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Elucidation of mechanism of local anisotropic energy transfer in transitional
region between weak and strong turbulence in real and wavenumber spaces

Yokoyama, Naoto
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In previous studies, to identify the energy flux in coexistence of multiple
kinds of turbulence, energy-flux vector in anisotropic turbulence was proposed by assuming the
locality and efficiency of the energy transfer in the wavenumber space. In two-dimensional
quasi-geostrophic turbulence, the local flux agrees with the critical balance, which conjectures
that the energy is transferred along the separating wavenumbers in the coexistence of weak and
strong turbulence. It is found that the local energy flux in stratified turbulence is consistent
with the induced diffusion which is obtained in the limit of the anisotropy and the nonlocality in
the weak turbulence theory, though the locality is assumed in our method.



¥ X C—19. F—19—1, Z—19 (@)

1. WFEBRGE SO 5 1

FELEFHMEAFF DL CIE, REFRIST 2 HF % |
Fro KRS, FESEH M EFFORA 7 — L ORE), kn
FDIEFVEDFELE ZITIZ WA — )LD %

FERER L35, B 5FEORENETFT 5, 2 f

5 O B EL O LA I I E A ELTE . B ELAE, [alds f

T, ERTKILIG 2 & DA IO Lo THE S ko ol
A2 RO < OWEELTR TR O D, RAELLEH T KT
FNCE R F— AT 5 2 & Lo T, CABOE yar -~
G TR SV D,

Bz 03X, BEELIRIC ST D Z S O KEE R 2 ELTE D
BT, K L IRT LS ickoTns e ke
b, WEE D OFELREE (X+ WT) To=x 1
IR —@EE, BEHR O X — @I, +
Zakharov 72 HESE L7-99ELiBERRIC k- TRl S 1 1 ARE AL 0 B 9596LHE (WT),
%, Kolmogorov #Lift (K KT) TiZ. iMoo = xL Kolmogorov &L (KT). $hE 57K
F—FiEL, @O AT —=RNRERBWOO/NE R0 Fit (VSHF) 5 X OB GEI 0 £
~E B Ar— K45 L9 Kolmogorov Fligic K-> T 454h, [8]1k 0.,

LR EH, WITITIC L > THE A7 — L THO AT b
IRENGE LN D, 20X D IZEOELFRNO T 3L F —msiT i L < B S Twn 3,

— 5 C. LT ELIR O BAFRILIE O AR EE D A AR R 2 PRI 5 7= 1o, BAEELFR
DT RN X —EE TR T DLIERNH D03, 2 OBRELLFEOEBREE T, & LR DR 2
A —)LINRIRREE & 72 DEBEICIN > TR L X—NE SN D &9 | critical balance (B Ft
D) & RIS EMEM R TR S D, BRSO, BRI IAELTE. FRELE. RRE AL £ %
< DOIFFEFELFIZIEB T, BAER, EBRMICEDRMIENR R SN TWDE D, AT MUVIZIROER
WCEED, TOERDOIBBTHHWHEEM TOZINT—T T v 7 AZEZEBEN LTZH DI,
FxOmy 5 HRYAFELRN,

o IXATHIIEIC BV T, @I 2 5 T IS ELIR O FIEZE 7 7o = R L ¥ — ik & T |
T 572012, =RV X — Wk ORI M RETE L RO 2 SO Tz Rr L —7
T I ADRYT MVERBRARE L, ZOZRILX—T T v 7 A7 bV, [BEEELTT OE M
NS RDFEMICEB W CHELMER EEAT O L2 MR Lz, FDOEMOZYMITIA LT
1370 < FEFEF LG — M CHELMEG 7/ L OBEF O & Ol - REER 72 INDHZRELOTH

