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Abstract. In the present review we discuss certain stud-scale turbulence behavior remains insufficiently studied as
ies of large- and small-scale turbulent spectra in MHD andyet. Therefore, the results of the study of the effect of cor-
atmospheric flows performed by S. S. Moiseev and his co+elation characteristics of an external random force on the
authors during the last years of his life and continued by hisspectrum generation in this spectral region obtained by Gor-
co-authors after he passed away. It is shown that many ideadienko and Moiseev (1998, 1999) are especially significant.

developed in these works have not lost their novelty and ur- In the present review, we examine the results of the study
gency until now, and can form the basis of future studies inof universal spectral behavior of turbulent velocity fluctua-

this field. tions in MHD and atmospheric flows.

1 Introduction 2 Helical turbulence

Turbulence theory has been extensively developed since Kol(—)ne of the results of the phenomenological approach sug-
mogorov's works (1941) showing that major properties of gested by Kolmogorov in his fundamental papers more than

turbulent flows can be described on the basis of several as@o years ago was the dependence of a two-point correlator of

sumptions (Kolmogorov's hypothesis) using a certain set c)fturbulent fluctuations of a locally homogeneous and isotropic

universal parameters. Although there is no general theor)yeloc'ty field of an incompressible fluid (and its spectral

of turbulence as yet, which remains one of the most urgenfjenSity) on the distance between these two point in the in-

problems of the XXI century, many of its aspects have beenertial interval. According to Kolmogorov, this dependence

already clarified. Professor S. S. Moiseev with his disciplesShOUId be universal for any developed turbulent flow, where

and colleagues has also contributed to the study of the Ioropt_he mean turbulent energy flux from larger to smaller scales

erties of turbulent flows. S. S. Moiseev devoted 20 years oijs presumed to be constant. Until today, despite a consider-

his life to the development of so calldulical turbulence able progress in the study of turbulent flows, this result forms
theory, which plays an important part in the generation 0fthe basis of various applicatior_15 of semi-empirical turbulence
large-scale coherent structures in turbulent media. Amond€ores. As a matter of fact, it reflects the energy conserva-

the most significant results obtained by Moiseev’s team is ion law in a dynamically equilibrium system, where all tur-

the model of large-scale vortices generation in the Earth's atPU€nt energy getting into the large scales is transformed into

mosphere (Moiseev et al., 1983a, 1983b) and, according t51eat in the small scales after passing all intermediate scales.
lvanov et al. (1996), in the atmospheres of other planets. Twenty years after Kolmogorov's works, Moreau (1961)
According to experimental data, an interval with a univer- showed that the properties of mean helicity, — a scalar prod-

sal spectrum differing from Kolmogorov's one (Eidelman et uct of velocity by vorticity, — which is an inviscid invariant of

al., 2000; Branover et al., 2004) appears in scales greatly exn0tion, are similar to those of energy. In contrast to energy,
ceeding the inertial interval. It is noteworthy that the large- N€liCity is a pseudo-scalar; it changes its sign at the inversion
of coordinates. As shown by Lesieur (1991), the presence of

Correspondence taD. Chkhetiani non-zero viscosity leads to the appearance of mean helicity
(ochkheti@mx.iki.rssi.ru) in a flow. Thus, helicity, along with energy, is an essential
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614 O. G. Chkhetiani et al.: Large- and small-scale turbulent spectra

