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] CRBICEESE L7720, TEE] ORI EWITL, Ta7¥F A1) ob L& B KPAERIIZEET
B L OB EE; L. FFB 2 T8 5] CTEdEES 2720 omdbEIR 2 S n, II'E
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ZEID YT, INEEINC ORI R REEZ X5 & 3% Weak Scale N> F~—27 7 A b &5 L7z,
i L7z 7 — F¥id 158,976 / — K (7,630,848 =1 7) TH D, MO WSINEREZHEFFT 5720 E@E
ML FHE LT D, Thbb, BEHATSOHEEZETLEL, BEMDERITTH L & fb
fEAVER & [RIRFIC NER O 2 BT T DRt L2 A LT\ b, Fig.1.2-1 |2 Weak Scale > F~—7
T A MORERERT, WHIPERRIL 48 / — REHHER A EHEL LTWH 23, 300 27 H7- 0 £ TIFHEL)
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Fig.1.2-1. Parallel-computing performance of FFB run on Fugaku in weak-scale benchmark test.
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Fig.1.2-3. Test for function to set intensity of turbulence at inlet boundary (above: computational

model, below: power spectra of streamwise velocity).
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Fig.1.2-4. Vertical profiles of streamwise velocity in LES of flow around wind turbine (NREL-5MW)
with considerations of atmospheric boundary layer and inlet turbulence at Z/D= (a) -1.0, (b) -0.5, (c)

0.5, (d) 1.0. (Note that wind turbine is located at Z/D=0).
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J— R,/ —FK%720 48 7t A) CitHE Lz, / — F¥47= 0 ® GFLOPS %/ 5{ T 1.47 GFLOPS/node,
&1 <Ti% 7.95 GFLOPS/node & 720 | 5] LT 5 & 5.4 [5DOMREL 7257 (Tablel.3-1),
Fio TR & TER] TRENTERICVAT AR EER LI ERET D &, T 1382944 / — K,
(&) 12158976 / — R Th H7-, [E L] Tl 5.4 X(158976/82944)=10.4 {5 DIERENE B 53 A
Lo,

Table 1.3-1. Performance comparison of FUGAKU and K computer

GFLOPS/mode | f%#=R MZIE
by 1.47 1.0 9216 W 411(1152 / — K X8 1t &)
=g 7.95 5.4 | 9216 17%1(192 / — K X48 1t )

(7] & OPERELLEE D 7= 12 Euler —FAGE DT 21T o 7228, &) £ TiX Lagrange $i{ D a5
REINARA N ERDIEDRITFADT A NafTol, NUF~—7 & U TR RR BB OS5 4 £
L. I'&ff) ETo Lagrange Ko {-3tH OF I X D MEREZ Lhl L7z, B0 IRIRBERT B OGRS 113 105
FEFRTHD, dtFSEME LT, BT T /VIZ Dynamic LES %, AT T /WIZE 1~ v BBl 246
L. 6 TR AN BIAKRKLF A2 A LR AT o 72, TEE] L TR FOREZIThRWEE &
LT DOF R AT 5 EEITOWVWT, EREI 1000 AT v TOREFE ATV, 7' 7 7 A )VIESRA BS LTz,
WP 192 WA TEHRE L2, / — RY7Z0 o7 o 2T AT ) OFIKNSORK 24 7ok AL o7
BrrHbv 1D, /— FNT R RAEORBELHRT 5720 /) — K470 4 a2 THEHEZTo 720k
THY 2, KitrHY 205K 1HY 12T/, — KNT—FDOAEVIERNEIfTONTZbDEE
Zbd, o, BANAFBOZELZHRT DT OBRAR AR L AT v 78720 1 K720 Tide <,
100 KL F-DFHFE AT 2B D 3), TNENODHERZ Table 1.3-2 1CF & iz, TEE] LTI T
DEEOAMIZ I VR LRI~ T GFLOPS 528 3 #1220 5 Hlb3 56 Z L3 isd T 7=, Lk
MOERAT—NVEEE TEE] TT O ETORFEHEOIRYFNCHET 2R 2155 2 LN TE T,



Tablel.3-2. Particle calculation performance on FUGAKU

elapse time [s] | TECO | firs 1K

Wi t-7e L 479.2 84.7 1.0 192 1 51(8 / — K X24 7'rt R)
WHIE / — K 7

BT 1 768.1 578 | 068 | 192WSE/ —Fx24Tmt2)
1 particle/step injection
51 — K g

K9 b 2 649.8 683 | 081 | 192WSU8 /—RX4TmEZ)
1 particle/step injection

o 192 758 / — KX 24 71t R)

Hf Y 3 1626.1 41.3 0.49 100 particle/step injection
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IZ Dynamic Smagorinsky €7 /V[3] & 7=, BEAHIZOWTIL, f % Ok 10 BBO FiEX % —t Vit
Uz kv g, WK LR F-OFWRIZONTIE, PSI-CELL E[4lIc K VBB L=, T ALFNOLF
B & LTI, AROBGIRIC X DR, ARTF v — D[R (2 k) IS, K OKHEGR % B
U7z, R HEFEE Eq. (DICX v # L, RISV TIE, Umemoto & D ERRT — ¥ [5] % A
W R HEEIZ DWW TE, Eq QIR TH——KIGET VIV BE L, ZDORIGHE T A
— %1% FLASHCHAIN €7 /V[6lic kv RFEH -7,

Coal - a;CHy + ayH, + a3CO0 + a,CO, + asH,0 + agChar (1)

dVi Ei *
= = Aiexp (— E) VAR 2



ZIZTC, qilIRFNS 1 LR DB ORI TH D, VIR Lo SR &, A X OE IXHER 1
IR L R VR — VIR DMRA T 2 RER D ETH D,

F ¢ —H AEEISIZOWTIE, Egs. Q) ~GNZRT 02 B A2 b, CO2 H A1k, KO H20 HFA{LD 3 5D
BOSHRM A BB Uiz, F v — T AMEKISET M, CO2 ALK TN, HeO H ALIZ S\ TiX Eq. (B2
/~k9 Langmuir-Hinshelwood &7 /W2 E-S < WM RE o A €T V5] 2 iz, Oz T A{BIZ OV TiX
nth-order 7 V[T & o, ZAEND SOGTREE D BROSHEE T A — 2 13RI D & v Tz,

Char +0; = CO (3)
Char + €0, — 2CO (4)
Char + H,0 — CO + H, (5)

dx k1P
—=n(1—x)w/1—‘Pln(1—x)( 102 +
dt 1+k12Pcoz2+k13Pcota/ckaaPraotal/ckasPy,

k21PH20 ) (6)

1+bcky2Pco2tbcki3Pcotkz2Pa20+k23Ph2

22T KT RS OBUSE, iRk RITLICH T B A SMER IR, WML IERE, P
FALFRSIE, 0. bB LV ZNTFLARS KA DRERTEF VAT A= Th S,

SHRIEIZ20 T, Bas. (D~QDORERIG 2 B8 Lic, SMRISEEDSIICILT L=y 2k
70— v EF L Th % SSFRRMI9] (Bq. (12) % L.

CHy +50; > CO + 2H, (7)
Hy +50; > Hy0 (8)
CO +50, — €O, (9)
CH, + H,0 — CO + 3H, (10)
CO + H,0 < CO, + H, (11)
G= a7 1) + K (0( 7, T) - 6 (5.7 T)) (12)

2T, @SS OEERETH D,
#1121 Discrete Ordinate 72:[10]1 % fv 7=,

(2-1-2) it St

Fig. 2.1-1 12, ®5 L35 TR A7 — VAR AUFE OFHFEEE 7 H NFHFERK - OS—T 5K %
TR, BRI TH A 1E S THEZEDO L DA AWz, HALIF ORERSEE (B &t 13,
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L7z, NS HREAOXHGRHEOBERAIZIT 2 IRAFULENT 5 %D 1 KA LRy E2 7 Ly R LIz O & v
7o WEHEEATICIEA A T — ik a2 v, R Z1 0% 5x106s & LTz,
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(a) Computational

(b) Computational grid.

domain.
Fig. 2.1-1. Computational domain and grid.
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Fig. 2.1-2. Comparison of gas temperature distribution in the axial direction.
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Fig. 2.1-3. Comparison of product gas composition at the exit.
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Table 2.1-1. Cases performed.

