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Fringe around a beet slice: Wetting-induced dimple in a thin liquid film
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When a slice of beet is placed on a plate with a thin layer of beet juice, one can observe
a clear fringe around the beet, where the color is more translucent than the rest of the
juice. The hypotheses in literature were inconsistent and limited, which motivated us to
revisit this phenomenon. Using a motorized confocal displacement sensor, we measured
the temporal evolution of the liquid surface profile across the fringe. Our findings suggest
that a suction flow, induced by the capillary rise of the contact line, causes a dimple—a
small concave depression—to form on the liquid surface. While surface tension and gravity
tends to smooth out the dimple, viscous drag acts against them if the liquid film is
sufficiently thin. Our scaling analysis correctly estimates the dependence of dimple lifetime
on liquid properties and film thickness. We also capture the dimple formation dynamics by
numerically solving the lubrication equation with the Young-Laplace equation. This work
provides an interpretation for a common phenomenon.

DOI: 10.1103/PhysRevFluids.10.064004

I. INTRODUCTION

If a slice of beet is placed in a thin layer of juice, a clear fringe will be observed around the
beet, the color of which is more translucent than the rest of the juice film [Figs. 1(a) and 1(b),
and Supplemental Material Movie S1 [1]). This phenomenon is commonly observed in kitchens
and has been published as a curious observation [2]. Two hypotheses, based on the absorption
of coloring matter and the deformation of the liquid surface, have been proposed to explain this
phenomenon [2,3]. The fact that these two hypotheses are inconsistent and that both have limitations
motivate us to revisit this phenomenon. The first observer, Satterly, presumed that there was a
“suction” effect that drained the thin liquid film [2]. However, two questions remain open: (i) how
does the suction effect arise, and (ii) how does the suction generate the fringe pattern?

The suction could arise from two possible mechanisms: porousness and wetting. Beet root, like
all other plant roots, has many vascular tissues that enable water and nutrient transport [4]. This
makes the beet root a porous material, which absorbs liquid. Although it is intuitive to attribute the
suction effect to the porousness of the beet root, we observe that the suction effect arises even if
the beet root is saturated with liquid. Actually, even a nonporous material, such as a coin, can also
induce the fringe pattern [Fig. 1(c)]. An alternative suction mechanism is the contact line rise due to
surface wetting [5,6]. The wettability of beet juice on a beet surface is expected to be high for two
reasons. First, the beet is saturated with beet juice already, so the molecular affinity is presumably
higher. Second, the beet surface appears to be rough, which induces superhydrophilicity [7]. As we
will show, wetting is indeed the main cause of the suction effect.
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FIG. 1. The fringe around solid objects. (a) Beet top view. (b) Beet oblique angle view. (c) A polydimethyl-
siloxane cylinder and a coin.

Regarding how the suction induces the fringe pattern, Scott attempted to unify a series of
independent observations of fringe patterns, including the fringe around the beet slice observed
by Satterly, into the same framework of a Reynolds ridge [3]. A Reynolds ridge, a phenomenon first
described by Osborne Reynolds, arises when a surfactant layer is compressed by a flowing stream
underneath it against a barrier [8]. The formation of a Reynolds ridge has been verified in a number
of experiments with a minimal set of ingredients, namely, a flowing stream, some surfactant, and a
barrier [3,9,10], and a theoretical model has been formulated based on the picture [11]. Although
the visual effect is in qualitative agreement with the fringe pattern around a beet slice, as both
appear to be a “line” or a “band,” the fluid flows in the two cases are quite different. Moreover,
a Reynolds ridge requires constant flow underneath the surface; the suction flow around a beet
slice only lasts for a short period of time (from particle tracking velocimetry measurement, as
shown in Appendix A, Fig. 6), much shorter than the lifetime of the fringe pattern. Moreover, faster
flow leads to a closer distance between the Reynolds ridge and the barrier [12]. Such dependence,
however, is not observed for the fringe around the beet slice. We therefore believe that this is a
misinterpretation.

