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To better understand the temporal behavior of a roughening meniscus driven by capillary forces
during the imbibition of a viscous fluid in porous media, we measure the height-height autocor-
relation function C(t) using a constant driving force. We find C(t) ~ t?, with 8 = 0.56 & 0.03,
and provide experimental evidence for driving the force independent temporal scaling behavior of a
propagating wetting front in the presence of quenched noise. We interpret the value of 3 in terms of
the possibility that the dynamics may be governed by nonvanishing nonlinearity due to anisotropic

depinning.
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The growth of rough surfaces and interfaces under far-
from-equilibrium conditions is a common phenomenon
in nature [1]. Examples include such processes as vapor
deposition, crystallization, thin film growth by atomic
beams, settling of granular materials, and fluid flow in
porous media. The fluctuations of the interface height
h(z,t) can be characterized either by their standard de-
viation o(l,t), or by the height-height correlation func-
tion C(I,t) = [([A(l + z,t + 7) — h(z,7)]?)z,r]*?, where
h(z,7) = h(z,7) — (h(z,7))z. The common belief is
that o(l,t) and C(l,t) exhibit the same general statis-
tical properties.

Parti¢ularly useful is the Family-Vicsek dynamic scal-
ing hypothesis [2], :

C(t) = C(0,1) ~ L3F(t/L*/P), (1)

where L is the system size and F(y) ~ y® for y < 1,
F(y) ~ const for y > 1. Extensive numerical simulations
of different computer models [1] predict universal values
for the exponents 3 and a. Theoretical work is based on
Langevin-type equations, such as

Oh(x,t)
ot

The linear (Aeg = 0) and the nonlinear (Aeg # 0) cases
are referred to as the Edwards-Wilkinson (EW) [3] and
Kardar-Parisi-Zhang (KPZ) [4] equations. Analytical so-
lution of Eq. (2) in d’ = 1 (where d’ is the dimension
of x) reveals the same spatial exponent (a = 1/2), but
different temporal exponents

Bew = 1/4, PBkpz =1/3.

If we know these exponents, then we can distinguish be-
tween linear and nonlinear dynamics based on 8. There-
fore it is important to make accurate measurements of

= vg + vV?h + Aeg(Vh)? + n(x,t). (2)

(32)

If the randomness in the dynamics is due to the in-
homogeneity of the media where the moving phase is
propagating, then the resulting interface exhibits differ-
ent scaling behavior. This time-independent “quenched”
randomness can be described by replacing n(x,t) by
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n(x,h(t)) in Eq. (2). We denote the linear and non-
linear equations as QEW and QKPZ, respectively. Nu-
merical solution of the QEW equation [5] produces self-
affine interfaces with a roughness exponent « in the range
[0.5 — 1.0], which is tunable with the driving force v
[6-10,12-14]. Different computer models also exhibit
very scattered results for « [7]. However, theoretical con-
siderations suggest [8] that Bqrw = (4 — d')/4. Numeri-
cal integration of the QKPZ equation close to the pinning
transition exhibits temporal scaling with 8 = 0.61+0.06,
in good agreement with the result of simple dimensional
analysis which predicts Bqkpz = (4 — d')/(4 + d') [9].
Hence for d' = 1:

Bqew = 3/4, Bqxrz = 3/5.

The fact that scaling of surfaces during roughening in the
presence of quenched noise exhibits driving force inde-
pendent temporal scaling also underlines the importance
of the investigation of the exponent 3, which is the main
goal of this paper.

Specifically, we investigate the growing interface during
imbibition of viscous liquids in filter paper. The experi-
mental setup (Fig. 1) contains two vertically positioned

(3b)

FIG. 1. Schematic of the experimental setup. The average
height h of the meniscus in the wetted paper was kept at a
constant level. A video camera digitized the interface in real
time and the computer pulled down the paper if & became
larger than the predefined value H.
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