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PRItk 2 o3 . TEOE IHE N B E M0 > 1T,
R Bt TAT Toh o Tz AR HUERE 12 £ » T BB 45
SMEN 7 23R 0B KR £ D 2 L AR BV T,

BAECH . 2 RTELAIT VT By e by R e i
MEERCS 2 2BBNT-H ABAELTNS, Tt
CLBRRIF -5 2R -ER KB BRY okTmE
EB LML g K XT3 RT -V THE DT ZHEX
N%F 20T Navier-Stekes B/ F- ¢T3 (crH&E
NG Fris 2%t kF 0. (WineNielsen (1947),
Julian etal. (1970), Desbels (1175)) #H 2m FT"
AT M HABSHE 1T, SERBE ¥ 5 ETE 4 ¢ ORI 2
S+ DK £t Reynolds BEHES> Ty N CEGN IR %D
i A5S NERE 3 Reynolds Bz ®17 I ML T £
AN LT OAT e ENTLES T WL, BB e S50 2
RBHNT - A1F. TALX— - A7 ILEOEAN RIS
POTT3-Zr TOALE LNV,

I REAFIAOVTNGEEET B0 — - TENES -5
T3 TARLFA - RATEL O 5B, £ 23 N E ok
VL1 B ORA FHE0 T IS EREEFC
HITALF—  RRTEL KT 20 ERT 0 Ic3d
L. ZREFAIFEER T TS e EosyBTo K
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FooRAL7 FILERL T BB v g BER e —2r¢ 7' EL
DK K& EEE S TNTEN . BRRO IS Sh5 0
290 AN LTSV TE. Yol X EI0 T 5 2 Rk
gt AL TV 3. sk iR 5 A5 D ROZN
7L &M ON) B okt ENT> R ko 71— HIE
RN L HECR L TRESND ¢ J3r>X+B 74~
haxhlr - KRN SABE M D TELE — AT R
(Kraichnan (19€7), Leith (1968), Batchelor (1161))
EkR) = AP R7  (AsErzEHR), (1.1)
Y -2kl T U 5, —3 . %< 0 EBBAES I (48 0)BR%
A 27 T2 RTEFEEELRLLT VDL T3 Saffpun
DETILIEeH . BREEHTR T, AN I (Saffman
(1971)) |
E®)~%" (1.2)

£F57 O SHBAFMBERCHFVTLITLEBORTMR S &1
AT Le =300 T U Z, AL B0 LD, Fng
TRLFE =« A7 0T ERR < RIE 'E SRS
M REES T W WD AT 0 B R R E T 2 T
RO E £ F (< R BR\ TV 3 0 1N Aoy ipr
S22y 3B (BE0 L3 fhE0 2 RTEMNMEEE
X35 CHERRICBIE NIT AL ERCEE TG
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WAB EERIC & 7 TIEWES 0 T %ILX — - AT RILT Y
B AN DM EEHEABEDISE, T>X g7
BET IHBBREZLEHE N RECR D, = 0 B ias
NKEE, TR FOTA = 71 AT - ReERmc &
Rey nolds $tn FHAR CHMT 2, X OEH TAUIE fﬁiéﬁfﬁ&
ERE 2858 KExReynolds BT LTI L E 748
AT @T“% Y K ieaE cE U StEBTHER bR
€755 E0, £ b L CEE B & 7 ¢ NIRRT EN
TosthE@ T At ZorErE R NERLTE,
HEBRCTRETRT LT VBRI BEER T2 . 47
Lk ERA T2 T FEBBCOL ((Lilly (1967),
Deem © Zabusky (1171), Herring et al. (1174 ], Orszag
(1976), Kowalski v Peskin ([991), Satofuka ( [752),
Yamamoeto (1984), McWilllams (]$84))

