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- Assumption of Phase Locking of Turbulence -

MHETEKRY KBZH ( Jiro Mizushima )

1. BLyic.

Ao REEEGIEAREZFE > T, UIHEAECERL BRIV ER >l
B2 ->TW 5, ~ﬁ\$ﬁﬁ@ﬁ#ﬂb%ﬁm$ﬁmom1miﬁotﬁm
TRETIEBLCOVTHIEENBRUES S 2 b0 EHFENTEL, EHROD
MAEBEC OV IR NI TP ECDERNRCERNBLENTORLTBY,
BENEETOIVET R 70D-5/32 7 A ERUSHEEBEROBE
WTHZTOUHENSIREEHLLIRE - T & 7o i, BIL T Kida and
Murakami (1989) BEHELZFHE 2 EMOKMY 1 2 v — v 3 ¥ 2TV, ﬁL“oﬁ@&
WHEZELENTY 3,

ARORFEBECHT IHAREORKSREROATRICL S b0 HHL
T & % (Hussain, 1986 M) o AHEBBEBL OV TOHEBN A 1925F
K75 v VP RAEBMEREZER L TUREZ AL BB I TELN R
EMBHALFERIELIN TR Y, T, BiEvY Iav—va ryickdKHE
EHEOHEORAbARENTHD, 2ORENLEOELTH, 27T Y ¥
F—EFARREENE S — YT F v ialb—vayr (LES)TH %, LES &
DVWTHELKDEFAVPRBEBBINTEBD, ThHoDEFAVERHOVIEKRME Y 2 v
—vavbiTbhTE&id, EFVERTAIEAHOTEHRI S THE LIV
H#EOWRKHTHE, AREEHEOERUWRALLES EFrvicowTHBEBLTWLS
CEREROARFAEEH AT 2/NHEAEBTEHOLEZ VLI LTIROIAG» &
WO EREABBLDOLTVBHEITD %,

ITh, ARORKEEREB CH T 3 NHELEROPREMO AL — 2D
FEZRET %o ¥9. ALAMOBMMBEILEENTHSLILEREL. TOH
MBS T 2 EAEERSORBLAMHOMEZFLIFANSE, KW, 20
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HREREZAVTAHAEREG AT 2/NEEEHOYRZMOA A, KFEEEF I
HTAWAAEERA LG CHALAABSERE R, ok, BonkAHME
BEHICHT2EHHFEAEZMBC L icEy, ELROREEEEEZFAR %, c
TR, F—RA"N—F—2F5BRE2EFVELTCHVWES, ZRTFET - X
P—= 2 2FBRAEODVWTHEKRDOERPAELTHS (EELTWVEB), ¥ 7.
COHBEICEISHMAEEE LT Yakhot and Orszag (1986) OB VDIAAHOHE
TV XbE5W, HoDEHBICEIANOEADDHLFDORIBSIE VIR ESEL
ODHIBEBRBELEL, LPbHESOFERIELMRORFEEBEOHMHICRBZICILAE
WeEEbh B,

2N —H — RELE O MM E.

N H -2 BERARIEERSBONTBO, TOMMHEER Yz » 7 THERS
NTWVWBIEBHONTVWS, ITR. BLRRKRBBL T ZOHMMESER
EbLboRBRWbDELT, FFvav /7 2RITMOEREERDSAERD TH L I,
N == 2 RK

du/dt+udu/ 3 x=(1/R) 3 %u/ 3 x? (1)
ODHMEBRBRDOLS>ILEKRD S50 3,
u(x, t)=(1/t) (x/m )-(1/t)tanh(Rx/2tz ) . (2)

7272 L. ST Yaovw 2 BEAx=0 KAABL, EFR2r oAHEA2E> b
ERFEL o (2) AZ27-V=zZEHBL., R/2z)>] OBMBEEA B &L v 3 v
JIRNIETAMEBELZERIHEHZEERSRIRD L DT %,

v(k, t)=(i/R)cosech(tz 2k/R) . (3)
(3) ARk (tz 2/R)oEPDTF T
vik, t)=(i/tz 2 k) ) (4)

