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We present a study of intermittency in a turbulent channel flow. Scaling exponents of longitudinal
streamwise structure functions, /{3, are used as quantitative indicators of intermittency. We find that
near the center of the channel the values{pf{; up to p = 7 are consistent with the assumption
of homogeneous and isotropic turbulence. Moving towards the boundaries, we observe a growth of
intermittency which appears to be related to an intensified presence of ordered vortical structures. We
argue that the clear transition in the nature of intermittency appearing in the region close to the wall
is related to a new length scale which becomes the relevant one for scaling in high shear flows.
[S0031-9007(99)09455-7]

PACS numbers: 47.60.+i, 47.27.Eq, 47.27.Nz, 47.55.—t

Spatiotemporal intermittency is one of the most intrigu-herent structures and relate them to the increase of in-
ing properties of fluid dynamics turbulence. Intermittencytermittency in (homogeneous and nonhomogeneous) grid
can be described by means of the scaling behavior of thieirbulence. The present work is fairly distinct in pur-
structure functionsS,(r) built out of the velocity differ- pose, since we analyze the spatial behavior of the scal-
ence, namelys,(r) = (6v(r)?) wheredv(r) = 6v(r) - ing exponents and their link to coarse-grained features of
7/r. In the inertial rangeS,(r) scale homogeneously the flow in the near-wall region. Besides the fundamen-
with exponentg,, i.e.,S,(r) « ré. Intermittency reflects tal interest on its own, the existence of such correlation
in anomalous values (i.e., different from the Kolmogorovcould prove very valuable for the design of more efficient
1941 prediction, = p/3) of the {, (see Frisch [1]). large-eddy-simulation models (see, for instance, Scotti and
Although many efforts have been devoted to the underMenevau [10]).
standing of intermittency in homogeneous and isotropic We have performed a direct numerical simulation
turbulence, the case of wall turbulence dominated by verachieving a high statistical accuracy (abd@f in time
strong shear flow is still under debate. In fact, while theunits Uy/h, where U, is the centerline velocity and
decrease of scaling exponents towards the wall has beés the channel half-width). Numerical simulations have
recently pointed out by both experimental and numericabeen performed on a massively parallel machine using
investigations [2,3], a physical explanation of this effectisa LBE (lattice Boltzmann equation) code. The spatial
still missing. resolution of the simulation wa®56 X 128 X 128 grid

The main objective of this paper is to analyze thepoints. Periodic boundary conditions were imposed along
scaling exponents (if any) and to explore their functionalthe streamwisex) and spanwisez{ directions, whereas
dependence on the honhomogeneous coordinate. To thi®-slip boundary conditions were applied at the top and
purpose, we investigate numerically a channel flow [4,5]the bottom planes (normal to wall direction). The
possibly the simplest instance of a shear-dominated flowReynolds number is Re: 3000. Further details about

The problem of characterizing the complex phenom-the numerical scheme can be found in [11] and references
ena arising in the near-wall region, and their relation totherein. In the following we use wall units defined as
the lack of isotropy, has been analyzed in depth by sewy* =y - v*/v andv™ = v/v* wherev* is the friction
eral authors (e.g., see Anton@ al.[6] and L'vov and  velocity [12]. In these units, the channel640 long, 320
Procaccia [7]). With specific reference to intermittency,wide, and320 high.

Kuznetsovet al. [8] presented an experimental investiga- To study intermittency in the channel, we introduce the
tion of fine-scale structure of turbulence for different shearfollowing y-dependent longitudinal streamwise structure
flows. Even though they recognize that scaling exponentiinctions:

may be different for various flows or various locations S,(rF.y ™) = (uext + rty T2
of the same flow, they do not seem to address the issue o
of the spatial dependence of the exponefits This is- — v(x,y ). 1)

sue is examined in a recent paper by Camessil. [9], The average is taken at a fixged value (the normal to
in which the authors propose a technique to identify cowall coordinate). The quantitieS,(r*,y™) have been
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measured for each value of Our data set allows enough 2
statistical accuracy to estimatg,(r*,y*) for p = 7.
Because of the low Reynolds number, we use extended
self-similarity (ESS) [13] in order to extragf, values.
We remind that ESS consists of measuring structure func- 17
tions as a function of; rather than in terms of space sepa-
ration r. This procedure allows a much better accuracy
for the evaluation of the scaling exponents, although it
does not provide any estimate of theé dependence of
{3. In order to compute the scaling exponerts(y)
we have analyzed the ESS local sloges,(r*,y") =
dlog[S,(r*,y")]/dlog[S,(r*,y")] for each value of
the y* coordinate. We have found two regions yj,
hereafter referred to as region H (*homogeneous”) and 11
region B (“boundary”), respectively, where well defined
constant local slopes for the scaling exponents can be
detected. Region H is close to the center of the channel
(y* = 100) while region B is close to the viscous sublayer FIG. 1. Local slopeDs for four different values of ™. The
(20 = y* = 50). In region H, the scaling exponents straight lines represent the fit for H and B regions.
{,(H) are found to be approximately the same as the
ones measured in homogeneous and isotropic turbulenceiittency in region B with respect to region H. A pre-
On the other hand, in region B the scaling exponentsiminary answer to this question is given in Fig. 5 where
{»(B) have been found to be much smaller thgiiH).  the momentum flux(vv}) (a particular component of
Moreover, while in region H the scaling range starts atthe Reynolds stress tensor), normalized by its maximum
r* = 25, in region B the scaling range startsrdt = 50,  (vjv!)y, is shown as a function of*. The momen-
consistently with previous findings [14]. In the interme-tum flux has a peak within the region B while it goes to
diate region between region H and region B, it is difficult zero in region H. This behavior clearly indicates that in-
to identify a range in- where a scaling exponent can be termittency grows dramatically in a region characterized
defined with enough confidence. by strong mean shear (strong momentum fluxes). The
In order to clarify the discussion, we show in Figs. 1link between momentum flux and the increase of intermit-
and 2 the local slope®es(r*,y*) and D4r(r*,y"), tency can be further investigated by looking at the inset
respectively, foy ™ = 30,70,80, 150. Inthe intermediate of Fig. 5 where we represeti(y)/{3(y) from Fig. 3 and
region (i.e.,y™ = 70, 80), the analysis in terms of local the rescaled expression
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slope does not provide a well defined scaling exponent " 10
since the plateau im™* is very short. In Figs. 3 and 4 G(y™) _ de(H) _ (56(3) _ {6(H)) (vivy @
we show/s/&3 and 4/ &, respectively, as a function of &G(yT) GH) 6B GH) ) (vivpu
y* with the associated error bars. The large error bars in