Cases Unit Case A Case B Case C
Oxygen ratio ) 0.52 0.55 0.54
Coal input kg/h 100 100 100
02 Vol% 25 25 25
CO: Vol% 0 15 25
Ng Vol% 75 60 50
5000 B L I LI I T T I | L I L I T 1710 I L ]
4000 - | -
- LESA | ]
B LESB | ! i
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Fig. 2.1-4. Comparison of gas temperature distribution in the axial direction for Cases A, B, and

C.
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Fig. 2.1-5. Comparison of product gas composition at the exit for Cases A, B and C.
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Fig. 2.1-6. Gas temperature and concentrations of major gases for Case A.
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Fig. 2.1-7 Gas temperature and concentrations of major gases for Case B.
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Fig. 2.1-8 Gas temperature and concentrations of major gases for Case C.
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Fig. 2.2-1. Temperature distribution (cross section).
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Fig. 2.2-2. Temperature distribution (neighborhood of the wall).
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Fig. 2.2-3. Temperature distribution (center line).
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Fig. 2.3-1. Temperature distribution of coolant in cooling pipe A at time step 20,000.
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Fig. 2.3-2. Temperature distribution of coolant in cooling pipe B at time step 20,000.
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Fig. 2.3-3. Temperature distribution of coolant in cooling pipe C at time step 20,000.
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Fig. 2.3-4. Temperature distribution of coolant in cooling pipe D at time step 20,000.
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Fig. 3.1-2. Comparison of gas temperature at two axial points.
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MPI_Comm_spwan (Z X D EEVLE 2Bl L. v a 7 A2 U7 k225 FFR-Comb, RECOVAP_Coupler,
&Y ADV_Thermal Z#fGdIZ Ny 7 75 7 REITT L X O ICdEEZT1T -T2,

(4) "M vy PAF—VEEERE CO: HAX—E Yy (HEZRLVF—V AT LAR) A—/—vIa L
—Ya v
(4-1) B
AR 2 L ELREEE T L O—FETH 5 Flamelet 112 AT (BEHR 8 ) %8 X 72 Flamelet/ANN
(Artificial Neural Network) £ L, ZOFEEZHWZLES 231 2y 27— (KD 10
30D 1 FRE) ORETRNF = AT KA AR 50MWth fEBERS CO2 & — b IIRBERR N O EL
TS L-ANCEH 35 2 LIk > T, RFEOAFAMEEZERT L4 e Ls, b, 50 2 F
1T HPCI 26 g~ > Ok Cray) 2R\ 272, BB O Lo x itRxg & L, BEREE
B/ INRIC I 2 7= 3R A S L 7=,

(4-2) FHREFGIE
(4-2-1) BREEET V& KRR
AFEHTTIEL, Flamelet & L TKRDOEFE LD REX L HELAEEZ: Flamelet/progress-variable
(FPV) i£[5,6] 2~ — 2 & L BEMH D & OBGE I WELEERUAZ BB ATREICHLIE L2 b O & W7z [7],
Tl AT, EFEOX, EEERTT (Navier-Stokes HFHER) . IRA DR ZOMRTFR, S HEITEK
C ORAFA, KO Z L —h ORFXNTHR SN D,

(4-2-2) 3 FEMGA I T AR BED Flamelet 1%

PERD Flamelet V£ Tl BREF & BREA D DD U727 A RH8 0 B DFEAIR G K D BRIEED 112 5%F
JERTRETH VD . BB, BRLANZTIN 2 THAIM CO2 DWRIAZRSE, = DLL EOMSL U7z T ARM D DIRIA
BN DRMITHEAT D Z LN TE o7, & 2T AL 3 FEMIAT AT A A1k M 7T HE 72 Flamelet
LD EIT -T2, EOM&% Fig. 4-1 1277,

. Oxidizer
Oxidizer : -
ma--:.:.::::ﬁ_ﬁ _____ Shear Layer Flame

— i — ——

Coflow _?_’__,‘.-;—‘9' ~~a
== ~

Fuel BN N
Coflow Fuel

Fig. 4-1. Concept of three stream Flamelet model [8].

kD Flamelet 14 Tl REFHORAY O E B R 2 R TIREG DR Z 2k 2 2 L T, MBS ICRT
DIREFE BRI OIRE B AR, ZDMEAIC Flamelet 7 —# X—2 22 WL, BREEGE HHT 5,
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ZHUTx LT, AR Z1T o 72 3 FEMGAL T ABRBED Flamelet £ TiX, BEHHROE &SR (Ko
Fuel) % Z. Cooling CO2 DE 4R (K d Coflow % £ &L EF L. b oDk A fiE <
Z&T, 3 RMDMAT ADIRE BAZHW 5, 4. BILAIOEESRA2 Z & LT, Cooling CO:2
(Coflow) Z LAl DO—HR & EFT D & BLANCE £15 Cooling COz (Coflow) DEIE Wik,

__ 2%
Zo+Z;

(4-1)

EBITD, T2 &, SHEMGALT ZRBED FPV {EOLA ., Flamelet 77— % X—2OW & ¢ (X Fio T
Hzobhb,
¢ =¢(Z,272,W,C A1) (4-2)
ZIT, EfFE~FT TR IIEBETH Y . A HITEER D OB KA EE T H-OICH
WAHZ A NVE—ETh D, o, RIGETER Cl3,
C =Yy +VYy, (4-3)
THZB,

(4-2-3) =2—F /L%y hU—72 (ANN) (ZX % Flamelet &7 /L O

LA HII L 9 % Flamelet 7 — & X — 2O EHRE O KHET 5720, ZIKILO Flamelet ZE[H]
ICBIT SR TH DT —F N— A B IEERY ML (RIEHTCIOTIRZ, 272, W, C,AH) ORI TREY
HZEEEBEZD, THrTHZETHRKHERROUERAETYNT —HX—ZAZDEDNH/NT A —F X
7 NI LR AE Y ORKIEREIKIE 25, T 5 2T Flamelet 7 — % X — 2|2k % Al
BTH D,

RS & D OO T H RYREEZ R 72O DO FEFER S FET IR, 22 TET 4 —7 7
—=V T OFE Thbb=a—I VXY N —7 EROTREBORIEZEEMAT 5, FERICAREETHY
Hma—T0Fy hUT—27 T, ANEOR—% 7 o roidis — 2 N—RZEHOIEER 7 LT
H5 5, HAEONN—E T br 0BT 1 Th D, RIVEEZ ED LI ITRET 20EINAR="T X=X
Tho TENARPRBEILORNR L2 VGD, —INIZEREWIZE JBHTZ 0 ORX—E7 ha %
FEHEATRERBBOBIRIZZ S R0 . T _R—AOHBRMENREL DI ENBEZLND, LnL—F
T, Fv hU—27 2 RELTHUTREERFICB O TT —Z R_R—=ADIJERY M HIRBEIRRE 2 HEE T
LEEOFBEARMNEL D, T2 T, F v N =7 OERICB W TET —F _R— 20— E OFHIM %2 L
LoD2bry NTU—IRTELIT/NEL 725 LHITHE Lo, AMHTCix, FEHONRSEMEE LT, 7
—HRX—=2ADEE Fy b U =TI X o TER LTZBEOED RMSE 723, 7 — & ~— 2 DY H & O IR HE(R
72D 4.B5% AN & 72D LI LT, ZOHRMFO T CRITHRRIC L > T oy MY — 7 RERUITRRAVE D 7 8.
1EgH-0 Do "—kF hr i 9 b Lz, K3—%7 b u oo 3EE LB Swish[9] TE#H L S,
7T 4 <A Y —Radam[10liZ L > TEANEIH IND,

(4-2-4) GRS KR OGFHRAE T

Fig. 4-2 IZARfENT TxIG & LT BERFURBERR O (FH) ZoRd, x5 Li-oid, BET ¥ —
AT L AR 50MWth SRGERER AR COz ¥ — v ROWEEMN-41TH 5, AV A X — L REE
FHE, BR(LALREHCHY),FEER CO2 IZ KV IRBER TN D, FEHOBEIREIEILY — v v ARENK
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30MPa OBEESRMAFZIEE L TOD0 4], AlEBdSR & L7 RBERBRITBUE A O HIR2> 5 Ak 10MPa
TIT2> TV D, Fio, RN CIIEHRAR OO 72D, J-Me TR - 72 B Bids LIiER o 7 % 5k G gt %
T,

N

Fig. 4-2. Computational domain.

Fig. 4-3 |ZNTHS TR DR OR -2~ 3, R O VT, 224 930 7 % T 3,350 J71iE
TH D, RN FIEBICIIFHEZEMEDO 72D OBBHER 25T, WiRE2MZ57-DICHAaZK > T
50

Fig. 4-3. Computational grids.
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(4-2-5) FHESM:

AfEMTTlL, NuFD/FrontFlow/Red (FFR-Comb) [5-7,11,12]% 7= 2\ A—HiE Rk o LES % 3
M9 2 EEET L & LCIE, % Smagorinsky €7 V& W 2, JEMEMERIA A F— A% H, BEXIK
E7 /L& LT Soave-Redlich-Kwong(SRK)E 7 /L [13] % fiv 7=, FH& X, Table 4-1 [Z/R T TUDDFMFIC
ONTAT o T2, r—A 1 TiE, 2 BIERISET L (BUFISRT 2 B2 Westbrook CH4 K€ 7 /1[14])
Tz,

CH, +3/20, = CO + 2H,0
CO +1/20, & CO,

Table 4-2 |Z Case 2-4 THW/-F—# X— 20 %779, Case 2 TliX, T —F_X—AFEORIE)>
5 WohEE 2 LEREROSEEE LTWLHDD, F—F_X—2F&E(T 1.1GB LIFFITREL D
ZEMbnD, Cased DXL I WOHEHEKE 6 L S HIZ PGS, BEOT —2 X=X H\n5 &7
— X REITBB LT 3.3GB L VlRE OKRMEGEWD 1 27 B0 XY FELBA, B
REL D Z e THEIND, —J. AT VHBEOBBAMFERT 5725 ANN 1EE FW 78734 4 Fu iz
Case 3,4 Tlt, % WITH LT =G(Z,22,C,Bh) D 4 WTT—H_—2% WONESHEL, Thk
W HEICHET 5 L 91 LTWD, ZOfER, F— 2 _R— R CBERT —Z IS O BT A
—ZDHThHY, T—FRENRETNLI 0.48X103GB(480kB), 1.44 X 103GB(1440kB) & Kig 27— %
R—2ARBZHNLT D ENTETCND I EDRHERTE D,

Table 4-1 Cases performed in this study.

Case Combustion model Reaction Mechanism
1 2 step global reaction 2step global
2 3 injection non-adiabatic FPV(IW=2) GRI-3.0
3 3 injection non-adiabatic FPV/ANN(W=2) GRI-3.0
4 3 injection non-adiabatic FPV/ANN(=6) GRI-3.0

Table 4-2 Flamelet database.

