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Dynamics of vibrofluidized granular gases in periodic structures
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The behavior of a driven granular gas in a container consistingl @bnnected compartments is studied
employing a microscopic kinetic model. After obtaining the governing equations for the occupation numbers
and the granular temperatures of each compartment we consider the various dynamical regimes. The system
displays interesting analogies with the ordering processes of phase separating mixtures quenched below their
critical point. In particular, we show that below a certain value of the driving intensity the populations of the
various compartments become unequal and the system forms clusters. Such a phenomenon is not instanta-
neous, but is characterized by a time scaiehich follows a Vogel-Vulcher exponential behavior. On the other
hand, the reverse phenomenon which involves the “evaporation” of a cluster due to the driving force is also
characterized by a second time scale which diverges at the limit of stability of the cluster.
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[. INTRODUCTION [16,17,19 . Moreover, the Twente groyd.2] presented new
sets of experiments which have stimulated more interest in

One of the most ubiquitous phenomena in nature is théhe problem.
existence of matter in different phases. Water, for instance, We shall consider a granular gas subjected to a vigorous
can form either a solid, a liquid or a gas. When such a systerihaking and initially equipartitioned into several identical
is brought, by a sudden change of a control parameter, frofiompartments, and show that it presents a phenomenology
a one phase equilibrium state to a point in the phase diagrafigsembling that of spinodal decompositi@9]. At some in-
where it can exist in two different phases, it will reach its stantt=0 the shaking intensity is decreased and the system
new thermodynamic equilibrium only through a nonequilib- €volves towards a new statistically steady state. The system
rium process, called phase separafibh In the present pa- has two possibilities: one is to persist in the homogeneous
per, we stress that granular fluids possess a phenomenologiate and the second to cluster. The crossover between the
which recalls closely that of standard matter. More specifi{wo regimes occurs at a particular value of the driving inten-
cally, we show that some processes observed during an ordity through the amplification of long-wavelength fluctua-
nary condensation-evaporation process have a counterpartigns. However, the analogy with spinodal decomposition is
vibrated granular fluids. In particular, the formation of densenot complete, since in the late stage the order parameter does
patches surrounded by rarefied regions is similar to the phagot saturate and the behavior of the granular system shows
separation dynamics associated with a liquid-gas transitiogubstantial differences with respect to familiar ordering sys-
[2]. tems.

The idea that granular fluid8-5], i.e., large collections The remainder of the paper is organized as follows. In
of inelastic particles fluidized by the action of an externalSec. Il we specify the model, which is based on the assump-
driving force, under appropriate conditions may exhibit be-tion that the grains are described as inelastic hard disks sub-
haviors typical of ordinary fluids is contained in some recentected to a stochastic driving force. It is then possible to
papers. Sunthar and Kumaran reported the coexistence @grive within the framework of the Boltzmann equation the
different states in vibrofluidized granular bd@g. Argentina  governing law for the occupation number and the granular
et al, instead, claimed that a vibrated gas of inelastic partemperature of each compartment, the relevant variables in
ticles displays Van der Waals loopg] in a pressure-density the problem. The governing equations represent an extension
diagram. of those recently employed in Refl7] and validated by

