ooooboooao
637 0 1988 0 89-104

Lm0 R

TAMIEN KE &% (Shigeo Kida)
FAIEIE (U X (Michio Yamada)
RAEME KKE #5] (Koji Ohkitani)

1. I

FEIT A= ZAFERICK - TELEN D EEHIETEORN
OREFIE. LA /LZBOFNMIL-T, BRIIIKRE CEIET S, —HRIC,
ELA /LTI LTI EIRRE g % & - 2B REAERL
£ BLA JVRBCH L TIEESICEEAEE S L-ELRRENER
TR LAMENTVS, flziE. AEABEEZ—R. —EENHERD
TICRNAERR. H50 . BEEICTHRERRIORNET. L4 /LK
BEEASKRECIREC LTV ERNOBTER LT ROL S IELT
%,

L4 /LA

I -
T DA

wMm | o | EfR] o | SEASR|Io - - oo | &R

BEZ, o o o OFFIIHEMT. R LEIDIHRFELOBRESESCHTTOMER
Ik ->TELRY., BAICL-TIE. ZE-ZEFD0IE—HZIC n EORF



90

HiRA RS BTHMA S B,

Hald. COLIBEER JER) 2 5EEADEBEE (EEAD
%) K FNBIH, FEL - A b -7 AHBROEBMMES 21 -3
3V &{T-720 TAAXF-RLUAMOT 4 - EDIRFEZEILLINSD
7 - L. RU. RhORESOHEDY T/ 7RO LA /LK
FHEEEAT TOHE. LA /LXBEREL LTV &, it
MAREEA S KA, “EREIIREET U CELR ( HA A ) IKEEA & B
L. KiC—EEEFREEAR > 727 BORRICIBELTRECE BB C &0
T LD 0 |

2, FEXL AP AROBIEY Iab-Va Yy

ELAADBIL. HERDOEREAMCERETELEISNBA, T
T, EHFEREFOLOMRICEETBT LIC L. R EIR
DEICIA - TOBRKOESEMOR ). 272U, BIEHETIE. &
NI x1v x20 x3 DEOOHBEICHBOEL 2 = TR THS L
BRESB.

9. FEHY

ux,t) = 2, Tlk.t) explik + x] (N

 =N/2 =Kk1,k2,k3 = N/2 ,
DEICT-YIRART D, TTIT. N REROFRBEEEDLTEE
BT BET - VIRBEFEZDEL I 2 DRFIES ET - VI
5 Uk, 1) OMEERIL. FEI . Ab—2 AHBROT - U E A
5EBENDENEMIHERICL > TELEEND, T OHEREEL R
KDL LB T LIRS,



CEERIESE. VT 79 CUNEERVTIT Y. FEL - A b —
5 AFBROZKOFGTHIEL. BARY MUEsBOCHET B, 7275
L. 7947V V7 HEERIE. wh0d 2/3 Blick->TxmeicTEE
9o [11 Tz, SFEIIEHLhSEAERIL. N/2 TERLCT N3
LB, | o

AT, HEKELEET 570103 RS WVERSEEE (b
ZCELEBEOREED N) 208 ET D, YIab—Y 3 JIULERE
BESRI L REERE. NS AL TREC A, SLRRELET 20l
. TNSREAARICAS. Bald. Ths e KIBCEHYTB20. &
DS BN [RHHR #1AT 5. (2]

MR &L T BHIRO—DTH3

ur(x1,X%X2,%3) = u2(x3,X1,X%X2) = u3(x2,X3,X1)
= sin x1 (cOs 3x1 cos x3 - coOs x2 cos 3x3) = (2)

BRI |
LTAT. ERRELEIRTE20103. EHTALE - 2@5H0
BTEALBTNERSBOA., ZCT FHE NI REBOT - i
SOEXEET 51 TLICLVANOWEER) A3, BRI,
(2) ROKNEE5LZ7- ) IRF5EET S, . .
TOEIBEMDLLET. HERE v OEEVAVATRT. Kh
BOKEA LD S ICEILT B A RHENRS,

3. WUNRELA VK

TALE = AR LEND ETRELROR A LHHEE. BNRE
LA JIVAE (Rx='u' A/ v.u’ 3EEODSED Fom.s.. A



92

E747-OMARE. v IEHERE ) TRETAILANTES,
iz, XHE 31 OB 76c 2&NiE, 2NEITTTD -5/3 LA
WE=-ART bLE 1 HidBWIE 2 HOBREEIE > TREY 51213,
R THTNULBCED 100 BB0E 300 TAFNERS AV,
Thid. BIEHEET. ILVETO7MEERTE2HICE VAL ELE
BED R, #LBELTHILEEHT D,

