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Abstract

Statistics of a passive scalar transported by strong homogeneous turbulence under the uniform
mean scalar gradient is investigated by performing high-resolution direct numerical simulation {DNS).
We discuss the different nature of intermittency in the passive scalar field originated from the injection
mechanisms, i.e. the random source or the mean scalar gradient. It is found that the passive scalar
field imposed by the mean scalar gradient is more intermittent than the case for random source.
Moreover we show that the scaling exponents evaluated by the scalar structure functions are almost
same for both the parallel and perpendicular components to the mean scalar gradient, where they
saturate as ¢ I, ~ 1.3 and ¢L ~ 1.3 at high-ordei. These features are confirmed by examining the
scaling form of the scalar increment probability density functions {(PDFs) leading to the saturation of
scaling exponents. Furthemore it is clarified that the functional forms of the scalar increment PDF's
for rare invents are approximated by the single point PDF for the scalar field. This nature is also
discussed in connection with the ramp-cliff structure and the saturation of scaling exponents. We
present the important characteristics of the scaling law for structure functions being free from the
details of the injection mechanism.

1 Introduction

(2R DB MRS £ 5 TAHTN -0, KEEBERIC BT 2R B OB, A L 2WHER
B EESORLESERS EEAMEERCTH Y, TN OILEMMICRBNR AN T —& (v VT R
) LBRTERTE D ERFO/ Sy 7 R0 T — ORRARIT BRI 20 FLH Ry 7D 1
STh Y, FOREEBRIC EET 28 /% L HHEEOBAI T T, BiR - HED VT RBIC LB
BEE LTI TN 5 1]

IRETRAIEE AR L > TRE SN Dy V7 AN T OFFHERICOW T, BRI E R
¥{E31 8 (direct numerical simulation, 2T DNS) & £4TL THRAATE 72 [2]. URIOHF R CIRER KD
WEAY RIZEHWR TV H LY —ARENTHET, AN 7 —ROEFREBL EHMEERIALTVWD. L
P UBIXIE AR RORECHEBEL Vo 2D T —HORHBBNICE BT 28, AN 7 —BOYHE
VAT AR ESTEHMSN 2 EH R D5 —AEREORTHS 3] AV T7—BOELMRRICETLE
BEBRWRTFREIT I, RORT 7 L LT—ETH R Y T —QEOFER AN 7 —HOKIHERI~E
ZBREL R R T REZEET I ENERTH D,

S B B Y- R TROR AT %, 1275 52z plateau & $il cliff 23 L 72 mesa-canyon HEEL R Y
(2] —F—BEHR N T —HET DAL 7 —FIROHEEF LR, ARBH I ramp-cliff #3E & FHE
AL EEE RTERELN TV [1]. ZhbOHEIR AN T —-HIRBT SRREOMEL R’ P
NboTED, 2 8AN T —EOEKEBEERITRIT 2 Ay — ) VI HEROBRIBENCRRINS LI, A
H 5 —BILEERIC R TROBREEZ RTERHLNIE STV [2, 4, 5, 6].

FICAFRTIEEELLEETO RS T —@%ic HL CHEARGE DNS 2 ETL, 207 — X )
AT —BORIREEFDORr— UV BRI DN TR REERET S, 20 T —BOBWRESR
B LT ORFIEEIL, —MIT Schmidts 3 S, = v/k IKHREET S (7, 8, 9], TH E TITRIEB R
(viscous-convective range, AT VCR) (C &1 2BEMEREIC DN TIZE L DI RDETR H 548, U 7L
FEHDS T AR T — ik, BTHIEMAB TS (inertial-convective range, BT ICR) I 361 HEEERIC
LT OREHFROBET DR, AFEDBRIZAL T —HO S, K TR, —RFBAL T —
EEROTEAER AN 5 - BOBEEBER N AN F—HORHEC 52 2B BERD LD L. —Hk
EH R A 5 —HE T OHKBREE FORRECEL T, AV T —HOREFHE L TOBEF T OVWTORH
REDER HBVEINE Y — AOBNCERT 5 HREDZERE FMICFITL, —REH RN 7 — WD
AAF—HOKE L EE, EREOILRBRIRETEEEBRL .
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2 Direct numerical simulations
B ui(x, £) ANGE 5 HEREIER D EBABRE | 27 F—3 0(x, ) B0 5 BRIEMABRT, ThEh

