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Temperature dependence of the tangential momentum accommodation
coefficient for gases
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The temperature dependence of the tangential momentum accommodation codffiIAQ) is
investigated by examining gas flows in a submicron channel using molecular dynamics simulations.
The results show that the TMAC decreases with the increasing temperature following an
exponential decay law, and is more sensitive to lower temperatures than to higher ones. The
molecular trapping-desorption behaviors near the channel surface are found to be responsible for
this dependence. @005 American Institute of Physid9OI: 10.1063/1.1871363

The tangential momentum accommodation coefficienture walls based on the Einstein theory that the wall atoms
(TMAC), which was first introduced by Maxwell and defined vibrate around the face-centered-cubic lattice sites with the
as the fraction of gas molecules reflected diffusively from aEinstein frequency tethered by a harmonic spring with stiff-
solid surface, is essentially used to determine the momentummess

transport associated with gas flows adjacent to a solid surface a2

: : : . 167kg°m?0

in rarefied gas flowsand recent microscale flows in micro- k=—73%—, (1)
electromechanical systen(lMEMS).2 Most of the theoreti- h

cal, analytical and numerical work concerning rarefaction efyynere k; and h are the Boltzmann and Planck constants,
fects on gas flows fundamentally depends on the Maxweuespectively,m is the mass of a wall atom, ark 180 K is

gas-surface interaction law characterized by the coefficienthe Einstein temperature. Particles interact with each other
Therefore, the choice of the value of TMAC is a crucial via a Lennard-Jones 6-12 potentia' in the form

challenge faced by many researchers. 1 6
Empirically, the TMAC is often taken to be unity for ¢(r):48{(2> _(2’) ] 2)
most of the practical engineering conditions. However, some r ’

r
mves_tlgatlo_ns hav_e_ demonstrated that the accommo_d_atlovr\}herer is the intermolecular distance ando are the energy
coefficient is sensitive to many gas and surface condition

. " Sand molecular diameter parameters. The parameters used in
The surface materials and gas spe&és,surface

6 > oy - this letter are ep_n=1.67X1021J, 0p_a=3.405
roughnesé, and contaminationwere indicated to affect the X1090m, £p n=0.894x102LJ, and op,a=3.085

TMAC significantly. For example, the measured coefficient, 10°10
is as low as 0.25 of rare gases over polycrystalline metaérated
surface in Lord’s work, while it increases to about 1.0 over

m.22 The equations of the particle motion are inte-
using a leapfrog-Verlet algorithm with a MD time step

et ol " o Thomad Arkil 0.017 (7=2.15 p3.2* The wall and the gas are set at the same
steel surace with roughness thlrrlns y Thomas Ar e temperature initially. Then, during a run, the wall tempera-
et al. recently extracted the coefficient of about 0.8 for Ilghtture is controlled to be constant by a typical velocity-

gases flowing in silicon microchannels prepared with MEMS,o05jing method, and the gas is kept at constant temperature
technolog)f? These investigations indicate that one must beoy a Langevin thermostat method in thadirection’* The
cautious when using a TMAC because of its strong depensqtion equation of théth molecule is

dence on the condition parameters. The temperature is an- s
other important factor which has been mentioned to have 2 N 9P
effects on the TMAC as wefl.Unfortunately, the existing mz = 2, Mz + o, ©®
literatures presenting the TMAC were mostly at given tem-
peratures from 293 to 300 K, and no detailed information igvhereI' is a friction constant determining the rate of heat
offered to the temperature dependence of the TMAC thus fa€xchange between the simulation system and the heat reser-
Molecular dynamic§MD) simulations are employed in
this letter to investigate gaseous slip flows in a submicron
channel at different temperatures. Based on a two-
dimensional(2D) method*®** our simulations focus on the
temperature effect on the TMAC by modeling a Couette flow
system, as shown in Fig. 1, where gaseous argon undergoes
shear between two platinum plates. The enclosed microflow
system has a characteristic length l#£0.1 um which is
indeed the situation in some MEMS devices. To maintain a
realistic gas-solid boundary condition, we build atomic struc-
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dauthor to whom correspondence should be addressed; electronic malIG. 1. Schematic of the Couette flow system. A periodic boundary condi-
mchen@tsinghua.edu.cn tion is applied along the direction.
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FIG. 2. Steady-state velocity profiles of Couette microflows for variousFIG. 3. Dimensionless slip length vs Knudsen number at different tempera-
Knudsen numbers at 119.8 K. tures. The lines are obtained by linear fits using the least-squares method, in
which we assume there would be no slip as the Knudsen number goes to

zero.
voir, and, is a Gaussian distributed random force. Thus, the
system temperature distribution is kept homogeneous, and it dati Hici dife diff
enables us to simulate flow systems at different temperaturéicommodation coeflicients difter at diiterent temperatures

from 83.9 to 388.2 K. as well. ows the variation of "

The flows are induced by translating the walls with ve- __F19ure 4 shows the variation of the TMAC with tempera-
locities of U=0.50,/7 in the plus and minus directions, tures obtained from our simulations. At 388.2 K, the TMAC
respectively. The shear ratg=a /(7H) is much smaller calculated in our three-dimension@D) simulations turns