B o1 FEROREYI2L -2 3 IBITS R;\_t v OBk
ThBo 1/ v = 500 RU 2000 T. ThIh Ry = 100 RV
200 DEEZLZZELREFRAL T BT LA TR D, B, TORIDTH
CWEELTHBEII 7y < 500 T 843, 1/ v = 1000 Tk

170%. 72 1/ v = 2000 Tik 340° OEMISEBEELEL LA,
KBTI, 1/u S 500 OV Ial—Y 3 ilkoTEBSNAESE
BN T D, ‘ ‘ |

4. THILF - OBRIEL

B 2 . EkiEL20 OEH T ALY - OBRIELE. ¥0HD
Bl v CHULTRELZBDTH D, MO RILF - DfE. v
a*m) E(0) = 0.375 TH%,

B 2aid. 1/v = 10 OBEETHD. TALF—ZRMBICH
REBH. t ) 2 TE—EOMECEES. $hbL. TOBEICE. E
EHEFERL TS, B 2b 12 1/ v = 91 OBAETHB, TALE
~—EORHLIREE Lo TRIEL CIRBILTHY . BMERICZ-T
WB, TOIANX - DOIRBOIIEIX 1/ v LHIIWKT D, |

B 3 X RLX-OBREIELOSEEY 1/ v LT ay bL



93

LDTHD, 1/ v = 88 HSEMASBELNTL 05 5h 5,

1/v XBIZKEL LTV L, 4a W9 L. IREFDIR
ﬁﬁﬁ@t%m@o<0t%kié¢in~%"n4bci1/v=
500 DIHFATHHH . TANF —IEBICERLELET T K THEN
5900 ThE AT ADKREH D,

5. 7 — 1) TR

FABOREIE L 0L CHNDEHIC. TRILE - OBEELE
T7-YIMLTZDARZ bMLE "BRARLY bO—-%k" 2HVTK
H7zo [4] N

Ba i 1/ v = 91 OBEDIIILF - OBRHEILD/ T~ A
RZMLVT. R 0 = 2.6 DET 5u~$@ﬁx«7rwﬁabn
3o THIELAILF — OBSRIZ(LA H%Mfsnuﬁfihéh% &
LTS,

X sb & 1/v = 118 OHBET. K o = 2.6, 0.3 RV
2.9 (= 2.6 + 0.3) QETAILKEE f@ﬂboﬁ%/‘v\ﬂwmﬁﬁb
NTwd, chid. BEESHEL 2.6 & 0.3 LTEZEREKET
HHLEZ5NS, TOBOLFILF -, w%#@a<0fﬂ¢%ﬁ%
L50. B 4a PR AT, |

KISVB 6 ITiE 125 = 1/v = "167 t:ﬁ@“élw-— - ARy
hwﬁﬁtrbéo1&7bwﬁﬁ%ﬁafwét:6c&5b1mbwo
TDLIBEBGART MG, WFAE2EK®RT S, T4bb. JOHEED
v IS U TENBREIAAAKRBIIH D LI DT TH D,

ETAT. K sb & B 6a %IETHE. 1/ v & 118 »b



94

125 WCEb 7252 AT MIVEASH T E 27200 TEXRIRSHROE
(BIZR<E-TOBNT E. Thbhb. BARY ML SEGARY ML
K%B#Kﬁofwéztﬁ%#%o:hu‘:iﬁﬁﬁ%#6<zﬁ
FIRIRREZE Db DIRREA R LR W T ) BRI AIKBEABLIEE2TLT
W5 |

$7-. B sb ¢ 6 RUR 1 #NTHBE, AT MILCIREG.
/v BRECULTOZBF 1/ v = 147 FTREALAEA T
(HEZTTHERIE. TORIEHES L->THBIELTLB, T LT,
1/ v = 182 T/ —KDOBARY PIHBRB7ZTERD, ( TOfF
HED v OEICHT ERNEDIRS BV DF L OEIFEBEETH T
Do )

CDLH% " BEGERS " 3. ARLEE5HEN 20H0WA 0
AlrimKEBI BV THRAIN TV, |

R8s id. bobKELZ 1/ v T BNRNT - ART MILTH B,
VI, HUIEOLOESANRS LT, RhIBA A ARKEE B 5T
WBZ LETIEL TS,

6. V77 /78

H DU LIORNBOREGKEEMO— S TE I N, HNIHOKE
(LI iREE S ORI B BETE XN D, 4 AT DIREEED#L
EARVERICH LTRRETH DT LIk > TTHMITITSh 3,

T, FEIAP-2AFEROBE ux,t) L. ThHSD
NEBALE & ulx, 1) TEDT o (0 ulx,t) OBMREL XA
TEHERUL, FEL - A b -7 AFERE u(x, t) TEFTHT LW



L-TirbHhd, ) TIT.

