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Fig. 1-3 Overview of the flow control simulations at the Reynolds number of 63,000.
Iso-surface shows the second invariant of velocity gradient tensor with chord-wise vorticity
contours.
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Fig. 1-4 Effects of position of the DBD plasma actuator on lift-to-drag ratio.
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Fig. 1-6 Lift-to-drag ratio as a function of half width normalized by chord length. AOA indicates the
angle of attack.
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Fig. 1-7 Example snapshot of instantaneous three-dimensional flow structures (left) and
phase-averaged flow field (right) around NACA0015 controlled by the DBD plasma actuator.
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Fig. 1-8 Computational grid and actuator position. Fig. 1-9 Lift and drag coefficients for each
actuator case.
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Fig. 1-10 Averaged flow fields for the single and multiple actuator cases.
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Fig. 1-11 Instantaneous flow fields (upper) and time-averaged flow fields (lower)
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Fig. 1-12Lift coefficient (left) and lift-to-drag ratio (right)
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Fig. 1-13 Highlight of computed results at the Reynolds number 260,000.
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Fig. 1-14 Iso-surfaces of the second invariant of the velocity gradient tensors colored with
chord-wise velocity (left), flow characteristics in each region (right).
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Fig. 1-15 Lift and drag coefficients for each case (left). Flow field of 14.5% F*=1 D=4 case (right).
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Fig. 1-16 Time development of the spanwise vorticity (left) and power spectra of the
chord-wise velocity (right) for 14.5% F=1 D=4 case.
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Fig. 1-17 Instantaneous flow-fields for no control and controlled cases at each Reynolds number.
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Fig. 1-18 Effect of the burst frequency non-dimensionalized by the characteristics of the
separation shear-layer in each Reynolds number region.
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Fig. 1-20 Three-dimensional plasma simulation results compared with experiments.
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Fig. 1-21 Instantaneous flow field of Fig. 1-22 Averaged distribution of the velocity in the freestream direction
the uncontrolled case.
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Fig. 1-23 Averaged distribution of the azimuthal velocity.
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Fig. 1-24 Averaged distribution of the azimuthal velocity.

57



EEEFRET~DEA

BEADERTIAARZERELNICDEZLZICAFITHD FI2. WITLTREEZF DL
L7z NEDO AV VM ETH T, TNODRBRT —IDREEZ(F. — AT, AR RETH
O RERHT AL THRDOEEMNREE 1z, £7. JAXA A TIThH /N B E (2B
TEHTSXILRANHDER(Fig. 1-25)IFEL. BBEBRKO=ZRTBEEIL—F (RERER
2m, EIEEEE 174rpm) D KIBEFRAFIE S 2L —2 302701 KEFORRIE = RTEER
MADRY DRBEIRR THA-O L ERBE L ERFRELICKRETHY., TRIZFIRTHL
THOHTERAETH D,

HEDFNEL L. RRFRBRIZHHEED T, IL—FDZRFTHIRIET ARIL L 5 DEER.
BREIIL NACA0012, RINVARADRLEYAH 0 EDBEHLZ=RITAEETILTHSFig. 1-25),
TL—FiDEELE 2 BE. SSICERMNIA—AZE T 510 EFlEEICIITL—FAYDOR
NIFRFKRETH D,

TSXRTIF1I—REBSERRERBRICETLU—FRIEERICEY F1F, /N—RNRERS) &5Efit
RERENFEEI S ELTAL. N—AMNEEEICDWTEERERILEHSEREZAOTHIES I
L—2aVaEhli- [BERAX 2-56,71 GE], bl 7I/F1I— 2D AEHNEZTEILSE
HERADFELART =,

Fig. 1-26 IZAtE#HRESEFICLE-ERBEROBAHTFEMMLIDEMELTSXITIFaT
—SADEBEHEDOBEZRERT .. CORIE. TSAITIF2I—4F VLD E TN IL Y1
NERLEZIDTHD, CORNLIIaL—Lav N ERBRFEREZIKBHRLTWSIE, £z . BAE
TL—FDTZRAIT7IF 2T R L DTAGIEIE, RIBICKVIETU-EEAFEYENLIZE 10%
MoBRK 20%FEEEMTETCWDIENERTED, MAT. ATOD I NTHI-MEBERE (\—
ANEREI IR A BB EEM) 2RISR AFMEE T RT S ETEASIMEER EOTEEMHRI L
MTE, Fig. 127 (FEIHEFHRNIETH D BRNIBEDH S 50%RNALE &Y TL—FEinE Tk
FROBOLHERTE, CNAFIENRICKBMLIEMERIETEEDTHD,

LLED XS, MAEFIEICKY RFKREIZE T DREDMRE (LB MT LhHhEHKEZEDEM)
ZRLESEONLIENHALMNERY | SHEMGHIE/NTA—FDBALINELG ST, EERTORE
MOEEICEMTEEZZATLVS,

20 ‘A
15 o © ¢
[ AT P .- =
<10
5
o \ e 0
o/r_ = o2 A e T
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(a) Off (b) DcOpSLF1
Fig. 1-27 Overall flow structures around the wind turbine blades. Iso-surface indicates second invariant of
velocity gradient tensor. Color of iso-Q surface indicates the velocity component in the rotational plane.
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Fig. 1-28 Lift coefficient C, against pitching angle of attack, comparing the results with experiment and LES for
uncontrolled and controlled flow.

(a) Uncontrolled case (b) Controlled case

Fig. 1-29 Phase- and span-averaged distribution of pressure.
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Fig. 1-30 Instantaneous flow fields controlled by burst mode actuation. Isosurfaces show the
vortex structures. (a) fn =0.10, (b) fn = 1.0
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Fig. 1-31 Comparison of separation length for flow controls of different frequency.
(a) Ren = 4,000, (b) Ren = 16,000
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Fig. 1-32 Configuration of channel with multiple branches and locations of control actuator.
(Pos. 1~Pos. 8).
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Fig. 1-33 Feedback System.

Fig. 1-34 Waveform obtained from feedback

control.
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Fig. 1-35 Time developments of
dragcoefficients.
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Fig.2-1 (a) mean force for the carbon atom dimerization process and (b) its integral (potential of
mean force). Energy in b) is relative to the data point at r(C-C) = ~3.76 A

Fig.2-2 Snapshots from the MD simulations for carbon atom dimerization. (a): initial structure,
(b) and (c): final step of simulations for r(C-C) = 1.355 A and r(C-C)=3.755 A, respectively.
Copper atoms originally in the second layer are colored differently from the other copper atoms.
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Fig. 2-3 Energy diagram for the carbon atom incorporation to ZZ and AC graphene edges
(reaction energies and activation energies denoted with subscript r and a, respectively, and
energies relative to the initial states (0) denoted wihtout parentheses). Interatomic distances
between bonding atom pairs are employed as reaction coordinates in the blue moon analyses.
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Fig.2-4 (a), (b), and (c), (d): optimized structures and snapshots of MD simulations, respectively, for 1
(ZZ) and 1(AC) in Fig.@16. Copper atoms originally in the second layer are colored differently from the
other copper atoms.
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Fig.2-5 Reaction energies and activation energies (denoted with subscript r and a,
respectively) calculated for the reactions on the models of Cu(001) surface (see Fig.2-3 for the
structures of reaction steps 1 and 2). Energies without parentheses are relative to the initial
states (0) for the respective series of reactions.
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Fig.2-6 Plots of Cu atom height and MD snapshots for the simulations of Cu(001) and
Cu(111) surfaces. Three layer slab models Cuios were employed in the calculations for
both Cu(001) and Cu(111) surfaces.
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