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Structure, energy transfer and material transport near turbulent-nonturbulent interf
ace
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Interfaces between strongly turbulent and almost non-turbulent regions often appea
r in flows in nature and technology. Such interfaces are called here turbulent-nonturbulent(T-NT) interfac
es. We have studied T-NT interfaces within turbulent flows with particular attention to the flow structure
, energy transfer and material transport near the interfaces. By applying the method of conditional statis
tical analysis to the data of direct numerical simulations with the number of grid points up to the cube o
f 4096, we have revealed some characteristic features of the structure and energy transfer.



XL C—19, F—19, 2—19 (@)

1. WFERMEL IO 5

ELiiE. ERBHEZS0IERE - R
W BBCROBIEOMBTHY . ZHETD
Z < OMIICH DL LT RMIROBIBEE L
THBLN TS, 8K, FHHEREN IR X
HHER G e ST E =0, BSOS ra M
EOERIOTD, SLOMEIIZE DD TH
#HThotz, —F, TEaALEa—FD/n—
K., Y7 bl CTOERITE L, ZIITLE
WELFE DR FERRIC K& B b & . #HHE
BRI X AELRMBH O 7 L— 27 2L — |2 E
A TR E RBIGERTEE LTV S,

O, LRI B ST — FEELET
(Turbulent-NonTurbulent; LA T~ T-NT & B&FC) 52
SR iHT O B AR O B EE RIS i lr o < AR S
. WFENRERLSOHD, LLERNE,
GLI OARE IR T H D oy IERREE
ZHEO, ThbbEn LA L X Re (FLIT
O IERIENE D TR X 2 R HRIE)OELE H O
BRREEZRGE T 2EERME Y I =L —
= > (Direct Numerical Simulation;LLF DNS
EMEEE) IXNEETH o7, BRI BEELIE T O
T-NT BEREICOWTORIZIEE A E R
-7,

—Ji. ZOXIIRRPOF T, Fx I THIER
V2 b—FEHWT, —RREH L ONE
Sk EHTIEV O B HE &2 R R R KR O
DNS #EHL L, ZDOT — XM &21T-> T X 7=,
ZORER, 2O XD eHiEVO BT
VN Re OFELIEFRIA~OEHZEbE L7256 LI
HEDEZEFROILEST,

Fo, —HOT —H TG, Bl 2Tk
M SCELRIE A B E O E—REELIR ST T
7o BRI —BE LR E N BR D RIC
HWEL 7 EOMEENZ2MICET HER
ERHDHZ xR LT,

S BT, PR ENT 2 & T-NT Ba 5 i1
LG B ORI RE R EBE 52155
ZLEWNRENTE, TRBHDOZENDS, TNT
B i 0 BRI AR B 03 L B R O B
WCHEETHD EDEZIZE ST,

2. WHEDHBY

HARSCRZHINICHN D & & I i
IZBWT, LIZUIEELN O IR 2 5Ry ViE &
FVVEIR OB R (T-NT BE57m) N8, £
DB TR E 72 E OB B AT Ak
T 5, TOFIEFRNGERICK X B8
L
AWFFETIZ 2N E TOE Re SLAAIZED %
AED LIS, TNT RmEICER LT, FE LT
HERFHHIEICL > TEFOEEL LT
FLX— WA O T A b
ZHBET D, FDODICHEBR R ELREIC
BZA0 , R K27 7 AD DNS (2L 55
— X DR 217729,

AT NI BARMICIZEE LTULF
D). 2). R)DHFEEITH., Fiz, T-NT 5
S TR LA D SEIRIZ 35 T b [A R 22 iR AT
ATV T-NT U35 L O O O R8I O ki
(2K 5T T-NT BT ORI Z B & 8C
T 5,

(1) T-NT eSS O iy DR

B R e & DR OfRITIZ L o T
T-NT B U5 O & O R &2 w3 %, £
72 Re Lz FofEN ED L H I LT D
MEFD,

(2)= R/ F —HFik

T-NT St fs, 8 L O LIS o skl 38
DB =R — B XT3 F —iik
ROLGAR DR E A M5, £, iR
DI EAEIC L B KE A2 S/
SR~ OELIROEE) = 2L — Dt (37
b BB B A — LR OlGIk) 022 M
EIZOWTHRD, £ZF0ET VRS
2o
()& ik -

