ooooboooao
3540 19790 112-126

112
3)5%?5'&:\%7’5%%@@?1 FILX - RN v
A S LY, - 3
&FK I &) &
§1. % %

= RAB s KRR A RELR e 75 Rl
BBV ER T N3 v e, 7 Tk B EE
PR\ 1S E R o s, LM E0E M0 RE
KPFn, =R Navier— Stokes 5HEA 0 & B0 7 9 0 FFE
S LT Y - NIRRT i 6),/5\%;3 337 %My
o FFHBFI N T A, |0 [ 150 S ) =R TR B A
v LR 0 PIC1R )%*}?ﬂ@ A e % ﬁﬁ—%ﬁmﬁ%’) ZRANY
HhiTiziawe g n, SRR T 5 2%’&@?%‘@2\:1% n E
&ﬁfﬁ%’—ﬂ‘“ Kyrarchnan R > B Er 0207,
t (=" w2 3T AnBEkoh S — <
H4b) szﬁ%mﬂé\\&dﬁ’iﬁ?:ﬁ AR B <5 0 RN %"ﬁ%/\oo
(BRI T L AR cwr LS X B,
Kra:‘chnan » 3 IBRRE =R T Nawi'er—S'to kes B AEA #

AN T ALY LA MO 7 4 £ DEIIEGT 5 B E

1



113

B T AR =R T B AL FHERAE 2 SLIE T 2 BT 0 [E
EREEMMP L | 1S 0GR (ZFLX - I Ak
74 ) BEHNKA ) = WABERR L, 2k S, TR
¥— 27 FLoREREE AT, U, 2o 2R
LFLX—rT R ba7 4 »Mi3GECH2FLEBEY K
3 WHEROAT 2 HHEHRIE b 4/ = 4 LD ER
EFREOQR WML A v v o EEER I A B e e
L0, e 1FoRRl s D BRI W v@ER e H
3 (Tzﬂv‘“vz,%ﬁm%flﬂ“‘éﬂmfﬂ%@a | T, < nE%
Foo BT 500000 & UFBDElN 2 B EF v 775,
= 0 M5E3 29" Fox and Orszag ViR FAnbni,
R S 1IIBRAHE =R TL Navrev— Stokes BAEA oin#RiEP|E %
B3, S WIREUERR & REVERB Lo Bl E s « 53 < &
Y XIFLE —RA7 FILESTH L ) Kvaichnan o #3wett
B, V00 s rudt R Ra T ¢ e X
ABRTATCHI)RERBE XA 27T, 0B tiv
NINT ,XoFHRY (o | RFLX -1 >R b0y
FE R b 2 IS ORI EGET 3 a0y Ly
VLAV A, L@ ,%%miﬁjﬁ'k“m) RS0t H e P
oo F-RnBRAG  FEEEr w3 R PATREE <37 |
0w EEAREE < h S hivwa® b o3tH g

2



114

B AT b e REREKR A0 3300 9 o L T o Bm e v > 1
Riiprrhzong, 21 2, CoBleffosr Lkic
Kvaichnan o e s BEEF 2 FEv Rt R o T 280 ¢ H »

i< Seyler et al m)a-; 7 ¢ Bag CIEBRIETH 51T 7 < v 2

oVE = 0 D13 FvIEe I H 2 AEETA o B <4

IvwaF v ha, 2ofe, BEett®BT» 7- 59— & |
DR ESEIITE O z%ﬂ’é]’ﬁé%n PTE DTS Zu T
B4, NG ik o 2 b 2P L T, BERE
I Lnwaeda,

22 RFIZLoEB] i< A3 Fox and OV‘SZ&?‘?)G)%‘Tﬁ:/ZE
PRk, STHERE Kraichian o Bowe LB | kTR —3K
T2k sk vRET 2,

82 . IJEHEME-RFBAMOZETFLE - R Ay F LIS
7w X
39", Kraichnan 9)1:4,{{’2 CIHBME= R sl Ao BT
FLE¥ —AA 7 FiLbicowwiHMBHT A, BE o 7 — 1) LM
WRY 1333 T 2 IFEEE = R0 Navier — Stokes DAL 13

’ag\/;ﬂk):_ CFon @) 2 VKO-V el (2-1)



115

an(lk )= Smn — kzzk"

Char, X\ L HIEHEL ) 0oL FLF - E LR T
1482

E-:% | V(R)| 2 (2.2)
L(Z=*'-Z: k2 1V (k)2 | 2.3

3 (2.1) oiFGBE (FRCE I~ 30 ) Tha, She S
(2.1) TPLIES N2 =R TELAIc > v LA KEDY
KW kBT ArZE bz, c <237y 7
T ROT .