Some years ago, Schlicting and Nordmeier in a seminaMonte Carlo simulation. In Sec. Il we perform the stability
paper[8] considered an assembly of steel balls in a verticapnalysis of the homogeneous asymptotic solutions of the
container of height partitioned into two connected sections, governing equations and extract predictions about the cross-
by a dividing wall of height <L. They observed that when over from the homogeneous regime to the clustered regime.
the container was vigorously shaken, the number of balls idh Sec. IV we illustrate the numerical results for one- and
the two sections was statistically identical, whereas the twdwo-dimensional systems. Finally, in Sec. V we present our
populations were dramatically different for weak shaking.conclusions.
The reason for such a behavior is the competition between
the particle diffusion induced by the shaking and the ten-
dency to cluster resulting from the inelastic collisions. Vari-
ous authors contributed with theoretical explanations of such We propose a simple extension of the model employed
a problem. These range from phenomenological flux modelslsewherg17] in order to study the steady state properties of
[9-12], to urn modelg§13—15, to kinetic theory approaches a vibrofluidized granular gas to the case where the total vol-
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ume available to the particles is divided into a series of idenwhere the integration domain is restricted to the volume of
tical compartments, and the grains can move from one to thtéheith compartment. Such an approximation clearly neglects
other by jumping over a vertical wall. An assembly &f the gradients which are present within each box.
inelastic hard spheres moves i@imensional domain par- Interestingly, also the coarse grained distributiéy{s,t)
titioned into M identical regions of volumé&/ separated by can be obtained by means of a Boltzmann-like kinetic ap-
vertical obstacles. Each compartment cont&pparticles so  proach. In factf;(v,t) evolves in time due tda) the inter-
that M N, =\ action with the heat batlib) the collisions between the par-
When two particles collide their velocities after the colli- ticles belonging to the same box, afu} particle diffusion
sion, denoted with a prime, are obtained in terms of thgrom one compartment to the other. The effect dugajois

(unprimed precollisional velocities through the relation represented by a Fokker-Planck term:
, 1 o A 1 0 Tb Jd
Vi=Vvi— 5 (1+a)(vi~V2)- 0) 0, 1) vl m v, TV fi(ve,b), 4

wherea is the unit vector directed from particle 1 to particle Yv?gr}sas( the ?‘\]:fic[tzé?)) ||s:i<ralnﬁapjvulatzt(jj in tth?rﬁcf[”'ii'gn Eﬁ:m

2, anda is the coefficient of restitution. A particle in théh (fi.1;) (see Ref] - rinally, we add a term taking into

box, besides colliding inelastically with the remaininy, ( account the flux of particles between neighboring compart-
y : ments. Since only fast particles contribute to the latter pro-

—1) within the same box, is subjected to the action of 2 ess such a term contains a Heavisidinction. Collectin
white noise random force, which compensates the energ . . . " 9
erms we obtain the following equation of motion figr

losses due to dissipative forces.

The dynamics of théth particle between two successive b [ 0 )\2
collisions is based on a Langevin type equation of motion forg,f;(v,,t)=1(f; ,f;)+ —(—) fi(vy,t)
each grain with a fluctuating random force accounting for the M7y | Vs
action of the external driving force: 1 9 1

+ [ — . EE— —
de 1 ™ &Vl[vlf|(vlrt)] 7_50(|V1| us)
——=——V+ &, (2
at g X260~ fraav D~ foa(v 0l (8)
where — Tglvk is a viscous term and, a Gaussian random A more detailed treatment of such a transport equation can
acceleration, whose average is zero and variance satisfieso& found in Ref[21] together with Ref[17].
fluctuation-dissipation relation: In order to characterize the macrostate of the system we
only need the average numhéy(t) of particles in compart-
menti at instantt, and the corresponding granular tempera-

’ — b !
(& () Emu(t )>—2m_7.b Skmbp,0(t—1"), () tureT,. These quantities are related ftoby the equations
where Ty, is proportional to the intensity of the drivif@1] Ni(t):f dvfi(v,t), (6)
and u,v denote vector components. The rate at which the

kinetic energy is dissipated by collisions is proportional to .
9y P y prop whereV; is the volume of the same compartment, and

1-a?.
Finally, the particles contained in compartmérman mi- 1
grate into compartmentst 1 with a probability per unit time Ti(t)= N (t)df dvmv?f;(v,t). )
i

rgl, provided their kinetic energy exceeds the fixed thresh-

old T, which is relatgd to the.gravitational energy Necessaryrhe problem can be reduced to a simple set of governing
to overcome the vgrhcgl barrle'r. . i . equations for the occupation numbers and the temperatures
Instead of considering the individual trajectories of the ¢ ihe various compartmerisee Ref[17] for detaild if one

particles, one can study the single particle phase-space diggsymes a Gaussian shape for the distribution funéfiand
tribution functionf(r,v,t), which contains most of the rel- 4_».