In this work, to understand this fringe pattern, we employed a confocal displacement sensor
(Keyence CL-P070) to measure the surface profiles directly. Our experiment reveals that the visual
fringe is caused by a dimple, i.e., a local liquid surface depression, between the beet slice and the rest
of the liquid film. The formation and the evolution of the dimple resembles the ripple spreading in
relaxing thin polymer films [13–15] and upon the contact between a solid and a thin liquid film [16].
Upon the initial solid-liquid contact, a suction flow is induced by the beet slice due to the rise of the
contact line, causing a dimple to form. Then, the competition between surface tension, hydrostatic
pressure, and viscous drag determines the fate of the dimple. Our scaling analysis correctly estimates
the dependence of dimple lifetime on initial film thickness. Our numerical model based on the
lubrication equation and the Young-Laplace equation captures the dimple formation process and
also explains why such fringe is only observed when the liquid film is sufficiently thin. Taken
together, our experiment, numerical, and theoretical models provide a quantitative understanding
of the fringe pattern.

II. MATERIALS AND METHODS

In our experiment, a confocal displacement sensor was mounted on a motorized linear stage
(Schneider Electric), allowing automatic, precise, and fast one-dimensional (1D) surface profile
scans. Canned pickled beet slices (Great ValueTM) and the juice in the same can (referred to
as “beet juice” from now on) were used as the model materials. To assess the effect of surface
tension and viscosity, various other liquids were also tested, as listed in Table I. The surface tension
was measured with an automatic interfacial tension meter (Shanghai Fangrui Instrument) and the
viscosity was measured with a vibro viscometer (A&D Company). A schematic of the setup is
shown in Fig. 2(a). A DSLR camera (Nikon D610) was used to image the flow in the liquid film
simultaneously. The working principle of the confocal displacement sensor is illustrated in Fig. 2(b).
Basically, white light is dispersed by a lens system, and by analyzing the color of the reflection light,
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TABLE I. Surface tension and viscosity of liquids.

Liquid Surface tension (mN/m) Viscosity (mPa s)

Water 72.0 1.0
Beet juice 42.0 10.0
60 wt % glycerol 65.6 10.5
80 wt % glycerol 63.8 58.0

the distance to the reflecting surface can be obtained. Figure 2(c) is a typical image taken by the
camera during the surface scan, and Fig. 2(d) shows the surface height measurement on the white
line indicated in Fig. 2(c). In all the surface profile data shown in this work, the beet is put at x = 0.
Supplemental Material Movie S2 [1] shows the bottom view video of the scanning process, along
with the surface profiles. In the scan result, a dimple can be observed right next to the beet slice. It
is a thinner part of the liquid film lying in the middle of the meniscus and the rest of the liquid film.
The location of this dimple is in qualitative agreement with the fringe pattern, suggesting that the
dimple is the cause of the fringe pattern. A thinner liquid film would allow more light to transmit.
On a white surface, for instance, the thinner part would appear whiter.

III. RESULTS

A. Surface profiles at various initial film thicknesses

We prepared thin films with initial thickness h0 ranging from 0.28 to 0.83 mm and put a slice
of beet on them. Then, we scanned the surface profiles at t = 10 s after the solid-liquid contact.
The results are shown in Fig. 3. The x = 0 side is the interface between the liquid and the beet,
and the other end of the surface profile curve is the contact line of the liquid film with the glass
substrate, which is typically pinned throughout the experiment. In close proximity to the vertical
wall, the displacement sensor was unable to detect the surface height due to the large slope. The
close-to-wall (shaded in gray in the plot) part of the surface profile was constructed by extrapolation
(see Appendix B, Fig. 7 for details of the extrapolation process). A dimple was observed at
h0 = 0.28 mm. However, for h0 � 0.28 mm, no clear dimple was observed. This surface profile
measurement was also in qualitative agreement with our preliminary observation that the fringe
only arises in sufficiently thin liquid films.
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FIG. 2. Experimental setup and techniques. (a) The experimental setup, where the confocal displacement
sensor is mounted on a motorized linear stage. A camera is used to image the flow in the liquid simultaneously.
(b) Illustration of the working principle of the confocal displacement sensor. (c) Bottom view of the sample.
This is a typical image taken by the camera. (d) An example of a liquid surface scan data on the white line
in (c).
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FIG. 3. Thin-film surface profiles after contact with a beet slice at t ≈ 10 s.

