©
2021 2023

Active flow control for wind turbines capable of adapting to various wind
condition
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In order to develop wind turbines capable of adapting to various wind
conditions, numerical analyses have been conducted to investigate flow separation control techniques
around airfoils using a DBD plasma actuator (PA). Flow separation control using the spanwise-type
PA (SP-PA), installed along the span direction, and the vortex generator-type PA (VG-PA), installed

along the chord direction, has been examained under both static and dynamic flow conditions. The
numerical analyses clarify effective separation control methods and mechanisms for SP-PA and VG-PA,
respectively. In particular, the combined use of SP-PA and VG-PA shows higher separation control
effectiveness compared to using each PA individually.

DBD



PA

DBD (PA)

[1]

PA
PA
PA
VG-PA ( 1)
SP-PA
[2-3] VG-PA
(4]
SP-PA
VG-PA SP-PA VG-PA
SP-
VG 1.SP-PA VG-PA
SP-PA VG-PA
PA SP-PA/VG-PA
PA
Large-eddy simulation(LES)
LES
3
(1) VG-PA
(Re)
VG-PA LES
5,000 Re 1,600,000
2 PA
Re=256,000
VG-PA  SP-PA SPVG PA LES
(1) VG-PA
©) PA
2 Re=1,000,000
LES VG-PA, SP-PA SPVG PA

Ramp



1) VG-PA
5,000(Re5k), 10,000(Re10k), 63,000(Re63k), 260,000(Re260K), 1,600,000

(Re1600K) VG-PA LES
SP-PA VG-PA VG-PA
(5]
1 (A C
VG-PA (BR) BRO.5 VG-PA
BRL.0 SP-PA
1 Re63k VG-PA
Re63k
0.50 j 0.60
040 1 0.50% ‘ ]
Re63k i\ Re1600k
030 0.40 N
] ool = . 0.30 ! 2
S O\ Resk 3 ®
: N 0.10 Re260k
0.0 | & VG_Resk \\\
| - VG_Rel0k 0.0 || =@ VG Re260k
o ress | RelOk \\. —aVG_Re1600k
-0.10 | --r--SP_Re5k_F+1 —] -0.10 | -"®-SP_Re260k_F+50
-m-SP_Re10_F+1 -4+ SP_Re1600k_F+1
-0.20 L= SP_Re63_F+10 020 T T T 1T T 71
0.5 1.0 0.0 0.5 1.0
BR BR
2, (5]
3 (
Q ) (TKE) SP-PA
Re5k 2
TKE TKE
2 Re1600k
2 2
Re63k  Re260k 2
TKE
Rel0k 2 TKE
2
SP-PA  VG-PA TKE VG-PA

VG-PA_ ReSk VG-PA_Rel0k VG-PA__Re63k VG-PA_Re260k VG-PA_Rel600k

SP-PA_ ReSk SP-PA_RelOk SP-PA__Re63k SP-PA_Re260k SP-PA_Rel600k

-5 smmme——————amm 1.5 0.0 EEEER— . 0.125
ul/ U, TKE

3. VG-PA SP-PA TKE [5].



(2 PA

Re=256,000 PA LES
NACAOQ012 , 5 25
(6]
4(d) VG-PA (C) (Co) 4(a)
VG-PA VG-PA
(F¥) F+5  F+50
, VG-
PA . F+0.5_ BRO.1
20 10
F+5 F+50 6°
4(b) SP-PA SP-PA [7]
SP-PA
F+50 5
VG-PA F+5 F+50
4(c) SP-PA,VG-PA PA PA SP-PA
VG-PA SPVG2
22
(Re=0(10%)
SP-PA VG-PA
PA
25 : } 25 25 »
~=No Control i ==No Control " No Control
20 V3 Fros aro \ 20 1 S iSoBRO1 e 201 "V |
— VG F+05BR05 ﬁ\ fl=seF+s0BROS m; ) Vs Ji
1S H VG Fs0BROS [ kB 1 2 v | 15 s A
10 \W‘ 5 - L0 - / 1A' - 0 \ .‘
05 [E% \w/\/\\ Z2% o5 AN P os 2 = v
XS N
00§ —10 15 0 20, 1o & 20 s 00
AcA Aod
(& VG-PA (b) SP-PA (c) SPVG-PA
4. VG-PA, SP-PA PA [6].
(3) PA
(Re=0(10%)
VG-PA SP-PA LES
PA
@
(Re=O(109)  VG-PA
VG-PA
Re=1,000,000 VG-PA, SP-PA
SPVG PA Ramp
PA [8]
5
5(a)
22 234 24.9
LEV TSV
26.3 LEV TSV DSV
5(b) VG-PA VG_Norm [p0.9 Dcl
26.3 TSV VG-PA