evant statistical information about the system. In order to

obtain f(r,v,t) one still has to solve the associated Boltz- N, 1 V2
mann equation fof (r,v,t) [18], which is not a simple task. fivh=+ 57 ex;{ ~omT
However, a simpler description can be achieved by assuming ! '
that the relevant properties of the system are described i the case of noncommunicating compartments—=),
terms of the average particle population and of the averaggscp containingN* = A7M particles, the granular tempera-
kinetic energy in each compartment. Therefore, we introduce'[:ures-ri assume the valu&*, determined by the solution of

the following coarse grained distributions: the equation
N* T*
1+Tb0(1—a2)w\/ﬁ}=Tb. 9

. (8

1
f‘(v’t):Vﬁ,drf(r'v’t)’ T*
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FIG. 1. Phase diagram relative to a system of two compartments) ire show the asymmetry paramefer |N, — Ng|/N as a function
of the total number of particled/. In (b) granular temperatures of the two compartments are displayed as a funciNanTdfe heat-bath
temperature is fixed at,=0.7, Ts=1, 7,=2, andr,=0.5, while the compartment volume is ¥anda=0.7. The granular temperature
is measured in nondimensional units.

In the general case, after simple manipulations, we obtain thehe first to the second regime occurs when the “thermally”

following set of coupled equations: induced diffusion is not sufficient to prevent the spontaneous
tendency of the grains to form clusters, due to the collisional

dNi(t) _ i[N- e T N _ e T/ 1— 2N Ts/Ti] cooling. Such an instability is the counterpart of the separa-
dt T T " ! tion process which occurs in a system consisting of two com-

(10a  partments only. In such a case the left-right symmetry, i.e.,
the difference between the left populatibh and the right

N dri(t)y 1 DN LT - TalTies populationNg is spontaneously broken below a certain criti-
Cdt TS[ (Nit1Tiva8 cal temperature. Figurgd) illustrates the corresponding be-
T T havior of the asymmetry parametdr=|N, —Ng|/N versus
N Ti,& sTim1=2N;Tie” 's'h) the total number of particles for a fixed value Bf=0.7,
+ (N, Ts/Tivie N, e Ts/Tio whereas in Fig. .(b). we display the variation of the granular
temperatures within the two compartments versus the total
—2N;e" Ts'T)(2Ts—T))]— 2ywiN;T; number of particles. The curve bifurcates at a critical value
of the total number of particles identifying a temperattlige
2 _ below which the left-right symmetry is broken. We shall dis-
+ —Ni(Tp=Tj), (10b) ; : _
Th cuss how such a mechanism manifests in the case of many
o . compartments and gives rise to a phenomenology similar to
where the local dissipation rafe2] is that of the spinodal decompositi¢®0]. In general the space
of dimensionless control parameter is large since the system
_ 2 ﬂ L properties are functions af, M, N, V/a?, T,/Ts, 7,/ 7,
ywi=o(1l—a) . (12) . .
2V ¥'m and y7s. In the following we shall measure temperatures in

) ) . _ units of T¢, areas in units ofr?, and time in units ofr,/2.
Let us notice that the ansaf®) is only dictated by technical

convenience and is not necessary, since it leads to a small set
of coupled equations foN; and T;. In fact, one way to
improve systematically the approximation is to assumt
be given by a Gaussian multiplied by a linear combination of In the case ofM identical compartments with cyclic
orthogonal polynomials, the so-called Sonine polynomialsboundary conditions, the choi¢¢ =N* andT,=T*, where
However, in this case one should consider extra variable$* andN* are related by Eq(9), represents a uniform so-
besidesN; andT; and the resulting set of equations would belution of Eqgs.(10), for all values of the control parameters.
of higher rank. We observe thal* is the granular temperature of a system
We turn now to consider the most relevant behaviors asef N particles, equally distributed inthl compartments of
sociated with the governing equatiofi¥a and(10b). Inci-  volumeV and subjected to a heat bafly.