B. Dimple formation process

The dimple formation process, i.e., the surface profile evolution during the solid-liquid contact, is
crucial to understanding the fluid physics behind the dimple formation. Here, we first observed the
evolution of the liquid surface by direct imaging, as shown in Fig. 4(a). The beet slice was gently
brought into contact with a thin film of beet juice with h0 ≈ 1 mm. Upon solid-liquid contact at
t = 0 s, the contact line on the outskirts of the beet chunk quickly rose up. A dimple was formed
within 0.1 s and became smoother over time as a result of surface tension.

With direct observations, we get a rough picture of the dimple formation process, as illustrated
in Fig. 4(b). First, the contact line rises very quickly at a velocity Ucl upon solid-liquid contact.
This sudden rise requires the liquid to move from the bulk thin film to the meniscus. However, in
a thin liquid film, the fluid cannot move as fast due to the viscous drag from the bottom no-slip
boundary. As a result, a dimple forms right next to the meniscus. Once formed, the dimple has two
fates depending on the film thickness: ephemeral dimples for thick films or long-standing dimples
for thin films, as illustrated in Fig. 4(c).

We note that direct imaging only works for liquid films on the thicker end (h0 � 0.5 mm).
For thinner films, direct imaging suffered from poor resolution. Therefore, we used the confocal
displacement sensor for thinner films, which provided much better vertical resolution. Figures 4(d)
and 4(e) show the surface evolutions of a thick film h0 = 0.66 mm and a thin film h0 = 0.30 mm
measured by the confocal displacement sensor, respectively. No dimples were observed in the thick
film and long-standing dimples were observed in the thin film, as expected. The inset of Fig. 4(e)
shows the zoom-in view of the red dashed box, providing a better visualization of the formation and
evolution of the dimples.

C. Thin-film equation and numerical simulations

The dynamics of a thin-liquid film is modeled using the film drainage equation, Eq. (1), also
known as the Reynolds equation [17]. Coupled with the Young-Laplace equation, Eq. (2), rich
dynamics arising from the interactions between viscous drag, surface tension, and gravity can be
derived. In 1D, the equations read

∂h

∂t
= 1

3μ

∂

∂x

(
h3 ∂ p

∂x

)
, (1)

p = −σ

[
1 +

(
∂h

∂x

)2
]−3/2

∂2h

∂x2
+ ρgh, (2)

where h(x, t ) is the liquid surface profile, μ is the liquid viscosity, p(x, t ) is the pressure in the liquid
film, σ is the surface tension, ρ is the density of the liquid, and g is the gravitational acceleration.
Figure 4(b) shows a schematic of the theoretical model. Although it seems inconsistent to include
the prefactor [1 + (∂h/∂x)2]−3/2 in Eq. (2) with a thin-film approximation, we find that including
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FIG. 4. Surface profile measurement and dimple formation process. (a) Direct dimple formation obser-
vation. (b) Conceptual picture of dimple formation. A dimple forms due to the contact line rising upon the
solid-liquid contact. (c) The fates of a dimple. In a thick film, a dimple gets smoothed out quickly, while
in a thin film, a dimple lasts longer. (d),(e) Surface evolutions of a thick film h0 = 0.66 mm and a thin film
h0 = 0.30 mm. The area shaded in gray indicates the extrapolated surface profile near the meniscus. The inset
of (e) shows the zoom-in view of the surface in the red dashed box.

this prefactor in simulations better predicts experimental surface profiles (see Fig. 9). At the left
boundary, where x = 0, we put a wetting surface where the contact line moves at a velocity Ucl

to approach the stationary contact angle θs. The contact line rise is modeled by the Hoffman–de
Gennes equation [18–21]

