFRE DL 400 Wz 5 il
taET ER BT FTRRY - (K8 D A a8 G TR TSR PSR ReE
A AR Ry Rn PAORST > HAMCER Hikaru Matsumiya F il H AN =z E L
PEETIRAERBHSE R R > NLEERERL 2 AFTRIETT[E]E > {5 Hikaru Matsumiya 73 &
eFRH Rl af B S 45 22 B A NS o B R\ A AR A 8 2 o R -

(=) 2178

RN FER G —RAE AL NWIC Z2HE T » 28520 =B © 7351 K NWIC
sRACHEEMN (B 19) ~ IR T LSRR EOL R~ aEEIL(E 20) ~ DU &AL
JE 15 EGRIL) AIRA FRIARBE S (8 21)7F - NWIC iz dbasR IR 2 FE R
At Ry R ERd 52 40 B (g VAR AH R Aol - DU (B Bl e /0% 2 skttt - B
THETHBEAEZ SN - IR R AR SRR  MERR AL - DU EEE TR S Z B ffr e
B B 22REirEE - B ENN EEI R ED R s L A+ AT E
Z— > FERF ARSI E - KIZEHRE - DURERERSS > WHEFARILESR - K
THIRFZRE R B A RHYREE R TE - S HAR R TL 100 MW & 72545 ~ 40
MW KFZeE S 8 (B 23) ~ LR 20 MW (ERE S8t e et - BIEAHERER - H A
JR\ I B ELR S AE R B AR B SE G OF ATRILERSE ¢ il T Eipe/E I3 E(RIL) AR AF]
Ry EIERE R IR BT A > HaRIDESS B IR % RS NETAD GE 1.5
MW % > GEEHM A S KB R E A E ~ iEIREEEAE - PRI A
£ > 2020 FESRIDRE DS EEREE R R HIER 5 GW > (HIF—1Z8VE » KIS EE A
Tt » B BETHE 40 F H BT R BRI 85 Banb0Mis < 24 - 2 1A FfE 2 &
DrgE T IRy E R 2 — -
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AP TR T3 EEARRR R o Z W58 A 2R » 7 25 KW SR — U5 Ry
¢ - —EF58 150 kKW JEE S — 25 T UYBHES By - BARS [ERTEE RS -
HLLE TR % 2 t8fE - 2 HlETR & 1EC 61400-2(/NAU JE AR AE R &) » DL R 1EC
61400-1(F KA BT AE AR ) < S TR058 70 A » BEAN » AP A/ N 32 Bl iR
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7> 2011 FF22 B |EA Task 27 & (8 2 V5 5 il DS 2 st BE (gl
H 120822 Bl e ] K e — e 32 e e o sy il i By - REFRER T8 e ry V-SLM &
NI B AT B AR AR I 5 HIREG 2013 4 4 HEY Task 27 &3 1 > 1
HAFT &k B AR ER T V-SLM BYEEFR = R B MR SR TAESR - 15 EIRARHY
A%E o HAGRNY 2013 A HEUHTARAY H AV N A JSWTA 0001:2013 51 - K H
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AE T /F3E H 71 (Working Package 5) » A IEAWind AU ZE &2 TIEsHEE - A
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fff{4— ~ Development and verification of V-SLM using CFD

Development and verification of V-SLM
using CFD

Wei-Nian Su
Institute of Nuclear Energy Research

August 27, 2014

=== Background Information (1/2)

m  Load Cases for HAWT: (IEC 61400-2:2008)
¥ A:Fatigne
* B & C: Yawing {mm.} & Yaw ermror (30°)
« D Maximum throst (Thrust @ V., = 2.3V, C~0.5)
» E: Maximum rotational speed (o)
«  F:Short at load connection
¥ G Manual shutdown (braking)
+  H: Survival wind speed (30 year extreme wind speed)
+ I Survival wind speed (1 year extreme wind speed)
+ I: Transport, assembly, maintenance and repair
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‘ " Background Information (2/2)
s HAWT vs. VAWT

s
| ] |

CFD Simulation (1/9)
= Hi-VAWT DS3000

3EW

3m's

15ms
185 RPM

4m

6m
3
4

F 3 H



- Soctbrotew CFD Simulation (2/9)

s CFD: ANSYS Fluent

Velocity inlet: distance from rotor center (3 x D)
Pressure outlet: distance from rotor center (10 x D)
Incompressible flow

