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A wavelet based non-empirical turbulent modeling for three-dimensional incompressible
turbulence at high Reynolds number, called CVE, has been developed. Its validity was also
assessed. It was shown that CVE reduces the number of degrees of freedom by a factor 10
with respect to direct numerical simulation, while preserving high-order statistics of the
turbulent flow. CVE was generalized to modeling for magnetohydrodynamic turbulence and
wall-bounded turbulence.

AR ERE
(BFEHAL - M)
[ERETES MR & &t
2008 4= 1, 600, 000 480, 000 2, 080, 000
2009 4= 1, 400, 000 420, 000 1, 820, 000
P
AR
R
woE 3, 000, 000 900, 000 3, 900, 000
758 « T2
BHIFE DR « fIE ISR BELSY: - TR - TR

F—U— N BHERE WAWEE, L, ve—T7 by b EEER

1. BFZEBHAA 4O 5
FLE KR, 1B OYEE: ERE & 7

FR Lo TS, MK ORI DELHE D
HHEZR, HEVICHLERTHDL7D, L0

ICBWTRLNDFIIE, Bt TH D, £D
FRIZIE, SHREBER TR, RS, FERTIE
HE 2SN EE e B B 2 ERRZE D 2 <15 D
ZENTE HEEENEFE (DNS) 233 /)72

FekBin s tHfs s A—"—arta
—#%ZH->TLTH, DNS OETHAHE
ThD, MmO TREDR EIZIE, BLito
INA =D EME R Lo, B - Pt



FHRILZ £ - 7= LR O SfER L T (BL
METIN) OBRBRNLERIRTHD, D
BERFEO—2IZy=—7 Ly M &
JEH L7 ELEE 7 v (LU CVE Fik & FESY)
Wb, UVx—7 Ly MENIX, BXNRT
— X DE7eRBUCE L, A7 — Vi b 24EM
B S T RIE LT & FIRFICHE X D
AT FETH 5,

CVE FIETIX /AT — 2B W THIXT
25303 2 ELIR ORI G 2 e 2 . R
WiEOET WL EIT . (BRIFimiEs & ek
ik, WmEREZ 2 —7 by NEBL,
ZTOBRBORESIND HIERBHICRED
EED KREWVD/NZIWVNZ L > THITF B
%.) ZOFIEE, ELIRORKRMED B & FH
LTWA 7w, JREMENE < . BHETEI SIS
DETIMEIZHb A THH EBZZ T
Too Flo, BRIFEEDOBEIGN LA NV ED
ANz SN TWADT 5720, @mLA VA%
DT I ab—a UREBRTETT
L LS TWe, 20—k, ZDOF
BIZHESLS VI ab—va v oFET, KO,
ZOTHIATREME (BFEME) o E &R A 2
BEThHoT-,

2. WHEOHM

RO BIIE, LLFD3RTH D,

(D) @A VRS IEEMEHEELITIZ B
%, CVEFEDORFE, KON, KT —%
AT « KBS S 2 —Ya ok 5
AE - O HEM: O E AR,

(2) CVEFIEDOEMEREN LS, K512, BRITIA
BLUEIZ 392 — b, KON, [EREE A 5 o
—¥ & U TR ELI S 2R D — Ak,

(3) CVETFIERHZE D HAZ & 72 2 ELIT O [ KR M
DY x—T7 Ly MENTIZ X DK,

3. WOk

(D) mvA 7 VRE 3 WotIEEAEEERLIE D 3
WICEAHEE Y =~ —7 L METIZES W
7= CVE FEOBR, KO, HEY I 21—
va v

O b PN LS CTh D 3 WotEEE
R 7= 3 ALY DNS #E% &, CVE
FEICLD VI ab—va UFER L DR
\Z XV CVE FEOGE - T-HI FIRetE & 3l
L7, ZEMIMICIE 7 — ) = AT M LiEE
FERFERICIZARD I 77 B iEE AW,
CVE FiEICESWEHEY I 21— a v
TiX, FREZNC T, BRY =—7 Ly MET
ERWT, B fEEH Lz, &5, £
DOBE), T L D/INA T — )L TOMDER