(2. 1) 3BE PR e IR b s 0 O, Db e 8] ¢t
HoORAE G2 SHICL § 2 &, il T o B - #rs
KRECHHRL L Lt , Bkl kize ¢ , H /:z'/ﬁ%:f) ( B4
‘SEe% AR ‘7%’( ) FER B BT 2 Fe B S A,
Kvaichnan 133 o ME7s FBKIE 3210 T 4 V(K 0fBZ3Ap ¢

| LRaBRTY =B EIEE (R,
Oxp(~AE —pSL) (2.4)

(24) 5 TFnX—RA~N 7 Fib BER) 131351



116

T __k .
ER =5 X +ERE 2.5)

ri%o s .

S, b o Ela0iI 2 o BRI w(?é*n
BRI, N TRt LT 20 & v 0 & (2.1) EF%0
NsFE e Ha, Lo, Futiit Eo AR A FRKIE o 7
— ) T INERIEY B2 a0, > e DREIERM k £
|kl € Lkmin, kmax] 0 80ldllo A BEX 2, 23 T km 0
LFa, | kit 2, (2.5) of@pn 5

<E>=Fh [ 5T 5eEe) @6

<§2>= 5 (ki) - (Fg)In [Z55T] @)

SN g, 2o&&Kk, HauR|<E> , by 2 ¢
(2.6) , 2D 528A , paR2y , (25)383 2,

R
= 5 s @)
Kp = % (Knax + KBoin) (29)
R? = <<—E§— (2.10)



117
tENTo ek tre 7 X — 5 - A ;6 » F A EZ Y

, (2.8) oTRLER o BT | R0 SFRRITDRER
*%.
Case I kmin <ki<ki 085 B>0 p ~Blmin <X<LO (z.11)

Case T  ka <k< k, 0BF >0, X >0 (2.12)
Case I kf <kZ< Kaax ®8F O >0 ,~AX<Bkmax<0 (2.13)

LR BHE , LFLX—RN 7 FILoIFRLECSE ) A
CBERRA L 2 HRABE | B .
SHSIFBROLILY - AN FiLod £ [K112K9G
o Hiz 8 3T HBYES T LS 2 PRSI SR ( 1o
0T BT NR =G~ BRI C{ELNBIBETCHE. (K
1. NE) WA, B, Ciatn#n(za) v 5(2.13)3
rocase I, I, Lickfiml 2 v 2, ALY RoFEohe
2, Case I 0TI k= knin coli< <L AL ¥ — o XEBRD
oG L, ko K32 BT kT 0 GELEIT 2 E | <
2, (A< 0THBRY , negative Temperature regime &
FITNAS Lt H B 08)) Case I 13 = W e ISFREG O L F 1L
¥ — o RPN k=kmax o < 1 EE L, kR o3 WA
Akt T2 GECEF > DMEL TV S, —F Case I 2
S o RO ASErRKED , knin & knax o)

6



118

Pl — & ks = /0B (£ 4 .53 ) *TEAEE3F5 , kR <ks

ORFE R S tH T2 GELRBNLL ) R > ks ofRE
k7 <tt| T 2 AFERAINT T HIMPE TV B, SIS 35
Calase HkiENY A -7 - UBFEIEER T 2%
3E 2 ItanRrhs, L2  TFLF- RNy
Lok EEAEITR L 0SB, % 2 TRIF LY ~ o BAEG
rEH 02 FE A%, kT tw|Ta R, 4T
TR b7 4 0 BNELTRI v s BRI T B,

| Tet > 2 ; FEEF(2.5)13 ke ox —9— 2 U TREUIE
1= , TFLY — o BFe e RBH, L <Y /‘I‘/X ko 74

DENELOEAN ), B o vl S NS 9 =5 o Fomeras
INTHRILF— A7 FiLofRIBENI/ILE ks @ B8] <E8FIc
Bt T4 TR RIAT 2B Kb T v 3, ook
3 I R AR BV CHho ZF LY — ¥ Ty 2 b
AR R IS R P ERIEE T & € T IR H I A
FREAEIIIEE T H e, 2SI CERI R, L LR
R (25)0" (21D v S REEINB L THL , S ML
T 0iFBE o Giro SRS 3 ) IHTR K < 7y 2 Fy
h%u, Q@%iéﬁ%’%ﬂﬂ?‘a‘a EINE A (R21) IRLF LY — ¢ I
S A7 4 VSO LIIEGER TR S ¢ B v Lo 2R
oHald " ¢ Lee™ 03B — >0 a5 222225,