AT TIWET 5 20T Navier- Stokes 3o #ME
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FyAE (BIEBE RAIF & W EEE . R B ERME . Kida (11€5))
FHATRNERE BApie L. e ifdgsloic e 232 ¢
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HIEREEC AL SN 3 EBERAMHIE S0 &I LN ETD
THYy. BRaS Y KEmrRT—IL0FLN L B2 Esf B EH2
W3 B8R 0 0ELEER T3St APh B T Bic
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BAEEER CHO TR £ FE s g 16 0 BTN
le',g AN MLA L FAH () 2 RO RESCT B TR E 57D
CTEBEMTLOT O T 5 Y G 5k mp oM stbeis

YY) Bpslshic oot n L BiE 52,

Wak. ZREHBCALIQBORFMESE T LIt E Y,
SoNLE B B eS R £ 4 ET T ¢ . BRSO T o E
BIERLM 0 30 BAOIELE T35z L@ LTe.
NBet'E (3. e K 134" 1T Y TaRTT 00 %
Fourier ff#rc £ 3 IR AN FILEATAT U N BHER /i
T RLEX— ZA 7 L LT

E®k) =ARTFexp{ —2A R, (A=1.6)
Ei5T2, S RN T RL O IFNEFEN BREER N 177 & Y

S



117

’E(CEL EANRIRILESZEREBE 7L T3, FIZ, I
AILF =+ RN | L MBI 0 e DD . BB BRI
POTET 22 08kl WVEBEEATANTELY - 0&
PR TR 20T BE T3,

2. BYTRR BB R

Navier-Stokes AR [CAE>AFBERIR 0 2 07 B EH
EEZ 2, o= (i, 202 BBERE € TPl cd 2L,
EEHH U= U 00t) 0 BEER . BEHEL

QW 9 ¢ [r 2 J*
It 97(;977.’5 (—9’1—’?‘ 97(7.>T+b(911 915'>LU (2.1)
LSF? T Zfesn3, BEL22 T

W= 3%}_%_’;((;_; ) S:ul’z’dzly T=UlUz

AU, | e
O T

143, REA P A ta B 15 F € 27C 0 AL o LRI
L Fouviey R

(2.2)

UWOGt) =T (R H)exp Tihex] | po(f, 4,

'ﬁh'ﬁz Iigﬁ!{

(2.3)
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? oy ~ 2 2., ~L
2t W)= - Rt S (e t) + (R &) T (fort)
\ “"J/ﬁl?u/(ﬁ)‘l‘)

0 thet) = < ng’ (#2,-#,) (2.4)

253(’1){')6)(F[—— Z\ﬁ%’%—_( d

f
(27)

T+ =

)z jl 06t )exp (=1t 1dn

P+ M3, %ﬂ%f*{nﬁsﬁws&u— ST (g (240
EHLE () A7 FLsEREBLTL 32 3RS N
TW3, LML —feean BHAL kg £ &3 1 BRI
4 3BIB) RAE< | BB E # B | + D ISRV AE B HE
%F 2z e 3BEAECFEBERIALV, 4 > 4504
BB . & 1 Navier- Stokes HHERL MRS T 2 Bt o
REBEPAT SRR €320 3B 1< B F KapiiBd e ot Bex
Mokt o, 23 CHA\ EX/REERI Eetn T
% 3. |

()2 & g X Bhic B 53 REETFbE
Ut (1, A2y B)=— U, (=, 72,1 ) = Wi (X1,~225 € ) (2.5)
Us (A, %254)= Uz (T A25t) =— Uz (T1,~A251)

2) (1, 2)=("2,772) B+ 3 W2 @D REM:
Ui (2,725t )= Ua (TETz) Xi5E)
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Ur (D25t )= — Us (T~X2,7)51) (2.6)
JnITREEMR D £ v 10, 2xIxL0, 28] IS B} SHEH IF
ZOIC SR TINFD I IEIdN G, f- 7 BBBEFIXZ
NV/ig o Bz ka5 2 v T BAER 32N 0F 2, (1)
SO LR EECRE DB BB 114 72 B = HE N
TF32y €305 (T WS, HFEREEL (1),(012& 77 .
FourerARE 0 (B1), "5(7%,45)}"7“—’(%){./ 1z b L3 TFR
M

Wk e )= = TO (-, Bayt) = =T (Riy-fooT)

= F W (&, 1y t)

S (Rt t) = S, fo5 )= Sl ~tast)

=TS (&, 5t)

F (o ert)=—T (=R oyt )== T (Rir=Ra5t)

=T (f,t;t)

(#’,;\g 0 ki BEND T, o "M Fe 0 BET
TS 0 BB B

(2.7)

Lh 30 ITTWht), S(tgt), Tltot) m TATREL . H
Fot o =MEERr 35 40 REFTUTE A0 Fourier i
EtOv 73, EREEAF R, So /RIS & TR
X Fourter Al o BISGEY 1/14 ¢ 7x 3.