(Bt + u,'c?j)u; =-§;P+ Uajz'ui + fi, Siui = g, (2'1)

(8 +u;0;)8 = <836 + fo, (2.2)

TEZbND. kIZD TR, fo X RAAT—H{ONRY —ATHY, ZZTCRHA VS TRV AN H
LAY — R X BHBE (case R)[2] & HECH S HICHIMSN 5 —REHAN T —ARIT LD Y — R (case G)

fo = —u;8;®, V&=(0,0,G)

O 2BEAER O (1,9, 10, 11]. 6, —HKEHAN T —AROF ML 23 = z BFACHS. ELAFET
S, = 10BAEH Y. BEIZ—HOEEN 2r D 3 ERAYBERONFETHY, FERAHOHREITITER
Ry MAEERRWE. DNS OHEEECBWTRLEER /T A~ L Kpae? THIH, 22 TIRTART
Kmaofi = 1 BEZ & 5. TRIIMSBEOBRKRE 2 HBRT 2 5 A THER+IRHERMGTH LM (12, 18],
BB Ay — L ORHEERT A LCEIRERBEIECLVWERREOR « DIFRIZ LV HL TS
T3 (18], Ra(Kmae) B3/AEWVIE DD BJEIC Run 1, Run 2, Run 3 & 4317 5. 72 Run 21220 T
G =11002 Iz T Iab—varfTof (Run 2a, 2b). EHBOLEDIZ, FUF LY —
2% V28 Reynolds ¥ DNS DR & [2] % case R & U CHBHIFT (Run A, B). BT 4 koA~
B2 v &« SAER RV, Table IZHE/ ST A7 OEL REHLHEHBOEL L D LOERT.
RRHELAECHIBOEE, case R OFMARRE RISV TIRBADOBEOTR 2] 2BRIh V. 2B
ARHETIIED Ry BEV DNS ORIC W T HICHERT 5.

Table I DNS parameters

(2.3)

o case G o case R
Run 1 Run 2a Run 2b Run 3 Run A Run B
N® 256° 512° 512% 1024° 512° 1024°
vi{=r) 1.3x107% 60x107%* 60x107* 24x107* | 60x107* 24x107*
G 1 1 10 1 - -
R (= P) 174 263 282 468 258 427
7 (= fin) 818x 10°% 450x10™% 458x 107° 218x107% | 455 x 107*  2.20x 107°
Kmazhi 0.99 1.09 1.10 1.05 1.10 1.06
E 1.71 1.81 1.90 2.20 1.74 1.97
Ey 1.29 1.24 156 1.77 1.01 0.99
g 0.495 0.528 0.517 0.815 0.507 0.591
£ 0.886 0.879 98.37 1.343 0.558 0.598
¢ = eL/ulm, 0.482 0.468 0.450 0.444 0.478 0.464
R = %L/ (Urms82ms) 0.379 0.378 0.347 0.402 0.301 0.311
-5, 0.508 0.530 0.539 0.559 0.535 0.558
-S4 0.434 0.458 0.459 0.450 0.454 0.443
A 212x 107! 1.44x107' 1.51x107' 927 x107% | 1.44x 107 895%x 1077
Xg 1.07x 107 712x10"% 7.62x 107% 4.32x107% | 8.06 x 1072 4.88 x 1072
L 1.18 1.17 1.24 1.28 1.18 1.18
Lo 0.745 0.752 0.841 0.778 0.814 0.826
Tav (Teddy) 27.1 5.62 5.45 3.97 5.49 2.43
3 Results

