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In their paper Khare de Pablq ard Yethiraj have com-
paral the resuls of simulatiors of plana Couete flow of
simple fluids with and without a thermosta acting on the
fluid. In particular they considerd an atomi fluid sand-
wiched betwea parallé atomic walls and looked at the cases
where (1) no homogeneosithermostéais applied to the fluid
ard viscows hed is remova by conductim of hed to the
walls [sliding boundary (SB), method and (2) a homoge-
neots thermosta is applied to the fluid ard to the walls
(TSB). They found discrepancigin the shea viscosiy cal-
culated for both resuls and concludel tha it is preferabé to
perform simulatiors by the SB method.

We agree with the author$ conclusios tha the TSB
methal is inappropriate and in this Commen sugget an
alternative way of analyzirg their results in which the local
properties of the fluid are considerd explicitly. Our intention
is to point out tha TSB method are an inadequag simula-
tion technique to use ard indeal can be almog entirely by-
passd by a judicious use of standad homogeneosi shear
(HS) techniques.

First, in their pape Khare et al. hawe statel tha the
transpot properties of fluids are sensitive to the use of a
thermostatlt isimportart to clarify what the authos mean in
their statemenhthat “transpott coefficiens are significantly
affected by the thermostat”” In the cas of simple fluids it is
of cour®e not the thermosta itself tha significantly affects
the transpot coefficients? In fact a wide variety of thermo-
stas hawe bee usel in the calculation of the transpot coef-
ficients of simple fluids. Tha thes transpot coefficients
agres with one anothe demonstratethe insensitiviy of ther-
mophysicé properties to the thermostattiy mechanisnt.
Thus it is nat the thermost&in itself which create discrep-
ancies betwea the SB and TSB simulations but rathe the
particula way in which Khare et al. hawe analyzel their
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simulation data In what follows, we sugges an alternative
way to interpré their data.

As an example conside their Fig. 4, in which they plot
viscosily as afunction of the squae roct of the strai rate for
both the SB and TSB methods Not surprisingy they find
tha their SB resuls demonstrat unphysicashea thickening
at high strain rates while the TSB resuls demonstrat shear
thinning as expected The authos did nat give ary explana-
tion of this behavior apat from statirg tha “viscous heating
becoms significant.” We appreciat tha the authos per-
formed sud comparisos in an attemp to demonstrat how
previows workers in the field hawe analyze their own TSB
results However we suggesthat it is actually inappropriate
to compae thes two “viscosities” on the sane plot as they
are not at equivalem thermodynand stae points Previous
workeis may not hawe fully appreciatd that in the SB case
the temperatue and densiy are not constam but vary
throughot the fluid. Wha thes workers are actually
plotting—particulary for the SB case—s$ an effectie fluid
viscosity, which is not a materid propery of the fluid. If
Khare et al. had calculatel local viscosities (i.e., at anumber
of temperaturesdensities and stran rates in smal regions
throughot the fluid) in the SB methal and then compared
these with TSB viscosities calculatel at equivalen locd state
points they would hawe found bette agreemenbetwea the
two set of resuls even at highea stran rates Thus the
anomalie labelal as “viscous heatirg effects’ are entirely
due to the way in which the analyss and interpretatia of the
simulation daia is performed.

The TSB methal shoul nat be criticized just becaus it
uses a thermostatit shoutl be criticized becaus the system
is nat truly homogeneasiard is thus complex to character-
ize. It was precisey becaus of this deficieny tha HS meth-
ods were developéd in the first place The majar difference
betwee the local properties of an SB simulatian with those
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of athermodynamicajl equivale HS systen is the absence
of a hed flux in the latter. Existing evidene suggest tha the
hed flux has anegligible effect on the shea viscosity? even
in the nonlinea regime In the absene of nonloca transport
phenomea (that would exig nea the fluid—wall interface,
for example the local viscosiy calculatel by both methods
will be close to identical Such comparisos obviatk the need
to perfom TSB simulations Only when inhomogeneit in
the fluid causs significart nonloca behavia can one expect
measurald differences betwea the locad properties of an SB
simulatian and correspondig HS values This, for example,
would be expecte to be the cas for the shea viscosity 7(r),
whetre r is locatel nea the fluid—wall interface Nonlocal
effecs would becone importart now, and the usua defini-
tion of the loca viscosity (— Py,(r)/y(r)) would bein error.
In suct cases a nonlocd generalizatia of the linear consti-
tutive relation relating stres to stran rate is required*®

A goad exampe of a comparisa of local fluid proper-
ties was in fact undertake by Liem et al.,® in which they
found excellent agreemehn betwea the HS and SB algo-
rithms up to the large$ shea rates for which their SB tech-
niques were stable (y~0.5). Liem et al. acknowledgd the
equivalene of their calculatel thermodynand properties
ard transpot coefficiens for both HS and SB method at all
the strain rates they studied We quote from Liem et al.: “It
would seen from this that a fluid shearig with hea being
removel at arate which is naturally realizabk (thetr italics’)
eithe through conductim or homogeneousgl behavs in
much the sane way.” Whethe ther is disagreemenbe-
tween the HS and SB materia properties of the fluid at shear
rates tha are highe than the maximum shea rates which are
physicaly realizabé is an unphysica questiom which by
definition canna be answered.

In severd&part of their pape the authos stae tha ther-
mostatig a sheard fluid sud tha its entire mas is a a
constantemperatue correspondto afluid with infinite ther-
md conductivity This, they claim, is the ca® for both HS
and TSB methodsWe point out tha this is not corred from
a microscopt perspectivelndeed we hawe previousy used
HS method to calculae the strain rate dependenthermal
conductiviy tensa of shearimy fluids®’ The calculations
resultel in finite values of the therma conductiviy which
agreel with equilibrium Green—Kubo resuls in the linear
limit.

Planar Couette flows: Comment 10731

Finally, we wish to draw attentian to sone othe general
points which are relevar for those intereste in performing
simulatiors of confinel fluids unde shear:

» The authos suggestd that large statistich uncertain-
tiesin the fluid’s shea stres malke a dired calculation of this
propery impractical In actud fact, this is no longe a prob-
lem. We hawe recenty performel precisey thes types of
calculation§~1° which are exact efficient and demonstrate
excellert statistich accuracy Calculatig the wall shear
stres suffices for plana Couete flow, but would be inappro-
priate for more comple flows, suc as Poiseuile flow, in
which the fluid stres is not constam and mug be calculated
directly.

e The authos performeal computatios of the viscosity
unde conditiors of constan normd stres (P,,. We are
awaee that they correcty computa the normd stres of the
fluid by simply calculatirg tha of the wall and equatiry the
two, even thoudh this is not actually statel in their paper.
We point out tha a direct evaluation of the fluid stresses
is nontrivid sinee the standad expressia for the pres-
sure tensor, (P)=(LV)(ZMdm[v,—u(r)I[v;—u(r;)]
+3 et My ) which is valid for bulk fluids, is in-
corred for highly inhomogeneosifluids, sud as those con-
fined to narrov pores®!12Despit this, adired calculation
is certainy feasible ard as statel aboe demonstrateexcel-

lent statistich accuracy.

We wish to thark J. J. de Pabb for constructie discus-
siors related to this Comment.
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