HUESTE <\ AR B 3 BERE (=N/2 e 6<)UF
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(J,321& B, S=(0,72)

TEB2 92 503, Tigt g (EAE DA, T 2 15
aliasi ng 2 EHZ T2 1= 01C R = N5 0 Fourier o
200 eI, 47 B %- Vs [N/31° <% 3,
(LIEAYZEE) T, k) s XEHEL (2.4) 5T
Z SHE T3,

()5 (&) 05 UG 1) £31E

(Z)S(%ﬁ)f) NS SIRT) % %f%

B)IT(FF) 75 Tikit) E5HE
O B B N Eomun, IS ()& 72, HBE,
(3)TBBR 17 0542 0 BER Fourier R (FFT) £4E
< § 3, —~fREAE BEER) HA T, Fax NaN g K>
N VRTGE Fourler B £ AU BT IE RS 75 N %K 29
HUT B TE 20 &20 Fourter B £ 0B £~
IRETEREICHS . YNy nkEFEg 0 73
Sy WNEREICTT 3. T O sF8E - I B0 T 3
(Kida» Yamada ¥ Ohkitani (submitted t, JTFM))
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K& N - R Fourler B IR BT B E N lgo N (F
FTITER3 L A 20FE 1+ — Alx. —BBHRIEE
[TH AT\ SUNBABL T 1/14 a7 ETEEE Q13 160 LD
MMEEEB (W3, 42 TR KIS e/frEsl  AUVES
NHEmEE B 306515 —EEIFO RS VEEERE
E4BREC e 3N TReITE S STTIRE § 388
BEEN= 2048 ,71024 (BT~ FBL=13¢42 32" £ §9%)
NEN H 3. 1hEINBBEAEODNERRKD KEFIOE
AEEFR ( Brachet £ Sulem (1985) )¢~ T L1, iEd
He NER 121 400 Rungze- Kutta- Gill Z2ZZE B UTZ,

3. fEAFM e 0T A — 4
B ER 1A O A i st (. KRR (27) 55 TR LY
— L RART R

Eftl=> = |0wt)|* (3.1)
ﬁ<|{rcl<fr+\
NMT=01csnT | .
E(f,0)=Ccfexp [—(%/#R)*] (3.2)

C=01,%e=]T0
T F3ESICRAGLEE B THE R T ﬁwﬁ%%%
MoTANF -, >R L0 74 —qlt), Ny> z2 -0
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Plt)l=z & E®t) |
DME . % R €(0)= 0357, Qo)= 694, P(0)=1F2 T"
ha, WAk —EAornEAt Bz T4 -0 B 5o ablkE
V= 2.5% 10" ( (ase L), 1077 ( Case IL) 4 x (07 (Case T ),
L6 x 107F ((qseTZ) 1S9\ T BABEBRESF 1=, N DIEIR
2049 (Case T, T) B 1024 (Gse IL,I7) O'® 2, B5R9E
MAt 131072 23 2¢ 02 £ BT, |

. OBEIB D BHERE L HE

00 BUESUEBE TR (2.5,(2.4) t5 T 6. 48
t8 L0, TIXL0,7C] sz%ﬂ(c‘t;mégiﬁwap)\ﬁ 22 v N7 E
e B2ZETRITE0E. ZHRENNOBEFEKE n1E 5
TH 2. mEAciE . FUCHEL ENBE 0B HY, XN
FryE< Hdmisn EFB0EE 0@ A % 2, 15AN
C71c 2T, BIDoE0sBE osgs (x b 0 E0BITET
LINKEHHE Iz BET3, MABT0 BosEE n 48 s
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HEn L),