AETIE 2 AN T —EOFKHEELBRTS. —REYRA Y 7 —AEFT AL TEARRE || OATF
wHEL, BERSY L THRT. ZIT2EANT—ERRATERSINS.
88, = 8(x + rey) —6(x), 616, = O{x+reL) —0(x). (8.1)

I Tepel RENENAS T —REFEICTLT, BEREMAAY MV ERT.
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Figure 1: One-dimensional profiles of scalar field obtained from Run 2a. Left figure shows the profiles at
y = —n with £ = —n/2,0,7/2, and right figure does at y = —= with z = ~7/2,0,7/2. Horizontal dot
lines denote the each zero level of 6.
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Figure 2: Comparison of the normalized PDFs for scalar increments between 60, and 510, (left), case
G and case R (right) obtained from Runs 3 and B. Scale is » = 2"7/N withn = 1,2,---,10 from the
uppermost curve.

3.1 Structures

— B R T —ARAUCRL T, FITHM L BEFMICET D5 A0 7~ HORBEOZERIZ OV TIRAS
5. Figl 22N T —H0 ¢ MHARLNC z BAFAO L KLEBORFERL TOD. SEHRRICFATZ
FEIZBNT, AT —L 0~ A— 2z CTEREN D -1 DEEEH oz ramp &, BRBR AN T KGO
BRIZEET B U NREIZEN 2870815, 0 ramp BiEHTE Ay —UIBLE LEETHS.
F - BEF N ramp IEEET, L A plateau & cliff BFETH I LITEBL AW, 2FD HH)EL
FENCBER RS E BITERY L THEFRER AEMBEL RO L b 5. ZOBVRHAERIIE D
&5 REEE RIETHASTVL.

3.2 PDFY for scalar increments

2 HAN T—ED PDF DIRDZBVOEVE LS. Fig2 %60, & 5.6, ® PDF Py(é9,r), PL(80,7) &%
RE—pp =20 /N (n=1,---,10) BCERFRRL TS, 22T () 1R, ZMEHERT. 2 K
ENPSSRBICONT, PDF OBEZIAERBERE RO L 5122 2%F b2 5. £k P, BEANHTH
BOIHLT, P /A =22 BN, EXMHMEODERVRRELS R D B AT—LERETD
ZoWT Py KRB RFR BB ERT L 21220, Pl L OBWNIIBLAY RS2V, —F P &
case R ® PDF i1 R_RCO A7 — L IS E L BSOS S b . AR Y — ZADBNZ b2 5T,
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Figure 3: Behavior of skewness (left) and flatness (right) factors for scalar increments of case G, 6,0, and
8,8,, for Run 3. Case R is the result from the passive scalar DNS (Run B) with the isotropic random
source {2].
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Figure 4: Behavior of scalar structure functions for case G (8)0,: left, 6, 6,: center) and case R (right)
obtained from Runs 3 and B. The order is ¢ = 1,2, 3,4, 6,8,10,12 and 14 from the lowermost curve.

PDF OIS BV B2 OHEMICHE Y BB TRV E W) HEEIRRKRED. ZORTRicHERT D.
80, & 8.0, OVBHER DR & ERKTHTD 20T, skewness So(r) & flatness Fu(r) (o =] or L)

_ _{(6a8,)%) = {(6a0,)4)
a(’”)_ ((Jagr)z)s/w Fﬂ( ) ((509r)2)2’ (3'2)

OERBE O HES Fig 3 IR T. TATRO D skewness L R 7 — A3/ & {25120 TO o AN EE
L AERDMBR, BERMCEL TERAEOHHEN S TRTORAF—A T 0ZiEV. —7 flatness DI
BENMNZEL TR, O R — VBB TR SIOEVER L ¥, Rr—AB SR BTN TH 7 AFH
BENTVBIRDD S, BITRS L BERIEHETH &, TRTORy—ATRE EWIREHER
Ay, e m bt case R & L THREXNEVE BB Z LIXTERW, REIT LY BROBERHEOR
HBNIERTS.