ST,

2. e EM

B Sl SR EL R O R R & — L 3 [EIRRFE D P A I A = R L =gk S b S ) F
K727 AT T ThHN, ZOEEMIRAEITEE LV, 2k, FEEFILRICBIT 2% ZEMco =
FINF—T T I AR MVEELTEIIRETDHIENTERWEOTH D, FHxidt
ITAFZEIZ VT, =R /0 X — Bk S EZE M O Rt 7s = 2 L X — R FR A e 5 Lo =
X —EOWHEM B L . ZOZR VX —RFAEWET DT MV DR)T VA
D/, TRbHIER LAY MVEARIRT S L0 ) TRV X —HiEDORhRMED 2 DORFHDOT
W2, TRNVFX—T T v T AT M E—BIRET A HEERE L, TOZRLVX—T T v
AR MVEWT, FEEFILROEBZEMNO =RV —T T v 7 Ak EEMICHRGET 5 2
ERARFEREO M TH D, FFIZ, TRV —T T v 7 AT "Mvad —BILRET D201
RENT 2 OOIGROZL AT D Z E BAEEN TH D, INHIZE - T, FEEIFILR
D FAFELIE DO IAPIRIE DA AR HERFEIE AR 2 BEIF 55 Z LN A[RE & 72 B,

3. WDk

2 IRGCHERB T ELIEIZ UV T, KBS S Ch D HRIE. Rossby L. Kolmogorov ELEAS
W 7B O SR > TIAF T 2 KEBUREBEUEF 5 (DNS) 217> 72, DNS TH LN /-=xL
X —BFERD BB ORI AN X —T T v 7 AT MAANREBNICEONTZ, S5z
TRNF—T T v 7 AT kL% Rossby IELHTE D SCEE Y 72 I B EIR (2 5\ TR AL B ER & b
e L7, [AERIZ, Kolmogorov ELIfE D SCHLHY 72 il Bk ) & . Kolmogorov &L & Rossby &L
W OB EREIL A2 T, TR E I RBICB T 2=V X —T T v 7 AT Mk BEFO
HORIETE R & bl L7,

EEELRICI VN T S REEHESE Cd 2 EnEsilr—ERE, WEE /1 ELIE. Kolmogorov LT
DR IZIE > CTHAFET D DNS 247 9 FIETH o722, TS DN AR JE 5 AR RE Cix., &
B R RE DO 7= O EFIREBISE L o 7-, 207D, Y¥TFTEL TV, Karman-



Howarth-Monin SR HES < B 72 3

TR DOTRNVX—T T v 7 AL 2-DDOUMEGFLD FITHk

EINDWEEMBII AN —T T v 7 AL, RT3V X—T7 T v 7 A0 Y M4
MRS 2 Z LISt &5 2187, — T NERE DIRELE CIEIESE ST OMRER T s kL
LIHEN D IERPTFE AN ZERAINC R D Z N LN TEY . RFTm R LF—T7F v 7 AN
7 MV EFERFTBEI DO RNV —T T v 7 A% LT,

4. WF7EE R

Y i i i EL IR P IS B AL D FEAE T EL
e D A FHERFHEAE & = 1L X — ik
OEfR%E | WP E CORFTT7 7 v 7
AR ML EHWWTHLMNZLE
([1, 21,

X 2 |2, HERHEE ELITE O FHI E
BB W TSRS L7 2 o=
X — AT R LEIRT, WA
|k| ~ 256 D - 134 iz kB =51
F—EALTH D (K2 f5) , BRI
PEIRERE & FERRTE O e R & 23R 5
VAT HIEEONE T R F—N
INE L 7o TV B HEIEDY Rossby 7L
WO HHE TH VD Kolmogorov ELiE
SEE BRI AT 5, 0. BE
D RFEIRE & FERRIE O R RERE & 23
RT AT LT (k, < OFEIR B &
WD) XA E LT (K 2
). ZOX SOV O PR ER b
Bl T RN DB TE & FERIBTE & & N
T v AT HIEEEI k| ~ 10D EE )
HELTE & Kolmogorov HLifk DB FEI
Ehb, IHIZ, THRALF—ART b
VI Rhines J4k|k, | = 10128 — 2 %
Fih ., TR EZERIZI T IR
KT 5,