X = lim T In o uct) |l (3)
t oo
WE->T UTT /78 2 2EET S, 72720, 1o utt) i
o ulx,t) O/IVLEEDbL. TTITIE

HSUH)“2=115|3UW,HIQ<M | }(M
y v) 7 x
AR, A LD, KESOREITEETH). X HEEA
EEO. KESOEIRETHS LHHEND, | |

| 9 . 15 ut) | OBMELEAREETTRLAZLOTS
2, CDTTTDMEEHBE. UTT/TH A &EMBICRH BT LA
T&5%, - | o
R 10 1. ZOLICLTRDZ X % 1/ v HLTFay b
LAELDTHB. 1/ v = 200 {HEASAA AR A >TNBT LA
B,

5| FH >k o
[11 S.A. Orszag: Stud. Appl. Math. 50, 293 (1971).
[2]1 S. Kida: J. Phys. Soc. Japan 54 (1985) 2132.
[31 A.S. Monin ‘and A.M. Yaglom: Statisticat Fluid
Mechanics of Turbulence (MIT Press, Cambridge,
‘MA,1975), Vol. 2. |
(41 HERRLE : A7 VBT (HEEE, 1970).



<L

3 ITE

Je0

o
Q

4]

= 2a

10



97

Ill'll‘ll

JJI_IIJIIIIII

\l‘
T
X
o,
w
i

o Go Joo y’/ !



3%

A T r ]
: Ligs
i = = .
.0 — ]
.S i» ]
_’W\ A AR ﬁNvWWﬁMWfUWMMNmeWWAMMWM
L - _
- %] 40 ]
3 i l L | 1 l i ! ! 1 I 1 i vl -¢ I 1 1 1 1 ]
0 50 100 150 200
 TIME B
c 7 —— .T’T‘,“}, ——— '
L —-l—-= 00 i
s Y% ~
. G M\ B
J ,ﬁ
S| /“ \f
I ]
LU _
. 14 4. b )
.3 L 1 1 1 |- Ly | [ 1 ] ) L1 | 1 1 ]
@) 20 L0 60 S0 100
TIME



200
180
160
140

120 —

100
80
60

40
20

/s

T T l T I I 1 ] T l L T l T T T
— ‘ _ p—
| 5 =91 _
y_ —
- I 0. _|
] 1 1 I i 1 ] l L i l L 1 1 l 1 i i
O 200 ugoo GO0 800 1000
| 26 wetey
—‘l T T ] T T T ] T T T 1 1 T T T T —|
- \ i
i > =N¥
- —] |
- 1% sb A
i Jl i | LJ ! 1 l ! !ll l ! l} ! I [l 1 | ]
O 200 UHG0o 600 800 1000
0.3 2~E .'2.7



106

R T T v T
B - Loes ]
200 |- _ ‘ o B
o0 | ~
) | ‘ | -

O ":| SRR | : IR | AJ ) | | l} PN I S

0 . 200 400 . B0O0 | 80O 1000
T3 A g |

2 — ]
1:‘ I b 7

! L

0 200 400 600 800 1000
X 3's

/<



0.020
0.018
0.016

0.014
0.012
0.010
0.008
0.006
0.00u
0.002
0.000

0.20
0.18

.14
.12
.10
.08

. Od
.02

o oo o o o O O

.00

.06

104

T ]. I T 1 ] ] i 1] T l T r T l ¥ T T ]
N \ B
— =) .
N > =T
- 4ﬁq Ng éc} :
—\ AN L_L 1 JL N L \ L LA ]
0 © 200 0o 600 800 1000
o‘,\. ol 2.0 .'Z‘L_, 7 cup
| I‘ T T I T T 1 r : T T l 1 T "I:ﬂi _EI 1 T |
- — =182
L ]
- ¥ 7 -
_4 1 1 l 1 L 1 I i | . I 1 1 ] L i 1 1 ]
0 200 uQo f 500 800 1000
S 2.8 Sep



102

0.020
0.018
0.016
0.01Y4
0.012
0.010
0.008
0.006
0.00u
0.002
0.000

i T I T T T T T T T T ]
- | =250 j
n _
L ¥l e ]
\A— l i L. 2 i
] 800 1000
0 4o .
l _
ﬁ
73
1 1 I_J‘ ] ] L
o 200 400 600 800 - 1000
23 /2 2 29

/¥



. oY

.03

.02

.01

.00

Illrfl[

IIlllI.I

IllllLLlIll

Illtllll

200
/2 1%

oo
o8

X

600

T

1US

/S



104

1022
102\
1020
‘olﬂ
lul'
LO”
lDlO
!0"

IO“ -

1013
ALl 10'®
loll
low
10°
10°®
10?
10*
108
10Y
10?
| 102

101t

1010 L

10°
108
10’
10°
10°
1ot
103
102

o.5

Qi

o3

o2

./

loo  deo  Jeo  Hoo  Soe

/€