n

3.3 Structure functions and scaling exponents
T TR EREBEERE O R — Y SRR 5. Figd X AN T —HEERK
Sh(r) = (181841, Sy (r) = (1810017 | (3.3)

DB BB F case G, case ROBAIT g =175 14 EFTRL TS, B—A¥ PORBEBRESZDICD
n, BRI T EROAERKE  RBBFEZRZNICOVTHETE 5. H7 case GILDNT xHHE
ERERKRECRD L, ZORRITHEVELLANEL H) THB. —FH T case RITOVTE, REDEWAIC
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Figure 5: Variation of local scaling exponents evaluated by the scalar structure functions in Fig.4 (Runs
3 and B). The order is ¢ = 1,2, 3,4,6,8,10,12 and 14 from the lowermost curve.
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Figure 6: Comparison of the g-th order scaling exponents {7 for the scalar structure functions (left)
obtained from Runs 3 and B, and their relative scalings deﬁned by {,/¢z (right).

ST, AENEAT HEIRE SRT SEEC PN TV SR TFARBTE 5. ZORDBOOHME A
5z, BEERORF A, — ) v 7Bk

dlog Sli(r dlog S(r)
)= TR, gy = SR

EZNZRIC OV T RO EERE Figs 07T, £7° case G 122V T 30 < r/7 < 180 TENENDRFT
RA— ) o BN —EEE L AR —AERBEET B LR B, L RIS TR AN
TEEBRIOFR LV ER>TWS, ZhiZ AN T —BIBOT AT L BEHFHOBEOZERICERT
BrEzbhb. ELIERORY—Y 7 BEOEIIKRE ¢ i & & PIEE—EEICET 5 EMERL
TWB. —F case R & case G #H BT B &, case R TIZ R —A2KIZE > THE DR — ) 7 RN
RS, W L 8N A 5% (ICR 1Y) & REL Ficsafnd 58U (viscous-convective precursor
range, VCPRIZHY [2]) @ 2 EEAFET 2 ENbM S

BEF AL — U v 288 —EEE L DERCEEEHL, BEBER0 Ry — ) V7 BROEL RED
%. Fig.6 X case G (23817 B2 F4T - BERS, K case RIZHBWT ICR (200 < r/f < 400) & VCPR
(30 < r/f < 60) CHEBE L o A —V T HEOR ¢ ﬁﬁﬁ%ﬂ‘bt%@'@&;é IDRERPORD
2 ADRBBEIERET S, 1) HTRAOR - ) 7k ol L BERSO Ry — ) o 7B G ikE
NERORECIFFEL , BROMREITIRBLF 1.3 TH 5, 2) case G X case R TH BRI AT — ] v
ZHE L0 AED D case G A & W IRMEIRBD. FT 1) IZOVTRAS. Ry~ V7 HEENRERT q
KHELTR—EECEET 5 L\ ) BRI, 2 AN T —ZE0 PDF ¥R

dlogr (3-4)

Paoo )= o3 ()% @ (LY, it (s (25)

rms
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Figure 7: Asymptotic scaling law of the PDFs for scalar increments, [§6.| (left) and |5 8.| (right). ‘Index
n means the scale r = 277 /N.
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Figure 8: Behavior of compensated cumulative PDFs for the scalar increments, |60,| (left) and |66,
(right).