Large eddy simulation

Moving mesh: time step 0.002 ~ 0.005 s

Q0508 B

CFD Simulation (3/9)

= Savonius modeling (1/2)
O 5 mullion hexahedral cells
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SSSSSSSST CFD Simulation (419)

= Savonius modeling (2/2)
. ol ®
ls © 0h0m
1 = o o |oom
NS 5
= o s E
- o .
g. & b - § :' s
H 2 | 8
g 0
s » § E4
o
<+ [1) [ 3 4 2 12 14 18 l‘
Te Spmed R To Speec Rt

LY,

D [ Ref. SAND76-0131, July 1977

Y

wessssss CFD Simulation (5/9)

Darrieus modeling (1/2)
O 10 mullion hexahedral cells
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“messssss - CFD Simulation (6/9)
= Darrieus modeling (2/2)
U=105m/s
a2 '/'-j"—.‘ ——Tote
) e 1
e ! 'n__-a 3 2
ts E ‘{\* ! }\ \ AL .
T i | i' \ / \ B\
5 i \ \ A
‘ b S \ b .‘
&E & g / - N - ‘\VIJ
: <] 14 -/
72 V' T A
”: FE) T;{”w;‘:” 34 EL] ° « ﬂm:’é&%&m o
C“E:Qa
3

CFD Simulation (7/9)

Hybrid modeling (1/2)
11 nullion hexahedral cells
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rmmmmmm—— CFD Simulation (8/9)
s Hybrid modeling (2/2)
. ".II '.II ™
U=105m's / i T I !
AHERHEE
= (w7] : "I \ .'ll L \
'e" 1IIV 1L I'l,u
; . o -« L 1) II'I.:MIH.- I'HI.I.I.IId‘I.I M oG o
3 u 1 ] R
. Hs £ III II' .II I| ': II|
" NIENEEE ]
¥ 13 34 ET) 1 E. | I| | 'I II
o Sl Falte £ =0 1 T T
Ul ] | II A | II
Ve 1
41 o ghﬂmﬂ.ﬁ| a0 X0 2

T

CFD Simulation (9/9)

= VAWT SLM
»  Caleulation procedure

[ - Y

Load at crifical

P jesigns deslgm .
b | - [Simpisiniosa ]
Characteristic

coefficients
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<=« Verification of Model (1/2)
* Cross strait benchmark campaign (1/2)
Taiwan: A company Mainland China: B company
Wind nabine class Class I Wind turbine class Class I
Tipe DrarmiensSavonius hybrid | [Type H-Tipe
Rated output power (3 KW Rated output power |3 EW
Outer radius m MNumber ofblades |5
Hub haight fm N\ Outer rdins 15m
Cut-in wind speed imk Rated rotor speed 110 BPM
i = - ) Pitch comtrol
Pated wind spesd 12m's
P m Crver speed protection e —
Cot-out wind speed  (15m's
Faated rotor spead 185 EOM e Y
! \ r
Orver speed protection [Electrical brake j Y
it s
Lo I i RE]

«== Verification of Model (2/2
* Cross strait benchmark campaien (2/2)
Simplified load model A company desizn value
Blade Bucket Tower Blade Bucket Tower
P | Fro v Fro 1P | Fro v Fy
[Load Case D - - 109310 - 30058
Ermor (%) - - -0.4% - -
Load Case H [ 1137.71 | 43834 | 537246 8415 1077 5735
Ermor (%) 35% -40%% - - -
Simplified load model B company design valne
Blade Tower Elade Tower
P'&'In.u-:u Ly FTI F"\ﬂ T Liey F\!‘l
[Load Caze D - 3584.5 - 4370
Emorz (%) - -18% - -
[Load Caze H 2780.98 16685 66 1761 15577
)| Emor (%) 0.7% T - R
i
L -

% 36

H




" One-Way FSI Model (1/6)
Approach (1/3)

O Wind condition: SIM
o NTM:I;:=0.18 g i

e  Mean wind speed: 10.5 m/s

0 Fluid dynamics: XFlow

e Simulation time: 620 s I L = L -

One-Way FSI Model (2/6)