T-NT SR ITEE CTlL 2 O o BE LN
FEFITM LSRG SIND, TOWE IR 17
Mo 5E L, BT OEM (55 VIEHE
D ORI KT D AERTE B ) OZEMmE

FRE~D B ONTHIRD,

3. #rgED ik

AT TIXFHE RS20 FIEIC X > TELR
Ho T-NT SR E IR L O LSO sl
BT D, WESORE O IR 21T\,
VY Re O ELYE — FEELIREE A w5 o ()i
Lo, QX —Hk, (3) WEimk
WZOWTHANSD, &I, (D), QIzonTix
B~ s ETHS 4096 D 3 Tl K& S KB DNS @
T — X ENTZ1T 5, F£7- PIV(Particle Image
Velocimetry; 71~ {5 Jii 3 I &2 ) 2 F v 72 52
Bk & DHEESIT 5. FURRICIZLL T O &
BOWMEEED S,

(1) T-NT S5 iU 25 Ot O
—FRELIE T O T-NT BERAEIC OV T
Westerweel & 238 A U 72 45 & St %
A L T-NT 355k O LS o fFIRIc B
AR IR A g U, T-NT B2 O fF
AT 5, 77, Re &AEMEICHOWT HH
~5,

(2) —R/LF—i@ik
T-NT BER %, B L O n sk osaikic ks
T AEL =RV F —, TR —EIRED Sy
i, TRF—EHEORFE%Z DNS 7 — 4 fif
FricE VBB MNCT 5, Fo, =R X0
EIZOWTORHERET VOEEREITV,
DNS 7 —# | b7 —# & DOl - MGk 1T
29,

Q)& i~

TERTEINC L » CTEIXN DR R4 809



HEMES I 2L —a UFEAEEL, Fh
ISy I alb—y g vra— REERT
b, TOaA— RIZX T, &LITiHES) & D
B0 12 B L CHELIEH O R BB 21T 9
AL A B KB FI G R O
FAIFDOAHEEERED & L 22179,

4. WFIERRE
ARF7ETIE ERE). (2). Q)T oW THERS
PUF OAFZER R 2 1572,

(1) T-NT B2 T35 O Fi g O -

¥ 15008 4096 D 3D DNSIZ LB, T
AT —<AT7aAr—LL A )L R N
1100 2 DO ELiE Y % A 51 512 {IH 58 43 k2
DEIL, FDHHOE TRV &S T
FEIBICTE R U, R &SRR 217 5 72,
F72 R 2% 100 FLBE D ELERAYMER VY DNS I L 5
LSS & ORI 72 BB BTV R OHEINIZ D
TR GEIE DS & D X H (BT 2 & @ hr
L7z, ZORERLUTOZ ENg0noT-,

(DR DI & & 1258\ IR DL O
DL, om0 R OELES Tld T-NT 55
SN CH F 78 < CHE OB T SE I N
b, (K1 2H)

500

400

200

200

100

1] 100 200 200 400 L]
1 BRI & & LRI P o & D Wi Lo A,
#F (F) L& ) ORI mMORERHY, %
D ZOHICPA ENIZ BRI < THROVBIIERN & 5.

(i) Z OB AT 5 T = R L F —Hukt
BRRELSET S, @2HH)

(i) & BT 0 S & 35 L OB g oo i o X
FOFEBE I BB Lo EORETHY |, 0
WiEOEMIBELETA T—~ A /B R
=N DA—=H—ThH D,

(iv) 5085 g & BE Y > CELIE S A o 33
O X |\CULECT 2R E o dR IR A L A
C 5,

0
-100 -50 50 100

0
(x=xp)/A

X 2 : efEft& BERHIRATIC X B IREESS A, x-x 1 1
DFEOBIS O x Hh) (71 OKEHH) OREE,
HEx-x &8 & LTCOMREDRMAT &L, 1A 5k
J& D P

WS EONTIIRKE SN NEINLT A
r—VEREDEREFFOIMENEEL TR
D, ZoMREbEBIZEINEINT AT —
NEETH D, ZOME LT R — (AR
FRIEDOIEFITROVHETE D 2o T 5,
KIEIXE L L CEIMR I AT 2R F IS S
Do FIPERD aNT T 7 O TIT
LIZK WEEDRERBEELHF LTS,
(vi) FRUWETHTEREIR O 5 B (AR IR A
ROEFEIC AN T/AE W=, 2 YOEEFERE
72 EDIRR OFFHRITITIRO B2 R - 72
W EL, BROFRTRICITEER%HS L
I’5HEEZBND,

(Vi) T-NT BE 1% OB R o —J7 0 St
F~DEBDOLRRICKT D & DFOREEED
TEZ B L TWD,
BRAEEIZIL DNS 7 —# 721 T < | EBR
FLEOWBHEVBEONTZERT -4 %1
AWTHT#iT-o7-, ZOKREITE TR
DNS 7 —#fi#fiT L AT HHLDOTH B,