Case Dimension Size
~ 5 dimensions:
2 Z{ X Z1 2 x W x € x Ah = 100 X 25 x 2 X 100 X 5 1.1Gb
3 o~ 4 dimensionsx2: 0.48E-3Gb
(ZyxZ; > x C x AR) x W =100 x 25 X 100 X 5 X 2 (480kb)
4 o~ 4 dimensions X 6: 1.44E-3GDb
(ZyxZ; 2 x C x Ah) x W = 100 x 25 X 100 X 5 X 6 (1440kb)

(4-3) FERKOBLE

Fig. 4-4 12, BRBERRIN A AR EE OB 34 % b UCoRd, [R5, Case 3 (3 FWGAAIENTEL FPV
/ANN %) OfESRIZ, Case2 (3 FEVKIAZIEWTEL FPV #5) OfEH L la—EF L TE Y., ANN O
BAICHEBEEL TWAH Z b5, Case2,3 © W % 2 HE(W=0.0,1.007>5., Case 4 TiX, W=
0.0,0.1,0.2,0.3,0.4,1.0 &%k A 6 ITHIO L- 2 & T, TR RORERENHR T, LirL, &
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Fig. 4-4. Comparison of instantaneous distribution of gas temperature.
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MiE A : NRELSMW J&H 1 A %#E & L7=E7 V&2 T, FFB 7»© ADVENTURE At /) R4
T 5 (BRREIE ST G D IKEE il T)

Table5.1-1~4 (& MBEIZ I 1T DN St 27~ d, TR R 38% 513, I oBERIRfz 2R3, 22
T, NRELSMW B HEDiElx 7 —7 ([al#z(RotSpeed,rpm), 7 L — Kt F(BIPitchl), 3EHE ~v 7
(GenTq,kN-m), J&EH(TSR)) % Fig.5.1-1 12”7, fEHTSMHIE, Fig. 5.1-1 OfdE I — 712 FE STk

T,
Table5.1-1. Simulation conditions for case A.

JELE [m/s] 6.0 10.0 11.4 (Reference) 12.0
m—Z A4 [rpm] 8.0 12.0 12.1 12.1
7L —FREyF  [degl 0.0 0.0 0.0 4.0
J& % LE(TSR) [-] 8.8 7.92 7.0 6.65

39— doe ] 0.0

es 15.0
Va4 kYT 0.1 0.1 0 0.1 0.1
EL i R L 0.19 0.16 0.0 ] 0.15 0.15
(Cat.B) (Cat.B) ’ (Cat.B) | (Cat.B)
fiRATIE ® @ D-1 D-2 D-3 @
50
45 —RotSpeed, rpm
—BIPitch1, *
0 —GenTg, kN'm
35 | [ —TSR.-

30

25

. /74

3 4 5 6 7 8 9 0 11 12 413 14 15 16 17 18 19 20 21 22 23 24 25

Wind Speed, m/s

Fig. 5.1-1. NREL 5MW operational curve.

1 B : NRELSMW 1 BEEH £ /LD Wake 3D 7= FFB, RC-HPC fi#hT 514
AISELE D 1B &ET 208, % G 5D Wake DR Z7HHR CTX 2 L 5 1% FICTEIKZ K< & 5,

Tableb.1-2. Simulation conditions for case B.

JEGE [m/s] 11.4
74 RYT 0.1
ELEAREE 0.15
FEAT IR D
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/8 C : NRELAMW 2 BEEO X 7 AfdETE T /L FFB, RC-HPC fi#tT 5§14
FANCHE A B 2> b5 6 =% 7 R E AL E O oL EGE 2 > T, &5 RO [RlHRE 2 228 58 L
7T e 35, 72720, FEAICHAREE DS U7 FHREE OZE X LR,

Table5.1-3. Simulation conditions for case C.

JEGH [m/s] 11.4

74 KT 0.1

BL IR 0.15
HfE bR B 3D 7D
AT ) ®

R D : Alpha Ventus (23317 5 RC HPC it D fighT 244

Tableb.1-4. Simulation conditions for case D.

JEGH [m/s] 11.4
T4 YT 0.1
EL i R L 0.15
RE LA T T R Alpha Ventus (AV10)
fAAT A @®

(5-2) FEETM 7 7 —
FHEETM 7 7 —%, LLTIRT, (AROCGBIIERD T HN T D50 THY . (On

FFB % W=t O TH 5, Table 5.2-1 IR B R CTHWZRT XA —F ZoRd,

A) TrETv

QU =A 7DV ERD S,

QEGEREAR « BEBBEESAMAICESE, ATAMI—TEHWT, HEXBZETT S,

QEHEME R - AFBIBEE A SE XU —h—TEZHNT, FREEBEREEZRD D,

(B) AD/AL &5 /v

QU A 7 2G0T GEZRD D,

QMR - BFBIBEE A SE XU —h—TEHNT, FEREEBEREEZRD D,

(C) FFB

QU =A 7 2G0T GZRD D,

ORVESES & ok

QEGEFE - B A BIBHE AR IE D & | U AREUCHR BN ELZ RO CHAER B L, FRBEREL
K5,
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Table 5.2-1. Parameters for AEP(Annual Energy Production) calculation.

ARSI e [m/s] 8.5
T A TNAARE (AR k) [-] 2.0
T A T AR REERRE o) [m/s] 9.6
ERH ) (kW] 5,000
28R [kg/ms3] 1.225
0 — X E [m] 126
7 — A [ fg [m?2] 12445
AN H (%] 94.4

(5-3) FFB |2 L D UK KR OV o7 LT

AKWFZET —~ TIESFTTEE £ TIE 15 2T NRELAMW JEH E 0 OB £ 325 L T &
7o, MEFR%A Fig.5.3-1 137, FRIEEFEBEMHRICKE S PHRER (FAST &WH Y 7 b =7 %148
). Kt Fine 77U v K (WA v =) (12X DK%, #i% Coarse 7'V v B (WA v =) (&
HRERTHD, MHARTHEDY ., Fine Grid I FAST IC LA PHIFER L IFIEF KL TBY ., ZivE TOWE
L LT FFB ZHWTREBEOMRAZEERSFHRETED Z PRI TWDH, PR 1 [Hli5h 72
H. 5 800 / — RZEMWT, 60 FFREIFEE DREIN 1) -> TR Y | BRI OHESCSKFEEZAE LA
ELEIATCERWI ENRETh o7z, B0 2 FEIL, DR LEeTFa—=rr iz FFB &
ME ) CEMES 5 Z L2k v, NRELSMW JAHL O HA s L OV v 5 A OiIViIENT & 3347 L 7=, Table
5.3-112 (5l BXO Mg OFEFF#OLEZ "7, Table5.3-1 1 R"T#Y, Fa—=r7Llca—
KNz Vg CEESEDZ LIcL 0, FHHERFEMIT 1I3%REICEfHECED I L2 MR+ LN TE T,
F72. B)FE PEET AV RT7 7 —AR2EKDO A== 2 b—3 3] T35 RCHPC flickit 5
JA\# Wake ET VO EEADTZHOY 77 L A7 —4 & LT, NRELSMW Jal 8% & #HfEE 3D (D
X7 L— NER) B L CESNCEIE L% o7 LR A PR E 40 MR L, K% O 10 [R5 O
NG E W L= 7 — 2 2B LT-, Fig.5.3-2 I2% > F LAFHEICE T % B wake DAL Al AL 5H
9, Fig.5.3-3 38 XN Fig.5.3-4 [ZJRHELIE DY 7"V o ZirEds L ONRES A 2 =7

Table 5.3-1. Comparison of calculation time of NREL wind turbine flow calculation

By M
BT A J— N 800 1,152
PR 1 A5 & 72 V) O FHRIERER] 60 FHiff/rev. 7.7 FFff/rev.
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Fig.5.3-1. Comparison of thrust coefficients of NREL wind turbines

Fig.5.3-2. Mainstream velocity distribution of wind turbine wake in tandem calculation
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Fig.5.3-3. Sampling position of wind turbine wake in tandem calculation

z/D=1.8 z/n=2.8 —— /D=3.9 ——
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Fig.5.3-4. Vertical distribution of mainstream velocity time average (30-40 rev.) In wind turbine

wake in tandem calculation
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(5-4) FFB = REVOCAP_Coupler = ADV_Solid2 (= & % —J5 [md sk MRt
NRELSMW BV BEEEE T /LT DN T, AJRSAED R DL T O 4 7 — A DO— 5 s pi i 2 5 i
L7z,
(A) TSR=7/ BEfg 7 L [ Sl 72 L
(B) TSR=7/ i g H v [ LA 72 L
(C) TSR=7/ HEfJE2 L | Sk d v
(D) TSR=7/ HStf@d v | S d v
(5-3)HZ/R LTz FFB I X B MR D 5 B B 1 [Blfiz/y 07 L— REREIAEY 9 2 M ks i
B DMK EREE 7 L — RREORE EREICER L, U EREREEE LTRBET L— RO
WraiToTo, MR~ 7 M—>REIRT MV OEBIZIX, Fig.5.4-1 12777 & 512 REVOCAP_Coupler
ETTANT H—~<y NEBOT-DD2—FT 4 VT 4 7 a7 LA L, REVOCAP_Coupler Off:
b, FFB O 7 ut 24 L ADV O 7' vt 2O G5 R UEd MPL 7' 2 212 X DWW HIFEITRMLET
»57-%, REVOCAP_Coupler DZFEATIIILK ITO TiTo72, TNLUNDZ—T 4 VT 4 70 7T AL,
TZ7AN 10 HERE LIEBRRFATI 07 T A THLHTH, SHREOT —7 A7 —3 3 VT THELT
L7-. F£7-. ADV_Solid2 |Z X BT b [A U — 27 AT —3 3 > CTHEJi L7-, Fig. 5.4-2. Fig.5.4-3.
KO Fig5.4-4 127 L— R 5 X, Y, Z AR 4 r—AF LD bDER LT,

MESH_RCAP.P* SURF.P* [ ffb_partilst.txt }
ffbsurftrac2rcap_all

[ trac_*.dat }

FFB

cpr.conf ‘

L trac_*.dat } coupling.dat ‘

rcap2advtrac_all

[ adv_trac_*.txt }

[ model/advhddm_in_*.adv advsolid-p

Fig. 5.4-1. Operation Flow of conversion from fluid force to surface traction.
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— (C) no boundary layer / with turbulence
— (D) with boundary layer & turbulence

Fig. 5.4-2. X displacement at blade tip.