Ucl = σκ

μ
θ
(
θ2 − θ2

s

)
, (3)

where κ is a coupling parameter and θs is the stationary contact angle. Both κ and θs can be
determined by tracking contact line motion in side view images like Fig. 4(a), and the results are
shown in Table II. At the right boundary, where x = L, the contact line is pinned on the substrate.
At both boundaries, a zero-gradient condition is applied for pressure. The boundary conditions are
summarized below:

∂h

∂t
(x = 0) = Ucl, h(x = L) = 0, (4)

∂ p

∂x
(x = 0) = 0,

∂ p

∂x
(x = L) = 0. (5)

064004-5



LIU, FU, MAITRA, KUMAR, CHEN, AND JUNG

TABLE II. Contact line velocity coupling factor κ and static
contact angle θs.

Liquid κ × 104 θs (deg)

Beet juice 2.2 ± 0.2 17.4 ± 6.3
60 wt % glycerol 1.9 ± 1.3 31.2 ± 0.3
80 wt % glycerol 5.2 ± 1.7 32.5 ± 2.6

Here, no free parameter is used. With initial conditions where h(x, t = 0) = h0 is a constant, we
numerically solve the equations for the thin-film dynamics over time. A Finite difference method is
used to discretize the spatial domain. A method based on a backward-differentiation formula (scipy
BDF solver in PYTHON [22]) is used to integrate the equations over time.

D. Validations

Figure 5(a) compares the experimental and simulated surface profile evolutions at h0 = 0.21 mm
(see Supplemental Material Movie S3 [1] for animations comparing experimental and numerical
surface profile evolutions). The same color code for time is used to allow comparison of the surface
evolutions. In both cases, we observe the formation of a sharp dimple at the beginning, followed by a
gradual smooth out. To quantify the lifetime of the dimple, we define dimple time tdimple as the time
it takes for the ratio between the dimple height hmin and the bulk film apex height hmax to reach 0.5.
In both experimental and simulated data, we detect local minima and maxima in the surface profiles
as indicated by blue and red dots in Fig. 5(a). In Fig. 5(c), we plot the height ratio as a function of
time at various initial thicknesses h0 = 0.21, 0.30, 0.33 mm. Regardless of the initial thickness, the
height ratio increases over time. The threshold ratio 0.5 is indicated by the gray dashed line, above
which we say the dimple is “dead.”

With this threshold, we simulated the surface evolution at h0 ∈ [0.2, 0.6] mm for various liquids
and compared it with experimental measurements. The tdimple results are shown in Fig. 5(d).
Experimental and simulated data are plotted in solid markers and hollow markers, respectively.
For all the liquids we tested, tdimple decreases with increasing h0, agreeing with our experiments
that dimples are only observed in thin films. The simulation also reveals effects from viscosity and
surface tension. Generally, higher viscosity leads to longer tdimple for the same h0. This is expected
because higher viscosity results in larger resistance to surface tension. The effect of surface tension
seems counterintuitive. According to the Young-Laplace equation, Eq. (2), higher surface tension
leads to a larger restoration pressure, which should smooth the dimple in a shorter time, i.e., a
smaller tdimple. However, if we compare tdimple of beet juice and 60% glycerol, which have similar
viscosity and different surface tension, we notice that 60% glycerol has a higher surface tension and
also a higher tdimple at fixed h0. Although this result contradicts our expectation, we find it consistent
between simulations and experiments. To understand this, we did simulations at much finer time
steps to resolve the early stage dynamics for two liquids with different surface tension. The result
shows that the liquid with higher surface tension has a smaller hmin, i.e., a deeper dimple, at early
times. This is expected because the contact line rise is faster for the liquid with higher surface
tension (Ucl ∝ σ ). The deeper dimple leads to two consequences: (i) a high surface-tension liquid
has a smaller hmin/hmax to start with and (ii) the viscous drag is stronger due to the thinner film. As
a result, higher surface tension leads to a longer tdimple.