ERBD, INBELHSRNTOVWEN-FT-RE ROk 227 P LERXRLTWL B,
(3) Rk vk, )DHEXNE (RIB) REARKBICBT 2HHAEED R <
VERELTVRIEBH/TEIN, TOMMERELODVWTHREAMKBHEENTE 2
HIPe KRETBENZEIIKZDEAR/ —ThHb,. WHHEBEEZRTHER
BEOMMEBEDEIIRB >TVEIOIFARB DI N—FH - XELHROKME 3
alb—=vYarEfTofe RKRETZTOERZRZE 5
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3. N—H -2 FHEOoOBEYy I =2 v—v a3 .
N —ZEHOBMBEBEETARLILDECHEMY I ab— v a3 VET- o
BREHTH2HFEARZN) XZ27 -V 2 ZRLTRDOLI TERE 5o

av(k,t)/3 t==2 iqv(k-a. )v (e, t)-» K2v(k, t) . (5)
MBEERRO &0 % H W o

E(k,0)= | v(k,0) | ?=Ea 8 a (k/ke)?exp(-a a (k/ka)?) (6)
RGN

aa =(at+l)/2 ,

Ba=aa®/T (as)
Tdh 5o a DR 0L 20°ZBOIRODVTEHELZLABZAR—-ZDOBFET a=0
DIRDAZEIRT, VAV XEIER=100 2V, ERSBREEIN=1024%KH
L 7o FTIATSV IS — %23 V- AVTHEELLLD, BEPRERB R
340 M TH Bo  F . ke=0.5& Lo BERIZIAAt=0.001 T10000 X 7 » 7.
THbb, t=10F THEZRT - 7o

B L al—vs YOREDS B, e AN
o -2/3
FFBHRERT 26052 RF, B ?“H\\\\\i
BESHLDOT A VE—BEE (1) @ cfwb

KORTEES N 3o
E()=LB0 dk= 1 vk, 1) | 2dk.

0.01 | | |
(1) 0.1 £ 10.

E() oRHEERENR 1 KART, 1 BR1. =44 %—&(0) OBMRE los& (1) - log t.
Hict 2 ofEEREBOEEEMA

2o Mizushina O BB & Wi & (1) e N
Bt kLTRSS B, SED
¥R iEMizushima (1978) DR & £ < — s(e)
BHLTWw3, HEO—HBMIDORFa
Y ARABKORTESR S N 5o |
S (t)=(1/J’7)Jf12T(k,t)dk 0.1 . 10.

/( j‘:ak2E(k, t)dk)s 2 . (8) R2. 2+2—%25 (1) OMMRE. S(1) - log L.
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IT. Mk, ) RFEREMEEMERIT XD 1.0

12»£_E§Z&7FWT&5§ X <f\\“/4ﬁ//

2SS (t) OBBAEREEZRT. S (t)D

PEE > Wit Mizushima and Tatsumi A 7
(1981)@5&1'{'%[/(‘32]/\‘6“—((‘\50 - ///t—l/z
-~
%45—0)?‘/{7‘31)7—”’1“) 28/ 0.01 -7 | 1 —
0.1 . .

RNTEEIN 5%,
0o 00 3. w420 r—n2(t) OBHERE. loga (t) - log t.
A (t)=(.LE(k,t)dk/.&sz(k,t)dk)”e.
(9) 1000
A(YoBEFREEZK 3 IR T A (t)
REBOWBicRtV'2ict-TcHMT 3
. R, (t)
CEBAMoT VB, w470 RF— >
VA4 v ZER() BERATEREEI L B
%o ’ 10 ! 1 ]
: o0 0.1 N 10.
Ra(t)=v ZR § E(k, t)dk
w0 4. w4 2az2r—nr4 7 vXHER (1) OBBRE.
/(fosz(k,t)dk)1/2 . (10) togR (t) - log t.
Rt OEBEEREEX4 KR T
OgﬂhﬁéLO@%ﬁ%ﬁ%U%l*»#—X*ifw%EB(ﬂ%HM%?o

|
RN (a) N (b) !