EWRZDHIDIC, vo—T Ly NERIZEW
T, B—=77 4 /= LI A fE A E A
L7,
Q@ BFEEORMBEAIEZHI2IT,. Vo
—7 Ly FEMICBWT, BEmE ittt —
TT 4= PNRE LD, FOEREOLS
W2kB, vIalb—va UEEROKGEE A
~7=,
® KT EH256° DT I 2 b— g T
512° M I 2 L— 3 1TV, CVE Fi&
LBV Iab—a VR, B, HHRE
HEFRI DL D LA ) )V ZARAFHENZ DV THl
~7=,
@ CVE FEOR S &2 T 720, BB RS
HOTTOEAREETH D 7 —V =K
S RS A E O AT 7,
(2) CVE FE0 1t
OFHIRMAELTL, HIERNER O FLFE-C R & 12
BT HHREETRE O —>Th 2 AWK T
D 3 WILIEIEMENE— R S PE B RL TR ELIL
OE A BE 2 B o —H & L TR O IEE Mt
GRS D 9 b bREA R L DO TH 5 AT 2
EAREELR 2SR e Lz, O, Qo425 —
Wb &l CVE FEERE L, BFF - Bk
FPiEEOE, ORI BER~D %5
ZiMHL7-, QT 9. 3 oo —HRER
TRAKELIE D DNS Z4TWHERHNCEH 228 %
Bz, TOWES L BRBERICH LT, U
=—7 Uy NEBARITW, BEEE R TN
it L7=, @Tik, AR (AR bEE-
DNS 5F—&Z _X—2 % H\\ T, BEND DO
N, BEICPATRENTY = —7 Ly MEH
2B LT

(8) ELiE > R KA D i B

CVE TEBA%E O AR & 72 2 FLE O R
WIZOWTHNRD 720, &l (BKR) bicko
TH LN 3 RIT—ARZE HHEELIE O 5 e K
B DNS 7 — % X— 2D 217> 1=,
B % IR ELIR AR RH R D A o — AR IEMEIZ D W
THART, Fio, TP O A Rl 2 R i B
D= OENEEER 21T - 7=,

4. WFFERRE

(1) 3 ¥koo )8 58 oo FEE A — KRS 51k

GLiicxt 4% CVE FEOBF, KO, 0

TR FIE

O CVEFETIEDNSOK105r D10 | H
LR L T ARWZ sy b b, =
FF— T RF PR e EOELE D
MEtEZ T T, GRS ED
< HBRTZZ N1,

@ f@EICET A E—7F 1Y — 2 NCVE
FIECARAARTHDZ EER LT,

@ LA IAZENRENEE, CVEFEIC L
HI X 2 b— g B BB E
B LRI T,



@ 7=V ZHBBIZE S FEEZHNT,
CVEFIEIZ L 0 i S L7 BR it g
CRICEREZF LI ELHH L
7co CVEFRETIE, fhith S 7237
%D B DD 72 D RIS DN Sl
DOFEHHIMEE Z LS RFFL TS, —FH
7=V REU IS FIEIC L i S
NEEET, =3 LF - A fr 7
o REMEREIR LA O R =2
M aISHERLTWD 0D, ELiks
OFRFFEE, ELIES O R o DS
BEBABEHEI LN ERhotz,

(2) CVEFIEDO—iL

O kD CVE F ik 2 FE et (48 Gk 12 18 H
T 57, CVEFELE — (b U7k
- BIREE S — MMl (CVCE) Rk 4 42
K L7, CVCEFiE%, H#ELITES D
— DO Th D JEIF T D3R IT—HRE
EREEAELITE O RIFABEDNS 7 — & (2%t
LT L7z, fili S av 7o B A A3 L
MHEEL<HBRELTWAZ L (K2&H)
. BRFPiREE . BRI R B L — M
DY x=—7 by NERIZBIT 2EHRD D
REREEZERL L, ZONEICON
. International Workshop on Physical
and Mathematical Challenges in light
of ITER, 26th-30th, October, 2009,
2009/10/27, Marseille, France CHE1Fi#
AT 70,

X Pl
0

X2 ®rR{kE . (a), (b) MHD ELFiH%,
(e), (d) #93% DEMEND R HBFH
(), (c) MEEBOKREX, (b), (d
BEREEZORKEEX. (a) & (¢), (b) &
(d) OBEFmOMITENENR L TH S,

@ [EEEEEZBERICH ST ¥ RAVELTROFRF
&%, CVETRiEZISAHLTHHL, =
DR EDBED & D BRBF KA 72 Sl
Wz, ZOREE, BEATIT TIEELTT
BOBRMIENRRNT & FD=, BT
REEDEIGINDIRNT RS hoT,

(3) FELHE DRI R ME D fiR B

ERGICE > TELNI-HRRKBEDS

Wt — % HPEELE ODNSF — 2 D 7 = —
Ty MENTEITo T, EIC, LTFORRE
57
O A= RBNT, 7T 7 2K
FENA A T — I XD b 106552 M
REITH 5,
@ TRAFX—Mk s TR X—DOHENE
PN TR E W,
F7-. BEHEEIREHIC & - T, Brimis
OERER 2T~ RN EN FE /2
KThHdHZ ERBRLT,