—RBUthhD S5 BB « 1B o 35 0483 LAE
TN P 0IBLED FcET 0 T WL B
TN LT, Kbeic & 3 FHAFR DB R D Sz 5m< DY
M3 3., cn3| %o TRIENFF) FEF 5. #5HF (o x
TTRKPIz B 2z ERLT OER. FIFCIn®iE. Ho
KEn b etz caMRELLVICERIE TS,

AEPBF AR BN, T AL - ¢ & T LEBEFE TR
TS0 E0)=0.357, €09)= 0356 ( Case T), 0.355 (lase
L) 0,348 (GaseIl), 0325 ( (ase W)o I Aix V>0 08%
BB de/gt >0 ¢3¢ (T HWLTUSe —F. I>X
FE7A — eI BEEEE T I N, S o ER Nt Ko
B5 TG0 BRItk x s (B4), KEo FIE (f=1) 0
BES. TRLX- 0fh 2 /T~ B TEIGHE ffhl (1S
TAL K- N (4> 1Ty RED 7T —%) BT 320
T%T 3, 4o Ts2 ko071 — @) (x=1 LI TNE

QL) = Q% + Qs (t=T) ~ (4.1)
ZAE> T2 2 0TAC D1+ 3. T3 T @ Maéﬁ,gwgrjm

Sp Ty R kO 74 — ANE T ERE M E - S T3E .

Az | stmsz*mér%w PES5 T ERx EEREEETT 2 H
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?I’( ?5532, T/L_L))/L§ Q KTM) ﬂ{ég%/’\:%ff\(:£7
(KO EBEERLICRLTS

#= 1 |
of | @Il | T T | B =Fon FAERE
I 0,16 (.2 9 <t =19
T 0.26 /.0 g <t é/‘/‘
v 048 0.7 T< t <20

Q=@ Wo=10, T, T o WL FE¥$NCTR7 T3
M IMEL 00 Q NG S ARBISRETS I CER
L cu 3. T““ILT‘“"-})\“O(: T, 0, <35%Lun
fBE ¥ BTV (3. 2MTEFLRAMFMERFL D In(L/p) (C1EHY

T3rv738Beg#ETI QYW v TV 048 2HL TT>XK
kO 74 — SRR WS 2 748 FHTIHO EtoN E4 T H2e
tz 1070 Ru ~ 30 xR (4. 1) 0 FIMEERL T U 2.
M5(% T ZI\D7”’-~ﬁ4ZL ENn(t)

n(fb)~-—~@(f) 2y P&) (+.2)
NERATALERT , AL @5 &, HWEZIE- S 23 -
& Cyse T, M, 12> 0T RedFE (= 1 2,2.2, 2.9 #%BHd
tchz. QAt)0hhe B GE0BFZZH ) T 7571
FIE-ZLTFHY. Y >008F 72(#)—9-7/%‘/7& B3cv |
T>Z <0 71— 1 x/r— R BSRoFHE ) EFR LT0 3
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LB N(4) 1T 85 FABTARENNE 5 N 3 WY, 1T B IEmes
CEBET 322877 U 3.
BIRNEy RewaHS ¥ Rt)
Rit)= €t) /M) 72 v

_ &) (4.3)
2% P YE

DEISFARIEER . t< 1.2 Ce PN PISESTO D
RE~ L5 ¢ 39 €2 1071 (=T ) h orc s
<Y R~ P Te7:m 3,

5, TFLE— . ZNT )L

MBRGH DRy B s, RERM <oz s+ — 2h et
=012 0T EARATH SN BEE B A EEH
WBpn 3, SN2 285N 5 AR AL R BE
NIz S3END THI. FREBFoy. T AEITHL
1T LE - hHodeETENGEEY), A B AECES
FIERRNE IS M > 0 0 RFBICE R R S 71 T8 <o

