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2K ITE ED Phase Coherency

®AX-H -wH HHB #(Tsutomu Sanada)

§ 1. Introduction

REODHARZOF T, 2RTABIKER S5 E3IXRTABTEEZCEF
ZnwhH, BEY I al—ya vy TELNIABGHBEZ<ODEGKEFEWEREZ R
# T < h b (For review, see Kraichnan and Montgomery 1980), Navier-
Stokes FE X (NSeq VR X BTN 2 EARBR2O2DOERIIMEREZHF > T %,
U & DlE stochastic ZIERE W F 7~ 1X unpredictability THDH. ftF ik
order % % WIiE coherency TH %, ZTOLIBZHRTIZI2OOHENATRD
HEMNDREBEWAEAEEICL TW3, Kolnogorov(1941) & Kraichnan(1967) @
ARXRT—FEBEREIZKTARICAITI2EANZEREZ25Z2 2D, TOHEHBELC
HLUTHEZBLOMEBEN K> TWB, filxE. AT —-—FEFIPOHREONEX
r—Yy v iz sd 5. order % coherency OEEINBZARRES I TWS
(McWilliams 1984, Herring and McWilliams 1985, -Benzi et al 1986),
5 —FT. Saffuan(1971) OMEBOLTEEH T F L IF. 2 KT EulerF &
AN THEM Lagrange WITRNWIERFINDZLWIO HERNEFRIZEIT W TN
5, COTHEKEBET VR, TAIANF—ZAXRITIPVEALTHATr—-FER
EXE %% exponent 252 3%, EHAB LI, KEFHEOERRIZ T hicH
LTRENZEREZ2FATVWE W, BFE6HL, AXAT—-FETN, ZEKS
ETNEDBIIWLSONOBENLELAINDEESS, TOFXR. TOMHHA
K TA3HFHEICODOWTERIT S, FREEYI2VL—Yya VOERIZET L
HbOTH 5,

)

§ 2. Numerical scheme

HOELOD2KT NSeq. 2 AHIERARMHOD & T, Fourier-Spectralik
(Orszag 1971) #AWTHWE (BF S8 512X512, 2/3 rule) , $iiE X
v=5.0x 104, v=2.5x10%, v=10%, v=0.75x 10", v =0.5x 10D 55@D
ThHhbd, VMHEHFRIEBETAKEWAYy—NLOHEE (|l =<3)%random phase
TExzE, BEMESZ 2RO Runge-Kutta HEH W, At Bv A KREWFOD
2 DT At=0.0025, BODOVvMHNZIWEDI DT &t=0.00125 T5H %,
t =25 FTEHEETL =, t=0%¢ t=2 CBUIEANZDHEE%
Table 1 2R T, :

§ 3. Energy spectrue
ARAT—FETINELREBOFTEEETTNOHMOBEDRETZEWIE., EH
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HBICBTF AT AN F—ZAXRT bJILD exponent TH B, + T KEN
Reynolds OB KB WT. BEWY k227 b, EIR K%Y 22 ¢
WEE 2B, BEFTOEI S, k3 27 LERE L REFE. kT 2 @
EVFET D, XHLEZIDODABEELBRARI NI ASTHTAFHODOBEERD
HZIBEXINTWS (Babiano et al 1987, Benzi et al 1986, Benzi et
al 1987, Brachet et al 1986, Gilbert 1988, Kida 1985, Kida et al
1988, Legras et al 1988, Lilly 1971, Yamada and Ohkitani 1988,
Yamamoto 1984),

DY Iab—yarvTELBNEAXRT bIE Fig.l AR T, T FIN ¥ —
27 RN EK) TWHHL, TYRAPOT 4 —ZA<7 R (k) = kECk) %
HWTHB, VIEEKBELZWEHXEHETO AR PO exponent D
SICART—=FETAH) D -2 (FEREETIN) PRETERZVWELEHY
ThH B, ft>T. AT LD exponent WEITWTZODOEF*HLEKT S
DFHEDDIULMNEZN,

§ 4. Development of coherency and intermittency

BRAMZEODKEOR T, IHEAKEZEWAYYF—LOB AR OBEBIRBLR
RBAT — NV EEODHELZBUIZREEZEL, RENZEI XX —IL L BXhX LR
> Tw< ( Table 1 ),

SRHRTEBRTIE®/O stretchlng 73*??—23?1/72@\7”&) WHERFLCE-L>TH
ét?ﬁﬁlifm’ﬁ??‘é @b\f%&%?ﬁiﬁ@ﬁ’)m%ﬁz%ﬁ‘%l_b ?&gﬁ%k

