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We developed the adjoint global stability analysis method %Adjoint GLSA) as
an effective analysis method for control of unsteady flow fields and showed its effectiveness. The
formulation of the adjoint equation and the appropriate boundary conditions are derived, and
verified for a two-dimensional flow around a circular cylinder and a cavity flow. In addition, it
was clarified that the sensitivity region effective for controlling each of growth rate and
frequency of a target unstable mode can be specified by reviewing the definition of sensitivity
function. Furthermore, the proposed method is applied to the analysis of vortex breakdown phenomena
of a swirling jet, and the unstable mode that causes the vortex breakdown and its sensitivity region
are clarified. We demonstrated that unstable modes that cause vortex breakdown can be suppressed or
amplified by adding control to the flow field based on the obtained sensitivity region.



¥ X C—19, F-19—1, Z—19, CK—19 ()

1. DRGSR DO 5

2 BT O G B W T, MAIUGOIEEFEIZED Ko L WRIETH 5. 4l
Z13, ¥z v MEEORIEROBIAZE R EDRKA & 2 2 MNGOIEEFHR 2 IHIT 2 72012,
BEATIREEALRTAA 7 7 F 2 T — ¥ FHIC X 2 MNGoHl 2 EHL LH & LTH, EDkH
WCIBIRZZLTIUT L s ED X I BT 7 F 22 —% ZFET U X vudld, HifkoEtnz
PR Z TCICHINT T 2 L, EBROREFCIE, RSO IEEFHRE2 YA 72 HI~ZLE ¢
I ED X ) ICEETIUE X ey 1T B BARN 2K 2 5 2 B ST H B,

2. WEOHMN

AHZEDHINIZ Lo Z EIR$ 2 T Tdh 5 TR B ENTE (Adjoint GLSA) |
ZBFEL, ZOAMERZRT I ETH S, Adjoint GLSA 25 2 & T, Ho A 2EE—F
Z G, R S 2730 EOMED EoYBE 2 2SR L v (BEDK
W) ZHSCT 2RI L, BoNLBEZ GRS OFIHEZ EBICEHinfETH B Z L 2R
Kl

Adjoint GLSA IZEEIC WV DD FHEDREI N TV 508, AW TlE, FREFEEMD 2R
FVERE R A G DR D 2 8T, M2 D H) 22 3 ROt - FEREE ORISR & K
HE A Y D OBEMN L 3 2 b OIS 28T 2 Fiz IR E T 5.

3. WDk

MRAEN N T CHFK L CELEHETF 2 b —27 2 BRI 2 KT ERM O 4k
LEEVERTEE 2 BEE AN (Adjoint AR 1Sxf LCHAIR T 5. BAYE L 7= T2 Hul i it o
RAGEL A 2 VR 2 ZIGHRER D Rk U CIRETFE2EH L, BROALELRE—F
W29 % Adjoint € — F&2Re, BEADIZE & e L, 2T 1h%2 53831 2 o b 2 ik
WCE D VT L RERT 5.

RIZ 3RIGF ¥ T 4 MAVRHERIMETIC A U 2 N7 N OARLEEICH L TIRETFEZEA L,
PRETIEIC L > T 3RILHIVB DAL EE— F LEEfER 2B o N5 2 L 2ERT 5. 512,
o NTREFEIZISS LT 7 4 — PNy ZHilfllZ i 2 & Ot oZ etz cE 5 2 &
ZRT.

4. WA

DRI D A T v 7 Tl&, 3 RITHEMEIETRIAIC R 2 kL E T B X T a —
FEIFEE & OBGEE 2 20 L 72, BARIYICIE, 3 Koot b e 2 b —2 258 B L X
zo Adjoint HEROERLZMRL, 0o DHRRE OISR EERT 70 75 0%
FEL 2, A0 o 0% 2 R0tMBER i e X0 2 Kotx v €5 4 Ui L, @r T
EDRIE LA AREE—F2RZAZ 2L 2MER L (K1, K2), 7, Adjoint SRRSO
FEfRATIE E L ¢, MIVBDOERICHNT AN 7)) =y 7 bV 7 OBEZIH G ICT 3 HEN:
RN FIEOMS 217> 7. KATHER 2RKITF ¥ BT 4 MOADALEE — FISEM L, R X
STHELZ UV =y 7 FLIDBF Y ET 4 MNDALEE— FOLEICHFES L TwS T
EREREIIRT Z ST L 7.

