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Development of 2D version CFD Porous Disk Wake Model and GPU simulation

— Reproducibility of measured data at the Alpha Ventus offshore wind farm in Germany—
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8, #9 : Hub height, H = 91.5m, Rotor diameter, D
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ZEHHNBAFE L7237 5TCFD Porous Disk Wake Model
[1, 2]D2RILCFD~DiE H &, GPUY 2l —v =3
(Linux-OpenACC, Windows-CUDA)?DE A& HEL7=.
BEAED LT T A VBT L OFER[3, 4], KA THID
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1) TéHAlpha Ventus Offshore Wind Farm (X[1%%
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MIRERBEISNTND.

2. CFD Porous Disk Wake Model D FE = 1t

AR D L R A LL FIZR 9. CFD Porous
Disk Wake Model®7 A7 71, K54 B2\ VT
E(Fv /) EET METHFIEGE Y/ E—ET Ve
MEND) %, JAEY A7 DET I AL AT
HOH(X2EZM). T72bh, BREDOF v /B — % AN
I T A2 TR ARSI O R, BET L —R
AT 52 L CRUE A HIRES AR RICEH L7

= 116m

12 wind turbines, six Repower SMW (#1-6) and
six Areva M5000 5MW (#7-12)

https://academic-accelerator.com/encyclopedia/jp/alpha-ventus-offshore-wind-farm

X1 RAYTHDTOA T a7 U4 K7 7—LThDHAlpha Ventus Offshore Wind Farm (SMW X 12)

Galion G4000
scanning lidar

*OBFISHEI2HTH B45EE S =X —FIH S AR A TRHE
*2 =8, UM KPS J1FFEET (T 816-8580 4 H i H AAE6-1, #ARSE: takanori@riam.kyushu-u.ac.jp)
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Type
Endi ing Wake Model Fully-Resolved Geometries
ngineering Wake Model
J o 9 ) CFD Wake Model (Wind Turbine Parameterization Model / Physical Surrogate Model) Combined with CFD
(Empirical / Analytical ) )
Simulations
Wake Model) . - -
Large-Eddy Simulation Nonlinear RANS and LES
#Jensen (1983) / Katic (1986) @ Uchida et al. (2020) @ Actuator Disk Model @ANSYS Fluent / ANSYS CFX
(Park Model) (Porous Disk Model) . . N #Simcenter STAR-CCM+
®Actuator Disk Model with Rotation (ADM-R)
*Commercial CFD Software
®Actuator Line Model ®Front Flow / blue (FFB)
4 0penFOAM

#Actuator Surface Model
# Open Source CFD Software

Actuator Line Turbine Model
« Mt

Increasing Cost / Fidelity

X2 JRHEY AT ILONHE, —BEN LTI, Ea0FEENCED Porous Disk Wake Model
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BB FHE F1EIL, T L MRS R RS g A X T — R
RA& IS S &, BEFHE FEIXE R ZE0EE Ve =Con kT 4
SGS MTS™es S

V5. LESOSGS ModellZi, FHEZEMITEI, 22D

BE R B AR LB L LR WR AR A — LB T L 4
ZRMATHEG) ~HK(11)). BT v HEEICIT T, :[ A ] N Cr )
TN EEHA TS, MESEE NGO TV TT o

NAVR NI, BGfRiEE FRE L U35y BE RS A8

5. BT 2R7 v S EERITSORIZIZ LD % k., =W, —1,) (6)
AT 5. ZRIEOBEBALIZBEIL T, st
PSR DAYHRIE L 307 % SEREL L, 4RSS O RS ~ 1fem v,
HEPETE A IS B (16 IE3 YR IR 1-564Y). 22T, % % =7 5. T o ™
RGO EAT0.5EL, ZOBBIT 43S S
To. —HREONTE S IDI YRS EE AL 1555y DT - F S| z(zgﬁgﬁ)l’z )
AF—LTII3.0THD. 0 D% MBI UK Bl
ZE T ILZ, ABFEClE, R TRl L7230 A:(AX A, .Az)m 9)
CFD Porous Disk Wake ModelD$RE 5 [8l(z 7 [6) DR
TEEHME LI 2R TECFDO A 2 MET 5. Zhusfiv, Cyrs =0.05 (10)
K3~ AR TLESDOSGS ModelbE IS L7-.
C; =10.0 (11)
L) (1) F =-Cy.-f u
ox, i = TV“rC’ (y/R,Z/R)-ui-V (12)
R : Rotor radius
V=AU +V2 + W2 (13)
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3 BIFDIZEVIAVETINEDLEE

ZIZTIE, BEF O L¥ Y A 27 7 /L (Analytical
Wake Model)D5%H[3, 4]&, CFD Porous Disk Wake
Model D2 TLEH R OFEF(LA%, 2D CFDET /L LI
LT D) LD A R ARFIE TR E LI FHR SRR,
JEGEH 10m/s, AT AMEHL0.8, ELITHE0.12THS. 22

Measurement line

2% 5ThRCFD Porous Disk Wake Model D...