HEBRE) TEERERIERINDG, TOLDRFXERNZERTE
?ﬁEODQJEE?J‘%b&)‘(X%(\ oTT VYA PO T4 —DHEDIDKRENW, #
DES2LTYAPOT7 A —DHBEFRZVWEFREZ2RXTFIZRBEL TWBE R
LAz, THh % interomittent ZHE LW &, Fig.2 6 5 IR %
YAPOT 4 —OHREBOENANTS 5, Figure MR T L S3icx ¥ X b
D74 -—REFCRWERTHELT WS (L =10, 25) . EOLS52#E
MR Z 5 (Fig.5), ﬁ‘&b%lﬁ(mé’)&ﬁhﬁﬁﬁfl A bhT 74— DHELEDN
KE&EW, T O EHMEE. YVAPOT 4 —OHEMN2KTHET intermit-
tent L:ﬁ:o”(b\élt%ﬁ?bfhéo

8§ 5. Scaling law in the enstrophy dissipation field

COBETRH., TYVAPOBT 4 —DOHRBBRLCEDE S AT —Y ¥ 78l »k
YLTWa3 2R, EIRKBENZEAP»L6H#A NS, T A b7 14—
EEDOHEEIZERE N,

Q=(1,/2) < o° > (5. 1)



2
n=v< (dw,/ dx) + (3w 3y) > (5. 2)

TETIEMNMTEL, T2 0w WMREBT., < - >D3ZTEHEEHTH H. NS
eq. M 6,

dQ/dt (5. 3)

Il
!
N

NEGhZ, BOBOOVvIERLT., Q7OBMEEL Fig.6 & 7 &=
T, Q vs.t OHMEOAEMN (FThWB7» tAZTTH5H). v TEKELR
WHBOBBIEAFTWTIWEEDKEREZ S, o TIT YA PO T 4 —HBEZFR
BHMAMAEZE-SIE->h T, ¥BRRECR e HBEIRD, COEEHIA
AN —FEHEOZELVEADLZERO—D>TH 5., '
KEBFWERANS, AT —Y VT EARSZ, RKOE%X2EZ 5 :

o

Ty =v" (3w /3 XK, 3w,/ 3y) (5. 4)

flzE. ni 22D Ty ZFE> T,

7 =< | Ti | > (5. 5)

tEHELNB, ERSZvicRLTRER. 2z EHEIBLTD. —HFIC T«
E LB, ULarLeMN6E, Ty B vic independent &2 3 aBNFEET T
(%ﬁ’&a* 3 3). WOARFYF—Y U TIMES N B,

-4
(0w /3 x, dw/dvy) ~ Vo, (5. 6)

ax ARDIZEZDICKOEXFET 2. E2 2 vEFDI222H: Ty (1)
Ty (2) lzxUL T,

T = To (2)\2>
Cq =
«[< | T OIS T 17 (5. T)
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Aa DB LTEET S, anZT2E. Coqx iz [0,w) O&EL 3 (&
FRDEBIZ, BbLAY—YU TR (5. 6)yM@EEandIZ2sld. Cyu ida
cay THAOE (HBOHICIZ0) 2MB5ES D, Cy BTy (1) &Tg (2)
DEEHEMIRETSH 5. Fle LT, v=0.5x10%20.75x 10 D2 > 013
oW TKD77~ACy % Fig.8 I2m- T, (Fig.(W)E a=0.5 i< O AE T
BB ) a0 53ITRAEAEM o T WA EALME (TEHB ay =0.53) ,
fEOMIZONWT, ay DA Table 2 TF e OE, EHVvHAXREWSZRT
F. ay i HBEOME 0.53 TH 2, §4&HH. T2 ReynoldsH A K& & &

~0.53
y

(0 w /3 x, dw,/ 3 yv) ~ (5. 8)
DAF—Y v THMNEILT A EFTLI6NE, > T 7 it.
7 o~ oy @0¢ (5. 9)

TAT —Y VT AR b, COEBE2200BBrHRNTAHELI. AT — K
HHE Tk, '

Ja—

ThdN, FEHEHETTFTINVTK

2 .
7 ~ V/S (5. 1 1)

TH B, o TZDYIalb—yayTEBEGREIAY—Y U TIEREES
EFNLIENDHBARAT—FETNEZ2ZINIZIELETEHELTW S,

8§ 6. Random phase field

CZETOEIA AT Y Y THBIEEFART-—FETLEIZFEL TW
A0, TRFNF-—ZAXRT IRV IEFEFOETNAUNLEEHEN B exponent £ D D
SteepTH B EWOFBELEERA28 (WD, TITCIOBTERWEZTMD
intermittent %2, &% % \Wld coherent 2HEEZ D EHMN AT F )L % steep
ELTWBDONESNATARS, TOEDIEKO L S BHFNEERE S,
TEE 7 —-YxXTE— KO phase A OICHMITIZ 6L, interaittent =
ENMBRENAE2 L REENICHED 872wy (Sanada in preparation), F T