Ill. STABILITY ANALYSIS
OF THE HOMOGENEOUS STATE

dentally we notice that Eq$10a and (10b) in the case of On the other hand, it turns out that such a uniform solu-
M =2 are identical to the corresponding equations of Reftion is stable only at high temperature, where a diffusive
[17] after substitutingrs with 27. mechanism tends to restore any small perturbation about the

A large collection of grains initially distributed uniformly homogeneous state. On the contrary, the uniform state below
in an array ofM identical compartments may remain homo- a certain temperature turns out to be unstable with respect to
geneous or may not according to the intensity of the drivingspontaneous fluctuations, due to the clustering mechanism
to which it is subjected. The Twente group observed experiinduced by inelasticity. As shown in Fig(d), the granular
mentally a homogeneous configuration under vigorous shakemperature in the case of a system with two compartments
ing, and clusters for weak shakin§2]. The crossover from takes on two different values when the total population ex-
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ceeds a threshold value. In the case of many connected com-
partments a related phenomenon occurs. In order to illustrate
it, we introduce a small amplitude sinusoidal perturbation
T,=T*+ 6T exp(kl), and N;=N* + SN, exp(kl), where k
=2mn/M, with n=1,... M—1 andl=1,... M denotes
the compartment.

Expanding linearly Eqs(108 and (10b) about the sym-
metric fixed pointT* ,N* one finds the following result:

0.005
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e Ts/T * 00y 05 T s 2 25 3
. s X . X
5Nk:_ 2 2[1—CO£{k)] 5Nk+ T*)ZaTk K
(129 FIG. 2. Variation of the eigenvalug,(k) with respect to the
wave vectork for different choices of the heat-bath temperature
5 Tp=0.28 (continuous ling T,=0.38 (dashed ling and T,,=0.45
. e Ts/T* T, S (dotted ling. The data refer to a system consisting of 100 compart-
oT=— . 2+ T_*+2 T_* [1—cogk)] ments, each initially filled with 180 particles. The compartment
s volume is 100 and «=0.7. The threshold temperature T§
=1, n,=2, 7s=0.5. Notice that the mode becomes unstable, i.e.,
2 2 I, "
+|3yw* + —| } ST — — \n(K) becomes positive, below the critical temperature.
Th N*
o TS/ - T (15
X - (T*4+2T)[1—cogk) ]+ yo* T* | SN,. ¢ 3 1
s -+
2 *
(12b ToYy®

The associated eigenvaluag(k) and A1(k) of the dy-
namical matrix of coefficients correspond to the two relax-
ation modes of the system. The larger eigenvalpk) van-
ishes quadratically whek— 0, reflecting the conservation of .
the global number of particles. However, due to the couplin
between the density and the thermal fluctuations, for figite

Mn(K) presents a variety of behaviors, associated with differ
e;g ghr))/sical phenomer?/a respondence of the largest wave vector Tge= 0.28.

In order to classify these behaviors, we consider the fol- porrespondlngly, in the second case th? growth process

lowing expansion valid for smak values: |r?|_t|ally resembles t_he ear_ly stage of the spinodal deco_mpo—

sition process, during which the homogeneous state is un-

stable with respect to long-wavelength fluctuations. These

are exponentially amplified, whereas short scale fluctuations
decay.

Physically speaking, a local density increment induces a
decrement in the granular temperature. If the temperature of
Jhe bath is sufficiently low or the number of particles suffi-
ciently large this leads to an instability, i.e., more particles
will flow toward the region where the temperature is lower.
Below a certain characteristic temperatdig a fluctua- lefu_3|on will not be_able to compensate S.UCh a tendency.