(2)= L X —THhik:

— KR T VERLT O 22 W L OSSR
BT AR IR &R X 7200 BN S AR i
ANOTFIVF—HE (ZZTEIATr—FRE
L) DORIFDNST — # 12 FD < fiihr & |
ESUIET-NTREEFICE B LTTWL, BLRF O
AR AT,

()T-NTE R EICEEE N 5 i < CTHROBITE N
(BT DR = R VX — R RIL, £ D
fthOFEIKIZ 35 1T D RATHI R RIC LR THER
I (BB XZ10E-E) K&Evw, Lo, 8
W e BRI D AR FE I L R BRI D IR FE I HE A T

D/NEWVWDOT, Gt ERE L ThOZRLF
—HORICKE < ITFEH L,

()R Z WD B /NS 723~ = L X — 1
% B L O OW G RO A r— Rk
FLOHEE S THRWBTETE ONER, K OV DA



I THRSES TWD, TOH A7 — Ridih
DHBULDOREEE (R —v)
32 M)

WZIEKFET 5, (K

BiF s REfnb/hE
TRIAND TRV F =T A — ROZEMIAG, A7 DRI
DN AR THABML DR EE DL,

3 ¢ BT O & B WiE I

(iil) BY 78 O NER CIEBRVIRE N IFAE L. W L
WL F—{fk 3 E & T b, DNST—#
W, ECET W GRS O AME > S B RTRE (1) )
TEIET RV F —DHEENAE L, Z Ok
L0 BB O < | B L2V IRE O
AR L FERICIRV T R L X — RN E LS &
WO iR EHEA LTV D,

2B, BMENICBIT S Z0 X 9 ROk
EBRICRWNT, Eo@)-(vi) TR~z L oI,
SR X T-NTEE SRS & » THME D 8 %
RSN D72, FEFITEVRZ OB
FHr LG5 ¢ &2 N5, 2D LIFPIVE
W EBRIZ K DRERINT — X FENT OFER L b
BAELTWD,

EJN Rapid Distortion Theory (RDT) & FEiE
VA %I IZEESWT, T-NTREEEETO
TRLE— @ﬁxﬁ K X OV p#aE o
ETNEREL, ZTORIEEZITo7, (ERD
JFr—RVy » a)Edo 7HEBICAES
N5 EER (0 A — FEER) TliBAEW,
Pl K& SOWBELEOMEMERANTFEETH D
LENDM, RDTTIHT LAAEWIKREED
FEFITEIMOHAEEANEETHL T D
ETNTHD, 77—V =T T FEzE
flCO TR LX—lgk N H I ET Vb S
2o
RDT &7 /LZ X U5 B 7 e feek oo 4
82> & BT L 16 CELFED = R /L X — M3
GRS AL, FD T LT ko THIME PN T
E<BELmUOEENER S, SIHE O
AMANZ FE AR CIEF T TR = R L X — R A
ELDHZ ENHESND, ZOHi%IL, DNS
BLOERERELE DEAS LTS,

()W’ & k.

VEAEENC K> GEIIN DRt %, B
sz ‘/EOJ_5 ERAOWCEHT 572007
ab—3 g a— REfER UIIT 21T 5 T2,

EARANTIZELFEDNS =t — RITRE - DB %) 5
ZHL0 AT, WHIRRBIK A 7T A AR
BEF 2 — RZMAIAR, ELITEH OB 2
1To77,

BT L7-a— RaE W8l FEsRiz L v
A h—27 2 St (FRAR~DIBTENE 2 3 MR
iﬂﬁﬁk<1ﬁ%ﬁ‘ﬁﬁ%®ﬁﬁmﬁ¢®
MARIIZIE BT D)DK RFALEICBIT D
ﬁﬁ(ﬁ%ﬁf)m@ﬂé%%xkﬁﬁ\%
FEDZ 7T MBI St BREWVITE
BLRWETLIZE, BXUOD DM St
(0.05 FREE)NTFE L, Z D St TITRL D
WEHENMEWZ Engoo iz, £z, 1BME
KX, B OBE LZEE S IFHH S
HEmMMPEEINT (K45), ROk
RV SIr R TR I U DRI E DY St DO
BEZITH L ETRBL NS, 2, &Lk
EATE O T-NT S MR 28 £ D
LT VWL ERTHERADYI 2L —2 g v
FERLHFIEL TN,

4 ELFEH O St DEN R DRI OEB DT I 2 L —
voa v, RIS IR ORLOLE St=0 (K f4), St=0.5 (5 ),
St=1,0(7R€4) & iR REisk (7 ) D WIRA L,