O Ar—Y v Z BB LT L B BWRTS (2,4, 5. Qale) XA — N r ZEBRNARS— ) 7BRTH
3. Fig T ERDO A7 — YU 7RBBIL TV AENE I0EBDD, AFy—) WV EEOWEHEE L
Tl = (L = 1.3 BAERO 35 ROAyr— Y 7Ty FERLTVS. 2 APDF DRy —Ar i,
R e ) 37 s B - T BEIRN (30 < r/7 < 180) iZ & B, Fig.7T ORREN L, PDF O A7 — Y 7Rl
(3.5) IZEDOHHOBOWATHFECLRAEL TNEZ &R DD,

Kbl Al U v /K 2 DU SO THND. A=) v/ 7 ay FTAVEE L = (L =13
H Fig6 5 B b o ETH Y, TOEITHEIHRINIAZ V. PDF 25 ZOEE AR Bz, (3.5) K
DRIF— Y FABYTIRHES L LT, RORB

Po((88] > Mume,7) = f :, P.(136],r)d}89)] (3.6)

DIEAENE TS, ATEROER AT A—FThHY, Fig? ORERD OO T A — ) o 7 QIS AL
AT LEEELT A > 4 EBAE. bL (3.5) RBMIIL TOHUE, (3.8) KD Py(|66] > Mrma, 1) ~ 6=
LR WER RS T LR TR B, Y Fig8 (TRT. BT Ay — YV T HRER ~EERD AT~
TR o R OBFER 1.3 IEVMERZ L DL AR TE 5.

AR B R r— Y vV EREOMARRIT, T ETO/y V7 AH T —EBROBRICENT H9 T
BRI ST B, BlzE Moisy bR~ Y 7 ARLBRFORERLE OMEND, BEBEERDOAT—
U BT ER T 145 T 5 2 L F RHL T3 [6]. 7 Celani 511 2 RITRNE W T R —
KSR BT By U7 AN T —OBEIAEE Y o TR Y, AHIARXIET D case R & case G DER
ZFROBAICROTREEHEED 27— Y v P REOET ¥ 1T o1 [4, 5] BREAF—V w7 LY — RO
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HMMCRIEL RV & (case G & case RIZAU MAMEZRT), EERTRLIATH 14 5. 3l ing al Pl
PRHLTBY, A5 —EFOBRER 245 —H0 Y — RRKELRNVEERE R THEEERL TN 5.
L AREFLRIC BT B case G & case R OHEBERO Ry~ T EERHLRT D LW LEVLR R
B, T O AT Celani HAVBAERLIZERIHBRL 2o, ZOREEEBRT 5. T 2 WTELEOT X
JLE i R KA, EESIMARMEE RIS (15 (F=q/3) FRMOATEY [14], 3KRT
LI L SEEERO LD LT AR K B S, BlCRVELE OMENEEICR 2 RIRKEH TIXZOEWE
BEMTH DL ELLND. DE D AN T— PO, BRT HEMEERORIC L o TAREIRERD
T EMRBERN D, T T o AEERC Lo THBEEN By VT AN T —HOERAMT (15, 16] I3
WT, A4 T —EBRO R r— U v VT IRROR LBV 2 REREEREO 27— VI EEOEICE 2
TAREL BRBZEDLLPHENZEFTHS.

4 Discussion

BRI AFETELR AN 5 —HORKEDERIZSWT, BEOER - DNS OffR L BT 5. Figb
AR A — U VR (3 /(8 12T, BAMRELNE [17], 3 R7E DNS (AHFFEO Run A [ZAEY) 18], 2K
5% DNS [4, 5], BFELHE [19] CALAMEE KBL L bOR AL TS, Th b ETORE, DNS [T L 5
Bi% Gylfason & Warhaft[19] K E - THBENLTWDH LI, RAy—V v 7 ERBOEIT EROEREMET
FoTREL ERBERMIIHDL EBNPMND. KADNSIZEWTH case G & case R TIREDERARESR
P2 B BEDT —F I case R DB BOTEV— A [17, 18] & case G DIRDFENITIEVW—R [5, 19]
RIFET B L O THD. ThbOF —F OIURIEOES ITEEREIEO A S — ) v 7 BRORS B LI
HBHTHY [20], Sy VT ABF—AROREREBD 1 2L EX BN D ZOERICOVWTERT 5.
FP Ry — UL S EEROESBWNCEELT, 2 KAHF—EPDF QA — I 7B Qu(z) DR
IZONWTHERT 3. Fig? OOHRBEKOMEIT sub-Gaussian THBZ &, AV F—HD 1 APDF P(6) O
Y E 7 sub-Gaussian Th B Z En b (Figd £X), BHECIALOBLUMRH B Z L PRRENS. FigT
TR Y 7 B Qu(z) & XA F—HED—E PDF P(0]) #RKTERL LAy — ) v 7 B h(a)