— (A) no boundary layer / no turbulence
— (B) with boundary layer / no turbulence
— (C) no boundary layer / with turbulence
— (D) with boundary layer & turbulence

1 2 Time/s 3 4 5

Fig. 5.4-3.Y displacement at blade tip.
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6.5 — (A) no boundary layer / no turbulence
— (B) with boundary layer / no turbulence
— (C) no boundary layer / with turbulence
— (D) with boundary layer & turbulence

Z-displacement/m
P
(W}

2 Time/$

Fig. 5.4-4. Z displacement at blade tip.

F72. (5-3)&iT NRELSMW R #4 2 BESNIIERT Y T SMENTET MZONT S, HEREET
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REVOCAP_Coupler ® A > 3 = D FEFEEEL/NT A — 2 % LT, 7 L— RFm DR JEREz#E5]1C
BT HTECTHSTEN, 23— ROMEIZL DT —Z RESMPIHA LTcTod, ks Bth Lz, BIExHG
FCTh D,

(5-5) ADV_Solid2 } O ADV_Fatigue (2 X 2 B FEE ST

ADV_Fatigue |ZRE I N THEET W ES I H FHFMmET VA2 HD Z & T NRELSMW JAEH 7 L
— FORBEREGRNT 21T o1z, WHEMET VIEIL, O4mLbArT7r—R Uy b7 LAY XL Off
J& Goodman %A 7 7' 7 A, @Miner | 3 D12 L WK SN D, Fig.5.5 1 IZAWEIFfEITO 7 0 —F v
— haRT, G-DHEITHH L7z X 512 FFBIZ X DT 45 6 7 ik B IE 2 5 i ek & L TR
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23 ADV_Fatigue (2 L 2 BEEE H T ON )T —4 L2 b, ZOT—2 &b iz A4 7ua—h v b
TNTY XL EVEFA 7 NVEERD D, IRIZOGoodman % A 7 77 & @Miner HIIZ XL Y 7 L —
R EROEFREDO M2 HE T 5, Fig.5.5-2 [C@#IE Goodman %A 7 7 7 Lxrt, kI,
Paraview (2 &V BRI 57 7040 O vl Bk 21T 9
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[ Fatigue damage ]
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distribution

l

[ visualization in ]

Paraview

Fig. 5.5-1. Flowchart of the fatigue life model.

Ga“ R:'l

Fig. 5.5-2. Linear Goodman diagram.
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I CTH D 20 FEMN T2 EE LSBT L— RO REE 5% Fig.5.5-3 7°5 5.5°6 (TR L7z,
B — AT T R 5785 D B KB & & OFAEE PN — O ST FEITIC L 0 B 272 o 72,
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fatigue
l 1.000e-03

0.000500

I 0.000e+00

Fig. 5.5-3. Fatigue life distribution in case (a) (no boundary layer/ no turbulence).

maximum:0.052

fatigue
I 1.000e-03

0.000500

I 0.000e+00

Fig. 5.5-4. Fatigue life distribution in case (b) (with boundary layer/ no turbulence).

- -

1m11m:(5j014

fatigue
I 1.000e-03

0.000500

I 0.000e+00

Fig. 5.5-5. Fatigue life distribution in case (c) (with boundary layer and turbulence).
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maximum:(,043
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I 1.000e-03
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Fig. 5.5-6. Fatigue life distribution in case (d) (no boundary layer/ with turbulence).
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TAhELTHIEERI TS,
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(6-1) # > 7 LJEAHO RC HPC il & FFB DL

—E, JEEL T L— ROEHRIZE £ OB FIEIZIE Fig.6.1-1 IR &35 K 9 12RO KA CHERH] -
ZERETPTER SN D, O OWMEIBGIIREY = A 7 LI D, FRC, IO R SRR S 1
D EOKRBED 1 R 7 7 —AIZBW T, BRAANCSALE S 2 RE Y = o 7 TEE LT, Pl AinE
T2 B HEOREEK FCRENN O ERE T D ARRERS D, DD, ERANIALE T 2 EHA
T DREY = A 7 OFEEZ IE L FHMET 22 ENARAIRTHD, BEY A 7 ETILVOMELZD
el % Fig. 6.1-2 1279, RC HPC I TlX, MHE T L — ROEEOEEL T/ Faxo—H T4 L ET )V
WEVHBALTQWD, 77T 2ax—H 734 L ET/WILDT7 7 —F Tk, AREBAFOT L— RIZET5
WS OMNDRT A—L  BRIIZIE, BEY L— ROMEEWEEICBS T 22— R, ACAAE, 5ih
TR, BIMRENRLETH D,
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(a) Visualization by wind tunnel experiment

Near wake region
Velocity deficit

2 maximum
Incoming flow <

Transition region

Far wake region

Velocity deficit
minimum

Interaction with nacelle

Helical tip vortex

Brake down vortices

v
A

v

Approximately:
s -axisymmetric

-self-similar

-Gaussian

Interaction with tower

Shear layer

Wake edge

(b) Conceptual diagram
Fig. 6.1-1. Wind turbine wake.
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Type

Linearized Reynolds-Averaged Navier-Stokes (RANS)

LES

Fully-Resolved Geometries

E?ggﬁ::;? /W::;yl\:iz;el CFD Wake Model (Wind Turbine Parameterization Model / Physical Surrogate Model) Combined with CFD
Simulati
Wake Model) imulations

Nonlinear RANS and LES

#Jensen (1983) / Katic (1986)
(Park Model)

@ Ainslie (1985)
(Eddy-Viscosity Model)

#Larsen et al. (2007)
(Dynamic Wak Meandering; DWM)

% Create a Base Wake with

@ Actuator Disk Model

@ Actuator Disk Model
with Rotation (ADM-R)

@ ANSYS Fluent / ANSYS CFX
#Simcenter STAR-CCM+
s Commercial CFD Software

@ Actuator Line Model

#0tt et al. (2011) ®Actuator Surface Model

(Fuga Model)
% Implemented in WAsP

Eddy-Viscosity Model

| @Front Flow / blue (FFB)
@ 0OpenFOAM

% Open Source CFD Software
o

b
u .
|
-
U ' |
Increasing Cost / Fidelity

Based on A Review of Wind Turbine Wake Models and Future Directions, 2013 North American Wind Energy Academy (NAWEA) Symposium, Matthew J. Churchfield)

Fig. 6.1-2. Overview of wind turbine wake model and its comparison.

RC HPC Wi ClE. BAEGHHFIEICT BV AR AN ERR A 2 1 — RIS < (R ZE41EE
W5, LES @ SGS E7 /WL, FHRELEMEICEIL, M oREmBREME LI L LR VWIRA R A 7 —1
T NVERAT S, BT o VEBECIEY 7Y VRIEEAT S, BES EENGO R vy ) T T L
Y XA, BfREAE SR L Lo B IR A R AT 5, [ENCBET 2R 7 Y v REAIT SOR 1AIZ &
OREFGHE T 5, ZEMIBEOBEIRIZEI LT, cHRBITMHENEIC X 5 4 R RO ES 2 25 L L. 4 B5K
Oy DFAEREIETE 2 (N 26 1E 3 i ER 02 AnD, 22T, BEkHEEOREAIL05 &L, 0
RTINS L, —iAv7e 3 YRS EE R B 7255 DI A-FH A ¥ — A TiX 8.0 Th D, %Y DZEH
THIE 2 RS FE D50 Tl LT,

AREFE TN RIS TR Ge T D=7 R AT R — R — a3 v B o — % [SX-Aurora TSUBASA . JuM
REERERIABIIERAR L X —DA——a B a—Z L 25 5 [1TO], BUYLEIEAT D A —/ 88—z
Va—4 [EiE] 20,

BANZ, FFB 2 X2 KIFMEGHAE & g 5 72012306 L7z RC HPC MOFE R % Fig. 6.1-3 X Fig.
6.1-4 [ Z/RT, ARFEICEBIT DT MREILS HIIZEB W T Ax=0.5m, Ay=Az=2.0m OZEHEE Lz,
KO B Nx=1261, Ny=251, N,=231 TH V| #2583 7300 TR TH D, HRICHFZ]
L 5.0X104 TH Y, HERITEFH 25~50 (23 TRFREE 2 B L7,

Fig. 6.1-3 (213, WS EERSTRR] 5012 L C A X R IZ 81) 2 o el il (side view) %
7”7, Fig. 6.1-4 |21, Fig. 6.1-3 [Zxbis U 72 JBH T il 2> & rrAl U 72 323 05 1) (iR BE Rk 4y D 22 [ 53
fii(rear view) 797, ez, Fig. 6.1-3 (side view)IZiEH 95, TN E S AL/ m L, Bl
REINTBEO T L— R, T/ T —=NEKT D VA 7 OFEERZIT TN Z e N TEN
%, Fig. 6.1-3 (IR T IE O rIHUEAE R TlX, FMNCERE S 72 B E DA S 70TV 5 3L
(tip vortex)lZ, EIRMANCERE S B EH NS ORISR A T L, TUODREE LN LW F LTS
HrbBlEand,

43



Fig. 6.1-4 (rear view) CiZ. Fig. 6.1-4 (b)IZ7~" 3 Measurement station B % & T e[k I PN TOHE A,
Fig. 6.1-4 (a)IZ/~" 3 Measurement station A % & T e N OFE R & bul U C L W MR8 2R LT
D2 ENTND,

Measurement Measurement
station A station B /

Measurement line T .
-0.2 U-velocity (U/U,) 1-2

(a) Spatial distribution of streamwise (x) velocity component.