. r . . . . .
. e 2 -1/2 out to be 0.19, which is quite close to the 2D simulation
than the critical valuey,~ (Mop, /2ew) % and thus the result of 0.18. Quite similarly, the coefficient in the 3D

poundery s shoui b miependrto e wa oo™ 2 0,10, Q01 STV, 0% Soeleen B 0 0,

1500 000 steps, the wall shear stress and the velocity prTNIAC in 3DMD s 0.27 at 1581 K while 0.25 in 2DMD.

files can be collected. The shear strBgss calculated as the (Meanwhne, the TMAC by a 3D method in Ref. 18 is also

net change of momentum of gas molecules at the wall pe?'lg at 300 K. They could validate our 5|mulat|pn results. It
. . : . should be noted that the computation burden in the 3DMD
unit area and time. The steady-state velocity profiles are ob-. . .
. . S : . simulations may be thousands of times of that of the 2DMD
tained by running average in dividedoriented bins cover- for th lculation™ which makes th lculation f
ing the whole channel as shown in Fig. 2. It shows that th(—?f-ltgv\t/seo-lr—]'v![ﬁg gﬁbcrl;iitrlcc)’n ’s\:;vallg ar:g aetsatl geﬁ?eguoa;“ﬁguggen
velocity profiles are linear in the middle of the channel, andnumbers almost imoossible. However. the accommodation
velocity slips due to the rarefaction effect that appears inthe ==~ PO " ’ .
, . ) , ... coefficient clearly varies with the temperature. The coeffi
region adjacent to the wall, which agrees with the predictions

of kinetic theory. Then the slip length can be computed as cient is 0.28 at 119.8 K, and _i; 0.18 at 349.5 K. It indicates
L=U/(dv,/d2)~H/2. Based on a dimensionless slip length that the temperature has significant effects on the TMAC and

defini_tion £=L/ I—; Maxwell theory predicts the slip length (raevr?wgintwheurfgr:?r? ; eg?n: Itﬁgﬁ e?n?erwgirgtﬂfecuvlﬁﬁ '?;Zgaigor;s
for slip flows as smaller TMAC. It also means that an experimentally deter-
mined value of TMAC may not be applicable to other differ-
_2-f ent temperatures. On the basis of current simulations,
e‘TK”' @ the TMAC-temperature relationship can be well described
by an exponential function of=fy+f; exp—BT), which
in which f is the TMAC, andKn=\/H is the Knudsen num-  fits the simulation data withf,=0.173, f;=0.323, and
ber defined by the ratio of the mean free path of gas molg=0.00871/K as shown in Fig. 4. It is shown that the
ecules and the characteristic length of the flow system. In
terms of the effective viscosityu calculated by

P,=u(dv,/d2), the mean free path is precisely defined as 04 .
N=ul p[(7m/ 2kgT)]¥2. Based on Eq(4), we are able to cal- “m
culate the TMAC through examing gas microflows at differ- 031 _
ent temperatures. et
In Fig. 3 we present the variation of the dimensionless o \‘\.\_'
slip length with the Knudsen number at different tempera- § 021 ¥ g
tures in our simulations. The Knudsen number is 0.01-0.12, B T e s —
which implies apparent slips at the gas-wall interface. For a o1l | Fitting of present results
given temperature, the dimensionless slip length appears pro- ©  Our three-dimensional simulations
portional to Knudsen number as predicted by Maxwell o Datum from Ref.18
theory. Thus, the TMAC could precisely be extracted by fit- 0-050 100 150 200 250 300 350 00

ting the slope of th& —Kn curve. For different temperatures,
it is very clear that the dimensionless slip lengths are differ-
ent at the same Knudsen number. In other words, theg. 4. variation of the TMAC with the temperature. The dashed line rep-

£-Kn curves have different slopes, which indicates that theesents the fitting function df="f,+f; exp(—AT).
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FIG. 5. Molecular trapping-desorption behaviors near a surface at tempera- 0.007 , 2 3 " 5
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TMAC may vary with the temperature through a decayingF'G- 6. The average density profiles normal to the surface. The length unit
exponential law. It also implies that the TMAC is more sen-'S 'éduced by the diameter parameteof the argon molecules.

sitive to lower temperatures than to higher ones. It runs to a ) )
constantf, as temperature becomes very high. than to higher ones. The reason for this temperature depen-

The TMAC is a parameter that characterizes the fundade€nce of TMAC is the near-wall trapping-desorption behav-

mental process of momentum exchange and equilibrium bd®" Of the gas molecules. The increase of the fluid tempera-
tween the fluid and the solid surface. It is understandable th4t'® Will enhance the ability of the gas molecule’s desorbing
the momentum transport through the collisions is affected bg,rom the solid surface, and W|II_ decre_a_se the_re5|dence time
the temperature as well, besides the species of the fluids, tf the absorbed molecule and its collisions with the channel
surface condition of the solids, etc. In kinetic theory, the gadVall- The temperature sensitivity of the TMAC reminds us to
molecule’s behaviors are often described based on a har§€ cautious when extending an experimentally determined
sphere bounce-back assumption. However, from a molecul&€fficient to any other thermal situations.
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