the region50 = y* = 100 indicate that scaling exponents -

defined througtD,, ,(r, y ") are poorly defined and should T )

be considered just as effective exponents obtained by the i E ﬁ?g
power law fit of the ESS analysis. The situation described ’r A y'=80

in Figs. 1 and 3 is similar for all the scaling exponefits 4 4 %t;ﬁ%
computed in our analysis. Finally, in Table I, we list the 1ofF a fit=1.53
numerical values of the scaling exponents for region B, for ¢ [ as A
region H, and for homogeneous isotropic turbulence [15]. & L :_4“““‘““‘ Laaaaddt
Our results indicate that there is a transition in the nature g Ca YW

of intermittency between region H and region B. While in St AGGMAMA

region H intermittency is close to what has been observed L7f . ""l-f%

in isotropic and homogeneous turbulence, in region B - Dg ..%%A

much stronger intermittency is observed, which reflects N DDD CR NN A
in lower values of the scaling exponergs for p > 3 i Oorg, ", -
and larger ones fop < 3. Between the two regions, a g DDDDD’_"_‘DDDDMEE
competition between the two types of intermittency should 155 = T T R

take place, leading to a poorly defined scaling law. r
An important question to be addressed concerns theiG. 2. Local slopeD., for four different values of *. The
physical mechanisms which produce much stronger interstraight lines represent the fit for H and B regions.
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19p TABLE I. Normalized scaling exponents in regions H and
1852_ B for the present simulation, as compared with the values
=F for homogeneous isotropic turbuleng.“§Om and for a passive
18F -1 E scalarg}y”.
175F j T t PG/ (G (GBS sy
LE 1 0.36 0.37 0.44 0.37 0.46
165F 2 0.70 0.70 0.77 0.62 0.77

Zelz% 3 - 3 1.00 1.00 1.00 0.80 1.00

“F 4 1.28 1.28 1.17 0.94 1.17
155F ] 5 1.54 1.54 131 1.04 1.30

s g i 6 1.78 1.78 1.44 1.12 1.40

“F E 7 2.00 2.00 1.55 1.20 1.50
145 EH ;

Laf R
Lask Vo Ly A more quantitative way to investigate the increase
7o

50 , 100 150 of intermittency in region B can be achieved by the
y following argument. According to the Howarth—Von
FIG. 3. Scaling exponentgs/¢; as a function ofy”™. The  Karman—Kolmogorov equation for homogeneous shear
straight lines represent the fit for H and B regions. flows turbulence (see Hinze [17]), one can define a length
scaleL,(y) in terms of the mean energy dissipatiety)

From Fig. 3, we can argue that the increase of intermit-and the mean sheai(y), as follows:

tency should be related to the increase of momentum flux e(y) 172
and, therefore, to the mean (local) shear. Li(y) = S(y)3
Moreover, it is well known that turbulent flows near the
wall are characterized by well defined coherent structuresn the presence of mean she®y for any scaler we can
In Fig. 5 we show the rms helicity (hms = {(@ - ¥))ms)  define two characteristic time scales, namely, the eddy
as a function ofy* which is again peaked in region B. turnover timer/dv(r) and1/3. We expect that when
Coherent structures carry a significant amount of helicitthe mean shear is large enough, the eddy turnover time is
while dissipation is found to peak in the interstitial region not the relevant time scale for energy transfer from large
between helicity-carrying structures [16]. Indeed, a clearto small scales. The inequality/Sv(r) < 1/% gives
cut anticorrelation between helicity fluctuations and dissithe range of scales where the effect of shear should
pation is systematically detected in our numerical simufot be relevant to small scale statistics. By using the
lations. Thus, the alternate presence of regions of high
helicity and regions of high dissipation may be respon-
sible for the enhancement of intermittency in region B.
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FIG. 5. The momentum flukv;v;) (dashed line), normalized
- by its maximum, is presented together with normalized dis-
50 y' 100 150 sipation (straight line) and rms helicity (dotted line). In the
inset the scaling exponenf/{; is presented together with
FIG. 4. Scaling exponentg;//, as a function ofy*. The the rescaled momentum flux as defined by Eq. (2) (continu-
straight lines represent the fit for H and B regions. ous line).
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180 the wall is strongly related to the increase of the mean
shear. We have introduced a characteristic length scale
L, induced by the mean shear whose physical meaning
is equivalent to the Bolgiano scale for natural convection.
Velocity fluctuations at scales = L; are observed to
be more intermittent than in homogeneous and isotropic
turbulence.
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