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ABSTRACT

The scaling properties of the interface of a new growth model arc studied. The model
is based on the standard invasion percolation without trapping in which the solid-on-
solid condition is imposed. The local correlation between points of the interface can be
controlled through a parameter. The self-affine properties of the interface show strong
dependence on the existence of the local correlation. The dependence of the relevant
exponents of the interface with the correlation is analyzed.
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The investigations on the dynamics of nonequilibrium self-affine interfaces in growth
problems have concentrated on the scaling properties of interface width

w{L,t) = ([h(x,t)- < h(x,t) >2]}1/s ~ L-/(f/La / a), (1)

where h(x,t) is the surface height at time r, L is the lattice size for (] + l)-dimensional
systems and the angular brackets denote average over the position coordinate x. The
scaling function f(u) behaves as /(«) ~ <" for u <£ 1 and /(«) —> const for u 3> 1. a and
fi are independent exponents that characterize the interface.

The dynamics of growing rough su-faces had almost exclusively investigated by simula-
tions until a continuum equation for the velocity of the interface was proposed by Kardar,
Parisi and Zhang (KPZ) [1], which predicts scaling exponents o = 1/2 and fi — 1/3 for
(1 + 1 )-dimensional systems. It was believed that many of those problems lie in the
same universality class as the KPZ equation. However, recent experiments on fluid dis-
placement in two dimensional porous medium have produced rough interfaces with novel
scaling properties with quite different exponents. From the experiments the following
estimates are obtained, 0.6-5 < « < 0.85 and fi ~ 0.65 [2, :!].

The motion of a phase boundary in a random medium presents a difficult problem
because of its intrinsic nonlinearity and noulooality and has been studied using different
approaches [4]. In most of the models and experiments developed to study the scaling
properties of rough interfaces the solid-on solid (SOS) condition is achieved during the
growth. Recently, a variant of the standard percolation model [.">] and a directed per-
colation model with the SOS condition [6], have been introduced to study (lie scaling
properties of self-affine interfaces. The exponents tt and 3 obtained for those models are
in good agreement with the experiments.

To our knowledge, the invasion percolation model [7], motivated by the study of
the flow of two immiscible fluids in porous media, has not yet been used to study the
scaling properties of the interface with a SOS restriction.

In the standard invasion percolation model without trapping [7], a random number r,
uniformly distributed in the interval [0,1], is assigned to every lattice site. At each step,
the smaller random number r is selected among the boundary sites, i.e., sites which do
not belong to the cluster of occupied sites, but have at least, one cluster site as a neighbor.
The selected site is then incorporated into the growing cluster. The growth occurs site by
site. Let us stress that the described process is notdocal, since one cannot decide whether
a given site will be invaded just by considering its neighborhood.

Here, we present a simple computational model based on the standard invasion perco-
lation model without trapping in which the SOS condition is fulfilled. The growth always
occurs in the vertical direction and a correlation between nearest neighbors columns is
imposed through a free parameter 6. If the j-th columns grow, there is also some chance
for the j ± 1-th columns to grow.



In our model, sites on an L x H lattice are assigned with random numbers r in the
range [0, lj. Growth proceed in a strip geometry with periodic boundary condition in the
direction parallel to the interface. Under the SOS condition, the interface at time ( is
completely specified by a set of integers column heights hi, 1 < i < L. At each simulation
step, the site j with the lowest random number !"„,<„ within the set of h, + 1 lattice sites is
selected and the height of the j - th column is increased by one, i.e. ftj —> /i^ + 1. Th n a
correlation between the j - th column and its next nearest neighbors is introduced. l> the
random number of the site kJ±i + 1 is less or equal to rm,n + S the column j ± 1 advh ices
by one unit, / i j ± 1 —> /ij±i + 1. The free parameter 6, fixed during a simulation, takes into
account the amount of correlation between columns. For S = 0 there is no correlation
and only growths the j - t h column. For 6=1, all the three columns, j , j + 1 and j — 1
growth. After /, simulation steps the time ( is increased by one. We start the simulation
at t = 0 with a ilat interface of height h3 = 0 for all column j •

The analysis of the height-height correlation function was used in order to under-
stand the dynamics of the nonequilibrium interface growth. The height-height correlation
function is defined by

c(l,t) = {\h{T + l,t + T)~h(x,T}\yl2 (2)

which is the average height difference measured for a time difference t at two points whose
coordinates on the substrate are separated by /. Angular brackets denote an average over
.r and r. For / <£ /, (where L) is the systemm size), f(L0} ~ /'*, while for short times
c(0J) ~ t". Note Ciat c{lj) scales similarly to the width w(l,t).