-4-
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original 7z NSeq. i k> TN BHBE., &FRXA T v 7 |IT phase T ALH
2/ 4 X% AR TsinulateL 2HEREZ BT 52 &2k > T intermittency
DHBEEFANXNZ, (ZTOHFEIET T TIT Babiano et al(1987) Ik » THFEH N
TWan, He0#HREE. TOMMHEROE T VL., VEEHOE X A2 66U
2 resolution B X D HAIEBMPKD, ) /JAXDODANFEIERTy T HEIC.
(-2°,2°) o—gBHHBEEANRDZDDDE, (-4° , 4° ) O—KILE %2 AN
Z2LDrD2BNDTH B, BLEWBERAT Yy I T ICESEBERS, vik., 10
T#%H 3, Fig.9 & Fig.10 . random phase O ExHFE >~y X bo 7
4 —DOR®RBTH S, Fig.5 ¢ &I & (HERMIEHEE) ., Randon phase D%
F2FOBF. T AP0 T7 4 —DHENIIFIEFT K THD intermittent #&
BEMNHEZ TWE, Thid, w, dw/dx, dw/dy @ kurtesis OF M &
E#xX~d Figs.11-13 M6 L8 6 M T H 5, Random phase DIH D kurtosis
B3 IEF3TH b, chbd Fig.,»H phase NIEMITH B &AH inter-
nittency 2B L TW2HEHERTED, Fig.14 TIE » OBEREEN R
N TwWwW3, original 2z NSeq.O L D & L& & v 5, Randomn phase dD %) 8 H.
LYAPATA—DAHRAT—FEZFEBRLIETWEHE I EDN DM B,
WIZITZILF—ODAY h)L &interaittency® % Wit. phase coherency
EORFEIZIOWTERT b, Fig. 1l Im L 2L H5I2AXRY LD exponent
-1 2 -2 MEETERWVW, TDOL DS BEERKZLZ exponent P T S0
WIRETWLSDOPDETANBRHEHEIAT WS, £ I T, originalZ NSeq.
¥ . random phase effect % - = sioulation * OHEEMH., AT kI
® exponent (Z& ¢ 5 intermittency O EE Z A X3, Fig.15 L;tB‘D.O).T_‘/
AbhOT 4 —ARYTMNVNTH B, original % simulation O D&, ( -2°
2° YD D, ((-4° ,4° )DHBDTHE D, vVIIEBRBTS %, +4° O
slope A1 NS ® 22° Db DEHANT steep TH b, ZNiF. 4° OEFf4
EEMNFEFAENZEXBTHED. §92bbAENFTTITEELTVWRZWED
TH 55 (Fig. 14), 2 ZHMM NS & 22° OZARTZ PILOMIZIZIEE ALY E
MW, NS OBRBHERBTH SN £2° 3T —HBTHhNEHYZHEEENFE
HLZW, TRTHIARTZ ML T bbb 7 —YLE—FO asplitude 2 1iZ
EAEEMNE W, '

4

8 7. Conclusion

2IWIC NSeq. DEHEEM@EY I a2l —ya Y ItE->T2RTHEDHTOH
B4A4AEBELTC&EE, 82 LT, 1) T3V F—ZAXT bV O exponent (3
=3 M -4 hHETERZ W, 2V R —Y v yH: (dw,/3x,
3w,/ 3ay) ~ VO AR —FEFALAEHET S, 3 ) interait-
tency BEGETAMNERN AR LD exponent ICEEA2H5 X TW3B LT
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WX ZW,