Measurement Measurement
station A station B /

O
3 o, ,“,k_/

- <.
Y haan, nd

Measurement Iine _:-
-5.0  Vorticity (w,) 5.0

(b) Spatial distribution of vorticity.

Fig. 6.1-3. Flow visualization in the central cross section of the span, Instantaneous field, Side view.
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(a) Cross section including Measurement station A (B) Cross section including Measurement
station B
Fig. 6.1-4. Spatial distribution of streamwise (x) velocity component visualized from the downstream

side of the wind turbine, Instantaneous field, Rear view.

WIZ Fig. 6.1-5 121, (B)FE THAEL Y 7 ARERREAFEDO A —/— I a2 L— 3 ] Tk
FFB (3517 2 i 7 17 ()3 EE Bl 53 D 22 8] 5341 0 WAL (BRI & 7~ -, 2 ZC. FFB ORI T 5
WICHREHZI 21X 1.567X 104 ThH Y | Fig. 6.1-5 (TR T MR SCREFITK 456 TH D, BE T L — RiE 14.4 [A]
RO RTH L, FFB Tk TEH] AW REBGEHRZ % LT b7, Al bR RIC b IEF
(IR BN FEHL STV DT H3MA 2 5, Side view ([Z7EH 9% & . RCHPC il FHELRE F: & [A4E.
TURANCERE SN EE T, BRI E SR EOT L— R, e, FT—BERT LT A 7D
BB ZITTEY JREY =4 70N TH L TV ARSI NS, ZO#F L LT, Rear view
IZBWTH Y oA 7 NORIMEE IR R EZRPHRIND,

Fig. 6.1-6 (2%, i M&HEER T OR35S O i (GREa 0 FERR - FFB, Ha0EHRRC) 2T,
(IR ~_72 k91T, REOFERTRT FFB T, IEFISHNREENBEIINTWD, —F, HEROFEHR
T RC TliE, FFB O XL 9 2l e BEIHH ST ieWnb oD, FFB O % BAFICHEIL L T
LT ENND,

Fig. 6.1-7 \Z1%, Eiii 7 A E Ry BRSO k2 73, RS o i Tiid 5 b oo RCHPC
FROFHFREF & FFB OFFH RS R o @R 72 25 8h 1380 L7 R 2 1572,
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Rear view

Rear view

| A= .

0 1.45
U-velocity (U/U;,)

1.5 . . r T T

—FFB —RC

0 0.5 1 1.5 2 2.5 3 3.5 x/D 4

Fig. 6.1-6. Comparison of streamwise (x) velocity component.
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u/ Uin

(a)Measurement station A (b)Measurement station B

Fig. 6.1-7. Comparison of streamwise (x) velocity component.

(6-2) RC HPC hiiZ X % Alpha Ventus fi##T

Wiz, 7742 RO BMW OEEAr—VBEO T A 7 I alb— 3 o0 Tk 5,
ZZ T, Fig62-1 IZRT RAY THDTOA T aT « U g R7 7 —2 (KEWEEE LRS5BT
To 5 TAlpha Ventus Offshore Wind Farm| Zxf% & L7=, ZOH% A MMIid, 5SMW O KBJRE A 12
EFEINTWD, Fig.6.2-1 12T X912, AEOr —# —EHECRFNTHIICAETOENIH L L
DD, Fig. 6.2-1 OAFKNIIRTJRH AR r— /L 2581 Lz,

AN Fig. 6.2-2 (2787 & 512 RC HPC iROVEREE &2 Rl 4~ 5 72, BEOBERIREEZ 3ER L0 b
< L7727 /L (MiniAlpha Ventus €7 /v EF37° %) ZERRK L. ZNEXIRICEHAEEZIT o2, T OREE
% Fig. 6.2-2 12777, RN RTFREAERITBEOZMAOM AR LI LD THY | 12 EORERNHZ
NENRE D = A 7 B S AL, Tl CIEEN G DT = A 7 PEHEITHAE TS L TW DR3BS
BElINT,

47



et . Actual photo

Alpha Ventus Offshore Wind Farm

mRow 1and 2 (1-6)
Repower 5M
Rotor diameter : 126m
Hub height : 92m

WRow 3 and 4 (7-12)
AREVA M5000
Rotor diameter : 116m Umspannwerk: 2R AT

1

92m

Hub height : 91.5m

NREL 5MW Wind Turbine

http://www.adwenoffshore.com/portfolio-item/alpha-ventus/

Fig. 6.2-1. Alpha Ventus Offshore Wind Farm.

-Aze2m
-ay=2m ?vid -
~Ax=2m

Tllustrated by T.Uchida
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Power law velocity profile with N=10 mEE 4=
-5.0  vorticity (0,) 5.0

Fig. 6.2-2. Mini Alpha Ventus Offshore Wind Farm model construction and numerical results.

(6-3) RCHPC filiDF = —=>7

RCHPC fii%, FfROICHERRAZ RB L, I'EE] 21X & Lctke RIS W CrdicBiET
L7 0T AR EED CTE T, @MEFE O E 22 D O%, FEEMEIRANT I B CRIEBEICRE 2330 5 1
TDFRT Y o FRERD AGFRIEE 73 % 3R fE < F+1ETé % Parallel Cyclic Reduction (PCR) {£T
H 5[], PCRIEICOWTIH, ZNFETwALTF a7 7 —F%7 7 F+ Th 5 Intel Xeon Skylake-SP. ['E %
LRI A =—a T 7 —%7T 7 F ¥ ThDH SGIUV300, X viaff&oxXy MRlTaey b ThD
NEC SX-Aurora TSUBASA # WX F~v—2 ZF L, WTNLDOT —F7 7 FriZB 0N THEWn
FATHRRZERTE L7 VA AL THD Z L aMEs Uiz, B 2 FEIX, PCRIED S 675 Edlt,

(&) COFa—= 7 LEITHROMREZIT -7,

PCR &1L, =FExMATTHIOMEE Tl bR Th 5 LU /3% 5tiZ L7z Thomas Algorithm % 3 41]4L
PR B fRECTH 5, Thomas Algorithm (FZFK T /LT XA TH Y, EEFHE OO 204787: SIMD i
BHRIR0, ZOFRKIIN—TOEIFETH Y . PCRIETIZE DEIFM 2 RET 572012, Fig. 6.3-1
T L D7 TiER) BEZEVIELITH, 1EO K ik, 52607 10 N s —k
FBRAIEFBFR D720 2D N/2 e, — R FRRAICOE I D, ZOEREEZEY RS L. 11— 251
=4l ONMO TEOHEAL 2D, HABEETIEIEAZAMIHET 5 Z LIk D,

49



Au=d
LUSBETIE. ifTTOABRREIL—T0E

booco 0 0 oD uo do TB/A. i=i+1CE e E T ICERTFY
a b 0 0 u 4 K& B, SIMDEELIEETEEL.

0 a b c 0 n = d
L ’ ' B< FRROME RN LD &S

' ' ' ) CERET D, 2B<AEHAERAOH A
0 0 0 - ay-1 by-1) \un—1 dy-1 AT T 3,

aiui 1 +ui +cui =di, 1=0,1,..., N-1, ZEROBATEIL—XRHER

@ (i-1, i, i+1)OEEKE MEOR x 148
s+ ui+ dugaa =, i=0,1,...,N—1, RKREEIEMHL LRI —RHRR
BEORG S &0, HERITES (i-2, 1, +2)OBE N2ABOR x 240
> UL

alui g +u; +cuipa=d!, i=12,...,N, MEHIREE 2D L R BT —RARER
(i-4, i, i+4)DEK NAEOR x 448

ERsCRENEL

Fig. 6.3-1. Reduction operation in Parallel Cyclic Reduction method.