5. iﬁ%%‘
(BFFEAREH
ES 7Y

éa\?ﬁ H K OEHERTIEH 1

CdERERm S0 (R 4 14)
(1) Julian C. R. Hunt, Takashi Ishihara, Nicholas
A. Worth, Yukio Kaneda; Thin shear layer
structures in high Reynolds number turbulence
-Tomographic experiments and a local distortion
model, Flow, Turbulence and Combustion, ##t
A, 92(3) (2014) pp. 607-649.
(2) Takashi Ishihara, Yukio Kaneda, Julian C.R.
Hunt; Thin shear layers in high Reynolds number
turbulence-DNS results, Flow, Turbulence and
Combustion, #E#Fi47, 91(4) (2013), pp. 895-929.
(3) Takashi Ishihara, Julian C. R. Hunt, Yukio
Kaneda; Conditional analysis near strong thin
shear layers in DNS of isotropic turbulence at




high-Reynolds number, #5%¢4, Journal of
Physics: Conference Series, 318 (2011),
042004 (4pages).

(Fa%ERE] Gt 151)

(1) AJ& =, Pradeep Jha, 4 H{THE, Julian C.R.

Hunt; & LA v XEELTE R O\ B 8
& T DOBEEIZAIZOWT, KA — LA
HEE) & ELITEE D X - RS R E BE AT B ST T
HFEIRFESE S, RALRY:, 2014 41 A 10 H

(2) A7 i, Pradeep Jha, 4 H{THE, Julian C.R.

Hunt; & LA /b ZEEL o0 BT TR OO RF ]
JeRE, AR P Ea 2013, AR TR
%,20134£9 4 12 H

(3) Yukio Kaneda; Some lessons from the
statistical mechanics for thermal equilibrium
systems, Turbulence Colloguium TCM 2013,
Tunis, Tunisia, 2013 4,9 A 6 H

(4) Julian C. R. Hunt, Takashi Ishihara, Yukio
Kaneda; Thin shear layers in high Reynolds
number turbulence- A coherent-structure model,
14th European Turbulence Conference, Lyon,
France, 2013 4,9 A 3 H

(5) Takashi Ishihara, Julian C.R. Hunt, Yukio
Kaneda; Thin shear layers in high Reynolds
number turbulence -DNS results, 14th European
Turbulence Conference, Lyon, France, 2013 4,9
H3H

(6) Yukio Kaneda, Koji Morishita, Takashi
Ishihara; Small scale universality and spectral
characteristics in turbulent flows, Eighth
International Symposium on Turbulence and
Shear flow Phenomena, Poitiers, France, 2013 4+
8 H28H

(7) Takashi Ishihara, Julian C.R. Hunt,

Yukio Kaneda; Intense dissipative

mechanisms of strong thin shear layers in

high Reynolds number turbulence, APS

65th annual DFD meeting, San Diego,

USA, 2012 411 A 18 H

(8) Takashi Ishihara, Julian C.R. Hunt,_

Yukio Kaneda, Strong thin shear layers in
homogeneous high Re turbulence-

structures and statistics , First Multiflow
Conference on the Turbulent-Nonturbulent
interface, Madrid, Spain , 2012 4% 10 A 26

H

9) /AR, AR e, A HTTREEL
MEREOEEIE I 2 b —a

Ze A2 LA « FEELTCAR m OMEYT

H AR e 2012, SRR,
2012429 A 18 H

(10)4 5L &, Julian C.R. Hunt, 44T

HE LA AR MR T O iR
VBT, B AR ) iR 2012
EHIKSE, 2012 4F 9 A 17 A

(11)Takashi Ishihara, Julian C.R Hunt,

Yukio Kaneda; Strong thin shear layers in

high Reynolds number turbulence , APS
64th annual DFD meeting, Baltimore, USA,
2011411 H 21 H

(12)Takashi Ishihara, Julian C.R Hunt,
Yukio Kaneda; Conditional analysis near
strong shear layers in DNS of isotropic
turbulence at high Reynolds number, 13th
European Turbulence Conference, Warsaw,
Poland 2011 49 H 14 H

(13) Yukio Kaneda; Energy Transfer in
Turbulence —the roles of local and
non-local interactions, Nordita
Astrophysics seminars, NORDITA,
Stockholm Sweden, 2011 -9 H 7 H

6. WFITHLR

(OIFFEfREE

M 1T (KANEDA, Yukio)
TR TR « T80 - Hdz
WrotE %A : 10107691

QWgE s
AJE 5 (ISHIHARA, Takashi)

A BRE « KRB TR - R

Mg 10262495