~pPAoryz kO 7A — 27 LQ (Rt)= K ERT)
NFk3IE (pse L o460 WTHITICRT . e . A,
B e A0 Q(Kt=6), QEt=10)x 107, Q (ht=14)XILT
QU t=18)x102 £xRHDLTUD, TRLF— - 2N 7KL
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Fhen 10 EHBZ LT 25 DRPABHITNT 2 2y N7 F 5
G oRM N RBE CET ALY — 0 pR TR ITE Y BAR
MAME-TRILE - (T TvrbO7T —) NETRE
U7 W3, —A BRI (BB EL) 1> 2 O
TA — e NIET = FRE? T BE—F0fIRsh ., AN 7 F
L 0 BEFARAC [EHBAR T HY | 4 sreh e (1 ABRRM (T IE &
S0 (EBAY) = ¢ N ERETNE.

BB HT AN 7 AT (BBANT L)L) RS
5 ke AT ’é&"

Ellt)= ALKy [ —a(t) 1 (5.1)
ETRAL T, AW, N, X(t) £&iIN2F:5 ( T<k<Ns-2
NECE ) UsRR L XS 0GR ESANTEREN EETH
5, NHEBN (H) @ABRARTHYT L BB nid)=3 12
FUAZEZ N, THEFEV MRS 0 FEBERCH 2.
JUCH L XN Y TN I 230 S N2 ABEFIEE
d@ > Th3,

—H. T2 RFB7I— ORT - PAEABREER A AN
A AT

E(ft) = ()47 F i)

= R/RIE) ) Fd (E)= ()7L ~72
£57. EFRanw) . ot) nitB 15 BB ETINE A7 =

(5.2)

(./p
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L7 Flic) v LT

Fl) =X K7 expL-Ak] (5.2)
LHAT30RNBETH AL ET0R LT 3 FAR(42)
EN

o |
5 K dic= 1/ (5.3)
0

HHY L9207 X=[2X <'# ) MR BRTANG LTI
Fl)=F k2 exp L-{2A K] (5.5)

N & IKARGIS,

CHESHEN S BSMEZ N T ILE Casel Ul<t<20)y
(ase T (10<t<19) ITH20 T HL1I0IENF~A £ T
(5.2) nFcmnwie L T (=€ 0 "I 7'F 2, (E;Zlhrj:
SAEO74 = AN KL Q)= KF (k)ISE3.) Case L
oL TIHEBREAIR (k207) 1280 T RA7 LA+
NI T2 T o i FRFL e L 7T - K
BN+ T rnc LIz L3ITE ) YREcHE TGN D, S
RAGY S0 ANT FLIE2 208yt 3z BT
£ yns nBREk~0.04(Case 1), 0,08 ((ase T)HiE
TH D, EHAEE (k20T tE3EAERVT) RXY
RLEROW=ELERL R7r— ") > 7'8) (5.2) 0 FLheX
Tl ude (ase TNz A7 IUE#HU‘T%M;%S’&{:&
HA55)0 AR 7 BT — BT 38 )R AN MEEREL
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A=1.6 (5. 6)

R, By BRGS0 EE HVE BRT ANT NV E X
7,

TEREAER ( R<10) U3, Bx—F oEETHEIILS
TEEN I EEEEA B 2, (ase LiIio0 TSt <207
FRERTRINIEF L ([10) ik 0Bl QR ~K (&
SUKEMR)~F*) 1c&0TE R4 2t T
3, DNEHEMRKIERT L (K<(10)12FR7 T di-
vorticity layer (IVwl A A REE L 3B) T TN
REBEARNH R L. Saffman nTTILICTH 0 ARTAER
LT U3y L%z;m 3,

REITIRAE £ 5% AN Livy B e NB B 0 AN 7
M0 T3 AR DR ESMAREE £ B 22 01S. 7 — )T
RAICNS N RTANLGERUEMS T~ ) TERLTER
Moo It ur. B, 2 o0& S LTRE T Rz
(ase TaB A (t=12) o TxL¥— W2 ohHERT.
IBH BB (#<20) , BBPENESEE (20 < R< 200 ), $LR 4B,
(200< k) DT ALF -, %A « R &S - 0B,
Yoo B AL AR E O INE/OLE = BEL
TVW3AZYy NRshn3, FENSn BEREBHNE LT3
LT U AL &, RE CEERL LT V<GB HE RN RIS IS