i+
P(l6]) = vz ({;:) h(l@—e—}) (4.1)

erms 91‘m3

DI BB LB A RERL TS, 22T (2 = 1.3 2 AV e, A0 —HEHER &<,
Qalz) ~h(z) (z>4) (4.2)

BEMLTWA., SRR — MBI 5 AN F—HOKFHT DN, ZOREREER RO~V MIK
R — L DR b EHEICBEL TV AEERIEL TWB, £ Z OWE S Fig.6 OFFEENLRIED &
WEBET S, A RN T—E |56, ORHWER, 2O Ry — U 7 ML BEATET 5 singular 28457 &
TSV REEBERSD 2EEOT K MEROHHBEIC X > THASh L L LY. 2D

soct~ V3l (£) | Cw

ORERELLY. DT RAIT—BORLEERTFVF AEETHY, 21320 7 —HEHKD R
=Y VS RERORIBNERETDH DT F AEHTH L. BREERRO R F— ) v 7 EROHME
BT, |2] K 1, [8] > Orms ZEHKRL TV5. 208 & ERIIHFHEKOEDR 0| O— A PDF TEALNEH
EHHATSH. SO Figl OZMEELZZRTH L, |2/ < 1, 8] Orms LV IRELT 2 REB AL T -5
THRENS iff ZE BT AL 52 22 bh, diff DRSOV R — b OFEEHEENRFIE (G DEER
RETDHLMRCES.

Ry T AHS—HBOBEBEO A r— ) v 7 BEOR S|, case G & case R TII RIS ELS
HEHRRENT (Figs). AEOENEINMEY —ADENL EZH0THY, ZORERIRRA/—AVTERD
NEEREBNRS—N ORI REREBERIETZ L ERL TS, DY A X7 —BROBREBRIC BN
T, AAF—H{DO/IR =V OFFHIEERNTH S Z LARBRIN 5 [19]. R L e EEERTH L, Z
Wit (43) AP bROLITEZLND. 20T —FOELE O singular REITE AL T — AL g; = 8,0 D
FAFI7 R ‘

D
EQ? = —29:54;9; + 29:(6:fo) , (4.4)



231

_% T T T T T ¥ 104 “M% T
107 ¢ 1 SO S — I
10 3 I T 10 R R b m—---:::::::‘s\‘\n=4 h
—~ 107+ . - ’:L: _
S 10| v ] 8 1 SR
3 NS - \\
S 1070} 1 %107 1! -
0’ R - cusen — L
8 4 TN 4
10° |G (R;=468) —} =~ 1074 + G s e e
10° b Gaussian = w4 R (186,1) - *ig
10_10 A ¢ i i i PR 10“6 P | 1 etk %; 3
012 3456 78 0.1 1 10

Figure 9: Behavior of PDFs for |§] obtained from Run 3 (left), and for [§6.| obtained from Run 3 and B
(right). Each PDF is normalized by the standard deviations of §6,. Index n means the scale r = 2"x/N.