characteristic of a turbulent flow. However, the mean helic-the reasoning in favor of the application of 2-D turbulence
ity value is often too small to affect considerably the flow model of MHD turbulence (Kit and Tsinober, 1971).
behavior. One can hardly expect that a motion supported by However, further experiments have shown that the velocity
pressure gradient only in the absence of boundaries wouldluctuations field is essentially three-dimensional (Alemany
possess helical properties. However, as shown by many atet al., 1979; Seluto, 1984). Slopes of the velocity spectra
thors, in the presence of boundaries and/or external forcesteeper than-5/3 were obtained in MHD flows (Branover et
helicity reaches appreciable values and can affect flow charal., 1994), where modes with11/3 and-7/3 slopes were re-
acteristics. vealed, and the latter was named the helical turbulence mode.
An important feature of helical turbulence that has first The analysis of the velocity spectra obtained in MHD flows
attracted the attention of researchers is the fact that it carKolesnikov and Tsinober, 1974; Alemany et al., 1979; Som-
take part in the processes of large-scale magnetic fields germeria, 1983; Sukoriansky and Branover, 1988; Platnieks and
eration in astrophysical objects (see Vainshtein et al., 19805eluto, 1989) has shown thaB slope is observed, with rare
Krause and Radler, 1980, and references therein). Its spectrakceptions, near the grids. The spectral slope downstream of
characteristics were first studied by Brissaud et al. (1973)the grids is usually close te7/3, if the interaction parame-
It has been revealed that helical turbulence possesses sort@ N is in the range of 0.2 N <1.4, and even steeper11/3,
exotic (in comparison with Kolmogorov’s turbulence) prop- — at 2<N <15. HereN=co B°L/pU, wheres andp are the
erties due to the presence of two (instead of one) governingluid electrical conductivity and density, respectiveByis the
parameters — energy and helicity fluxes along the scales. Iflux density of the magnetic field/ and L — characteristic
this paper, side by side with Kolmogorov's spectrum with velocity and scale of the flow.
—5/3 slope, helical spectrum with7/3 slope appeared for Thus, MHD turbulence properties, such as a decrease
the first time, although the authors expressed their doubts agf energy dissipation, growth of velocity fluctuation scales,
to the existence of turbulence governed only by the helicityanisotropy of the three components of velocity fluctuations,

flux. spectral slope equal te-7/3, are in good agreement with
the properties of helical turbulence (see Branover et al.,
2.1 Experimental results 1999). Helicity generation in MHD flows, which is the cause

of helical MHD turbulence, was revealed by Chkhetiani et

Experimental studies of magnetohydrodynamic (MHD) tur- al. (1998). An essentially 3D character of the helical tur-
bulence have shown that Kolmogorov’s turbulence modebulence model corresponds to actual motions, which remain
with the velocity spectrum slope5/3 in the inertial range three-dimensional even under the conditions of a strong con-
transforms into a mode with the slope close-t@/3, if the  straint. Thus, we suppose that the application of the helical
interaction paramete¥ describing the ratio of electromag- turbulence model to the description of intrinsic properties of
netic to inertial forces increas&ich turbulence has been real turbulent flows is quite adequate.
named helical, since the slope close-té/3 can appear if its To reveal the helical turbulence mode in different labora-
properties are determined by the helicity transfer (Branovertory and geophysical conditions and to establish its quanti-
et al., 1994). Basic properties of helical turbulence definedtative characteristics, velocity spectra were examined. The
by the instability of large-scale motions and by the inverseanalysis of experiments demonstrates that the phenomenon
energy transfer, as well as by turbulent diffusivity drop, are of helical turbulence exists in turbulent flows in various con-
described in detail by Belyan et al. (1994, 1996) and Gol-ditions. The spectral slope7/3 characteristic of MHD heli-
braikh et al. (1998). cal turbulence was revealed in the laboratory studies of flows

Advantages of the helical model of MHD turbulence over with convection, rotation, stratification, as well as in numer-
2-D turbulence model developed by Kraichnan (1967) andical modeling of such flows.
Batchelor (1969) were examined in detail by Branover et Velocity spectra with the slopes2.3 and—2.46 were ob-
al. (1999); the main points of the issue are described betained for turbulence generated by an unstable density front
low. Early experiments in MHD flows have shown that tur- in stratified fluid experiments under rotation (Griffiths and
bulence intensity of the velocity fluctuations component per-Hopfinger, 1984). Similar results were obtained in a rota-
pendicular to the magnetic field decreases, while their intetionally dominated turbulent flow, where the spectral slope
gral scales grow (e.g., Branover et al., 1965). Later on, vewas evaluated as2.5 (Mory and Hopfinger, 1986). The ex-
locity fluctuation spectra were measured, which have provederiments in stably stratified turbulence have revealed spec-
to be steeper than Kolmogorov’s turbulence spectrum havindra with a slope “...slightly greater than2” (Istweire and
the slope of —5/3. A part of them was characterized by a slopaHelland, 1985). The authors note that the observed in-
close to—3, and the velocity fluctuations component along verse energy cascade corresponds to the predictions for two-
the magnetic field was estimated by the admixture dispersiomlimensional turbulence, but the velocity spectra do not show
(Kolesnikov and Tsinober, 1974). The decrease in the disperany evidence that the collapsed turbulence has become purely
sion scale in the magnetic field direction was interpreted agwo-dimensional. In this experiment, the velocity spectrum
a decrease in this velocity component. These data made upas obtained in a flow of salt-stratified water streamdown of
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Table 1. PArameters of atmospheric helical turbulence spectra (ABL — boundary layer, TR — troposphere, STR — low stratosphere).