CVETEIL, SLOEE N KE WL Z A1
AW 2 W, ZBEDFES)N R E AT
X, KOOV T EFIHT EAK TV =
L—ya FEOFETHDL, TOH, K
MR CELNTREICEY . BAKF2HN
LA NVAFEROBE Y R 2 b — g
COFEBANFE SN D, AT L
CVETFIEIX, ERHBELMENT 08, AE
VEHEOHK ZITOR W EEEAK TV 2 2
L—ya VRGNS T S, A%, ATV
HEORBICLVHEEZEO LY I 2L —
va v EEE(LT b e A - CVETIED
B AR SN D,

BEL - MERORILE & - 2SI T T V& 4
L LTWDHRE, FH., BREE. W 157k
EOEIICENT D & TIREND,

5. FreRFiHLE
(WFFef e, WFges a8 R ONBEHERTTE 4 1T
=Y

UdERamsC) (B 8 14)

1. K. Yoshimatsu, N. Okamoto, K.
Schneider, and M. Farge, “Coherent
vortex extraction from
three-dimensional homogeneous
isotropic turbulence: Comparison of
wavelet and Fourier nonlinear
filtering methods,” Theoretical and
Applied Mechanics Japan Vol. 58,
227-233 (2010). GEHEA)

2. K. Yoshimatsu, Y. Kondo, K. Schneider,
N. Okamoto, H. Hagiwara and M.
Farge, “Wavelet-Based Coherent
Vorticity Sheet and Current Sheet
Extraction from Three-Dimensional
Homogeneous Magnetohydrodynamic
Turbulence,” Physics of Plasmas Vol.
16, 082306-1 - 082306-11 (2009). (£t
)

3. K. Yoshimatsu, N. Okamoto, K.
Schneider, Y. Kaneda and M. Farge,
“Intermittency and Scale-Dependent



(%K)
1.

Statistics in  Fully  Developed
Turbulence,” Physical Review E Vol.
79, 026303-1 - 026303-5 (2009). (#7¢
)

K. Yoshimatsu and N. Okamoto,
“Wavelet-Based Statistics of Energy
Transfer in High Resolution Direct
Numerical Simulation of
Three-Dimensional Homogeneous
Isotropic Turbulence,” Journal of
Turbulence Vol. 9 No. 45, pp. 1-25
(2008). (#HA7)

K. Yoshimatsu, M. Midorikawa and Y.
Kaneda, “Coherent Vortices
Formation in Homogeneous Rotating
Turbulence: Asymmetry between
Cyclonic and Anticyclonic Vortices,”
Proceedings of International
Symposium on Frontiers of
Computational Science 2008; ed. Y.
Kaneda, M. Sasai, K. Tachibana,
CD-ROM, pp. 83-90 (2008). (& #:A)

N. Okamoto and K. Yoshimatsu,
“Energy Transfer in High Reynolds
Number Three-Dimensional
Homogeneous Isotropic Turbulence: A
Wavelet Viewpoint, ” Proceedings of
International Symposium on Frontiers
of Computational Science 2008, ed. Y.
Kaneda, M. Sasai, K. Tachibana,
CD-ROM, pp. 173-180 (2008). (F#:A)
K. Yoshimatsu, N. Okamoto, K.
Schneider, Y. Kaneda and M. Farge,
“Intermittency in high resolution
direct numerical simulation of
turbulence in a periodic box: a wavelet
viewpoint,” Advances in Turbulence
XIT Proceedings of the 12th Euromech
European Turbulence Conference,
September 7-10, 2009, Marburg,
Germany; ed. B. Eckhardt, Springer,
pp. 945 (2009) Gl D 7 F A H)

N. Okamoto, K. Yoshimatsu, K.
Schneider, M. Farge and Y. Kaneda,
“Coherent vortex simulation:
application to 3D homogeneous
isotropic turbulence,” Advances in
Turbulence XII Proceedings of the 12th
Euromech  European  Turbulence
Conference, September 7-10, 2009,
Marburg, Germany; ed. B. Eckhardt,
Springer, pp. 759-762 (2009) G##E D A
FAEA)

(Gt 19 1)

N. Okamoto, K. Yoshimatsu, K.
Schneider, M. Farge and Y. Kaneda,
“Coherent vortex simulation of 3D

8.

homogeneous isotropic turbulence”,
62nd Annual Meeting of the APS

Division of Fluid Dynamics,
Sunday-Tuesday, November 22-24,
2009; Minneapolis, Minnesota,

2009/11/24, Minneapolis, Minnesota,
USA.