KEESHh, f0E 1 BENXENTHNEA N T —REL A VA V5 S OMBREDS 4] 7 ADH
DR EE L B L, AR Y —ARBEETRAAV. —F7 0 — A REEIIAAS—BOF AT I R

D

ﬁfa? =0fs (4.5)
RSN, TR Y — AR EETILEXON 5. 2 RANT—E2WO7R, Thboo
MERHERLEFERL LTCEOMBMECRRENS L E2 5 &, FNENRRES B OFIS L. Lo
T RAH T —HEEBEOELBVI—BITAE Y — RADEMICETFL , AFFRICIBIT 5 case G & case RD A
e D P OBEBNOEZERIIZOL DL TAEL BZ EBNFHENS. LA L singular ZARSTOREETR A
M AVBEDRBILL > TORKRBENTVERD, A A7 —FERMR Y — AOFEMF L RVHEEHER
EETHAREELD S, .

COBRBRIC TS, TED PDF DRABWVICEB L X 9. Fig9 it 2y — U 7 HIRROE L
L7 2 A PDF O 28\ % case G, case RIZOVTENRFNRRL TS, DHOBOWMIETOTHHN
RONBH, DHEORREEY L PRFECE LT E-THECRIBIHARC LIS KL THWHZ &N
M2 5. D EXE{L 7= PDF OEAEWE, A4 F—FOAR Y — AOHEMITITKEFEL2WX 5 THS.
I O RITEERR S2(r) DA — VI EREE D LS, EORBLILE— AV FPORF =Y T
BRI EET D LKA — A OHBIEELRWRAr— ) U FRINFET 2 FREZRL TV5. EEE
HBILIZE— AV DA —V 7

Sg(r) r Z: (24 124 {s
W"‘(z) , Zg‘—‘iq—‘ICz/zv (4.8)
% Fig6 OEELZAWTT 2 vy b UALR% Fig.10 iRT. Z 2 T case R IZOWTH, Fig 10 ZRIZART &
51z L&D local slope OIRS T\ & #i-72. Figs & B L T Fig.10 TIRE—O R/ — D 7 HREFT
BLV S EETEHICET S, Fig10 HROFE RS Fig6 Tidcase G & R C—HL oA r—D
FEEROEIBUAEECHEICEL —KTAZ8bM5. TRLOEED, A4 7 —HERKE —RIC

83() ~ B2, 7] (2 (a7)

DPHTIRENZBERBL TVS. 22T fr) IRE g IIZEFELRVS, MR Y — R E Vo e RAT—
ANOBMIIKET BHBBRTAr— I 7 BETHD. fir) BRI SEBE f(r) ~ (r/L)77 (v < 1)
TEZ LN B, EEEIE R — Y UV BIR RS, —RIC Y BRR S OFBICRET 5B LN
%. case G BZDBPARMYTITHA ). XVBERBEITIE f(r) BEERTIIR L MY — RO
ST IETET B H AEBEEO L LRV, case R S Z ORITHY L, BEREITIAN A 7, —/VHET A
U w7 RlERE 2. (47) AOBEHIT LY - RORE CRAEOBRSICES (A -V 7RITH
% Generalized Extended Self-Similarity(GESS) & Rz 24—V v 7 RITH B8 (21, 22], T DB
E3 BB TEN TR,



232

1 0.5 T
0 0t ’
s -0.5 .
T Q
ey P 7
’EI: ] gsj--lﬁ .
x0T 2 Giiy we g
R g
4t \ 25 RUCR) = ;
REVOPR, v g
_5 1 i _3 1 1 L. L i 1 L
7 10 100 1600 0 2 4 6 8 10 12 14 16

/M q

Figure 10: Behavior of local scaling exponents for the normalized scalar structure function Sg (r)/85(r)4/?
obtained from Run B (left), and comparison of scaling exponents (& — g5 /2 for both case G and case R

(right).

5 Summary

AT Sy 7 AN T —ELROREREE DNS 2 BTL, AV F—HOMREE 25— I 720 T
BT, Bl —ETH AN T~ AENTEET D L &, AN T—HORRMEN AR L TETRRT &
BELRIICONTE DL H RERREET AN ONTHL W EIT o 7. Boh-#RE2EeHbE
ROKRTHD.