E(k,t) |~ \ E(k,t)— E(k,t)

10”8 0w \ | 1078w | ! | 10”80
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M»5RTC. BEZ t=0.5TFTIRk™? X7 P ABHEINLTY %,
BEREE vk, t) %

vk t)=alk, t) exp(i6 (k1)) | (11)
DEI>CZORIBELEMBISBST 2, HiMak, HOHERIRE O 3 V¥~ 2
RZPANTREINTWVWEB, (MO (kt) OBBRELER6ICRT, K6TI
ERAFEICHEE kL0, AABIMMEG (k.t) BE->THB, O L.
(4) XTARLE, Ya v 7OBMBEEZRIHRXEEOMNMHEOKE, $14b b,
6 (k,t) Pk KL THEEOMBELERVET I EBHK S, LhL. BEsHE
GEHiwo(k,t) BU ROva vy 70BERITRBRTCER VIR EER
REVWERT LIILNE S, EFIT. Ko (kt) TDHDTRL, ALWiLHE
ERZET - TVWAZ O KX EAEMOMHOMEEHEANZ, ZTOkDEROBY
Bx(kpt) ZEET %0

2 (K.p, )= 6 (p, 1)+6 (k-p, )-8 (k. t) . (12)
0St<1.0 DBBEHicBIT 2 x (k,p,t) OHHEKT (a)-(k) KRTo T
b6 CABERFEICER k2L, AAEE x (k,p,t) &5, & kicy
LT k-128<p<k+128D 257 HOEADBEM» L T W 3, oM 5. HEH kD
INEVWEERHL TRy (kp, t)=-7 /2 KADBETLTED, kOAKSWVEIHL
TRy (k,p, )=m JOREBRERFLTWVWBE I ENTH» B, BTRT LI ID
ER. BHRONEVWEIATR, T2V F-—DBREVEHOEERICHELE L.
BHROREVWEIATRNIVEHOEERZP ST ALVF -2 b 5->TWVW5B T
B L TWw 3,
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6. frtHO (k, t)O53%. 6 (k. t) - k.
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b)) -k

x (k

t) DR,

MHEER O x (k,
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SoiREFELLx(kpt) OFHEFH NS DI 8 (a)-(k) i€ x (k.p,t) DIHFE

S ERT
0.1 (a) 0-1 (®) - 0.1 (c)
P(ylk, ) P(X(k,t))— P(x (k,t))}
0 MMLW 0.1 ] | | 0 Jﬁd'\/ﬁ '\N\\ |
- x(k, 1) m T Xk, £) T -n X (k, t) "
0.1 0.1 “(e) 0.1
(d) 5
P(x(k,t)}- P(x(k,t))}- Bl (k, )|
oLt M J\JJ\J\ 1 oL WL 1\ o ol | | |

- X (k, t) ™ -7 X (k, t) 4 ~n X (k, t) .
0.1 0.1 0.1
(9) (h) (1)
B(x (k, £)) P (X (k, £))}- Py (K, £)) |-
0 b\/Kt /\/J:I\LM 0 Lofi | I o.E : I
" xt,t) oo - x(k,€) n - Xk, ) n
0.1 0.1 ‘

(3 ) , (x)

I

P(x(k,t)) P(x(k,t))

0 b= i 1 (4]
-1 x(k,t) m

= x(k,t) m

®s. HEMOLHEx (k OOFEESH. P(x (k1) - x (k1)

M8hody(kpt) ORFBBEAE /2, -2 2BHLTVWBE I EBELS I

f&")ko
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cZTHELNk, x(kpt) OLFH BT AEBIIREBa(k, t) E6IMHO (ki t)

LT 2 HBRAP BB CEBET 5 ENHRE B,

da(kt)/3 =% ipa(p, t)a(k-p,t) sinx (k,p,t) -v k2a(k, t) . (13)

a(k,t)a 6 (k,t)/3 t=-%pa(p,t)a(k~p.t) cosy (k,p, t) . (14)
(IDRDP S x (kopot) BERLT/20E &30 (k,t) ODEBIRE—F &% 3,
AEVERRARZOEEEE RS Ha(k, OBEFICNEVEERE > TV 3,
LredsoTe dLy(upt) Bta/2hoFn3E0 (ht) REBLECELT
By, Y SAMHORENKRYLE, FRPHEAHBERCHER
S TLES LbLl. BECIEGHHEEEASBCBHAVIVE, ol
2., N—HF—EHKEDP TRy (k.p,t) OB BELz/2ERTLTVWBE I EE
EBCEBSE D, fh. COMBHELOVCEARES L ab—vs v 0k
NN N