Fig. 6.3-2 IZ PCR DO —x /v a— Ramrd, BEA~OFIE s 13RO REEZ R L TRV | Makh i
LT AE Y OBEVBEEND Z DD 5, BRATWDHEN.—RGRAOEIT Z Sk mfis
DT, TOHWBHI2EETH D, HEEDEE. d,a, ¢, dn, an, cn ® 6 Be¥ZF|H T 534 L 72> T
DT, FHEICLE RS 4Byte X 6 X 512=12kBREETH D, T & b LI-3tEEDO L1 v
v vath A T 32kBBETH L7, FHREICKHERT—ZTFT L1 v v =2ldflid, Lno>T,
ZHOA T A NIIREL 2D, B TCLLF ¥ v aNTT 7 ERAREL 785, EBEIZ Skylake-SP T
DFEITRED T 1 7 7 A WFER I BIE, Fig. 6.3-3 O L 512 PCR AR #pg 72 IR b~ TEAIIC
L1¥¥>yia2Dby MEREWI ERHERTE, T3 Y XLOFMEORILZ R L TWND,

RIZ, PCR E%Z & bIZEnd kT 5720, PCR DMz Ffd Benn b 2 By Tl CTlhod 2 FLEZFHAM L
Too ZAUT, MERIZMRDIRT Z LICKOERTZMEIT2 2L & 2BEFAITHOLND 4X4 DK
FHEBNIETHZ L1280 BF 2 S LI TSR0V 3H 5, Fig. 6.34 ICEDOMRERT, 22
T T U —AA =T HFHNEIZERT D per_esa & Red-Black 4—% VY 7 THEAT D per_rb_esa %
thig U7z, Original & 4X4 % Cramer O 5{E CEBEREET 5 FHEA IR L T 5, Cramer O LT
THHEA Y VT X0 GHEEPEGEINTND Z ERD0D,
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int it, iR;

. . ) 12 3 4 5 6 7 8 9
void CZ::pcr_kernel(const int nx, const int s,
REAL_TYPEx d, REAL_TYPEx a, REAL_TYPEx c,
REAL_TYPE* dn, REAL_TYPE* an, REAL_TYPE* cn,
double& flop) 2 skip
D
REAL_TYPE r, ap, cp;
4 skip
—

flop += (double)(nx)*14.0;

10

11

#pragma omp parallel for private(il, iR, ap, cp, r) 8 skip
for (int i=1; i<=nx; i++)
{
iL, = std::max(i-s,0);
iR = std::min(i+s,nx+1);
ﬁ:iﬁﬂf RF—TIELDs=1,2,4, - EBELL. XEY
e (1.0 - ap % liL] - e = 2L1R] ); 7O CIDEMEN D, BEOBE. clilE
an[;v] =-r*ap* a[iﬂLv]; C[J-J‘-,\,], C[wlaﬁﬁbtb\§®?1D—F~
enfil = - r * ¢cp * c[iR]; BREOBSII3O-RELS,
dnfil= r * ( d[il - ap * diL] - cp * d[iR] );
}
}
Fig. 6.3-2. Pseudo code of PCR.
© RB-SORL1$ I RB-SOR L2$
O SLOR-PCRL1% B SLOR-PCR L2$
190 600000000000000000000000000000000000| °
90
80 00000000000C 5C : : . 4
70
X 60 3 R
= =
I 50 I
@ ey
T 40 2 ﬁ
30
20 1
10
0 0

—ANMOTOLOMNONOTANMITNONONOTANMITNONONO
ANANANNANANM

—rrrrrrrrerrrr A

Number of threads

Fig. 6.3-3. Cache hit rate for 36 cores on Skylake-SP that has 32kB L1 cache.
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lell Performance of Each Method
1.6 {4 ™M Cramer pcr_esa
B Cramer pcr_rb_esa

1.4 mmm Original pcr_rb_esa
0 1.2 -
O
-
L 1.01
0]
g
© 0.8 1
£
£ 0.6 -
o
o

0.4 1

0.2 1

0.0 -

4 6
Number of Threads

Fig. 6.3-4. Performance improvement by direct inversion of 4x4 matrices.
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%, WEMRE Fig. 6.3-5 [ d, HAEMEREOWEX, [EE ©OFr 774 7L PMlib (2L 5 FE#iEA
BHU L MDD FHEEHRE TS, 707 74 TI3EMIAT 2 SIS L AR5 e HEROBIEL S AT
WHT, Ta s T h—THOEEEE T R LERIEL Y b 3ENEEEL R AICEREET D,
1CMG (12 AL v K) OHFEHACMG (48 AL v R) OLAHAY U L0 1.28 5L EOJHE
PERETH D Z LD, AEY A—7» MI 50GB/s FLE T/ RigEZ V] > TR A, K71
FYXNILIEETH D720, RN DHD, Ta2a—=UTHO 48 a7 ETRON— Ry =T h o X
OAEIIHEE 1 TFLOIPS & 720 | B —ZPERED 29% & 72 5,

PED XSz, #2472 PCRIKITILID v v v = A KE < K B/F fE, BifEEEEO & CPU
M, ¥y v vazfPRATES, A=—aT7OWIMESEHELT7LIY XATHY, [EE] I
BOTHEVERRERFET H 2 L3R TE T,

52



m EtEERE

[ALyF x 7°0ER] | SRR [Gflops] [GB/#)] [#]

220.03
12% 1 61.10% 5345  1.784(1.00
5 b (165.63) (1.00)
48 % 1 _ (616.85) — 0.479 (3.72)
FX1000 S
oy 12% 1 60.23% (205'3’3) 50.87  1.440 (1.24)
0] -
48 % 1 — (792.77) — 0.373 (4.78)

o EEWEOEINRIEPMIbOEESH AT > H)

e A—FTzT7HTEZHWCO)IE3E+ZWEERT

«  FX100000482 7 RITREOHWCIEIZ#E1,000Gflops, & — 7 th29% 0 RITHHE
«  PCRYAN—IFLIDF v v 2 BFAKE {, {EB/F. BMFAZEHEOSWVWCPURE
+  PREFETCHA'#h< £

Fig. 6.3-5. Performance results on an A64FX.

ARBFEIT ENORT Y IR T2 L | RS ORI BN 58— R G B
T5Z LN TE, 4% RCHPC FUTHAIAAL TV FETH D,
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[1] Kenji Ono, Toshihiro Kato, Satoshi Ohshima, Takeshi Nanri, “Scalable Direct-Iterative Hybrid
Solver for Sparse Matrices on Multi-Core and Vector Architectures,” HPCAsia2020: Proceedings of
the International Conference on High Performance Computing in Asia-Pacific Region, pp.11-21,
https://doi.org/10.1145/3368474.3368484, 2020.
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Fig. 7.1-1. Positions of heating elements : HE1 and HE3 are fixed. HE2 and HE4 are moved within
dashed squares for making variations of thermal distribution. Cross mark, which is X, of #1 to 8

are for training and Cross marks of 9 to 13 are for validation.
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(a) Input data matrix: O is assigned at all of ble:inks. }(1) reproduce 0 in activation functions of ReLU
and tanh.
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t: temperature at a
point

[ 4
ResNet T

(b) Configuration of convolutional neural network: a=b=6, c1=c2=c3=500, e=240

Fig. 7.1-2. Convolutional neural network configuration and hyper parameters and input parameters

design for training case A.
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Fig. 7.1-3. Evaluation result of case A: Temperature is normalized between 0.0 to 1.0. Blue solid line
is reference temperature. Red solid line and dots are predicted temperature. Under 0.7, which

means evaluation positions are far from heating elements, predicted t doesn’t agree with reference t.
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Fig. 7.1-4. Frequency and percentage of error ranges: over 10% error range accounts for 45%.
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Fig. 7.1-5. Positions of heating elements : HE1 has 3 levels of heating. HE2 and HE4 are moved

within dashed squares for making variations of thermal distribution. Cross mark, which is X, of #1

to 8 are for training and Cross marks of 9 to 13 are for validation.
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(a) Input data matrix: O is assigned at all of blanks. 0 reproduce 0 in activation functions of ReLU

and tanh.

d=axbxc,

axbxc, axbxc, axbxc,

t: temperature at a
point

(b) Configuration of convolutional neural network: a=b=6, c1=560, c2=280, c3=140, e=160

Fig. 7.1-6. Convolutional neural network configuration and hyper parameters and input parameters

design for training case B.
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11 1st Conv Layer : 560
. 2nd Conv Layer : 280
Last train error : +1.6736e-083 3rd Conv Layer ;148
Last validation loss : +1.010le-83 Dense size : 160
1 0 i Learning rate : +1.0000e-06 Filter,Pooling sizes : (2, 2), (2, 2)
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Fig. 7.1-7. Evaluation result of case B: Temperature is normalized between 0.0 to 1.0. Blue solid line
is reference temperature. Red solid line and dots are predicted temperature. 3 levels reinforce

ability of interpolation in the far area from heating elements.
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Fig. 7.1-8. Frequency and percentage of error ranges:

over 10% error range accounts for less than 2%.
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Fig.7.3-1. Control volume of horizontal axis wind turbine rotor modelled by an actuator disc.
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Fig.7.3-2. Lateral wake velocity profiles at hub height from several downstream distances.
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Fig.7.3-3. Vertical profile of incoming normalized ABL wind velocity.
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Fig.7.3-4. Vertical wake velocity profile at several downstream distances.
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Fig.7.3-5. The contour of cross-sectional wake velocity at several downstream distances from the

turbine.
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Fig.7.3-6. The contour of vertical wake velocity at several spanwise positions.
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(8-2-1-2) HAR S = x V¥ —52 (JWEA)

AARRS =R —%% (LLF, JWEA LIESR) 1, HARDR )= R/ F—2MHIR T, R D 44
ERD, BIRSE 14, MARES 400 45282 5, JWEA Tid, B3 /L X —F| BT 2 5t &
JERITHOWT, BHREiT ORI B K 2 B & L, & BAAE OM - BlE, ENAOFEE . PF7EHR L
DA EAT> T D,

4 EOKEEERE TR vF—] OFIT, F 1RO VR T LOREZIT> TV D,

£72. JWEA TIIHFESOBMEELZ LT, ZRETic MR hRENES). 17 L— R
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Fig.8.2-1. IoS-OP Consortium testbed service utilization scenario.
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(8-2-1-4) JIP (Joint Industry Project)