Investigators £,1074m?/s®  5,108m/$ L,,10°m Notes
Vinnichenko and Dutton, 1969 4 10 4 Flights, TR
Lenschow, 1970 42 2100 0.2 Flights, strong ABL convection
Caughey and Palmer, 1979 0.5 20 0.25 Tower, over ABL, type 1
12.3 180 0.68 Tower, ABL, type 1
Mason, King, 1985 280 2800 0.001 Near a surface, strong wind
Lilly and Petersen, 1983 0.9 0.1 920 Flights, TR, type 1
Nastrom et al., 1984 0.75 0.05 150 GASP flights, type 1
Nastrom et al., 1987 GASP flights, strong wind, type 2
2.6 1.2 21.7 over the mountains, TR
3.0 2.3 13 over the mountains, STR
0.44 0.41 10.7 over the plain, STR
GASP flights, slight wind, type 2
1 0.77 13 over the mountains, TR
2 1.35 14.8 over the mountains, STR
0.32 0.27 11.8 over the plain, TR
0.67 0.74 9 over the plain, STR
0.26 0.2 13 over the ocean, STR
Endlich et al., 1969 Balloon zond at 0.5-16 km
36 300 1.2 strong wind
1.15 40 0.29 slight wind
Fritts and Chou, 1987 0.95 5.6 1.7 Radar vert. meas. at 9-18 km
Lazarev et al., 1994 0.29 0.87 3.3 Radiosondes up to13 km, type 1

an array of vertical rods. We estimate the spectral slope in theorrespond to wind velocity fluctuations with scales below
sectionx/M=60(M=3.81 cm) as rather close to7/3 within 15-23 km.
the range of scales covering a decade. Besides, in the ad- Table 1 summarizes the main properties of atmospheric
jacent range covering a decade in larger scales, the spectrhklical turbulence spectra. Spectra include adjacent ranges
slope is close te-5/3. with slopes close te-5/3 and—7/3 and a characteristic scale
) ) L,=¢ln of their intersection. As observations show, under

Our further studies have shown that spectra with the slopgymospheric conditions there exist sevetglscales. They
close to—7/3 were also obtained in the atmosphere and in the:paracterize the situation of several energy and helicity in-
ocean (Monin and Ozmidov, 1985). Twenty six tapes of wind ,,ts generating a complex wind spectrum, where the spectral
measurements obtained during long-distance flights Werg|ope transforms with the growing wavenumber fre3 to
_studigd by Lilly and Petersen (1983), and t_he correspond-_g/3 (type 1) and from-5/3 to —7/3 (type 2). If the range
ing wind spectral slope was abouR.2. A detailed study of  gcaje s limited, as in laboratory flows or in the atmospheric
these spectra revealed two ranges separated by the scale gf,;ndary layer, only one scale or even one range is observed.
90 km with slopes-7/3 in larger scales and5/3 in smaller  energye and helicityn transfer ratesif=¢/L,) estimated on
ones. The slope of 130 stratospheric wind spectra obtaineghe pasis of the velocity spectra in flows of various scales are
during Global Atmospheric Sampling Program (GASP) was presented in Table 1.
estimated as-2.2 and—2.5 for the synoptic scale range e have independently estimatethking into account the
(Nastrom and Gage, 1983), which is close@/3. Our es-  £4ith rotation as
timation of GASP spectra obtained in 1670 flights at the lat-
itudes from 30 S to 60 N (Nastrom and Gage, 1985) gives 5 = 21 Q sing,
a slope close te-7/3 for the meridional wind component in
the range of synoptic scales exceeding 300 km (Branover etvherer is the characteristic time of the spectral maximum,
al., 1999). Here the adjacent mesoscale range can be satigr is the vertical wind velocity§2 is the angular velocity of
factorily approximated by-5/3 slope. Wind spectra char- the Earth rotation ®=7.27x10 °rad/s); and is the lati-
acterizing in more detail the mesoscale range of GASP datéude. The helicity transfer rate in synoptic scales with the
are given by Nastrom et al. (1987) for three different regionscharacteristic time=100 h, vertical velocityy=3 m/s at the
— over plains, mountains and ocean. The authors note thdatitude =45 is n=0.086x10-8m/s®. The helicity trans-
steepened spectral slopes/(3 according to our estimation) fer rate in the atmospheric boundary layer scales, where
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t=200s, andw, 2, 6 are the same as in the previous case, The helical spectrum, however, characterizes the case where
is 150x10-8 m/s®. These results are close to the values ob-the helicity flux determines the energy flux in the dissipative
tained from measured spectra using the energy transfer rataterval.