E. The scaling relation between dimple time and initial thickness

The lubrication equation, Eq. (1), can be nondimensionalized as

Ca
∂h∗

∂t∗ = 1

3

(H
L

)4
∂

∂x∗

[
h∗3 ∂

∂x∗

(
∂2h∗

∂x∗2
+ Bo h∗

)]
, (6)
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FIG. 5. Dimple time vs initial film thickness. (a) Compare experimental (left) and simulated (right) surface
evolutions for h0 = 0.21 mm. The dimples and film apexes of each surface profile are indicated as blue and red
dots, respectively. The error bars indicate the error associated with the precision of the height measurement,
which is estimated to be ±0.01. (b) Schematic showing two regions of interest for scaling arguments. (c) Height
ratio temporal evolution for h0 = 0.33, 0.30, 0.21 mm from both experiment (solid) and simulation (hollow)
of beet juice. (d) tdimple at various initial film thickness h0 ∈ [0.2, 0.6] (mm), measured in various liquids,
from both experiment (solid) and simulation (hollow). “gw60” and “gw80” stand for glycerol-water mixtures
with 60% and 80% of glycerol, respectively, by weight. (e) Dimple thickness hmin vs initial film thickness
h0. Both thicknesses are measured from the first scan in experiments and at t = 0.5 s for simulations. (f)
Nondimensionalized tdimple and initial film thickness. Experimental and simulation data collapse into a single
curve. A power law of −9 exponent is indicated with the black triangle. The error bars indicate the error
associated with the surface scan process, which is estimated to be ±1 s.
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where H and L are the characteristic height and length. Here, the capillary number is defined
as Ca = µV/σ = µH/σT and the Bond number is defined as Bo = ρgL2/σ . Assuming L is the
horizontal length of the initial film, our experiments have L ∼ 24 mm, which is larger than the
capillary length λcap = (σ/ρg)1/2 ∼ 2 mm. Then, the Bond number becomes O(100). When the
Bond number is high, the timescale can be expressed as

T ∼ tdimple ∼ µ

ρg

L2

H3
. (7)

To further understand the film thickness dependence, we consider the flux balance in two different
regions: a dimple and a thin film. The horizontal velocity is proportional to vx ∼ 1

μ

∂ p
∂x z[z − 2h(x)],

and the total flux is given as Q ∝ ∫ h
0 vxdz. The flux in the bulk thin-film region is

Q0 ∼ 1

μ

ρgH0

L0
H3

0 , (8)

where H0 and L0 are the characteristic height and thickness of the bulk thin-film region as illustrated
in Fig. 5(b). The flux through the necking dimple region is

Qd ∼ 1

μ

σHd

L3
d

H3
d , (9)

where Hd and Ld are the characteristic height and thickness of the dimple as also illustrated in
Fig. 5(b). These two fluxes must be equal due to incompressibility. Assuming that Hd ∝ Ld and
H0 ∝ L0, one gets Hd ∝ H3

0 /λ2
cap where λcap = (σ/ρg)1/2 is the capillary length. This relation is

verified with experimental data in Fig. 5(e) where we plot the hmin vs h0 from the first scanned
profile.

Assuming the characteristic height H as Hd in Eq. (7), and H0 ∼ h0, we find the characteristic
time as

tdimple

μσ 3/(ρg)4L7
∝ 1

(h0/L)9
. (10)

This relation between nondimensional timescale and nondimensional height is in good agreement
with both experimental and simulated data (a best-fit power law tdimple ∝ h−α

0 , where α ≈ 9.1 ± 0.7)
as in Fig. 5(f). The left-hand side scales as Bo4Ca−1, while the right-hand side depends solely on the
ratio of characteristic height to length. Figure 8 illustrates how dimple formation time varies with
surface tension and characteristic length. This inverse relation between Bo and Ca is quite common
in lubrication film dynamics [23]. The high-order dependence on the Bond number arises from the
fluid flow through the narrowing dimple region.

