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Abstract Coherent structures in statistically-stationary homegers shear turbulence (HST) are compared with those of tiaeluksd

family in channels. Similarly to attached ones, detachedn@éannels form streamwise trains of side-by-side grod@s@2 and a Q4.
This is also true in HST. Contrary to attached structuresshmilarly to those in HST, detached Q4s in channels are ewaige in size
to their related high-streamwise velocity streaks. Voudkssters tend to associate with Q2s and Q4s, equally disédbbetween them in
HST but more closely with Q2s in channels. The results styosgggest that coherent structures in channels are natplarly associated
with the wall, or even with a given shear profile.

INTRODUCTION

It is known that the statistics of channel turbulence withvadll boundary condition agree reasonably well with thoe
classical channels [1], and that bursting in channel teneg is well approximated by Orr bursts similar to those imbge-
neous shear turbulence (HST) [2]. Similarities between 148 the logarithmic layer of channels have also been obderve
in the shear parameter, spectra of the vertical velocitfsyegeneration process, etc. [3], raising the questiona similar

are different shear-induced turbulent flows. We aim to dbuate to the answer by comparing the characteristics of iestie
structures in HST with those of the wall-detached familylaenels.

The two kinds of structures that we study are: Qs, based oguadrant analysis of the Reynolds stress, and vortex ctuste
defined by the second invariant (ll) of the velocity gradigerisor. As in channels [4, 5], individual structures in HST
are defined by thresholds$u(x)v(x)| > Hu'v', where(’) stands for the root-mean-square, for Qs, with= 1.75, and
II(x) > all’ for clusters, witha = 1.5. In channels, structures separate into families accordinghether their minimal
distance to the closest wall is,.;,, < 20 (attached) oy,,;, > 20 (detached). The former have been intensely investigated
[4, 5], but less attention has been paid to the latter duedio s§maller contribution to the total Reynolds stress otrepsy.
However, there are reasons for not neglecting them. Fistlyctures that are attached at a given moment are oftantkt
earlier or later in their history, with no discontinuousiadion in their properties [6]. Secondly, the fractionahtrdbution to

the total Reynolds stress of detached Q2s and Q4s apav@.4h is actually higher than that of attached ones, although it
tends to be cancelled by that of detached Q1s and Q3s [5]lyLakkhough the mean shear profile is different in both flows,
detached channel structures resemble those of HST in thatriteract with the mean shear while being relatively freetf

the influence of the wall. Both have sizes up to integral scale

RESULTS

We study the spatial organization of detached coherenttsires in channels by computing the p.d.f.s of relative s of

all detached structures in one half of the channel with retsjpeto those in the bang,,;,, > 0.2 andy,,.... < 0.4. Repeating

the analysis for the bang,.;, > 0.3, .. < 0.5 gave similar results. Position is defined by
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wherex.( andd(® are respectively the centre and diagonal length of the mgatar box containing each structure. Only
structures with volumes that differ by less than a factomaf &re considered. Figure 1a shows the streamwise crosersec
of the p.d.f. of the relative positions of detached Q4s. teag very well with that in HST. Detached Q2s behave simyilarl
The clockwise tilt of the two maxima is intriguing becaussuggests a streamwise inhomogeneity of the groups of Q4, but
it requires further statistical confirmation. Figure 1boadhiows good agreement in the relative position of Q4s wipeet

to Q2s. The more compact contours of the HST are probablyaltietconstricting effect of the computational box, which
is always minimal for that flow, particularly in the spanwidieection [3]. The results in figure 1a and 1b are qualitdgive
consistent with those of attached Qs [5]. It is not unexpkttat detached (or attached) Q2 and Q4 are paired in the sg@nw
direction, since they are associated with adjacent lodgial low- and high-velocity streaks [6]. It is more surnip that
detached structures are so close together in the streardisésgion (J,.| < 1.0), because the streaks are supposed to be
mostly filled by larger attached structures that should s#pahe detached ones. Probably, the latter lie within ¢hesf

of the former, which are ‘sponges of flakes’ with fractal dm®nD = 2 [5]. The results do not depend on the Reynolds
number for either channels or HST. The above results styangjgest that neither the presence of the wall nor the difer
mean shear profiles are important in determining the foonatr the spatial organization of detached Qs in channels or i
HST.
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Figurel. (a) Joint p.d.f. of the relative position of neighbouringsdd the ¢ — y) plane in HST withRe, = 100 () and of detached
Q4s in a channel witlRe, = 2000 (7). Solid: p** /pi2=2.1; dashed: 0.8p is the mean probability fof2 + &, + 67 > 4. (b) Joint
p.d.f. of relative position of Q4s with respect to Q2s in the(y) plane in HST withRe, = 100 (O) and of detached ones in a channel
with Re, = 2000 (7). Solid: p*?/p22=1.6; dashed: 0.6 is the mean probability fof2 + 55 + 62 > 9. (c) Cross-flow section of the
conditional average through the centre of detached Q2—@4 foa which with || < 1.0, |6y < 0.5 and|d.| < 0.5, in a channel with
Re; = 950. The shaded contours are the streamwise velocity (hlue:0; red: v > 0). The arrows ar¢v — w). The dash lines are 0.75
of the maximum probability of points belonging to the Q2—CdrpThe solid line is 0.85 of the maximum probability of ptEifbelonging

to vortex cluster. (d) As in (c), for Q2—Q4 pair in HST wifke, = 104. The dashed lines are 0.70 of the maximum probability of tgoin
belonging to the Q2—Q4 pair. The solid line is 0.95 of the nmaxin probability of points belonging to vortex cluster.

The mean flow conditioned to a close pair of detached Q2—Q4cavaxputed using the method in [5]. Figure 1c shows the
two-dimensional section of the conditional flow field in agselow plane through the centre of the pair. The conditiQ#d

and Q4s are of similar size, but the high-streamwise velaeiion associated with the Q4 is larger than the low-véjoci
one, and also larger than the Q4 itself. This is similar tthalgh less marked than, the flow around attached pairs [5].
However, the points used to compile figure 1c do not excludattached Q2s or Q4s that might lie in the neighbourhood of
the detached pair. When that contribution is removed, thle-Bpeed region shrinks considerably, and so does thespighel
bulge overhanging the Q2. The Q2 changes little, and thdtiisso make the Q2—-Q4 pair more symmetric. The HST pair
in figure 1d is symmetric, as required by the homogeneity efftbw. This results should not be interpreted to mean that
attached and detached pairs in channels are intrinsicéféreht. They rather form a continuum in which structuresdme
more symmetric, and more similar to the structures of HSThegmove farther from the wall. The wall itself does not aqupe

to be required for the generation of the Q2s or Q4s. The cinditvortex cluster in figure 1c, which includes contrilouts
from attached and detached structures, tends to be agzbeidh the Q2. This is also the case for attached pairs [Sfhén
HST in figure 1d, it is equally distributed between the Q2 dmel®4. The simplest interpretation is that the channel Q2s
carry vorticity from the higher-shear region near the wd]| vhile both directions are equivalent in HST.
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