¢ case G it case R & BB L THEMBNZ VB REER TR, £/ case GIZONT E&%iﬁﬁg‘ﬁ@?\&“
L7 s, ERARE R AT R RS & BEA RSO MICEERE O RH SRR, %72 case G
G R Ar— Y v RERERCREKI L bR v—EE b & (L ~ 1.3 1 HET 3.

o R UL X EREOBIICHEL T 2 AR F—%0 PDF X £ OBEOERTHEN 2R r— ) 7
Alafd. 72— v 7/ BT A A 50 1 A PDF & FHFICR —HL TW5. ZOREITA
e Y S EEROMMBS L EEL, A H 5 —B0 Jff BEORKMERRL ZEREEZLNS.

o ¢ i%case G & R TIEER BRAHBOETTN, UL LBIERBROR Yy — ) v 7 EEIIHET L
S—ETB. TRIL ALY T POMINK R I —/ OFMIC X &2V EHRMENERIR AT 5 5
HERET D,

Alr—Y v 7 BEOARBRLITEL T, S LIEHAA CERIICERT HLRNH D case G DA
brem Y o RS 1 1EVMEICBBET B 2 &, A4 T A ramp-cliff BEE RTEIE, 1 KT Burgers 75
BX

Buu + ubpu = uagu ' . (5.1)

ST BEE RO SRR SN RS & Sk &1 B & KERIKEV. Burgers ILFIC BT HEEME
BEMGIY, ER TR FELT LIHET A2 ER L < AbN TV [23, 24, 25], THIXEESTEET 28
(sawtooth) EDME & BRCEET 5. TRDOLFEH AN T —FETO R A7 —FHITITHED & Ak
ramp-cliff MEDIFER Ay — I 7RO 1 ~OWEL BET B2 5EELTRL TS, ZORT—
Uo7 EEOBL BV OEBICIANT T, ramp-lif BEOHRBBROBMANELEETIL, Tl cif OZ
MOk ZDOPAF 757 IABELHFLPETEILNEETHELEELDL. THIISEBRORETHS.

AN T HEIERED R r— ) 7 HERORABECICHEL T, ThE TR RERNT S n—F iR

RENTVWE. ZOREERT 7 A7 7 it EEREEEKOMAEOMETRE Sh L ILRRARRO v 7

AHG—~DIEHTHD. 2EY 2 AN TF—EIL K62 [26] HIERL T

60, = ve /0y /23 /3 (5.2)

EEBIBLIRETS. 22T 6, xr RAY—/N r TRITEH ENTZZRAF— AR, R4 5 — RS
ThHY, vithATF X LERTHS. %ﬁﬁ@ﬁﬁ%@:ﬁbf%% multi-fractal =F A2 AL, v OFEE
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PIXINHIMSITCH B ERET DL THRARRKBWET VRBEXHh [27 28], £ 2 KAHTF—&

DO PDF DRABVEHBFATHIELTETHS [28]. LOUARFRTESL X 912 A0 T —FORKEHE,

cliff #iE & KRR — A OMFHHEEICEBIIEET 3. FVBAE, RVELEZELTI VY 2 E v L

iR €, xr ILHEHBOICHSIE RARRZVD B LAWY, (43) NT 0] & : BMIEEBTERNZI L

YT 5.) AFETRBBEFOR 7y — ) O THEB-TEL T, BN Y 0 X 5 ekt i R4

ENTRV. LVBEEEROIEDI, BRBLT T v 7 AGORTESRBELED TO LERH 5.
ZDRFREFTD kzbt") ﬂﬂﬂtv L2l =2 - RUAHTBRZERESEE Y ¥ — LB A0

CEBENFEELRE. JIRELTBLBEL BT ET
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