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Comment on “Reversing the perturbation in nonequilibrium molecular dynamics: An easy way to
calculate the shear viscosity of fluids”
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Mdller-Plathe[Phys. Rev. B59, 4894 (1999] gives a velocity exchange method that creates a shear mo-
mentum flux. Measurement of the mean velocity gradient allows the determination of the shear viscosity. Low
gradients are achieved when the time interval between exchanges igltavgeequency. We show that low
frequency does not produce a steady shear flow while a weaker, but continuous exchange, does have a steady
flow.
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Muller-Plathe (MP) has presented a velocity exchange spherical harmonic§4,5] and the first order approximation
method by which either shear viscos|ty] or thermal con- of the potential contribution to viscosity is dependent on a
ductivity [2] may be calculated in a molecular dynamics term with the symmetry oky/r? when thex component of
simulation. In this method the flux is created by the exchangelocity has a gradient in thedirection. Hence we examine
while the resulting gradient is measured. This is the reversthe temporal behavior aty/r? versusr for all pairs of at-
of the usual procedure, but it may be advantageous in calci@ms. UsingW=320 we break the time interval between ex-
lating thermal conductivity of complex molecules. Here wechanges into eight subintervals of 40 time steps each and
will discuss only the shear flow scheme: a selected pair ogather the pairwise probability afy/r? within each subinter-
atoms, separated by a known distance,iexchange theix ~ Val, the total number of exchanges is 330. We do find a
component of velocity and thereby cause a flux of momenhonsteady _nature in this shear Q|str|but|on functlop and a
tum P, . The selected atom pair have the extremelocity corresponding nonsteady nature in the mean velocity gradi-
values within their respective spatial region. This process i‘{
repeated everyV time stepgW is the parameter that deter-
mines the exchange frequenci{rhe system response is the

establishment of a mean velocity gradient between the ator§5 2 and the other two dimensions are &.4The total
pair. Consider a periodic system divided imobins in they numb,er of time steps is 0with dt=0.007. We speculate

direction. At the exchange time the atom in the first bin withy, 1 the temperature profiles that are not parabolic in nature,

the most negative velocity exchanges its velocity with the  ¢oq Fig. 4a) in MP, are created by the pulses of heat genera-
atom in binm/2+1 which has the most positive velocity.

The resulting mean velocity is periodic ynwith a negative 0.10
(positive) gradient in the lowefuppey half of the system.

MP presents mean velocity profiles with values \&f
=3, 15, 60, 300, and 120{]. The two lower values result 0.05 1 T
in nonlinear velocity gradients. Our concern is in the larger
values of W and how the system behaves between the ex-
changes. Note that an upper limit 4 which corresponds  a 000 \

« N\~

nt when it is also broken into subinterval averages, see Fig.
. We have used a Lennard-Jorie$) potential with a cutoff
of 2.50, the reduced temperature is 0.72 and the reduced
density is 0.844. The number of atoms is 1500,\thgdth is

to a lower limit on the flux, is the level of thermal noise -5 —— W=320, time per 3
within the system. We find that large values \6f (=320 % 005 | ——- W=320, time per 6
produce an unsteady shear flow, and thus a possible compli ™ /\\_ —-— W=30
cation in the extrapolation of results to low gradient values / N
when the transport coefficient has a rate dependg3ice 010 / S~

To illustrate the unsteady nature, we examine the potentia ) TS -

part of the shear viscosity in a very dense fluid where the
kinetic contribution is small. In an equilibrium system the 015 ‘ ‘
pair distribution function is isotropic and only depends upon 0.3 10 12
the atom separation. When this isotropic distribution is dis- r/c
torted by_ the She_a””g motlon_then a term W'th the SYMMeY £ 1. The shear pair distribution function has a temporal de-
of shee_mng motion |s_establ|shed and it is this term thatpendence with respect to the exchange tim&\Ve# 320 time steps
determines the potential part of the shear stress. Thus, igere are eight periods between exchanges, periods 3 and 6 are
pair distribution function in a shear flow may be expanded inshown. A higher frequency of exchangé/= 30, and a more steady
flow, increases the radial extent of the positive correlatitre
curve is displaced by 0.1 for clarity and the time average is over all
*Email address: ashurs@ca.sandia.gov time periods.
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step to stegimplying that the velocity distribution is quite
steady. With this continuous-exchange method we find that
Q the shear distribution function does not indicate any temporal
] changes as in the first method, see Fig. 2 where the fraction
value isf=1/320. Linear momentum is conserved, but not
total energy energy in this continuous method, and so we
—— f=1/320, time per 3 . have used a Gaussian control of mean temperature in both
——=- f=1/320, time per 6 methods given hergsee also MP. Another way which main-
tains the advantages of the original schefaed suggested

- by Muller-Plathe[5]), is the simple remedy of reducing the
desired velocity difference in selecting the atom pair. Hence,
linear momentum, system energy, and the exchange fre-
quency may be held constant while obtaining viscosities at
various levels of strain rate. We have not done this but expect
that results similar to that seen in our continuous method

-0.05 ‘ ‘ would be obtained.
0.8 1.0 12

o Bounds on the exchange frequency which maintain a
steady shear flow may be estimated in two ways: the Max-
FIG. 2. The shear pair distribution function with a continuous well relaxation timery= /G, whereG is the high fre-
velocity exchange, with the fractioh=1/320 of the velocity ex- guency shear modulul6,7] and 7 is the shear viscosity,
changed every time step, does not have the temporal dependenggovides one estimate and linear response theory provides
seen in Fig. X(the same time periods are shown in both figures  5nother. Using linear response theory the decay of a weak
. . . . perturbation that produces shearing motion may be equated
tion that will occur in the low frequency exchange simula- S S
fions. to the decay of the stress aut(_)corre_latlon in an equilibrium
) . . : ﬁystem[8]. For the LJ state point of interest here the auto-
It is possible to make a more steady shearing system W|tC rrelation decays to zero in two time unja), and with a
the exchange concept and to do that we have also computef\ié:1e step of 0.007, this implies that an exc,:hange Veh
changed at overy step. Lt the Selected atom pai have vg: 255 ¥l produce periods of no mean shear before the next
locities before the exchange and,, v} after the éxchange occurs, as seen in Fig. 1. In addition to using these
1. ba UEID g » V2 estimates one can gather information with respect to the ex-
exchange. Usingu;=(1-f)v,+fvy, and vp=fu1+(1  hange time, as was done in generating Fig. 1, and determine

—f)up with f=1 produces the original full exchange 4, exchange frequency with the desired response for the state
method and this exchange is done at an intervalVaime point of interest.

steps. Our modification is to sét 1/\W and do the exchange
at everystep. On each step the atom pair that have the ex- This work was supported by the United States Department

treme velocities may be different, but we find that the mag-of Energy through the Office of Basic Energy Sciences, Di-
nitude of the velocity difference shows little variation from vision of Chemical Sciences.
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