Finally, there exists a second collective mode(k),

tion which increases locally the population is amplified. The hich tially d ibes how t ture fluctuati d
local granular temperature drops due to the increased coliyhich essentially describes how temperature fluctuations de-

sion rate, since[from Eq. (9] w;«N;TY%N23 and T, ggﬁ.slé Ollsbal\?;%{; Qea?naJIZi’IIii?jngo ;hned prit\a/seenntc):e of dissipation
«N; 2. Thus the particles arriving from the other compart- Y ’ ’ g

with yo* = o(1— a?)(N*/2V) JT*/m. Contrary to the pre-
vious diffusive case, particles tend to cluster.

According to the sign o&, (for a,>0) the initial regime
s different. In fact, ifa,<0, N (k) may display a maximum
at a finite wave vectok,<2# (T,=0.38, in Fig. 2,
whereas fora,>0, \,(k) attains its maximum only in cor-

An(K)=a,k?®+a k?. (13

Above T., a, is negative, the eigenvalue,(k) describes a
diffusion process by which a local density fluctuation is read
sorbed. In other words, the particle fluxes caused by the co
pling to the external driving are sufficient to restore homo-
geneity.

ments remain trapped, causing a further reduction of the lo- 2
cal temperature. This phenomenon is described by the for- N(k)= —(3yw* +—| —ck?. (16)
mula b
_ * IV. NUMERICAL RESULTS
e T/T TC
A= =1 (14) In the present section we shall study numerically the
Ts T

properties of the model. We have integrated EG$) with
«=0.7,V=1000?, T¢=1, 7,=2, 7.=0.5. We have chosen
i.e., a, becomes positive below,. which is given by o as unit lengthT4 as energy unit, and# as time unit. The
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FIG. 3. Evolution of the occupation profile relative to a system constituted by 100 compartments and 180 particles initially placed in each
compartment. The temperature is chosen below the critical temperature Bygre 038, while the remaining parameters are the same as in
Fig. 2. The three snapshots from left to right refer to timgs 500, t,= 1500, and;=3000 in units ofr, .

value of T, and of V" and M varied from case to case, to- €volution of the widthW(t) (see Fig. 4,

gether with the initial conditions.

The stability analysis discussed so far describes only the PR
linear, early stage of the evolution. In order to explore the W(t)= \/_ > [NZ(t)— (N*)?], (17)
behavior in the late nonlinear regime we have solved numeri- M =1
cally the governing equation€l0). We considered a one-

:jimensior;]al array of cor;wpartments, initially_eq*ually POPU-jjjustrates quantitatively how the process occurs. During the
ated, at the same granular temperature, NesN* andT;  jiia| stageW(t) remains much smaller tha* and only

=T*, and added a small random perturbation. According Qe 4 characteristic time it begins to rise steeply. In Fig. 4

the previous linear analysis, two different behaviors can b?/ve showW(t) versus time and the parametric pM(t)

observed as the control parameters, such as the heatbath teé@'ainst the average value of the granular temperature. We
perature and the average density vary. At fidécfor large notice that the latter plot recalls an order parameter versus

values of Ty, _;uch tlhaﬂ—gh?ITC' the I'ln't'alll perturbation IS temperature plot in a system undergoing a phase transition.
readsorbed diffusively, while at small valuesf(T,<T) A second quantitative measure of the clustering phenom-

the perturbation is exponentially amplified. In the latter caseg o js represented by the following statistical indicator:
the collisional cooling determines a decrease of the Iocaﬂa

temperature in correspondence of the regions more populated

and clustering begins. Some compartments, randomly se- N; [ N;

lected by the dynamics, act as germs for the nucleation pro- h= _Z ﬁ'”(w)- (18
cess illustrated in Fig. 3. After the initial regime few com-

partments grow at the expense of the remaining which

become empty. The distance between highly populated con¥he “entropy” h is non-negative, vanishes when all particles
partments increases, since they compete for particles. Hovare confined in a single compartment, and takes on its maxi-
ever, unlike the late stage spinodal decomposition procesmum value In) when all compartments are identically
[20], we observe that the domains do not grow in size, but irpopulated. Thug =exp(h) represents a measure of the num-
height. This feature can be understood because no saturatiber of occupied compartments. In Fig. 5 we display the evo-
mechanism is present in the model, so that the occupatiotlution of the average granular temperature antlinfvarious
number in a single compartment can become of the order dfituations. AboveT, the indicatorf relaxes towardM,

the total populationV. The growth process occurs by diffu- whereas in the low temperature region, due to clusteiing,
sion against the density gradient, since particles move fromdecreases toward a plateau vaRie M. Interestingly, such a
low populated regions toward highly populated regions. Theaelaxation timer increases as the system approaches the tem-