RN CTIEPE BJRDFEEBORIERK 2 2 MEAZFEBLL TE 7o, £ 2 T S NSRBI FEOH &
L T, #E® CarbonTrust (2 X 2 7 WM T 7' v —F %28 H L 7= Offshore Wind Accelerator (OWA)
=° Floating Wind Joint Industry Project (FLOJIP) 23%iF 5%, JIP (Joint Industry Program.
PEEFICREIRBRFE 7 0 77 L) LI, Sz B LT 0@E (F LRNBEFESR) DEED | BUFKE
B & ITHINBAR E A L, HINBATEE (R WHJEAT. A—H—, Bxar v ay) LEH#IC
W IBRAEMEEST 52 L TGO =— XM LI, LAV y VRO EWEINE A EBLS 571 7
TALTH D,

FIRBHAE ORI G L 70 D DI, HARBARKUE A% (TRL : Technology Readiness Level ) 7% 4

(FLRERBR O FENE) LA EOHEAiT & TR Y | @AFIH 255 & Lol 2 5BRRE 0 82 B L Twn»
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Fig.8.2-2. Features of JIP.
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Fig. 8.2-3. Benefits of participating in JIP.

misE BT TOo—F e

- REREET RO - OR ~BEEHN R

AN - BEEOHLSEMARXEROHBE - BB S FRAKENE S

- HBOETILIVA VR IT7—LRUDFTIFIZE | T5ILTHRTOERNERE
eIV %

s IR—T A M F—LHERT DEMEREN— - — &AL L= 1B D - O
AIZEE LgLy,

- BRIISMEOHTHE

- ENEA X ERATBIRE (A—h— - )avizE) B

BLLALY DR
- RBEXERVEICK S HEFEEHE (B+EmMED - REEFEE -FRENAT

EL,)) MFEIVRIEERTE S,
- REFEEFEO=—X (B - 3R b)) EHYTSA

FI—CODIVFUINEFE D,

I = = L I - SR
REEEEOIUUZT Y UIRRANALT A —F—XIVU=TFUY
3. FOAFILBELT B,

CRBEEEMNY RO EENFETLULITHER
TEDEOITH D,

ZHET, OWADHTHE, T=A 7 ETLVOMIE. ¥V a v R77 =L, Tryr—VREED
W7 —< TR A TE TV D, BEBEFEEN TRV 2y MNIEESNT 5 Z LI L0 Rk 1 b
74 ORPSERIRIATON T 5. Fig 824127 =4 7 EF AT ¥ LY VORUFv— I EROPI
BT, JITR BHET DY 42 FT 7 — AMO T = A 7 FRICE LT, 5RO Y = A 7 ET LTI
NPT &V S IR STV B,

71



Array Efficiency fsim BIAS = Nsim — Nobs MAE = [Nsim — Nobs|

100 10.0 10
75 $
95 8 L
j $ 50 —4 5 $
g ! - '
2 = 25 [} + — 6
R X
E s ) LJ S 00 ot ¢
2 ‘ < s <
5 ' & 28 ¢ 4 | ¥ % %
= )
? -5.0 ‘?
75 2
=75 L]
70 -10.0 0
anh dud orm rod wmr anh dud orm rod wmr anh dud orm rod wmr
) B 4 N
Anholt(anh) Dudgeon (dud) Ormonde (orm) Redsand 2 (rqg) B \Vestermost\l%q/ugh (wmr)
Alborg Kattegat ‘9% =l i B aaaa ] i
Bugt | s - | av 73,
Ay ) §\0\ —Nkm /’v/"”fo», 8 b 3\5 ‘
20 = ) \ \
50 b 120 SSELE N e ﬁ_.’ 8
; a1 | %* ol NG|
77 Ay oL ! '
N i &/
Mecklenbu Ev—%k A
a2 Bucht] 5= > et

Fig. 8.2-4. Wake model challenging benchmark results.
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DERIZ, BITERERE LTV —7 v a vy IBINFICARAT Y =27 FCTHBEHOA—R—v I a2 b—
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(8-3) IEA Wind Task31 ~Z ¥
IEA Wind Task31 ~DO S Efii & LT, Task31 OB/EDOIEERRILA A L7,

(8-3-1) IEA Wind D#f5E
IEA 1%, 1974 FIZ OECD OFNIZEXIL S 4, 2020 FERFF I THARZIZCD & T2 37 BIEMZMPA L,
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IEA O FiZ 38 Dt 7 77 2hd v, IEAWind TCP 1%, £D 5 LO—2\27 5, K E DR
DWFFERAZE . BURENME IOV T OFRIENFIRE L 705 & & T, TEA Wind OFCR  (BAFHELE A UE)
2 IEC OEBBUSICRIET 27 —AREZ< oD, ~HOOEBIEENIL, &2 M7 L7z KHH - /i K v 1T
DIVTW DN, HATEIZIIHE AR EBIfRICH 5,

IEA Wind OIFE) F#HE, 4 2 [k SN 58 TEZES (Executive Committee : ExCo) (23T
WD, EEWIEENL, T —~ Z L ITRE S D Task 1@ U TITdo4, 2021 4F 3 AFRFA
T 18 @ Task 23/E#E LT % (Table 8.3-1 XU Fig.8.3-1), HAIZ, D HHD 9 D Task (2L T
W5, T, BT L X — FEMEEFME T UZ VE— 3 U0 2019 0 h, BEEOBF RN
2021 EMLHFAZ A7 L LTS EiF bz,

EANTIX, BERNO IEAWind ([CBT 2 EEREMKE & L TERNEZESPRE I, 4 Task ~JRIET D
AWt 207 5 Task, HREOREELFHR FH 3 BIFREFR) LT\,

Table 8.3-1. List of IEA Wind Task.
Task 11 | ERERMIFHRIEHR R
Task 19 | EAKURICEITHRANEE
BAXEBAROBEASRATLOERE | mA. REX, EFH. X, #HEX

Task 25

EEA

Task 26 | BARENDIX + BX

Task 28 | BENWREEXOHEZANY AR, BEEKX, EBK, ISEP
BRI EERETA T — 2 BT ERETEHE

Task 29
TILDHRER

Task 30 | ¥ EEEHENRAEH O — FLLE - #RETE RKR. BXBEH=. RCCM
DAY REITF7—LRNETILORLF | B WINC, EEFK. AT ZIHEREHH
Edant/]
Task 32 | BEHBIS A F—DEHRE~DEA =B, CTC. FE#HE. GPI
Task 34 | RAWRZBICE T H2REZEZDIERK
Task 36 | BAFKEFE
Task 37 | BRAKE LR T LOEKREET
Task 39 | KEREEE
Task 40 | o> 1 o FREL AR, WEIT, BiL. E#HBF. BX
Task 41 | FBBE T RILF—
Task 42 | HFanERFE
Task 43 | 7221 )E—2 3>
Task 46 | BEEDOEE EEHAER

(2021 4£ 3 AHI/E, KF0° H ARSI Task, HHIRSIMBEE, )

Task 31
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2015-2020 STRATEGIC PRIORITY AREAS AND TASKS
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Ressource and Site Characterisation

2010 {Task 31 -Wind Farm Flow Modeling | | |2020
2011 |Task 32 - Lidar for Wind Energy |1 | 2021
2016 |Task 36 - Forecasting ] 1 12021
Advanced Technology
1987 |Task 11 - Base Technology Information Exchange | | | 2021
2001 |Task 19 - Wind Energy in Cold Climates [ I 2021
2008Task 27 - Small Wind Turbines in Turbulent Sites 2018
2008 [Task 20 - Analysis of Aerodynamic Measurements | | 2020
2010 |Task 30 - Computer Codes and Models for Ofshore Wind Energy (OC6) J ] 2022
2018 E(%-Quletwmd 2020
2018 [Task 40 - Downwind Turbine Tech. 2021
2019| Task 42 - Life Extension 2021
2019|Task 43 - Digitalisation 2021
Energy Systems with High Amounts of Wind
2005 [Task 25 - Power Systems with Large Amounts of Variable integration | ] 2020
2015{Task 37 - Systems Engineering ] 2019
2019| Task 41 - Distributed Wind | 2022
Social, Envir tal, and Ec ic Impact
2008 |Task 26 - Cost of Wind Energy 2019
2007 |Task 28 - Social Acceptance of Wind Energy Projects 2019
2013 ITask 34 - Environmental Effects of Wind Energy (WREN) | 2020
Communication, Education, and Engagement
201 [Communication Strategy l ]2023

Fig. 8.3-1. Strategic priority areas and tasks 2015-2020.

(8-3-2) HMZ ik
HFE & (Topical Expert Meeting : TEM, LA R, TEM &FES) 1%, BEMFEME OHAME R H#L % 1@
CCREFEM RS2 2 2 B L72&i% T, Taskll OiEEh & L TiTHiL 5, Table 8-3-2 ([T D
TEM O ¥y 7 %59, TEM & U Cikam SALICHIEBARE 7 —~ 0387272 Task & L THET L7 — A
%L HDH, IFEOTEM OEEEZ R E, To~—2 T AVANIFELEALET, 20 2ENRRIIOH
WHREDOA =77 4 T 2B > TV LRI E VR D,
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Table 8.3-2. Recent TEM topics (bold letters are new tasks).

