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Numericd simulatiors of fully develope turbulert channé flow at three Reynolds numbes up to
Re,=590 are reported It is noted that the higha Reynolds numbe simulatiors exhibit fewer low
Reynold numbe effect than previows simulatiors at Re,=180 A comprehensi@ se of statistics
gathere from the simulatiors is availabke on the web at http://www.tam.uiuc.edu/Faculty/Moser/
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Ove the pag 15 years dired numericd simulation
(DNS) has bean avaluabk tod for the investigatio of wall-
boundd turbulert flows. A variety of studies of such simu-
lations hawe yielded insights into both the statisticd and
structur characteristis of wall-boundel turbulence'™ One
of the simples wall-bounde turbulert flows to simulat is
the flow in a plare channel which was simulatel by Kim,
Moin, ard Moser (referral to as KMM henceforth, and
which has been simulatel by mary othess since®~8 However,
mog of thes simulatiors hawe bee at a single low Reynolds
number Re.=u.8/v=180 (u, and § are the friction velocity
ard channé half-width, respectively, for which significant
low Reynold numbe effects are expectedOne exceptim is
the simulatian of Papavassiliolat Re.=300.

As a continuatia of the work of KMM , two highe Rey-
nolds numbe channé simulatiors have been performed one
at Re~39% and the othe at Re~590, ard new simulations
of the KMM Re~180 cag were conducted Selecte data
from thes simulatiors hawe been usdl in studies by several
authors>*1%1! However the dam has not been generally
available Our purpog in this Brief Communicatio is to
documemnthes new cass and make the statistich data from
them available.

Numericd simulatiors of all three case were performed
usirg a variart of the DNS channé code of KMM.® The
numericd methal uses a Chebychev-ta formulation in the
wall-normd direction (y) and a Fourie representatioin the
horizonta directions Unlike the simulatiors in KMM, a
low-storag third-orde Runga—Kutta time discretization is
usad for the nonlinea terms? Periodic bounday conditions
are applied in the streamwig (x) and spanwig (z) directions,
ard the pressue gradier tha drives the flow was adjusted
dynamicaly to maintan a constah mas flux throudh the
channel The periodic domah sizes were selectd so tha the
two-poirt correlatiors in the streamwig and spanwig direc-
tions would be essential} zeo at maximun separatia (half
the doman size), while the numbe of Fourier/Chebychev
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modes (the resolution was selecte so that the enery spec-
tra would be sufficienty smal at large wave numbers The
simulatian parametes for the three cass are given in Table |
in units of channé half-width (8) and in + units (Re=6"
=4u,/v). Note also that in all three cases there are 13 or
more Chebyche grid points belowv y* =10.

The origind KMM channé calculation at Re,=180 was
at such alow Reynolds numbe tha severa of the expected
features of moderag to high Reynolds numbe wall-bounded
flows were nat presentHowever the highea Reynold hum-
ber cases particulary Re,=590, hawe significanty fewer
low-Reynold numbe effects For example the Re,=180
simulatian has avetry shot log layer, if it exiss at all. But, as
shown in Fig. 1, the mean profiles of the Re,=39% ard Re,
=590 case agree out to y*~200, in an appareh log law.
Furthermore the Re,=180 profile does not agree with the
highe Re casa beyord y* =10. The apparenlog law in the
Re,=180 cas has alarge intercep than in the highe Rey-
nolds numbe flows. This is alo a low-Reynold number
effect, which has been previousy noted in experimental
measuremestof channé flows.

The variation of the mean profiles with Reynolds num-
ber is more apparehin Fig. 2(a), in which y=y"du*/dy*
is plotted In alog layer, this quantiyy will be constam with
value 1/«. With this more sensitive measure, it is clear that
the mean profiles for Re,=395 and Re,=590 agree for y™*
<70, suggestig tha the high Re law of the wall profile has
been attainal in this region For Re,=590, y varies linearly
from y*~80 to y* ~220, with values of 1/y (equivalentx)
varying from 0.45 to 0.33 Despike appearanceto the con-
trary in Fig. 1, thisisnot alog region Exceq for the wiggles
in the y profile, which we attribute to a marginal statistical
sample it appeas tha the Re,=395 ca® alw has alinearly
varying y for y* >80, thouch with a differert slope We can
only speculat as to whether with increasiig Re, the slope of
the y curve will reduce to zero in this region. The lack of a
true log law in the® case is consistehwith the analyss of
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TABLE |. Simulati:mn parametes for the three channé dired numerical
simulations Here Ay is the y resolution in the cente of the channel.

Re, Re,

Nom. Actual L, L, NXNyXN,  Ax* Az Ayl
180 178.13 4w6 %775 128x129x128 17.7 5.9 4.4
395 39224 276 w6  256x193x192 10.0 6.5 6.5
590 587.19 2w w6  384X257X384 9.7 4.8 7.2

Georg et al.,** who suggestha alog profile is nat expected
for y* <300 or y/6>0.1 (y*>59 for Re,=590).