K. Yoshimatsu, Y. Kondo, K. Schneider,
N. Okamoto, H. Hagiwara and M.
Farge, “Wavelet-based coherent
vorticity sheet and current sheet
extraction from 3D homogeneous
MHD  turbulence”, International
Workshop on Physical and
Mathematical Challenges in light of

ITER, 26th-30th, October, 2009,
2009/10/27, Marseille, France. (B%F
)

ITEAA R, DA Sa b, RAE A, “U =

—7 v MZXD 3T HRERITK
ELUED D OFR P& O |, 7HIH
ARYE AR 1 P D S B 2,
2009/10/16, 4 HEKF.

N. Okamoto, K. Yoshimatsu, K.
Schneider, M. Farge and Y. Kaneda,
“Coherent vortex simulation:
application to 3D homogeneous
isotropic  turbulence”, the 12th
EUROMECH European Turbulence
Conference, September 7-10, 2009,
Marburg, Germany, 2009/09/08,
Marburg, Germany.

K. Yoshimatsu, N. Okamoto, K.
Schneider, Y. Kaneda and M. Farge,
“Intermittency 1in high resolution
direct numerical simulation of
turbulence in a periodic box: a wavelet

viewpoint”, the 12th EUROMECH
European Turbulence Conference,
September 7-10, 2009, Marburg,
Germany, 2009/09/08, Marburg,
Germany.

FiawHl], MAEAM, Marie Farge, Kai
Schneider, “=¥RJc—#E%E T PEELITED
S ORFIREEDOE —v2—7 1Ly
FROT7 =V 2T 42 ) T

FEOkEE —7 , % 58 MBI H S
S 2009/06/10, B ARFMN S,
RER PR IX.

MAREA, Harahl,  “Wavelet-based
statistics of energy transfer in high
resolution direct numerical simulation
of three-dimensional homogeneous
isotropic turbulence”, FELFEDHEFLEH
L EDIEH, 200943 H9H—10 H (9
A), #EHEERMFZERT, RO X,

N. Okamoto and K. Yoshimatsu,



10.

11.

12.

13.

14.

“Wavelet-based statistics of energy
transfer in high resolution direct
numerical simulation of
three-dimensional homogeneous
isotropic turbulence”, International
Symposium on Frontiers of
Computational Science 2008, 2008 4F
11 A 27 H—29 H (28 H), &4 WEK
K. Yoshimatsu, M. Midorikawa and Y.
Kaneda, “Columnar vortices formation

in  freely-decaying  homogeneous
rotating turbulence”, International
Symposium on Frontiers of

Computational Science 2008, 2008 4F
11 H 27 H—29 H (28 H), &4 HEXK
K. Yoshimatsu, N. Okamoto, K.
Schneider, Y. Kaneda, M. Farge,
“Intermittency and scale-dependent
statistics n fully developed
turbulence”, 61st Annual Meeting of

the Division of Fluid Dynamics, 2008

# 11 A 23 H—25 H (24 H), San
Antonio, Texas, USA.
TR S, AN, RAE A, FKJR

Wz, “Wavelet FEMTIZ &K D —HEE M
R R EL O D BR P A S R, L
MBI K O% B HEROE) )7, #EiE L
WEtiER], 2008411 H 13 H—15 H (13
A), JUNKFIEH S 5E T

K. Yoshimatsu, “Columnar vortices
formation in freely-decaying
homogeneous rotating turbulence”,
Seminaire M2P2 n-120, Modeles et
Calculs pour la Mecanique des Fluids,
2008 4 9 H 11 H, Universite de
Provence, Marseille, France. (#A4¥:%
1)

[ A ELHL, D5 ks se Al
Marie Farge, j’:EEITTﬁE,
A BRI PEELR IS

v 1%7 Ly b O END
K745 2008, 200849 H 4 H—7 H
(6 A), *EF)Sjt?.

K. Yoshimatsu, N. Okamoto, K.
Schneider, M. Farge and Y. Kaneda.,
“Coherent vortices in high resolution
direct numerical simulation of
homogeneous isotropic turbulence: A
wavelet viewpoint”, The International
Workshop on Multiscale methods for
fluid and  plasma turbulence:
Applications to magnetically confined
plasmas in fusion devices, 2008 4= 4 A
21 H—25 H (21 H), CIRM, Marseille,
France. (FAfF:#{H)

Kai Schneider,
‘LA
7‘ 2 FR e -

H A

fitL 5 {4,

6. WFITRERE

(1) wFge s

P TaHI (Katsunori Yoshimatsu)
L BRT - RFEBE TR - Bh#
ZeF &5 1 10377802