T, B—XERIIDTHRELT L. M3EX4I12iE, BE]
BOBA DI Z/RL, KSIZIZME2S KOS E D
AT, WTNOEAICE T, A% CiRed
52D CFDET /L, T %7 = A7EF LT HE R
A HH A RE CTHHIENRENT.

Measurement line

BFILR:B
ARzt £5E
EhFRE:15

000  U-velocity 1o

x/D

X3 Ej A mEEO AR, () Ishihara-Qian analytical model, (4)2D CFD porous disk wake model, JEEL1JE
T¥E7)L: Analytical wake model
U-velocity — FTEETFILTIISDEINGFE — NOJ model EWNEIELE
+2 T ZilEES
. | — Fuga model | =i
lee, : \ v . TFESIVEE
0.8 ___ Bastankhah
Gaussian model
06 ____ IEA37 Simple Bastankhah
RN Gaussian model
0.4 ) B 20 R ] [ PRI viviresvisbt oot A
o 2TEETI : FEERRER — Ishihara-Qian model
/ + CFDETL : EFEFRLR
02 ASEE Sﬁiﬁﬁ};ﬁg TFETICRELEME . Present 2D CFD model
o 1 2 3 4 5 6 7 8 s 10 x/D
44 Measurement line b > =305 [ BUE D L, (5E#)) T2Y =A€7 )L, (L2 7R)/1)2D CFDET /L, JaH 1
15
y/D
0
-15 BFELR A, BRZE(L: £5, Einfai:15

-5 0 5 10 15 20 25

oo X/D

x/0 I

00 U-velocity t

XI5 i 56 JEEE O af gk, (Z2)Ishihara-Qian analytical model, (47)2D CFD porous disk wake model, JEHL25%&

25

0.00 U-velocity
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AKAFZ2TlE, A2D CFDET LOEBEF|HEZEEL,
AR OB B LA X D720, 27 /L GPUIC
IomE kAR L. 22C, KBIOR T RE RO
Haxtgl Lz, BSonifREX6lZRxd. 12270
CPU O ## B Lt #: L, Windows-CUDA T )51,
Linux-OpenACC ClIIAI 715 D FH IR O g I i L
= VU VGPUIZE T BRI R CThD.

Windows
Multi-core CPU

Windows-CUDA [JJIRIERNDY

Xeon W-2265 (12core 3.5GHz)

___———

Single GPU A6000 (48GB) JRESELET=5% - Single GPUIC & B AIBZASHE
Linux-OpenACC 7R EOmERICAN |
Single GPU (EEETHNBETRET)

0.2 0.4 0.6 0.8

X6 >V VGPUL~/LF a7 CPUDELES, B H 1L

(S}

. Alpha Ventus Offshore Wind Farm CHF & 1=

=857 —24(Scanning Lidar Data) D B IR

ZZ T, M1IZ/R LTz Alpha Ventus Offshore Wind
Farm% %82 L7= 5|7 —#(Scanning Lidar Data)&®
el A R 3[5]. ARTFER T — 1%, TR R SRR E S
N7-Galion G4000 Scanning LidarlZ XV EUGSH T,
7 &8O A B T, ABFETIRE T 52D CFDE
TITE BV R T 7 — LD FER T —Z DB ENE
A D E AN FHEBLATRE ThDH LD RES .
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B GREE25
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Measurement line

| -

0.00 U-velocity 1.00

2D CFD porous disk wake model, R[4

U-velocity
12 :
11
1
0.9 P
g8 L e
06 [ - N, ! S
8;2 - o = @ Scanning lidar
0.3 |
— Present 2D CFD
8:% 1 #7 #3 #9 T model
S0 1 23 45 67 8 9 025141600 n 5 M
x/D
Y : S : s
[X]8 Measurement line 0> 3= J5 1] JEGE D Lz,
(9#3) 2D CFDET /L,

(327K )V) Scanning lidar data( 3|7 —4)

6. HEHYI<

2D CFD porous disk wake model*GPUY =L —/3
YEMBEDEIAFIEZ, BAM A O Industrial
wake model&LC, KBUE 74 R7 7 — LD 5
RENTIE A TR CTh 5. KRB FIEDORRKOF| AL,

2% 5THRCFD Porous Disk Wake Model DE...

KNIRTINNT, KB oo R 77— A~ H
DD TR ThHZEL, EHEORERICERNL-E
MEZRJRH A 7 DIEEF M E T B G E L TE5
D, 5H%IL, I—AT TV TR EDRE T =AY
OHIETFIE~OE A EZ T 5T ETHSH.

= o

B9 KEHEE B K7 7 — A(JEE 12558~ it A6

AAFZE1%, IST A-STEP JPMITR221C, JSPSEqHF#
21HO01574, (FR)L—FATF T —R—)LT (T ALD
PES LRI GE D KA 1T -, Z2ICFE L U o &
EERLET.
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