CNETECOEEN, REHETE6N S, kK kD steep Z AX % b
WABRBLISEEAE, BELTEFOERIE internittency REFEE O
EETholrk, LALABZAGSENEE3 ) BEARICHLIEENTS S
CITHRAT —RFRERFAZ2EDIERERA S5, 7 M v -independentiZz 3 & W 5 R
HER2) Lo THEXEINS. O THATN—FNERICHEWy & v &
WESTKRABERATRZEZLANLF—ARY PO exponent TR =E 3%, 3
% 7 Koluogoroy MBTH. BEBAUBBEHL. k7% X7 L EE<O
EFEBRTERDIATWE, LAL2KTTERIELTNZ W, TOEARLED
HSBNLDNPOFEHFELZRBXRT., TOFXLER2EDLLCD, #823) 080T
intermittency O BEBAIHRBE, T, T2 NLF— EORENZE LSRN
Be VBT HMhIWEE, AXAFV—FT7 ot ZXZ0FERFMEAOMEIEZ =L ¥ —
BREEINILERZLTIELIZ 2BV, Bic. 7, v,E D3 DD EBTHRTH
Fx2TzE. A7 BMILO exponent TR FEFGHLZ W, 2FHICT —Y T/
@ non-localityO EEMN BT HN D, 2K NSeq. DIEHEME T, non-
local %4 interaction WEXEBBMITHE B EE X 6N TWwB( Kraichnan 1971),
L»UL. non-local ¥ WS H &3, transfer P WOHESICBE I W, 3 &
BREATF - VOBHEMOMEN NS 5. EHB TREIN 3T YR O
7{-—35%(«\&3:%0)27‘12&5%‘]’%?7&i%fﬁ’i@&fﬁb?ﬁ‘%f:&h (3 EXRDOEH.
IFANF—HREEOERARRBFHEEIODEBFOHEHAZETH B) . £- T
EAT—NOFHERHRBIIRTEBTS S, KELBHDELTHhE BRI
BhR37 0¥ AT, KEL2WBeMhIzROoFGVHPEBUTHEIZHIE. D X
DBGEMNAL—ARCRBIDEFTEZIZLS W, BlEDESKR. RiIZ7 O E
EMELWELTSH., TALF—ART LM k3 s bidElLTH
BT, FEHBEEBTELOND steep B AR ML HZHBET 3
FHICE. AT —-—FRT7 o0t AFOBbDEZZETLHLENS B,

amp ©
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t =0

v E Q P U L R e
5.0 x 10 - 0.174 0.509 2.47 0.598"° 0.45 530
2.5 x 10 -¢ 0.174 0.5089 2.47 0.59 0.45 1100
1.0 x 10 -* 0.174 0.509 2.47 0.58 0.45 2700
0.75x 10 -° 0.174 0.5089 2.47 0.59 0.45 3500
0.5 x 10 - 0.174 0.509 2.47 0.59 0.45 5300
t = 25

1% E Q P U L R e
5.0 x 10 -¢ 0.164 0.248 6.33 0.57 0.20 230
2.5 x 10 -+ 0.169 0.280 13.7 0.58 0.14 320
1.0 x 10 - 0.171 0.318 36.95 0.58 0.083 540
0.75xX 10 - ¢ 0.172 0.330 49.8 0.58 0.081 640
0.5 x 10 - 0.172 0.346 76.9 0.59 0.067 790

Table 1: Fundamental values at t=0 and 295.
v is viscosity, E is energy per unit mass, Q@ is enstrophy
and P is palinstrophy. The characteristic velocity U is
J2E , the length L is {Q/P and the Reynolds number Re is
UL/ v .
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0.57
2.5 x 10 - ¢

0.53
1.0 x 10 -4

0.53
0.75% 10 - ¢

0.53

Table 2: The scaling exponent a4 between two vorticity-gradient
fields with different viscosities.
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Figure Captions
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14.

Enstrophy spectrum (t=25).

A:v=0.5%x10Y, O:v=0.75x10", O:v=10"

X1y =2.5%x107% and ©:v=5x 1077,

Bird s-eye views of v [(dw/3x)+ (d w/dx) ] .(L/zlﬂaf
t=0).

Bird’s-eye views of v [(dw/3x)+ (dw/dx) ] .(v=10""
t=10).

Bird’s-eye views of v [(dw/3x)V+ (dw/dx)]1 .(v=10
t=25).

Fine structure of Fig.4.

Time evolution of enstrophy.

Time evolution of enstrophy dissipation rate.

Cx curve between two fields with v =0.5x 10 %and v =0.75
X 107%(t=25). (b) is the enlarged picture about a« =0.5.
Bird’s-eye views of v [ (dw/3d )+ (8 w /3 x) ] (v=10"%
random phase *x2° , t=25).

Bird’ s-eye views of v [(Bw/dax)+ (dw/dx) ] .(v=10""
random phase X 4° , t=25).

Time evolution of kurtosis (v =10 7).

O is kurtosis of w, O 1is that of 3 w/9d x and @ 1is that
of dw/ady.

Time evolution of kurtosis (v =10—4, random phase *2° ).
Symbols as in Fig.11.

Time evolution of kurtosis (v =10"%, randowm phase +4° ).
Syabols as in Fig.11.

Tine evolution of # . The syubol 2 is that of random phase
+2° and the symbol 4 is that of randoa phase *4°
Enstrophy spectrum. O :NSeq., A :random phase * 2° and

X :random phase £ 4°

~-{0~
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