M

1000

800 FIG. 4. Growth of the profile

width relative to a system consti-
tuted by 100 compartments and
180 particles initially placed in
each compartment. The heat-bath
temperature isT,=0.38 and the
remaining parameters are the
same as in Fig. 2. The right figure
represents the parametric plot
W(t) vs the average granular tem-
perature for the same system.
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FIG. 5. Time evolution of the average number of occupied compartmignjs,relative to a system witM =100 compartments and 180
particles per compartment at0. The curves refer from right to left to granular temperatufgs-0.273, 0.26, 0.25, 0.24, 0.23. The
remaining parameters are those of Fig. 2(Whwe display the variation of the average granular temperature for the same gigstem

peratureT, from below. The temperature dependencerof

Figure 8 shows the temperature dependence of the aver-

close toT,, displayed in Fig. 6, is consistent with the Vogel- age timer necessary to wash out the initial single cluster

Fulcher law:

T =AeXgA/(T—T,)].

(19

The dependence of the characteristic time on the tem-
perature is a direct consequence of Ed®) and (14). We
also remark that the plateau valuefofeached by the system cluster of N=1200 particles placed in a cell &0 “ex-
for t>r,¢, increases a$;, decreases, indicating that the sys- plodes” as a function of the number of boxéd, Such an
tem remains trapped in some metastable configurations.

We now turn our attention to a different process obtaineckt al. [10] and explained in terms of their flux model.
by considering the evolution of an initial configuration, in
which all the particles are located inside a single compartter instead of “evaporating” grows at the expenses of its
ment att=0. According to the level of, one can observe neighbors. Such a study also provides some information

two different processes)) or large T, the occupation num-

configuration. We observe that=C/(T,—T,)*? diverges at
the crossover temperatuflg,. In particular the plot of the
occupation number versus time indicates the growth of a
plateau whenT,—T,. The smaller the temperature devia-
tion from the limit of stability T, the longer the plateau.

In Fig. 9 we display the transition temperature at which a

effect has been observed experimentally by van der Weele

Finally, we consider the inverse process, by which a clus-

about the interfacial properties of the model. We prepare the

ber in the central cell decays toward the fully symmetric statgystem in an initial configuration where the populatignof
N;=MN/M and lim_,..f(t)=M; b) for small T, the occupa-
tion of the compartment remains constant.
In Fig. 7 we display the variation in time of the population =180 andT,=0.7 the state would be linearly stable with
in the compartment, where it was initially placed, for variousrespect to perturbations. However, if we plage= 1800 par-
values of the heat-bath temperature. We observe N{at
decreases more and more slowly as the transition temper@opulations atN;=180 we observe the following scenario.

ture is approached from above.

6000

4000

2000

CHARACTERISTIC TIME

T

g
p

L T— L
0.23 0.24 0.25

0.26

GRANULAR TEMPERATURE

FIG. 6. Characteristic time associated with the position of the
kink, shown in Fig. %a), vs average granular temperature. The sys-

0.27

tem is a linear array witiM =100 compartments. The remaining
control parameters are the same as in Fig. 2. The behavior is not
Ahrrenius-like. The data can be fitted by a Vogel-Fulcher gw
=AexdAl(Ty—T,)], where the fitting parameters are=200, A

=0.072, andl,=0.293.