~
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BhlL TU2ILERLTV A,

6. =HBRBHTT IL
BB CRATE £S5 (S BHEEBR 0GR I1F . RBAEH N 2>
DEP A AR BARY ¢ BB IS B T L £ TuR L Th 3,
ABRHBABI 0 AN 7 FILIF RIR L~ € LR RE (7]
ARRERE) o< T, LBAHOAN? ILE T2
KO 74 - A= REFRAE 7T ) eV T hi
B o3y $hE, o> 2 k0 74—+ AN7 LG,
Q%ﬂ:{ Efoyfb;ﬁ/ﬁ) o fcs@
N 2072 Qa R/ falt) #2 R (6.1)
t&bhEh3, o< a,:ﬂn?‘ﬁ%ﬁ%‘f{\/«ﬁ?a 4 IR TT B %4,
Oals 6 BRTHM TG 2. (HN12) Bl s 250
EHEE R ThE S0 RA7 FILEHERCK IC, Biz
P IkE CRENTE ARCRIE TR Q (R # ERER)
CRECHSL TUR 0T IR I B L T H.
AN NILOETL (6.1) (R (52, (55)) FAu T
T>AhB 74 - 0BEEE 28NS, T2 ko 74— IR
INDETAL TIXRRHED ITTR 3,
Qi) ~ £ 72| QMM + Uy, L2000
~ @t AR [ () Y ] (6.2)
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22T Qo= ERA[, QUM T=0.577 ( Euler 8,
(6.2) &t Tfh L TEL N3 It 0 MHHRE &Y
’ Ye
IO L A L. 6.3
197~ w5 e A 43/
23 ( 2T Rl kY LR, [ BREANERL), H27T

) A LRI
n(t) -7 . (6.4)

BAESE A 5 mEN W ERL T, IS N3 2
oo BRI Case I, I, I IT70TC %4 1.2,2.2, 27 7
TELTHY. BB,

D) P=10/(+ - T T 4 7.8) (4,5)
EENT, VZ X~ [ 6, NE) ~0(, kx~l) E (6.3) IS
TNR (gge I~ I BaIZH0T (6.5) 0 2% 0.7, §.5, 6.5
1 e ®Y | (65) £ 0 —2E FReynolds ZOBEFER (),

T, §hvH iz

WERITE b NTFE 9L 0 20T 0 BANEESR 715, £73
FVEMBIORFORIBINE *7 o TR F— . A7 ~
OLBETATE R, SEEE L EHEER, Ho S
AL B TTILIR C 0MBEORER AN HILIC 27
DIREERE 5 2 5, % -2, EBER0INT L EE
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BizBu Reyno?ds%iz"(att“hT%%iﬂ% e 1&g 0
Reyno |43 0 BIABE BB T IS ECRERHD AN 7 RIL Q k)
WAMBRE 55 1T LN, HOTD B B ElR)~E*
XIEEMEIORE N AT RLEDN3Z, =iz BE
BBz KL EE LR L L TE. HEERI(55) £ R
) o= RENT O N =3 L YE O tn 1o n 3, BE
ROt n(&R/#4) 1T (5.5) ERD3 2.

RR/py )= — %»@Ei: 3+ 2% #/#d | (¢.6)

CHED K=16 ER AT,

WLI~E, R0 )~4, (0] )~ 3.2

R (0.01)~3.02 (6.7)
WAZS W B, 4o T MFAEEN T D PR | SATFOBEET
3¢ BIRHICE | TBEB o TH 0.0 AT Tt
Y L REECRE R B L 0 E L T 3.

Batchelor (1969) [iahupen tEgg€ LT T>X F0 77~

HEQ /B O, (B BEREE S, TRLT -
B HRT— K £ TRMEFEATEIC TRLX~ N ERE 73
B, T>xb071 — NEBRACNSSCN RERE o805
HRBIEZI0NEEL Ve Il | RBBEFE K T
A RO71 — K RERMATNES =5 3EHRL.
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