£ | No. FEwYY BifE B RifEE

102 | Airborne Wind Energy (ZEFfEE) 2020.9.23,24 Fosq4
Hybrid Power Plants Challenges and

101 2020. 8. 24-26 b i e (Y

Opportunities (/\4 J1J v KHEE)
Aviation System Cohabitation (FiZES R T L

100 2020.12.8,9 FTroo4 Y
2020 & DML)

Floating Offshore Wind Arrays GZE{AE LR

99 2020.7.15,17,20 | #2414 >
HEE)
Erosion of Wind Turbine blades (EEEDE -

98 2020.2.6,7 TOR—Y
B®)

97 | Wind Farm Controls (4 > K2 7—L%I#) |2019.9.25 545

Wind Plant Decommissioning, Repowering and
96 | Recycling (RAHREBFRFOHEE. UV ITL—X, 1) | 2019.11.14,15 A432)7

HALO)I)
2019 Improving the Reliability and Availability
95 | of Electrical Infrastructure Components (& | 2019.4.8,9 HE

SR EHNADEEERUVFEEHER L)
Large Component Testing for Ultra—long Wind
94 | Turbine blades (BERREEZEDKFEERI | 2019. 2. 25, 26 KE

E&)

93 | Wind Turbine Life Extension (BEEFdER) | 2018.12.13 FToR—Y
Wind Energy Digitalization (AT RILF—

92 e 2018.10.4,5 KE
DTFTENVE—T3Y)

2018 Durability and Damage Tolerant Design of

91 | Wind Turbine Blades (REZE DM A MR UMiHiE | 2018.6.12-14 KEH
fE,IEEXD-I-)
Community and Distributed Wind (H&t&E )

90 2018. 3. 26-28 TUR—D
2azZT4)

AT 7 MCBEET L FE Y ZI2o0n T, HF - KEBEL TRT,

Table 8.3-2 IZBWC, AV =2 FEMET S My 7 2FF - KEABEL TORLE, T4, EE
DRI RT A 7 2 A L@ LB A FORRICE T 52BN EE L > TEY . bl
A—=R=vIalb—ya UPNEHINDAREOSWER DS Th o EE R DM, BUE, BAND
Task42 FiER L\ Taskd3 TV X VB — a ZFSM L TV, 723, Wind Europe (BRI JE )
THNF—HR) OEFRTIL, AEERLZZEZ 2555 ) U ) 7 BRI RWIGE ZFMIER &S,

@?‘J‘l‘l&tl:“*‘é& JEGEAME < | ELIEIRE S @V HARIZEBWT, @, RBEE 2 X NOEBRETLH729

ik, Fam Tl FaER, R ERORE T, o B HECE K O A 21T O 72 8 O EkE EE R0 57 R AT E
T, %E%iaﬂﬂﬁ%Tﬂ/&U\%h%@%T/V%Faﬁ%éﬁ“é TEODA—=N—= 2 b—a VIRKEEEZ
bivd, o, BAFEOENERLZFZBLT H7-01E, BAERENFEOEAN G RERV, 5%,
FAAREE FRVEAC S, RV - Ll — Mﬂﬁ@&fﬁ%ﬁ%&%i%@ B LEZBND, ARTE BJRHRELE I
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BWTE, REEEREZEBETHI2MLERH D7D, HFRNEAE|Z LT, JBEEm T, mESET, L9
HHEZ2 D . BT VORI, A— "= a2l —3 g 8 Al OEEEERA G SN S,

(8-3-3) Task 31 MNETNVEKRY oA 7 ETNDORy F~—7

Task31 (X, MNETNVKRY =4 JETNORF~v—0 707 T AT, FETNVOMKERNE, €71
FEFIEDO G ERAEZ L, EEAR V&V 7 L — AU — 7 2545 2 L 2 A e LI-EBRIFERIEE Th
Do MIFEFEBHIZ, V4V RT7 7 — LA —)b VU TNT oA INBIRED VT T T AV RS
— (RRAT =), MERRr—/L, a—Z 25— b ZOMREPIRL TEI,

VA FIZ4 Phase (2B 2 3ENAEZ/R~RT, K¥ A7 X, Phased (2021 45 HET) TR TTFETH
Do

Phasel 2011 F~20144F : v~ 7 a2 A—/)LET /L, V& 7L — LU —T DEFE

Phase2 2015 4E~20184F : A7 — )L AYLIR L 727 L — LT — 7 OREE

Phase3 2018 4-~2021 4 : EHEH) V&V kRS, EFSHES 218 L 7= pEF i
F—=F YA T AR Fv—T

R F2—7OF =X, JAFANDL 7 4=/ RIZED | FEOHZEHE N O 25 0T — 2 Bt s
72, Fig.8.3-2(c v F~—7 O—E, Fig. 8.3-3 ([ZMiEHT —& Oy, Er - EiTa 7,

Ry F=—0 70l T AOERHT->TE, RN F~v—raIa=7 4 OFRE - HE, T—F RO
WICBET 21— (REFERLSVET 72V EY T 1) ORE, RvF~—27 VAT LAOWERTD
N, Iz HTARTALELTENT LD, £, EXUTF~Y—FT DT AN —ADRANTZ 7T
4 A (BERFEH) OHA FT7A4 2 bIEK LT, Fig. 8.3-4 ;N Fig. 8.3-512, v F~— 7 HitfT—#
DT I7EIEVT 4 LNVDOEBRORF~—7 Tkt X %R,
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Fig. 8.3-2. Task31 Benchmark list.

EXP Type |SCALE RANGE |Stabili REGIMd LAND COVER OROGRAPHY WIND FARM OBSTACLES
3 i
A 5
= w L
% 8 B c
2 g £ 2 ® c L 2 oo,
w w e C o o o _
ol s £5 2 ,£8 _ -z fl, e iS85 8
z |2 =2 5|57 -2 4 228 2§ _ FTE=zF-|¥SFEEEAL EE
g |8TEle |=3.3efg8cEEeggegitalEZ25 gy B8
s & a o |8 E | > 8@ v o |8 & & g g2 g3 2 g v 4D D g P
S 2zl ig|s|sEREEREEd e S Elp S0 ElEEE oS
T| = Q B = © 9 ©o = = |3 © ® <=«
Benchmark ID ESs8|Ez:5|8d%[(2Fs5228s8 22858488 8F 8|§85% F|88 855
Alaiz_Neutral x| x x| x X X X X
Alaiz_Sensitivity x| x x| x X X X X X
Askervein_Neutral x| x X X X X X X
AxisymmetricWake Neutral X X x x x X X X
Bolund_Neutral x| x X X X X X X
FurryHill_Neutral X X X X X X X
HomsRev_Neutral x| x x| x X X X X
HomsRev_Stratified x| x X X | X X X X
HornsRev_Turbulence x| x x| x X X X X
HormsRev_Spacing x | x x| x X X X X
InfiniteWindFarm_Neutral X X X X X X X X
Leipzig_Neutral x| x x| x X X X
Leipzig Stratified x| x X X | X X X
Lillgrund_360Efficiency x| x x| x X X X X
Lillgrund_Direction x | x x| x X X X X
Lillgrund_TISpacing x| x x| x X X X X
MoninObukhov_Neutral x x x x X x X
MoninObukhov_Stratified X X X X | x X X
NorrekaerEnge DataQualification x| x X X X X X X
NorrekaerEnge PowerDeficitl x| x X X X X X X
Norrekaerknge PowerDeficit2 x | x X X X X X X
RisoWakelidar_SingleWake x | x X X | x X X X
SanGregorio_FreeFlow x| x X X X X X
SanGregorio_Wakes x| x X X X X X X
Sexbierum_SingleWakeNeutral x | x X X X X X X
Sexbierum_DoubleWakeNeutral x| x X X X X X X
WavingWheat_Neutral X X X X X X X
Fig. 8.3-3. Types of verification data.
Source Level Quality Quantity Cost Main advantages Main limitations
Fit-to-purpose in Difficult extrapolation to full-
Wind tunnel Linit High High Low  idealized controlled  scale due to partial
emdroment similarity
Field Fit-to-purpose, with  Ktoo idealized, it may not
experiment Subszystemn  High High High  well defined inflow be representative of realistic
conditions wind farm conditions
Long-term databases
of high-quality metec
dat g ”t" Mo access to prototy pe
. . ) i a in well- . .
Test site Subsystern  High  Medium  Medium data. Corflicts with
documented and . .
o commercial experiments
realistic site
conditions
Resource . Long-term reference. Lack of stabili
Subsystern  High Low Loww gie iy v
asse ssment Healistic conditions  measurements
Fit-to-purpose in o
Aemote Subsystem Medium Medivm  Medium r@a]is;lijc rufoondi'tinns Uncertainties in complex
= nsing ¥ = flow with monostatic devices
long range scanning
Poor data quality of difficult
Wind farm ) Access to power data quality-check. Usually lack
System Low  Medium Low | - . ' i
SCADA in realistic conditions of undisturbed (inflow)
mateds measuraments
; hcoming flow, wake | i
Test wind ' ' ' ng Fow Limited to flat terrain, small
System High High  Medium flow and turbines .
farms sites

response
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Fig. 8.3-4. Accessibility of validation data.

Level Definition Source Duration License
Data freely available from a web- Public website, . Green or Gold open-
0 Open-access ) Unlimited
based database journals access
1 Public Available to the public after Public websites, Unlimited Hybrid open-access,

paying a fee joumnals Copyright

Available to registered users of

. L Private website Membership  Terms and conditions
a senice, association, etc

2 Members-only

3 Project-based Awvailable for project members Private website Project Consortium agreement

Available for a group within a

4 Group-based . Private website Task NDA
project

% Individual based A\allablg fqra delggate of the Prlvgle . Task NDA
owner within a project communication

I Private Only the owner has access Fully private Task Unlicensed

Industry
Experiment

Anonimous
Participants

> 7. N

Benchmark

Manager ﬂ Simulation data
[ Simulation data -
Fublic
Consortium Benchmark = Participants
Agresment [2 Results ]
[H ]]] 3 Publications 1 Biind
¢ Group-based
Open-Access 4 Project-based
4 4. Ope=n-access

Fig. 8.3-5. Data accessibility and benchmarking process.
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