7



119

§ 3. EFERKFUESR
HUY o 53%313 3 Fox and Ors zay ” CIER ¢ 2 0™
WL b BRI o v N 4 o

IR 04K SR BXEPe| ke 137 PR30, [iR[ € Liomin, kimax | €
Fzatarda, VXIS Ta b s RECEH D
I Y 0 5 AN STHAREFED 5 ko 280 kx , Ry
SR v T kx = kmax 5 f(’g < bomax /L?L%L_ d 5 R P
Bo Lo U AR E ) 5IACE IR kmax o B0 1 7F RO F <
BEINIERT, k=kmax 0 FJtmy 9 Bk e B 137 < /4
%, 2w Fox and Orszdj 0ETEIR L o—1de/s , < wA
i x A EGENENE S IR0 B Z] F/i 5 K 4km&>\
2’“13757757;5;/2\2311‘] MA, XY T AL kekmax o 7- ) Lik
BT HE RIS vs B cx 2,

YOUEN DY T (¢ FRE L Lot ST PRSPV
SHBE L 4 A3 FaFH v h 2, $okaicd B%Faﬂ 314
O FEAE AR 0 R VETHE S ALIEHT b %ﬁ‘ Wy 7o e
, 2213 Runge— Kutta — il 34 (ot o F5% ) 124 5
5252 L , t=20.0 3 Z“O)%Tﬁ—%ﬁfg e, Th, S
W T w B £ 1320 0 RE 0 2 BFv9 [2E, (=1) &
B PE| 0 Pl ok = 2T/ (L 1342 2P <3 fn o 1818 &
RE k) TBRULINIE N TH 2, Blikick b

3



120

ak TEIXRTILI NI WA,

HEHonT X =5 =13 2F" =1, knax= {725 (= 30.47)
- RGN [ kmx »TEI3EE 0 BE X o 1z T, o Ed sy
cEpls Rk D otk (28, (2.9 05 ka=
.64 , ky=21.52 ¢73 3,

hithhg t= 0 (e Eic52 5 NcHEAZR%E v 5 B |
Ly (25— B EAT AR T vz, (RS
ARt L ( UFRl e e Tz 2 TR I, 22 T
R BB SEEEM L 0 B2 — > 0 DB, (band) 9
BT T % yandom 1< atiEe ( , X0t 'f?‘@{@ By E v B
W AGEERFRT 2, Tabhb , JoBRoFEL
ko £92 v  WHAGFI3|KIE [k=Y2 , kot'/2) 01

T %

Vik) = == Rn (3.1)

YIS o, 2ITE=Y2 (iE 'L )0 250¥~) <,
R 1ITHEETFASUBNC, 1) Th2a, L 1Tk & 213
@2.5) 93 207K (2.11) ,(2.12) , (2.13) 1338/ T,
ko=5 , 15 , 25 o 3FREEBEN, (3.1) I”RAGIIES
NWREBRoOWBARBEGHO L FLX—E v ki B & o, g o
IR TRRINKME ) T ha, k) ke £ F2 0.3 FIHE

q\



121

Ro ki E X B8

* *
CaseI| 5| 5.12(0.5859|-4.9.16 | 49.76
Caselll] 75| 14.96|0-3979 | 153.4 | 7.464

Caselll 25| 25.04| 04576 | 4134-.0|-4.029
% Case Lot A+B=5,349%x107° 3" 2,

1. XER O/ICTA—F~

OFRIT2VK) olBEoRrForEVoroeHz., E
thirFzshze@s5)odep Ik, X ofERiIA
LIT/RI N ) 2 h &,

M 212 Case L 2T HEER v T80 Lt £ K F , A0 BA
GBE A t=20.0 ¢HEINRIFLY - Xy
Fib, Bia k=512 RIGe T 298 dH 2. THLF -
AN 7 kb 0BT B BURM 0 &5kl € [k-% | k+%)
W o 45 (band average) v SHHI wre, 1Hw 5 3 HiE Rk
v FRIB1mIE ’f%/’vr: BB twaEebrn, kS BRK
B STBBGR TN T FREB L B TN 2 4B 5 TR o 13
) TARES 0 BRI K2 v oo e F19i1<PAF9 a iy
Bt WFodE <o w3 LRkeH 2, Ro
N3 SIKEERIC 1 2t=300 othdallHE4T -7
b SEREBSAE > FEEMY 9 AR £ TG 7™, % o
KB EST v,

10



122

F 3 < Case T o3t EiEE e BHportB s T, 4] LBk
< %0 %ﬂiﬁﬂﬁﬁﬂ_) ARt =20.0 TEHES KIKLF
WX —AAN7 FiLz, ZERI ki =14.96 1137 2 B