and the scald., (see Lilly and Petersen, 1983; Nastrom et  The results of the present paper have shown that the prop-

al., 1984; Caughey and Palmer, 1979 in Table 1). erties of the structure function in the inertial interval are af-
' fected by the behavior of the determining parameters in adja-
2.2 Helical Spectrum cent intervals. Hence, the large-scale behavior of turbulence

should also affect its characteristics in the inertial interval.
As already noted above, spectral characteristics of the helical

turbulence were first studied by Brissaud et al. (1973). The
authors studied for the first time the invariant spectral behav3 Large scale spectra
ior of the helicity fluxn, side by side with that of the energy
flux e. Here the helical spectrum7/3 (E(k)~n%3k="/3) 3.1 Universal spectrum
appears along with the Kolmogorov’s spectre$/3. How-
ever, according to the approach based on the effective correFhe universality of the behavior of the turbulent velocity field
lation time suggested by Kraichnan, the arising/3 spec-  spectral density in the region of small wave numbers was em-
trum characterizes the absence of energy fus0). Thus, phasized in papers dealing with the study of MHD flows in
in the present limiting case, the external turbulence sourcesquare channels placed in a transverse uniform magnetic field
had to generate a helicity flux in the absence of an energysee Branover et al. (1999) and references therein). It does
flux, which is rather problematic from the physical stand- not follow from Kolmogorov's theory that the dependence of
point. However, as follows from the experimental data ex-spectral energy density on the wave vedtarbtained in his
amined in the previous section, the helical spectrum is noworks is valid for all scales. In fact, when considering vari-
at all exotic, being observed in various flows. However, in ous scale intervals, it is assumed that stationary incompress-
these flows the energy flux is also nonzero. Thus, a certaiible homogeneous turbulence at high Reynolds numbers is
discrepancy between the model and the experiments arisessubdivided into intervals, each of them described by its own
Another attempt to analyze the spectral behavior of heli-law.
cal turbulence was made by Moiseev and Chkhetiani (1996). The studies of large-scale turbulence were less success-
Having investigated symmetry characteristics of the Navier-ful, although it was known that large-scale structures often
Stokes equation written for a characteristic functional, theplay a very important role in turbulent flows. The genera-
authors obtained similar spectra (Brissaud et al., 1973) withtion of large scales due to the laminar flow stability loss is
out making, however, any suggestions regarding the magnia fundamental property of turbulence origination suggested
tude of the energy flux. Thus, they have proved the physicaby Landau (1944). The universality of large scales formed
character of the helical spectrum with the slep®3. Onthe  due to the inverse energy cascade in two-dimensional turbu-
other hand, the authors have obtained a subdivision of the inlence has been known for a long time and studied both exper-
ertial interval into two intervals separated by a characteristicimentally and numerically (see, for example, Lesieur, 1991;
scaleL,=¢/n. Kolmogorov’s spectrum is generated in scales Kraichnan and Montgomery, 1980, and references therein).
greatly exceeding the latter, whereas the helical spectrum —in Velocity spectra obtained in MHD experiments at various
much smaller scales. This can explain convex bends arisingalues of the interaction paramet®rare shown in Fig. 1.
in turbulent spectra. However, besides such convex bendsSpectral densityE (k) is shown in a dimensionless form
concave ones are also observed in turbulent spectra. ThiBE (k)/u?, whereu? is the kinetic energy of velocity fluc-
theory does not explain the appearance of such bends. tuations. The spectral slope in frequency-weighed coordi-
Apparently, there are some other factors, besides the emates has an index exceeding that of the spectral density rep-
ergy and helicity fluxes, affecting the behavior of the spectralresentation by a unity. In the large-scale range covering al-
density in the inertial interval. In order to reveal such factors, most a decade, these spectra can be well approximated by a
Golbraikh and Moiseev (2002) have studied the asymptoticstraight line with the slope of 4/3 corresponding to the spec-
behavior of the structure functioP(r) of the turbulent ve- tral slope 1/3. MHD turbulence spectrum A shown in Fig. 1
locity field in the case where andn are governing parame- has—7/3 slope in the small-scale range. With increasing in-
ters in the inertial and dissipative intervals, and the kinematicteraction parameter and turbulence transition into an inter-
viscosity is an additional governing parameter in the dissipa-mittent mode, the slope becomes close-# for the spec-
tive interval. As follows from the paper, the spectral func- trum C. However, despite this, the spectral slope in the large-
tion behavior in the inertial interval depends on the behaviorscale range remains close to 1/3.
of the governing parameters in the dissipative interval. Kol- The 1/3 spectrum is also observed in a stable atmospheric
mogorov’'s spectrum arises in the inertial interval close to theboundary layer (Caughey, 1977) and in such excited dynamic
dissipative interval, when the helicity flux in the latter stops systems as cirrus clouds (Gultepe and Starr, 1995), where the
being a governing parameter and depends on the energy fluspectral slope in the small-scale range is also closef3.