a single compartment is much larger than that of the remain-
ing compartments. If the profile were uniform wity=N.,

ticles in one of the compartments and keep the remaining

The spike grows in height, while the compartments closer to
it slowly become empty. As shown in Fig. 10 the population
profile develops a gradient due to the flux of particles from
the “bulk” to the “tower.” Its shape is similar to the deple-

tion layer associated with the growth of a liquid droplet in a

1400 -

1200

1000 -

800

600

CLUSTER HEIGHT

400

200

100 1000 10000
TIME

1 10

FIG. 7. Variation of the height of a cluster, initially containing
1200 particles, as a function of time for temperatufgs-0.30,
0.35, 0.40, 0.45, 0.50, 0.55, and 0.60 from top to bottom.
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FIG. 8. Characteristic time associated with the explosion of a
cluster of 1200 particles locatedtat O in a single compartment vs
the heath-bath temperature. The system consists of a linear array c.
100 compartments, while the remaining parameters are the same as
in Fig. 2

60 80 100
NUMBER OF COMPARTMENTS

120 140

FIG. 9. Stability of an isolated cluster as a function of the num-
ber of compartments. We show the phase boundary between the

“sea” of d dditi b q stable and the unstable regimes relative to a clusteXsf1200
sea” of oversaturated ga23]. In addition, we observe particles initially placed in a single compartment. The vertical axis

that since the flux terms in E¢124 are very small the local  epresents the heat-bath temperature at which the transition takes

values of the granular temperature and of the occupatiojace, while the horizontal axis represents the number of compart-
number are related by E¢). The profile varies almost lin-  ments.

early indicating that the process can be assimilated to a dif-

fusion controlled interfacial growth. ' a shortcoming of the model, it is possible to introduce phe-
It is worthwhile to comment that the model discussednomenologically a new ingredient into the theory. The model

above presents a shortcoming, since the local density cagas modified introducing an occupation number dependence
grow unbounded until all the particles in the system occupyin the characteristic time:

the same well. In fact, the approximation scheme does not
treat adequately the mutual repulsion between the particles at
high densities. Particles are allowed to pile up and reach
arbitrarily large packing fractions. In order to eliminate suchthat is, the probability of escaping from a compartment be-

7o(N)) = 75(1=N; /M), (20
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FIG. 10. Evolution of the depletion layer around a growing cluster at titseS00, t=2500, andt=20 000 forM =100. The initial
configuration isN; =180, Ngo= 1800, andl,=0.7. The system starts with a central peak and a supersaturated “bulk.” As the system evolves
we observe the increasing thickness of the depletion layer. Matter accumulates in the central compartment.
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comes larger when it is occupied by a large number ofluid mixtures. However, the late stage of the process is radi-
grains. This correction is based on the results of microscopically different, because the granular gas does not possess a
studies[24]. The form above has been chosen in order tosurface tension mechanism which restores homogeneity.
preserve the form of the equations as simple as possible arithus the usual competition between bulk and surface free
by phenomenological requirements. We observed that duringnergy cost which determines the growth of larger and larger
the early stages of the process, where the linear analysis dbmains is not at work here.

Sec. lll applies, there are no appreciable changes to the situ- The present approach, in spite of its simplicity, has the
ation described in the previous sections. On the other han@ddvantage with respect to the so-called flux models of relat-
the late stage presents a different scenario. When the conmg the microscopic parameters to the macroscopic observ-
partments saturate the occupation number and the granulables in a natural fashion. It can be extended to treat granular
temperature become locally stationary and the growth promixtures, where the granular temperature of each component

ceeds in the neighboring compartments and so on. must be treated as an independent variable to be determined
self-consistently[25,26. In addition, the approach can be
V. CONCLUSIONS improved by including non-Gaussian corrections to the dis-

i . tribution function or by solving numerically the Boltzmann
To summarize, we introduced a model for compartmenequation by the Direct Monte Carlo simulation method.
talized driven granular gases and studied it using the meth-

ods of kinetic theory. We have found a rather rich “phase”

behawor and the emergence of different qqa_lltatwe proper- ACKNOWLEDGMENTS

ties as the number of particles becomes sufficiently large. We

have pointed out that the system undergoes a long- U.M.B.M. acknowledges the support of the Cofin MIUR
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