T LI = e ¥ —
2 BT 4D 2 OO0 2 IROEIFEEL
FH,.INWODR7 7 v 7 A7 b
NEZNENK 3B LUK 412577,
X3 ZEX A c Lo TIHEAS T
FILR =N A O A R &
orkER & U T B AR & AR AR
IFITEE T R =R EH LT
W5HZ L ER LTV D, (KA aElk 2
Wil 2 — R Lo —id, #
BT L IEPIE & 23T VAT B
Bk CEIET D LIEEHEOFLEN
REL pmEzEz, MEHELEIE
WIGIE L 2 NT v AT 5 -
< Rhines J3%|k, | ~ 101CHEAT 5,
ZDOZ LiE, Rossby HOREHAL V2
UWNRFIERE R 2 FR O A 1S 1T = kL %
— B RET D 2 E N TEP, HIREE
R~ RN —JEAREL D &
ZoRBELTWD,

—FT, =AM T 4 DFFTT
T w7 AR hVIE, RIS REEL b
GO TR - TR
BTHsd (X4, mxLF—Lo R
b7 4 ZELC 2 ROBEFEETHY
RS, IS TAIESE D
FHEOREINRRD 2 LT R
U,

10°

10°

107

10

- 7
400 600 0 10 20 10

B 2 YEHBHRELITO =RV F =27 FL, (E)4
Betge, GRS GR, 1180,

200

‘ 1003 s 10"
600 - i VA AN i i
20 / Vs i a i ]
V A s i i i i s i i ]
A 0 N i e e b h i i ] 1
400 *‘T b 1§10 a—aa—aa e @10
NNttt ]
10 F RN ete—ee]
200 ]
1005 AN |
ky k DD
0 v 0 ~————
200 T )y a1
B PP e
N e
400 | Ll 15 e |05
0 10 | |10
AN R R e e e
20N NN R R e
-600F AR
L L L 710-2 AR v wwwowowoww 710»1
0 200 400 600 0 10 20
x x

X 3 HEMBHRELKO BT =X =T T v 7 AT
Mob, (o) i, R, (11X 0,

5

10
600 -
400 10*3
200
10*
ky 0 i
5 10345
200
-400 H1o®
600 -
L l025

M 4 EWERELRO R A w7477y 7 A
N7 v, (E)ERmE, Ch)IER . [11Xv,

[BIIZRWT, MBS DRIV F—T T v 7 A% ERINTR LT, BJEELIT T



-7
100 s T r T 1000 | | | | 10

R R R KRR A A A A p

SN

e v v ® X X A A L i
CU WSS S SRR 800

R N N UL U S R N R N A

e XX RN M A A AL AL A L11078
60,\\\\R¥*ffffffﬂ/////, 600

XX XXANMA A A A A AL A A0 05

S LI I S —

YR RNRMA A A AL A A a1 3

SULNLEE T I ] 4 400

bAoA AAAAA -9

LR A 110

3

o 200 |

0 10710

0 20 40 60 80 100 800 1000

ki

X 5 KEELFEORFT =R X —7 T v 7 AT hL, GE)KBEEmE, (F) 2 5k,
8%V,

DNTERFTZ XN —T T v 7 AR ML
DT 7= AR AR 13, PNERE D IELTE A X
B 72 I B BRI (2 WV T, ISz 72 - T

5 (X 5), FWELIMEGIZ L D &L oI n
DN E P ELHE O = RV X — ik TIEIES
F O RPTOMIR CHEILHN XA TH <
0. =X —IXEIREE DD m B
TRLFX—=NEFEIND EEZOND, A
A LN IO R x L X¥—7
T v 7 AT Z OFFEILHNC L D = L X — 1 ;
BEEFE LR, I*/U#—ﬁﬁﬁ%OD)%Fﬁﬁ%: 100
RELTHEONEZRAZRLE—TF v 7 R 10° 10! 10? 10°
AR7 RVR, AT AR REE LRI X D =% L
LR —HE L AT S 2 LT, VX — +
EORFEDOIERBEMARETH D Z L 2R ¥ 6 RBELKOBEALZ M, [81Lb,
L CTW5, —JC, RIFERED RT— /v
XF—7 T v 7 ATIL, BEHEHO TR 2 FELIROREM 2 7 — VIRIFREE & 72 2B EIKIZIN ©
TRV X =B S N o2, X, DNS OFIR MR & L C/hE < | BRMEIC = 3%
X —HREE TR SN (K 6)T-d B2 b5,

