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Scaling Exponent Relations Associated with K41 Theory of Turbulence
and Its Application to the Intermittency Models

Kazuto UENO *

In the statistical continuum limit, comparing the asymptotic scaling form of critical phenomena and that
of turbulence, it is found that the scaling relation ¥ = (2 — %) v in critical phenomena is also satisfied in
Kolmogorov’'s 1941 theory of turbulence, and applying the scaling relation to the 8 model, intermittent cor-
rection to each exponent is obtained in terms of the codimension d.-expansion which is analogous to the

e-expansion in critical phenomena.

1. #

— IR E CDITEEN T AT — VT & o TH#OT
SNBHEFE, BEWKIFLALTHBLAY LI
B<, FADRY = VTR LCBREBTICHb
BIENSEV, LIAD, HLDAT—VORKEH
FAEDES* 4T —HOHEVHELET L. ZOATT
J=IlAZdDE LT, BOoEFRPEFRARRED
MEFETONE, IhoOMETROEELMAE
HETHERBRY TH Y, FHIIHFE G AT — D
FRELBVWEW) T ETHEOIT S5, HRatnEs
R T, $RTOAF—VTORS ENBEVIH
ELAEV, HLBRNAFOEFSET5H. AELITIZ
FERICHENTH Y, BHEMIZZAIVF—Diihd
bhH TRCHOES AT —)v, BEAY —IVIER%ED
EEELNH D L AL EN, LB E Reynolds OB
BIZRBLDFDLIBAT—VIHEET S, il
EDZDEIZHL TV RIE, BEICEELEKOM
L, BorTmPRAHROMELERLAEIS
BHbIIICBEDLIRE, BYAABE, Z0LH%%
CORERAT—VHDLHVIEBHATSr =V TOERL XH3
EECHLIMELR) MW EFHEAXF—LTH B,

Yakhot & Orszag 1%, #}J33H % D Navier-Stokes
FHAERIC Wilson OB AABOFELERL, ¢
BREOBERMH- T, EH/MERIIBIT iR ED A
~ %7 )V, Kolmogorov @ —5/3FD T4 F— A~
2 MV, Kolmogorov B % EDfEx B2, Lo L,

il

REABHERFE L AT LFEQEGE
BAE L RINEAT JSHFRERT, RREERE Y
AT LEEB

FToll k> TRONTEHRNLE L EBRE OEN—
BRI LWL DB bbb, Kolmogorov ELHD
EEREDABICIE e=0 2, —5/3FDZARNV
FoARZ PV EE(BICIE e=4%2HIRELT,

HELER-BHIIRTEPLTHAL. T2, KEtW
[ZHARE IC | S NV DIE & FED Navier-Stokes A7
FUCERHA L2 BE X ¥ — AT 5 BRI DOIRE L,

oA HBEBRICEEZ o TWAREB L I EEWICES
S EEFo TIPS THE. YWEOMDFET
BOAAEZHEALT) T o2 b 0, BLrH
5TV B EBOYEIREE IZEEICEIIREED S B 5
LCE&. Blzid, BoETFmOMETIIEES, M
RBEFROMETIIEYGE*EXRG AL L, BOICH
DEEBECHEER LB OMEER D%\ Green B
REZI TORIC, BHFHIERLPRHIES & E0M
EEROMEE N2 o OB E LTZOROEER
EATEHICERY AL, FOY AT Green B
DEEFERNDE Z LI L > TEBROBHIE:L LTO
BELMTHA S AR IR B C R L7z, & 2
A D5, B Reynolds £ T Navier-Stokes HFFERIZ 72
&, FTIEBENREL L TOEREIITH L0
EZWE-2ZHDLTwLWw, $FETOEDERERD
Navier-Stokes 23\ IEMILIH % FAR L 7o BEETHYIC
MR L R+ WALV DTE % 3o 2R B FE R A FEIREN IR
DOHERIZLTW R, Fhhb0EEh e L TIERE
EORIZ A WIERWNSTA—-F—%2EALTAD
RETEBLTYLY, THcsRE LCERIKRETIE
ADNPNENEWHIREEIR EZWCd v, ETFERAFE
B LM EER a=1/137 ®°, BRABARICBT
b e=4—dREDL)ITEBRIICLERNE RS



— 296 — KAIDFELFIERHIZBLE L 2 A7 — ) v FIEEEAR
Table 1  Analogies between scaling in quantum field theory, critical phenomena and.turbulence
Quantum field theory Critical phenomena - Turbulence
microscopic characteristic length
Compton wavelength lattice spacing Kolmogorov

of heavy particle

n

M= e

dissipation length

1o = <y3mo,)1/4
a ¢

macroscopic characteristic length

Compton wavelength
of light particle

correlation length

integral length

M
A = Au— £=qr 1 I=n4Re
m
dimensionless parameter
mass ratio reduced temperature Reynolds number

T

SE

_T-T.
T.

Re

statistical continuum limit

%<<1<r—'0>

n—;((l(Re—HX))

correlation function or structure function

vacuum expectation value of a
product of two field operators

0IT{p () ¢ ()}]0>

two point spin correlation function

Gx, £)={S@)—{S@PHS @) —<{S @)}

second order velocity
structure function

D) =(lux+r) —u@x)l®
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