(a) Direct mode

0.2 T T T I . T T & 1
i Direct modes  + o” =1
0.1 - b~ Emi G - e =
e ‘ Adjoint modes ¢
TR~ J ‘ ‘
g 0 : \+ . W ¢ ===
E-O.l _‘*::' ,,,,,, +3 d*}‘r-j M%*’ ,,,,,, jaj,_
i + @ <Y i
gﬂffgfﬁfs”””'%%%gﬂ- Nl
S 03 - % i oy g‘* | (b) Adjoint mode
(D ¢ R : i ST ) _~
04 3_.43++ ++ o ++~+~_F E;
05 O T N TN N IR N N

-0.5-04-03-0.2-0.1 0 0.1 0.2 0.3 04 0.5
Strouhal number, St
1. 2RTHEERNOERED . 2. HILYVREREICHET 2E—RD
EBANY N, ERAEESER.

RIZ, BEFELEEMERNTIC BT 2 BERSEEIC D W T, REBRIN A MRNT B X OVBRERTA 722 fghT o i i >
S LB 2T, 2 ORER, BRI S L O - B 2 BRSOz
IREIAZHSIT L,

S 51, FERRD 3 Xt~ OB & LT, RERMERhOMABRERICN L TIRETLEZ
BHL, A2 EGEEL 72, £, SELEERITIC XD, FRRRWERRIC 234 7 VRO 2



Lo TARLEE— FRENZ 2 L 2O, AE— FICR L TIRETIEIC X 2 ST %
FEWid 5 2 &T, MAUGBITAEL 270D EFANCERE DR E B3B8 S 2 LS9 L
oo (K3) .&5is, INFTHOONTELRERHOERZRET I LX), MiEER
EIREIFED ZNZ ORI G R 2BREFSEZ RETE 5 2 b oT, K4t EQD
FIROEENI LT =N 7 4 — XNy ZHlfllz 00175 2 LiIck->T, BETFEDL S FHIE
N5 ) OFNIGOOLENE K OOANLENIREZES NS T L2 FGEL 7.

REDORE REDRER
(EIERDRE) (RENBDREEE)

Y- P Yi i lig: GOl (Ol
) - 3 Real (G55) mag (G55) TGO, iGN
3. IEEER/\OFR & RED . X4, REBMOER, BB, EXHEDD.

5. FaFERHCE

G Gt 1 R

1. Ohmichi, Y., and Yamada, K., “Compressibility effects on the first global instability
mode of the vortex formed in a regularized lid-driven cavity flow,” Computers and
Fluids, Vol. 145, pp. 1-7, 2017.

(Fa%#) Gt 4 1)

1. Ohmichi, Y., and Yamada, K., “Numerical Method for adjoint global stability analysis
of compressible flows based on matrix-free approach,” 71st APS DFD Annual Meeting,
Atlanta, 2018 Nov.

2. Yamada, K., Ohmichi, Y., and Suzuki, K., “Global Stability Analysis of Vortex
Breakdown in Misaligned Compressible Swirling Jet,” 71st APS DFD Annual Meeting,
Atlanta, 2018 Nov.

3. KEHELR, (HHEA, “PErETRlciEo < 3 Ko R MTiE o7, 4 31 [l
BUETRAR 122y R L, C08-2, HAP, 2017 4E 12 H,

4. IIEERY, RiEHER, %*?*EB “fré IR MEGE Hh oD W HREE B R D AR BI 2E T, 58
TR S22 v R 4, A07-1, 5UHB, 2017 412 H.

(X&) GF o )

(PESENERE)
OmgRYe Gt 0 fF)

i
FEWF
MER
filg

#
HFRAE -
ENS D5

ORfFHRYE GE 0 1)

E i
FEH -
MeFE
T
&gt
HU4E



[Nt

(Z Dfils)
F— b R— P

6. WAk
(DWFgesr i
WFE 5 K4
SR g SIE
IR 4
HIEESE

WA
WS (B ) :

(W7t 1%
WFgEtim 5 KA
0 — R

XEHFEIC X 2012818, IFEEOER LEMLICE W THEET 25D TT. 20700, IO FEuPHIZERRDAFREIZD
WTiE, EOUERFFICHES b DTIRAR L, ZOUEEANCE T 2 RFCHEMEE, MESEEACREShET.