Nonlin. Processes Geophys., 13, 6636 2006 www.nonlin-processes-geophys.net/13/613/2006/
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Fig. 1. Dimensionless velocity spectra measured along the axis of ka rad/km

a turbulent channel flow with a universal large-scale range. SmaII-Fi 2 Spectrum of vertical wind components sampled crosswind
scale modes vary with the interaction parameter: A — N=0.67; B 9. £ 9P P P

—1.57; C — 15.6. The spectrum A is shifted by half an order up- from an aircraft: A —flight 11, B —flight 13. Straight lines with 4/3

wards along the line with the slope 4/3 corresponding to 1/3 for theanOI _2/.3 slopes drawn by us cor_respond to 1/3 arfil3 slopes,
spectral density (according to Branover et al., 2004). respectively, for the spectral density (adapted from Caughey, 1977).

Itis noteworthy that the large-scale turbulence is described
There are also. turbu'lence spectra where the Iargg—scale 1lo°h|y by force parameters, and not by small-scale turbulence
spectrum coexists with Kolmogorov's spectrusd/3 inthe  properties. Thus, there exist both experimental and theoreti-
small-scale range. Examples of such velocity spectra ob¢q| prerequisites for the universal behavior of the developed
served in the atmospheric boundary layer are shown in Fig. 2 rylence in large scales. Apparently, formal difficulties
Here the spectral slope in frequency-weighed coordinates hag, the validation of Kolmogorov's spectrum connected with
an index exceeding that of spectral density representation by,r5req divergence were concealing a new physical phe-

aunity, asin Fig. 1. Spectra with the slope of 1/3 in the large-pomenon, namely, the universality of large-scale turbulence.
scale range were obtained both in laboratory and atmospheric

turbulent flows with different slopes in small scales. 3.2 Connection with the inertial interval
The main determining factors affecting turbulence behav-
ior over large scales ; (L />»1;, wherel; is the characteris- As noted above, asymptotic connections between different
tic scale of the inertial interval) are an external force and theintervals of the spectrum lead to its modification. On the one
integral energy introduced into the turbulence by this force.hand, the range of energy generation by external sources,
This is a region with scales greatly exceeding the characteristheir scales, topological properties and other features affect
tic scale of the external force or the external turbulence scaléhe behavior of the adjacent region of the inertial interval
Lo. According to Branover et al. (2004), a governing param- (Golbraikh and Eidelman, 2006). On the other hand, the
eter in this region is the parameter dissipation range affects the remaining region of the inertial
interval (Golbraikh and Moiseev, 2002).
_ dU(’) 2.3 We assume that within the scope of the external force,
&= / Tdv = foroto (1) where L~rg, the governing parameters age as well ase
andn — energy and helicity fluxes over the spectrum. Un-
whereU, are turbulent fluctuations generated by the externalder the condition that atsrg the structure function should
force, andfo, ro andzo are characteristic values of the ampli- be independent of and 7 and turn intoD(r)~&2/3,=4/3,
tude, scale and correlation time of the random external forc&yhereas in the inertial interval atrg the dependence of
(Gordienko and Moiseev, 1998, 1999). D(r) on the parametey should vanish, we obtain that in the

Following the dimensional theory in this region, the spec-inertial interval (Golbraikh and Eidelman, 2006)
tral density

2 2/3 s
E(k) ~ &%, @ Pr=cn (87) () ®

since the dimension df is m°/s°. whereCs, is a certain constant.
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Fig. 4. Turbulence power spectra obtained by Mason and King at
the altitudes~14 m in the atmospheric boundary layer (according
ko k. to Mason and King, 1985).

