SN KREZZ2MTIER Y R b

Kyushu University Institutional Repository

ZANAVRY Z7LAVIND MZEBREDIA VD
METSHICEAT 2 REEREBE I 2L —3y @ D
T4 JMEBADOEGRZERIE=DFAIFBEMRE

MNE, 2R

FINKZIGE DR - HEHIR

INEF, R
AMAREEREBFRER LY 5 — : KT

fRE, BAHE

Department of Mechanical Engineering, Toyohashi University of Technology : Professor

=, AR
RRAERLETLRIRR : HiR

ftt

https://hdl. handle. net/2324/5208225

HERIEER : Journal of Wind Energy, JWEA. 45(140) (4), pp.71-82, 2022-02. —#&#tEEAN HAR N
IXRILF—ZER
N—o30:

HEFIBAMR

W, KYUSHU UNIVERSITY




b

X

RINAVKRY 7 LA NI Z&D
BREVIAVDHEBEFTHICETIRAEREIZ2L—23Y
— ) IAOFEBADFEHEREREE DT REERIE—
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Abstract
In the current project, the first author and the second author play a central role in conducting
high-speed tuning and wind turbine wake analysis of the supercomputer version of RIAM-COMPACT. In
this report, we applied the supercomputer version RIAM-COMPACT to the wind turbine wake simulation
from the wind tunnel scale to the utility-scale wind turbine wakes. As a result, we clarified unsteady wake
aerodynamics of wind turbines including multiple wake interactions with high precision and high reality.
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Fig. 1 Wake characteristics
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Fig. 2 Overview of the wind turbine wake model and its comparison
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(a) Numerical results of

the upstream wind turbine

4 3 -2 414 0 1 2 3 4 6 8 xD 10
: N TEmE T
® 50 vVorticity (w,) 50

(b) Numerical results of
the downstream wind turbine

Vorticity (w,) 50

(¢) Numerical results of two wind turbines
Fig. 3 Spatial distribution of vorticity at wind
turbine hub height, instantaneous flow field,
top view, RIAM—COMPACT
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(b) Time—averaged flow field
Fig.4 Spatial distribution of streamwise (x) velocity component at wind turbine hub height

in the case of two wind turbines, top view, RIAM-COMPACT

—: Simulation, No.2
— : Simulation, No.1 + No.2
u @ : Wind tunnel experiment
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Fig. 5 Comparison of streamwise (x) velocity
component at the measurement station,
RIAM-COMPACT
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+ Tip speed ratio, TSR = 7.0
» Tip speed = 80 m/s
+ Rated wind speed = 11.4 m/s

%M . Rated rotational speed = 12.1 rpm

Fig. 6 Outline of the utility—scale wind turbine
(5MW) targeted in the current study
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Fig. 7 Vertical distribution of inflow airflow characteristics
at the position of measurement station A, RIAM-COMPACT
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Power law velocity
profile with N=10

D

HE s . X
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Fig.8 Spatial distribution of streamwise (x) velocity component in the central cross section,
time—averaged flow field, side view, RIAM—COMPACT

Vol.45, No.4

HAJE )] = 3 OV F — 4 304k



300

250

200

150

100

50

U'!Uin

o Ishihara_2D
—RIAM-COMPACT, Measurement station B
—RIAM-COMPACT, Measurement station C

——RIAM-COMPACT, Measurement station D

Fig. 9 Comparison of streamwise (x) velocity component at measurement stations B, C, D
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0.2 UY-velocity (U/V,,) 1.2
(a) Spatial distribution of streamwise (x) velocity component

Measurement Measurement
station A station B

il e S

Measurement line
-5.0  Vorticity (@,) 5.0

(b) Spatial distribution of vorticity

Fig. 10 Flow visualization in the central cross section, instantaneous flow field,

side view, RIAM-COMPACT
S ;
0.2 y-velocity (U/U,,) 1.2

(a) Cross section including measurement station A (B) Cross section including measurement station B
Fig. 11 Spatial distribution of streamwise (x) velocity component, instantaneous flow field,
rear view, RIAM—COMPACT
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Fig. 12 Computational domain and grid in FFB

Fig. 13 Computational grid on the surface of wind turbine blades, nacelle and tower in FFB
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Fig. 14 Computational grid near the wind turbine blades in FFB

Rear view

Bird's-eye view

Rear view
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Fig. 15 Flow visualization of spatial distribution of streamwise (x) velocity component in FFB
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Fig. 16 Comparison of streamwise (x) velocity component at the measurement line shown in Fig. 10.

izﬂ:J . - T

——FFB
—— RIAM-COMPACT

0.8

-0.5 0 0.5 i 1.5
u,‘v‘U|I1

(a)Measurement station A

z/D

-0.5 0 0.5 1 15
|.th'I1

(b)Measurement station B

Fig. 17 Comparison of streamwise (x) velocity component

at measurement stations A and B shown in Fig. 10
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