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Numerical Investigation of Weather Controllability using Wind Turbine Wakes

NHE & / Uchida Takanori
SR AEMREFR / BETRRABRZ AN R 22—/ & U

o S ERABRER Y A~ [ VF AL LRSI / SR NIV PN

F MOONSHOT R&D team #1 Q-&ﬁf@% R&D team #2 mﬁA_yya “J I\ij

EEHEICE DY UFZNSA LIS AT I

RESEARCH & DEVELOPMENT PROGRAM S5 N1 2 DB it lj: h\\ X
gﬁ [1-1] WREH (REBAZ) R&D team #3 1) \ —
CCID 2+ & om. |EEE 5o - P—— BT SRIETHOMSR )
e i BEMFM- T | ATRET DADK | _ FEREEEE ey 211 m K () mmﬁm4/ N ‘)3 )0)
; ki || ERETRMBRAE | [1-2] WS, (GREAE) A HEES Tiaryy B0V SRS SEEMACLIEEREXE
e | s @ & o5 £V SR KBS T BRI LA FEOBIR -
o g o [2-2] ARBR (PSR HITHEA) E w
[1-3] FEIB—ER (REPAF) [3-1] B (REPAZF) 0 BIEMRE=IULIFEOWE A Y
’-\ EAZRRICLITENFZCHIIERE Q i - KERAO R - RAMR & N
o TEORE il N [2-3] HIOHD (REXE) l AN “\ ; L) B VAN
[1-4] #RE%_(Toyota) from 2025 [l [3-2] HHEX (REAF) B BRI OIS ZFAND L= d\ N d\
KESEACHTSHEEN—TUIREOR ) A LSEAUZIZILOKS Flm W
T AR IREE Nl HemE l— j < r\t
= i [3-3] BEEE (BEAS) /) - d\
58 SRNECHTSRMETEOMR(AEE) Zﬁ;?agi:if:mmmm ~ .~
. e — ~ \
S —— FARE(L—2Y3avh)%E
ﬂ TR SR EORT(S— )
HEITIEDODXREMRA
J0O735 4

2022FF|C

| W5
WETER <
100/ 3T




_ RRED WO TROOMET _
|
|
|
IKES |:> o —> —>
1B | S o
AA A
@ N = S =
|

M

‘ —> l R & 22
I
5]




SNHEO7 JO0—F
Heavy Rain Control Approach

Offshore Curtain

Curtain hung by kites from the ships
suppresses abundant water vapor inflow
from the ocean.

A secondary use of offshore wind power
facilities is to suppress wind
convergence that results in updrafts.

Cloud Seeding

Spraying dry ice from airplanes on initial
cumulonimbus clouds inhibits the growth
of precipitation particles.

Fan

Mobile or building-mounted fans dissipate
heat pockets and vortex flow caused by
urban activities that enhance updraft.
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Offshore Curtain

reduce water vapor
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reduce wind speed
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. Cloud Seeding

increase the number of cloud droplets and
inhibit growth of individual droplets
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dissipate heat pockets
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Objective:

To suppress the intensity and
frequency of heavy rainfall
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Our Proposed Approach
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Alpha Ventus Offshore Wind Farm in Germany (actual photo)

http://www.adwenoffshore.com/portfolio-item/alpha-ventus/
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Large-scale offshore wind farm

Floating cluster wind lens turbine
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Classification of Wind Turbine Wake Models

Type
Fully-Resolved Geometries ‘ O LA
Engineering Wake Model . . L . ! ] r 2.702
(E L. ? / Analytical CFD Wake Model (Wind Turbine Parameterization Model / Physical Surrogate Model) Combined with CFD . éne g es
mpirica alytica . . y N
P 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
i Si ter STAR-CCM

(Park Model) (Porous Disk Model) @Actuator Disk Model with Rotation (ADM-R) ®Simcenter +
&Q @ﬁ E Aﬁ s Commercial CFD Software

2 I\ @ Actuator Line Model #Front Flow / blue (FFB)

= VI= RN
S 8. @ Actuator Surface Model $0penFOAM
% Open Source CFD Software
’(vfﬂ.l;‘:i)
Actuator Line Turbine Model
» Method of Sgrensen and Shen
l _ I (. « Blades disqretized into spa'nwise secgions .Of
U o= U “t . < constant airfoil, chord, twist, oncoming wind

« Airfoil lookup tables used to calculate lift and drag
at each actuator section

Engineering Park wake model
Mutual Interference of Wind Turbine
Wakes by the CFD Porous Disk Wake
Model

« Force on flow is equal and opposite to blade force

« Force is normalized and projected back to flow
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Latest Simulation Results
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Latest Simulation Results

v Ax=Ay=Az=4m
v 626(x)X601(y)*x201(z) : $97,5005 =




Frame : 58
Time : 46.40
Instantaneous flow field Nx, Ny, Nz=(625, 600, 2) Instantaneous flow field Nx, Ny, Nz=(2, 600, 200)

Computed using RIAM-COMPACT LES model Lx=(-800.000, 1700.000), Ly=(-1800.000, 600.000), Lz=(0.000, 800.000) Computed using RIAM-COMPACT LES model Lx=(-800.000, 1700.000), Ly=(-1800.000, 600.000), Lz=(0.000, 800.000)
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Latest Simulation Results
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Summary /

Future Directions % Numerical results « Nishiiima Group

% Validation
% Modelling

(Parameterization)

« Yamaquchi Group

~days

A High- -Resolution LES of Wmd Turbine Wakes

~hours

~minutes

~ seconds

~1ms

/" Wind-farm scale

Uchida Group \@_'Eb!?},: Takemi roup

/

~100 m ~1 km
Atmospheric boundary-layer turbulence ><€

~10km

X IR RSEROUPHEIRD JT )7
(RIBEUERERD=ETE)

MRRIAX AR O IS A RIR
SREY () \JEREL & (E D 2
CHRBVRIRINS X =D (LE@H ?)

i RNREVRHYbrid FEDIRET - B ERR
(BEIIAY  I—F(VT HEN—TFV)

Mesoscale and Macroscale >

meteorology



	スライド番号 1
	スライド番号 2
	スライド番号 3
	スライド番号 4
	スライド番号 5
	スライド番号 6
	スライド番号 7
	スライド番号 8
	スライド番号 9
	スライド番号 10