While alog law is expectd in a high-Reynold number
turbulert channé accordiy to the classich theoy of
Millikan,®®> a more recen analyss by George ard his
colleague¥!*ard by Barenblat et al.'® hawe suggesté that
the overlg region betwea inner and oute scaling in wall-
bounde turbulene may yield a powe law, rathe than alog
law. Actually, ther is sone controvery sinee George and
co-workes predid a powea law for a bounday layer but a
log law for achannelwhile Barenblat et al. get a powe law
in both casesTo determire if a powe law is a bette fit to
the simulation datg the quantity 8= (y*/u™)(du*/dy*) is
plotted in Fig. 2(b). If u* behavelikeu®=A(y")" in some
region then 8 will have a constant value af in that region.
Over the same region that y increases linearly for Re
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FIG. 2. Diagnostt quantities for a log law (v, lower curveg and a power
law (B, upper curves Herey=y*du*/dy" is constanwith value 1/ in a

log law and B=(y*/u™)(du*/dy™) is constah with value n in a power

law, where n is the exponenin the relation U* =A(y™)".

of Spalart!® the pe& value of the u’ profile is Reynolds
numbe dependenat thee low Reynold numberswith the
pe&k varying from 2.65 at Re,=180 to 2.77 at Re,=590.
Ther are even large variatiors in the othe components.
Note tha the pek in the u’ profile occus at y* =14, which
is well within the region for which the high-Reynold hum-
ber limit appeas to hawe been reachd as determiné from

=590, B8 also increases approximately linearly, though someithe data discussd above at leag for the 395 and 590 cases.

wha more slowly. Thus the mean profiles do not exactly
obey a powe law either.

Anothe expecte propery of a high-Reynolé number
channé flow is that the productian ard dissipatia of turbu-
lent kinetic energy will be approximatef balance in the log
region To examire this, the ratio of productio to dissipation
is plotted in Fig. 3. At Re,=590 this ratio is approximately
one ove arange of y* (70sy*=250), but the ratio is ac-
tually slowly increasiig over this range Note tha the Re,
=39 profile agres with the highe Re profile (excep for
statistich wiggles for y™ =200, suggestig that this is rep-
resentatie of the high Reynolds numbe limit in this region.
Again, basel on the curren datg we canna say whethe for
large Re abroa platea with value one would exist.

A third Reynold numbe effed in wall-boundel turbu-
lence is in the rms velocity profiles (u’, v’, and w'). These
are plotted in wall units in Fig. 4(a) for the three Reynolds
numbes discussd here In agreemenwith the observations
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FIG. 1. The mean velocity profile in wall units.

Apparently the rms velocities are more sensitive to Rey-
nolds numbe effects than thes othe quantities In fact, even
the wall-limiting behavia of the rms profiles varies among
our different Reynolds numbers For example the limiting

value at the wall of u’*/y*=0.405 0.396 ard 0.363 for

Re,=590, 395 ard 180, respectively Not surprisingly the
near-wal rms vorticity fluctuatiors exhibit similar Reynolds
numbe dependenceas is shown in Fig. 5. Remarkably,
however the wall-normd rms vorticity w{,* collapss for

all three Reynolds numbers Nea the wall, o is dominated
by the presene of the streals through the term du/dz. The

invariane of w)',+ with Reynolds numbe is thus consistent
with the invarian@ of the stre& spaciry in wall units.

Of course far from the wall, the rms velocity profiles

shout scak with oute variables rathe than wall variables.
The sane rms profiles plotted using u, and § scalings are
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FIG. 3. The ratio of producti; (P) to dissipatim (€) of turbulent kinetic
energy.
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FIG. 4. Rms velocity profilesin (a) wall coordinats and (b) globd coordi-
nates Profiles for three Reynolds numbes are shown Re,=590, 395 and
180 The pe& rms velocities generaly increag with Reynolds number.

shown in Fig. 4(b). The collaps of the u’ profiles beyond
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The resuls abowe suggesthat the high Re channé flow
simulation discussd her is at sufficiently large Reynolds
numbe to be free of the mog obvious low-Reynolds number
effects Furthermore the three simulatiors taken together
give a god indication of the Reynold numbe effect over
the range 180<Re, <590 Thus the resuls of thes simula-
tions are fertile grourd for a detailal investigatim of the
statisticd properties of wall-bounde turbulence To facili-
tate sudh investigationsmary statistich quantities have been
evaluate from the three simulation case discussd here.
Thes dat are availabk as ASCII files on the web at http://
www.tam.uiuc.edu/Faculty/Moser/chann&he dat include
mean Reynold stress skewnessard flatnes profiles terms
in the Reynold stres transpot equationsspecta ard two-
point correlationsand velocity and pressue probability den-
sity functions In addition othe quantities will be made
availabk at this site as they are extractel from the simula-
tions.
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