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In the Direct InteractionApproximation [1 J equationshavebeenformulated,which completelytakeinto account
thetransfereffect andhavea precisesolution in theform of theKolmogorov spectrum

An importantplacein thestatisticaltheoryof hy- lows from eq.(1) that
drodynamicturbulencecomesto the self-consistent
equations,formulatedby Kraichnan [1] ,whichtake = ~-ImJF~I~’k2 ‘kk~k2ôk+ki+ka dk1 dk2. (3)
into accountinteractionof velocity fluctuationsin
first order— the so calledDirect InteractionApproxi- Thisequationdescribesthe evolutionof theenergy
mation(DIA). DIA equationsdescribereasonablywell spectraldensity‘k• Oneof the regularmethodsof its
the homogeneousturbulencewithin the energycontain- investigationin the stationarycaseis theWyld diagram
ing rangeof the wavenumberk. However,within the technique[41 which allows to expressa triple correla-
inertial wavenumberinterval this approximationover- tor ‘kk1k2 asa seriesin powersof

1k~~and the Green
statesthe role of interactionwith long-wavefluctua- function Gk~representinga linearresponseof the sys-
tions [2] , which is reducedto a simple transferof tem.
somevorticesby others.Thus theenergyspectrumis The diagramseriesfor ‘k~ andGk~containthein-

k—7!2 [1] in contradictionwith experiment.An frareddivergenciesrelatedto thekinematictransferef-
approximateschemeof turbulencedescriptionin fect of small-scalevorticesby largeones.The differ-
Lagrangianvariableswithout thesedifficulties is sug- encebetweentheir scalesallows to extracta “weaker”
gestedin subsequentworksof Kraiclman [3] . How- dynamicvortexinteraction.For this purpose,follow-
ever,the degreeof its precisionis unclear [4]. ing thework of oneof theauthors[8] , we summarize

In the presentwork the equationsare formulated the diagramseries,taking into accountthe first order
with thehelp of the Wyld diagramtechnique[5] in the dynamicinteractionandtransfereffect accurate-
which exactlytakeinto accountthe kinematictransfer ly. The resultsof suchtransformationcanbe repre-
effect anddynamicinteractionin the DIA approxima- sentedasfollows:
tion. It is shownthat theseequationshavea scale-in- G — . 4
variantsolution with Kolmogorovindiceslk kUI3 q — ~ ~‘k,w—kv u’

[6]. . ~ (w-~ )~ 7 =I~I~ (5)
Let usconsiderideal mcompressiblehydrodynamics q q q q q

equationsfor a velocity vk:

a ~ =fr°i~ r~i°~ G* JUk
1 ~ v~V

7 dk dk ~ q k k
1,—~k+k1)k1 k,—~k+k1)qi q~

2 J k k1k2 ki k2 k—k1—k2 1 2’ ‘ ‘

wherethevertex r is ahomogeneousfunction of the X (~q÷qj+q~ — ~q+q~) dq1 dq2,
first orderin k,andsatisfiestheJacobyidentity,expres- (6)
singenergyconservation[7]: 5~q=f [r~I~~i(k÷kl)] 2j, ‘q2

1f’~7 +r’
7 <~‘~ =0 ~

‘ k k
1k2 k2 kk1 k1 k2k’ k+k1+k2 . ~ J

In thecaseof homogeneousisotropicturbulenceit fol- 2 q+q1+q2 — q+qj q1 q2.
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Here ~ meansaveragingover the turbulentvelocity generalizationof the Zakharovtransformation[10]
ensemblev(r, t) at an arbitrarypoint r, t with the help k = k”(k/k”), k1 = k’(k/k”), k7 =

of the Wyld procedure,and q = (k, w).
In sucha formulation of thestatisticalhydrodynam- w = w (k/k”)~, w1 = w’(k/k”)S, ~‘2 = W(k/k”)s.

ics equationstheir Galileaninvariancebecomesevident.
Eqs.(4)—(6) representa betterDIA; unlike the The third termis transformedin the sameway by
Kraichnanequations[1] they accountfor the kinemat- the changeq -÷q1. As a result the integrandbecomes:
ic transfereffect in all orders.The integralsin eq.(6)
convergeand thusthedynamicvortex interactionap- ~‘ 7

pearsto be local,that is, only the vorticesof the same k k1k2 q qi q2 k k1k2

scaleinteract.
Let us find solution of eqs.(4)—(6) in a scale-invar- + (—) N °~+ — F~I~k\x

iant form k2 kk1 k1 k2k~ k+k1+k2’

wherex = 8 — s — 2p. Due to identity (2) it vanishes
G~q= (l/k

5)g(w/k5), ~ = (l/kS+P)f(w/kS). whens+ 2p = 8. Fromthis and thescalingrelation it
The first relationis a scalingrelation,as follows from follows that s= 2/3 andp = 11/3.
eqs.(4) and(5): 2s + p = 5. Onemorerelationbe- Thus thesystemof eqs.(4)—(6) has a scale-invariant
tweenthesandp indicescanbe obtainedby solving solution with Kolmogorovvaluesfor the indices.
thestationaryeq. (3). With the help of eqs.(4)—(6)it
canbereducedto
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