FJE LT, HEHATTELTT R K OVYEATARZE CIT 78 » T2 RlEEELTE D 3 S OIERM 2 IELE 7 LR
DNTIUIBWTHRFTT RV —T T v 7 ANRFHEGREGO TR EFE L S, F/ar
TINX—T T w7 ZADFRAMEEIRS RZER L TWA, 2 IRICELTE T & 5 YR LR CIEis S oE
B LHEETHZRNX =TT v 7 ANRE LI, 3 RICELE TH 5 E ELITE & RIERELGE TiEwv
THH DNS OBENRE LEES M EBEET IR VX —T T v 7 AFELNTWRY, 5%
I, TAUD D 3 RITIEE S ELI T LV B DNS 247V, B oo i EaICMEE L. FE% L
TROARRMERHSAE 2 B 5T 5,

<5 CHER

[1] M. Takaoka, N. Yokoyama, E. Sasaki, Local-flux vectors of conserved quantities in
wavenumber space: Anisotropic structures in Charney-Hasegawa—-Mima turbulence, Phys.
Rev. Fluids, 7, 2022, L012601.

(2] ®MIER, BULEAN, fExARK¥E—, BFEIELIEICHEIT 2 KEEMEEE /7 7 v 7 A7
v, 77X - BRG T REE, 99, 2023, 202-206.

[3] N. Yokoyama, M. Takaoka, Anisotropic energy cascade in strongly stratified
turbulence, in preparation.

1072
107
107°
1078
10710

10712

1071



99
B 2023
202-206
DOl
Takaoka Masanori Yokoyama Naoto Sasaki Eiichi 7
Local-flux vectors of conserved quantities in wavenumber space: Anisotropic structures in 2022
Charney-Hasegawa-Mima turbulence
Physical Review Fluids L012601

DOl
10.1103/PhysRevFluids.7.L012601

16 2 9

Naoto Yokoyama

Anisotropic energy cascade in strongly stratified turbulence

Workshop on Nonlinear Water Waves and Related Topics

2023

Naoto Yokoyama, Masanori Takaoka

Anisotropic energy-flux vector in stratified turbulence

18th European Turbulence Conference

2023




Masanori Takaoka, Naoto Yokoyama, Eiichi Sasaki

Relation among zonal flow, Rossby radius, and triple cascade in two-dimensional equivalent barotropic vorticity turbulence

18th European Turbulence Conference

2023

Naoto Yokoyama, Masanori Takaoka

Local anisotropic energy flux in strongly rotating turbulence

28th International Conference on Statistical Physics

2023

Masanori Takaoka, Naoto Yokoyama, Eiichi Sasaki

Potential quasi-crystallization and cascade isotropization due to finite Larmor radius in Hasegawa-Mima turbulence

28th International Conference on Statistical Physics

2023

Masanori Takaoka, Naoto Yokoyama, Eiichi Sasaki

Zonal flows driven by energy and zonostrophy conservations in Charney-Hasegawa-Mima turbulence

The 75th Annual Meeting of the APS Division of Fluid Dynamics

2022




2022

2022

M. Takaoka, N. Yokoyama, E. Sasaki

Local Fluxes of Conserved Quantities Started from Localized Initial Spectra in Charney-Hasegawa-Mima Turbulence

14th European Fluid Mechanics Conference

2022

2022

M. Takaoka, N. Yokoyama, E. Sasaki

Comparison between time-evolution of centroids and local-flux vectors for localized initial conditions in wavenumber space

The 74th Annual Meeting of the APS Division of Fluid Dynamics

2021




2021

2021

2021

2021

Naoto Yokoyama, Masanori Takaoka

Energy-flux Vectors of Inertial Waves in Strongly Rotating Turbulence

25th International Congress of Theoretical and Applied Mechanics

2021

web site
https://sites.google.com/view/ifd/




(Masanori Takaoka)

(20236186)

(34310)