The simulations were performed on lattices of two different lengths, L — 500 and
L = 1000. The results presented below are for L — 1000, with tin: averages taken over 5
samples, typically. We have checked that the main results are quite independent of the
lattice sized used.

The behavior of the surface width w(L,t) as a function of the time J was used to look
for the value of the exponent (i. The exponent was obtained fitting a straight line in a
log-log plot, of tr{!,J) vs (. In Fig. 1 a log-log plot of w vs < h > is plotted for 6 = 2.
In the simulations the mean value of the heigh. < h >, is proportional to the time (. The
slope of the line through the points is = 0.92.

The log-log plot of Fig. i shows the behavior of the correlation c(/,0) as a function of
/ for / <g /. and i — 0.2. The middle part, of the plot indicates sdf-affine scaling with an
exponent n = 0.72, very close to the estimates of the most reported experiments.

In onler 1o make explicit the dependence of the exponent Q on the parameter 6, in
Fig. \\ the function \{l) = log{c(2lj))/c{l, 0)}/tog2 (S) is plotted as a function of/, for
/ < /. and fi = 0.01, 6 = 0.05, S = 0.2, 6 = 1.0. It can be seen that a increases as *
increases. The way in which the exponents a and 0 vary with S are plotted in Fig. 4 for
the whole range of values of the parameter.
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It can be seen from Fig. A that when the correlation between nearest-neighbor columns
is switched on, i.e. i ^ 0, the exponent a abruptly rises on. Then, o increases smoothly,
as function on 6 until the maximum value of the exponent (a = 0.8) is reached for f — 1.
The strong dependence of a on a small value of 8 indicates that the self-affme structure
of the interface appears for a small amount of the correlation between columns. On the
opposite, the exponent 0 does not show a strong dependence on '

Note that, in the range of 0 < 6 < 1, the experimentally measured values for the rough
exponent a are well fitted by the model (0.6 < a < 0.8). On the other hand, the exponent
j3 of the model, although greater than 1/3 (obtained exactly for tL.1 KPZ equation using
renormalization group) does not match most of the reported val.ies obtained from the
experiments in the whole range of variation of the parameter o .

To summarize, we have introduced a new model based on the standard invasion perco-
lation without trapping in which the SOS condition is fvilfilled. Local correlation between
nearest growth columns is controlled by a free parameter b. We have analyzed the be-
havior of the scaling exponents of the interface (a and fi) as a function of A, Our main
conclusions are the following, the exponent ji weakly depends on n. but the exponent
a shows a strong dependence on 6 for small values of this parameter. Physically, this
means that a small amount, of correlations between nearest columns is enough to obtain
a self-affine structure for the growing interface, but in order to obtain the experimental
measured exponents, o more intensive correlation is needed.

Further research is needed to gain deeper (nderstanding of the way in which the local
correlation between nearest points of the growing iiiterln.ee are related with the solf-afh'ne
property of the whole interface.
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FIGURE CAPTIONS

Fig. 1 : Time dependence of the surface width for k = 0.2. The slope of the line
through the point is 0.92 .

Fig. 2 : The behavior of the correlation c(t,0) as a function of I for / <g L and S — 0.2.
The slope of the line through the points is 0.72 .

Fig. 3 : Dependence of the exponents o and 0 on the parameter c.

Fig. 4 : Plot of the function \ ( / ) (see text for definition) for dillWeiit values of the
parameter S.



• • * # ( « * • *

- t ~ «*--•.• •

w

o
i—i

A
x:
v
0)
o

Pi

o

CO [

(q '"[)M B0"[ (0 ' 1 ) 3 6O"[



0.

0.6

0.4

d e l t a = 0 . 0 1 o
d e l t a = 0 . 1 +
d e l t a = 0 . 5 Q

+ Q

* 6 fi ffiSJ??n,

• ° * •

0 .2

\

0 0 . 5 1 1 .5 2 2 . 5 3 3 . 5

l o g 1

FIGURE 4

x

1.2