Fig. 3. Possible types of spectral functidk) : .
1'9 amd:SLl. yp P uNCHEHE) These spectral dependencies refer to the cadg-0d; and a

2_ats; >8,: convex bend. Here, as follows from the datay2-3 m, and
3—ats; <4,. the external scale is close to 80 m. These spectra allow us
to make certain conclusions about the structure of turbulence
under study. An external source connected with a hill over-
The form of this expression coincides with that of (11) flow generates a large-scale field of turbulent fluctuations in

derived by Golbraikh and Moiseev (2002). the external scale region, whose properties are determined by
o\ 2/3 5 the energy flux along the spectrum and its powgrlin this

D(r) = Cs, (i) (E) o (4)  case, the helicity flux depends on these values, which re-
n 3 sults in Kolmogorov’s spectrum in the long-wave region of

However, in the work of the inertial interval. On the other hand, in the dissipative in-

whereCs, is a certain constant. ‘ | the situation is diff t and the helicity f ide b
Golbraikh and Moiseev (2002), it is a consequence of the erval the situation Is ditterent, and the helicity Tlux, side by

asymptotic behavior of the correlation function at the transi-Side ,Withhthe viscos.ity ((f;or:braikh anﬁ MOiSﬁ.e\r/]’ 2002), de-
tion from the dissipative interval to the inertial one, and the ;erlm'”le the properu_er:]s ?1 t ? ens/rgy. u>|;, Wh'C generates a
valued, is determined by the behavior ofndy in the dissi- elical spectrum (with the slope7/3) in the short-wave re-

pative interval. Meanwhilgj; is determined by the behavior gion of the inertial mterval. ,
of these magnitudes in large scales Thus, the formation of complicated spectra of developed

Figure 3 qualitatively shows various dependencies of thetﬁrbgler&(?f? in the inertial mf:tfervaldli cc&nfpected with the faZt
spectral densityE (k) corresponding to Egs. (3) and (4). As that its different parts are affecte y di erent processes. An
Fig. 3 (curve 1) shows, in the case &f=s;, the function external turbulence source affects its large-scale behavior,

E(k) has no bends. In the opposite case, a bend appears mhereas the dissipation affects the small-scale behavior.
the inertial interval within the scale

(ng )‘SL_‘S" 4 Conclusions
re =1,

- (5)
C
fSL o o ) In conclusion, we would like to emphasize that in the studies
whereCs, is a constant appearing in a similar expression for performed in cooperation with Prof. Moiseev or under his
. !
D(r) (Eq. 4), and. = 7 is the scale of spectra crossing at gypervision, mean helicity, side by side with energy, plays a
equal constants in Eq. (5). In Fig. B :% and the lines  considerable part in the behavior of turbulent flows. The he-

2 and 3 correspond to the casgs-d, andé, <84, respec-  licity impact on the flow characteristics depends on its mag-
tively, whereas in the scales>>rg, the spectrum remains nitude. The presented data show that velocity spectra of real
universal € (k)=Cg£%/3k/3). turbulent MHD flows and turbulent flows with rotation or

More complicated spectra are shown in Fig. 4. These specstratification in the atmosphere are close to model spectra
tra were obtained by Mason and King (1985) when study-of helical turbulence with the slopes ef7/3 and—5/3 in
ing the overflow of a hill in the atmospheric boundary layer. various scales. The properties of the spectra in the inertial

Nonlin. Processes Geophys., 13, 6636 2006 www.nonlin-processes-geophys.net/13/613/2006/
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interval are affected by the behavior of the determining pa-Branover, H., Eidelman A., Golbraikh, E., Gordienko, S., and Moi-

rameters in adjacent intervals. Particularly, the dissipation seev, S.: On the universality of large-scale turbulence, Phys. Flu-
interval affects the inertial range in small scales, and the uni- ids, 16, 845-847, 2004.

versal interval of large scales affects the inertial range inBrissaud, A., Frisch, U., Leorat, J., Lesieur, M., and Mazure, A.:

large scales. Further development of the helical turbulence HeI_|C|ty cascades in fully developed isotropic turbulence, Phys.

model is necessary not only for the development of turbu- __~Uids. 16, 1366-1367, 1973.

lence theory. These results are of great practical im ortancecaughey’ S. J.: Boundary-layer turbulence spectra in stable condi-
Y. great p P * tions, Boundary-Layer Met., 11, 3, 3-14, 1977.

Thus, the mpdel of large-scale vortlca! structu.res generatloqzaughey, S. J. and Palmer, S. G.: Some aspects of turbulence struc-
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