27.7 LEV



1=5.0
e R | (— | (S
(=55
a=23.4° K‘ \ \. \,
LEV.
TSV
1=6.0 ‘ "'
S B, \ \ \
DSV TSV
=26.3° "
: \. \.
LEV
t=7.0 . - a. DSV Y
=217 : \
£ P DSV ., .
=15 | ¢ e " £ . &
- s e |
=50 | & @ E o { ./ DSV
a=30.6° \
(a) No control  (b) VG_Norm_Ip0.9_Dcl (¢) SP_F+100_Dc4  (d) SPVG_F+100
-lo0 BT 100
,c/Us
5. PA [8].
LEV 29.2 DSV SP-PA
SP_F+100_Dc4 5(c) 26.3 TSV
24.9 VG_Norm_1p0.9 Dcl 27.7 LEV
SP-PA
SPVG PA 21.7
30.6 DSV
SP-PA VG-PA PA
LEV TSV SP-PA
VG-PA
4
VG-PA SP-PA SPVG PA
PA
PA
< >
[1] Corke, et al., Ann. Rev. Fluid Mech., Vol. 42, pp. 505-529 (2010). [2] Sato, et al., Phy. Fluids, Vol.32,
025102 (2020). [3] 39 , pp. 200-207 (2020). [4] Sato and Kobayashi., 72nd

APS-DFD (2019). [5] Mayahara and Sato, AIAA AVIATION Forum 2023, AIAA-2023-3283 (2023).
[6] Takahama, et al., AIAA AVIATION Forum 2024 (2024). [7] Fukumoto et al., AIAA SciTech Forum
2018, AIAA-2018-1550 (2018). [8] Sato and Takahama, AIAA AVIATION Forum 2024 (2024).



Makoto Sato

34

Numerical investigation on streamwise vortex generation by plasma actuator

2022

Physics of Fluids

083611 083611

DOl
10.1063/5.0103435

17 0
55 41
2023
2023
2023
PA
10

2023




10

2023

Kenichi Takahama, Makoto Sato, Hiroaki Fukumoto

Dynamic Stall Control using Spanwise-type and Vortex-generator-type Plasma Actuators around Pitching Airfoil

AIAA AVIATION Forum 2024

2024

Makoto Sato, Kenichi Takahama

Large-Eddy-Simulations on Dynamic Stall Control using Plasma Actuators at Reynolds Number of 1.0*1076

AIAA AVIATION Forum 2024

2024

Shota Mayahara, Makoto Sato

Separation Control using Vortex-Generator-Type Plasma Actuator over Wide Reynolds Number Range

AIAA AVIATION Forum 2023

2023




PA

9
2023
PA PA
9
2023
PA
9
2023
PA
9

2023




PA

2022

2022

54 40

2022

Shota Mayahara, Makoto Sato

Separation Control around NACA0015 Airfoil using Vortex Generator Type Plasma Actuator over Low Reynolds Number Conditions

The 20th International Symposium on Advanced Technology

2021

PA

2022




PA

2022

Makoto Sato

Mechanisms for Turbulent-Separation-Control at Reynolds Number of 1.6*1076 using Vortex-Generator-Type Plasma Actuators -
Comparison with Spanwise-Type Plasma Actuators -

AITAA AVIATION Forum 2022

2022