Approach (2/3)
O Structural dvnamics: MSC. Nastran & Adams
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e One-Way FSI Model (3/6)

= Approach (3/3)
o Calculation procedure

JL Time history of load /L 5 10
and rotor speed
|
|Gm‘mm| |I_oad ‘@ critical locations |

NG " [Rainflow counting

ipeem "

™

St One-Way FSI Model (4/6)

m  Definition of forces and moments

Normal, Tangential, Vertical forces Weight
Flapwise, Edgewise, Torsion i
apwise, Edg %, Bending
Torque &= L
Twvist /
Thrust
Normal Aero
Normal, Tangendal, Vertical forces
Flapwise, Edgewise, Torsion
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" Omne-Way FSI Maodel (5/6)

m  Fatigue load (1/1)
O Extend to 20 vears { multiply by 1051200)

| Blade normal force |

“ One-Way FSI Model (6/6)
m  Fatigue load (/1)

| Tower top thrust force
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W A

Comparison of Results
= Fatigue equivalent damage load (5.2E9 cycles)

Darrieus blade root Rotor/tower connection
SILM 1 Way-FSI SLM 1 Way-FSI
AF, . AF,
715756 18246 " 1028.04 1126
) ™)
AF, AM
v | s3a57 2838 5 513.17 4694
) (N-m)
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Sommmes  Fotare Work (2/2)

m  Load measurement
o IECTS 61400-13

Thanks for your

tijon ’
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ffH4-— ~ Comparison of V-SLM between CNS and JSWTA

iy A PO A

Comparison of V-SLM between
CNS and JSSWTA

Wei-Nian Su
Institute of Nuclear Energy Research

. August 29, 2014
[ iwm

W A A WO

Standards

= JSWTA 0001:2013 (Appendix C)
- H-Type (up to 5-bladed VAWT)

m  CNS 15176-2-1:2012 (Appendix B)
- Savonius
- Darrieus

H-Type (up to 5-bladed VAWT)

g
Crivem

2
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= D: Mazimum I]]I'I;'E‘l'
s E: Maximum rotational speed
m  F:Short at load connection
= G Manual shutdown (braking)
s H: Survival wind speed (50 vear extreme wind speed)
m I Survival wind speed (1 year extreme wind speed)
#»  Ignored in JSWTA
m  J: Transport, assembly, maintenance and repair
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. i MLﬂaﬂ.S @ Blade |'r Suppﬂr't Al'll'l

Elade / Support Arm Blade / Support Arm
|  Force | Moment | Force | Mioment |
Aero | Tangemtial | Edgewise Aero | Tanpemtial | Edgewise
[ Warmat Framwise Nomal | FEmWEE
Vertical [ Vermcal |
Twdst Twist
Imertial Wieight Flapwise Imertial | Weight Flapwise
Centrifuzal | Flapwise { Cenmifugal } Flapwise
{umhalance) =
/_
only for Load Case E
Tl
s

i

Aero Thrust Bending Aero Thrust Bending
Torque Torque
Imertial Weight Bending Inertial Weishit Bending
(ECceniraciiy) (Ecoenimcity)
Cenfrifiugal Bending Centrifozal Bending
(unbalance) {unbalance)
Y,
R
‘_’_.l"'\- Lm

%44 H




Load Case A (1/3)
= Blade normal force
= SIS ipApmi.B(l'SVdolgn)z ’ (8'53-’%‘!" = 3'2)
- CNS  2m,+Am Ry,

= Shaft/Tower Torsion
- ISWTA AM

z-shaft = Qdesign
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Load Case A (2/3)
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o Load Case A (3/3)

s Thrust
- JSWTA  Fp = Cr2p(L5Vie) A
where Cr=12
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- m——— Load Case D

u  Maximum Thrust
- ISWTA  Fr=Crop(25¥,.)%4
where C; =12
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s Load Case H (parked)
m  Blade nommal force
- JISWTA  Fa = ComansPAproiaVesn”

=1
where Coam =2 100 W reference VAWT
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Summary

m  Weight of rotor & blade should have certain
impact on the structural integrity.

m  For blade: centrifugal force vs. aerodynamic
force in normal direction

m  Flapwise bending moment resulted from blade
normal force should have certain impact on the
structural integrity.

m  Choice of aerodynamic coefficients
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