LNEWEEOEH OB AS.
H2EEEI BT, S A XAROMMEEEERL TV AR E VERE
oﬁiﬁgmﬁﬁemﬁ@ﬁﬁmmﬁﬁﬁmemmﬁoto COHTRZENS
DREEMCTNE WHAROBHEIR DAL R EROKAMED X+ 2 5EK
2R 5o |

RICDES SR MCRY S (15)
EBCE, 5) REXROE>icEBEEEI L 5,
av(k, t)/3 t=-T(k, t)-» k2v(k, t) . | (16)

HHEMGELD, COBRBLVREVHEMOEERIZHRVAL LEELS
2T, vk )EZO RS,

vk, t)=vi(k,t) for k<kn (17)

vk, t)=v’(k,t) for kd>km (18)
'&%%camiaé\prmmmgamzo@@mﬁwécaﬁ?ség

T(k, t)=N1+N2+Ns . | | (19)

ST M N, NalRFHFRROLIEEHE SN 3,
' N1=‘ik§ v’ (k-q,t)v>{(q, t) ,

L= mi K1

Koys vK , V
Ne=ik ¥ vi(k-q, t)v’(q, t) , (20)

% Kem'#/
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N3=i%zgz;ék—q,t)v<(q.t) .
(1)K Zvi(k, t) KT 2HFERELELT. T, )PS5, v(kt) ZV2HhD
BEOGERBLED, vi(t) FHTEERTCENIALSOENTS 2o
22T, vV(kt) ERDLIRKET 5o

v>(k,t) =vknknk lexp(if (k,t)) . (21)
CORER. T A AVF—XRI PADBK?2 THEZIEDORBERTZ &N
T & 5, Ty Vkn BEBWORERSIVRFEORXNLBIRIETCHH, LA
Evin=| vika, t) | &&32 &L bHTE 3, (2DZEHWT(20) X DNy, Ne, N2 % F
EWMA LI NMBROXIKEERYE B,

x<
Ni=1kS vinkng 'exp(if (q, t))vinkn(k-q) texp(if (k-q,t))

‘l“kml’f"
=ikvs<m2km2;zlq U (k- q)”‘exp(ix (k. t))exp(if (k,t))
‘Z:’mfk’rl
=— vim®kmZexp(i@ (k, t))E (q+km) ' . (22)

fo 2 L. i@*ﬁ,f/}\ék\&&kﬁb'c’éﬁﬁn FRlELTxy(k,t)=-n/2& B
5 & EAWVT, BIEkICT 5 ENe, N3 B bv (k,t) ZHELTRDO XS K F
ERYE 5o

fintk
Ne-llgzkwvr;;mkmq"exp(ie (q, t))v (k. t)
—1kkamkm£2/;q Yexp(ix (k,t))exp(i® (k,t)-i0 (k-q,t))v (k,t)
-kamkmE (”(;;'*"km) lexp(if (k t)+i60 (kntq-k, t))v (k,t)" . (23)
Ns= 1kz§/v (k+q t)vi(q, t)" +1i2 qv (k-q, t)v (q, t) (24)

ChTvilkt) RdtoBHILAFEoRERXSE SN i
CCTHRONBVRAETNALFTERAZ, ROVMPIEHFO S L THEFEL 7
E(k,0)=1/V 2z /(1+k)? (25)
kn=64 ZHOVTHEOER., 22V F—2 =7 P AVIEKI9 (a)-(k) DL I LK -
oo AHEBKHBIERBIBCERZTICBRE TS IENTERL - LB, &
CTRELAFFERIRTF R b—7 2T DERHTESZbDEED
n %,
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