. H 2 & BIRRIRIBBRER A < B I B0 TR 3TH
\“a%m”z;(ﬂ#vpl\ E,

@41 Case I oS EEE R B0 kB £ 7T , A] LA
< EAIE, At =200 FI Nk FLX R
n 7 Pt BT k=250 e T 2 B H . 20
NI L FIL ¥ — o KEPA BRI kT % 0 B
v BEER 0BT R B,

—h E (2.1)w» %Tﬁé MRILFILX — AN 7 FILD
}Tﬁ\ 2 34 Kra:chnan PV R | R LR 123
™ ,fﬁj/ﬁfﬁkm K< =3, 05 89= 2780 X 2 PER
SR, 2R %o —HiEcon<t eI 34T0
BB LIE S W e o T, |

84. HbhHiR ,

J B =R T o FIIKRE 32K 9 2 Kvaichnano P&
SHEARIE T % R, IFRAM=IKI Navier— Stokes FH A9
FI8RIE e wmﬁiﬁ%n REE | & o) 'fr’téxff*ﬁ tr3Hicy o
CLFLE AN 7R ESE O, R 2.5) LHE LI,

11



123

n&&k, 51'5%415 &%%ﬁmif% TE<—E ) Kvaichnan o
RIS RAEI IS, 2 0823 Navier— Stokes 5427\ £ Bl
Mok o—BE K| T v 3B ok s B eiEF Rk
ZFw, 21 7*§ilﬁ;ﬂ Hald " v Lee 12)075%?‘16%’5 nzi%k
1<, IPRIE=DR L Navier — Stokes TAEAIRTF LY ~ £
SZ T4 Lo QNS LA LGB EN BT 20 | 12
WL nwyEEvw 3RE A L IE LTI, 2
LS ki EIT , BHESTR <ia et o Pafic o W T
) SNSIIERIEL T b AR ( a B 2RI T v AR
Fobrin 3,

= 3B 7 Rrkic  IERIE = Rt At a0 TR K
N x —g - LT TEFLP— v YR 1274 0 FH
BB OX o REUS | L At T 2 M 2 29 0%, 3 o PR IE

WP B R RS FR TR <, L 0o Rk BE < 5
o, S WRE 02T | T EES ( § 73 5T
FhL L ()f?ﬂ?b%ﬂ‘ B2 oNB, 20bj )ﬁ%nﬁ]ﬁﬁéﬁ
RK3I T T 20 % o— RELFENT BB FRIB PO
%<, 2 nBF AP = R TELAI T BRI E T

| LHBERBABLNTCRBLEZ SRR,

12



124

54 774

1) C.E.Leith ; J.Atm.Science 28 ,145(1971).

2) P.Morel ; Lecture Note in Phys. 18 ,12(1972).

3) J.B.Taylor and B.McNamara ; Phys.Fluids 1k ,1%92(1971).

L) G.Joyce and D.Montgomery ; J.Plasma Phys. 10 ,109(1973).

5) D.K.Lilly ; Phys.Fluids Suppl. JI-2L0(1969).

6) J.R.Herring,S.A.Orszag,R.H.Kraichnan and D.G.Fox ; J.Fluid Mech. 66 ,
Li7(1974).

7) R.H.Kraichnan ; Phys.Fluids 10 ,1417(1967).

8) R.H.Kraichnan ; J.Fluid Mech. 67 ,155(1975).

9) D.G.Fox and S.A.Orszag ; Phys.Fluids 16 ,169(1973).

10) C.E.Seyler Jr.,Y.Salu,D.Montgomery and G.Knorr ; Phys.Fluids l._@_ R

803(1975).
11) 0.Hald ;Phys.Fluids 19 ,914(1976).
12) J.Lee ; Phys.Fluids 20 ,1250(1977).

13) G.S.Patterson Jr. and S.A.Orszag ; Phys.Fluids 14 ,2538(1971).



125

T 25)
LAY ~FL T LY T [ HN0&EF 2GR 7 R
oo Y og ol o oo ' o S 1,01

-

[~

0>¢ ‘0<D
bO'GZ= 1
OAQ.QAd‘m
6 vl="
o<d‘o>0
21G="
G26 ) = xouny

| = iy

AI4D 2 . ()3

0

v

o]

o3 uDUYIIDIY

002=4 —O—
_.o_ 0= 1 . »)
2IG= 1 o3
0G= 0




126

06

T 9S%®)

YR BETERER €[

b

o¢

a Ol

7 o

;0

et

uoUYIDIY

002=4 —0O—
0=

96'vI= 1
0'Gl=9Y

ol

(M3

I wmdu

VN CBEEREAIZ Y F

00l

b

0l

8 (-3
T

uobuyioIy

002:=+ —O—
0=1{

p0G2="

0G2=9

()32

15