IV. CONCLUSION AND DISCUSSIONS

We reinterpret the fringe pattern formation around a beet slice as a dimple in the thin liquid
film. Our surface profile measurements and theoretical model reveal unambiguously that the dimple
formation is caused by the rise of the contact line, instead of the suction due to the porousness
of beets. That said, any material with good wetting property should induce similar fringe patterns
in thin liquid films. Whether the fringe can be observed or not depends on the dimple lifetime,
which is governed by the interplay between surface tension, hydrostatic pressure, and viscous drag.
This competition can be described by the capillary number Ca and the Bond number Bo. When
Bo � 1, surface tension dominates and the dimple is smoothed out very quickly, so no fringe can
be observed. When Bo � 1, hydrostatic pressure dominates and results in a long-lasting dimple.
Our scaling model quantitatively captures the dimple lifetime as a function of the initial thickness.
Our work resolved the inconsistent explanations of a commonly observed phenomenon.

The comparison between experiments and simulations, as shown in Fig. 5(a), shows that the
dimple formation process is well captured by our theoretical model. In particular, the simulation
captures the gradual horizontal shift of the dimple location, and the thinning of the bulk liquid film.
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However, if we take a close look at the experimental and simulation results, we notice a discrepancy:
the surface profile is more asymmetric in the bulk part of the experiment. More mass seems to be
distributed to the right. In simulation, however, the surface profile looks almost symmetric. This
can be attributed to evaporation and possibly Marangoni flow. Evaporation is most significant at the
contact line with the glass substrate on the right, driving a flow toward the right. In addition, the
evaporation of more volatile species can induce a Marangoni flow towards the right, similar to
the famous tears of wine phenomenon [24]. The asymmetry is not as pronounced in the surface
profiles of glycerol-water mixtures (Appendix E). Since Marangoni flow is absent in glycerol-water
mixtures, this is encouraging evidence that the Marangoni effect is responsible for the asymmetric
surface profiles.

While our work identifies the wetting of the sidewall as the primary source of suction, one may
wonder whether the beet porousness can also play a role. First, we note that in an experiment, the
beet slices we used were pretty saturated with juice, so we did not expect the pore suction to be
significant. We also tried to model the suction flow by considering the negative pressure caused
by the pores, which drives the suction flow. The negative pressure was on the order of 1000 Pa
(≈σ/r where r is a typical pore radius; ∼50 µm [25]). When running the numerical simulation
with this negative pressure as the boundary condition, the solver failed because the suction was so
drastic that no convergence could be reached. After screening a range of negative pressure values,
we realized that by lowering the boundary negative pressure to the order of 10 Pa, we could get
thin-film behaviors very similar to the experiment. This way, we realize that the main driving force
of the dimple/fringe formation is the capillary rising on the side wall of the beet, which indeed
induces negative pressure on the order of 10 Pa.

Lastly, we want to note that Fig. 5(d) shows relatively few experimental measurements of tdimple,
compared to the number of scans we have done. In many trials, the liquid films were either too thick
or too thin, so tdimple was close to 0, or longer than 100 s, which is beyond the time of our experiment.
These data were omitted in the log-log plot in Fig. 5(d). In a linear scale plot, we show all our tdimple

measurements (see Fig. 11 in Appendix F). A clear separation in the initial thickness h0 can be
identified, highlighting that long dimples are only observed for small h0. In terms of the choice of our
experiment time, we consider the evaporation timescale. Typically, the evaporation time depends on
the relative humidity (RH) in the laboratory. Under a humid condition (RH = 80%), the time for the
beet juice to evaporate is estimated as ≈ρh0/[Dv (Cs − C∞)/Ldiffusion] ∼ ρh2

0/[DvCs(1 − RH )] 

800 s. Here, Dv is the diffusion rate of water vapor in the air (2.5 × 10−5 m2/s), Cs is the vapor
concentration near the surface (saturation; 0.023 kg/m3), C∞ is the water vapor concentration far
away, and Ldiffusion is the diffusion length scale. Therefore, we chose the maximum duration of our
experiments to 100 s, which is approximately an order of magnitude smaller than the evaporation
time [O(1000) s].

This initial study opens up several questions for future work. First, the assumptions made in our
scaling arguments have yet to be experimentally validated. Second, the parameter space explored
in our experiments, particularly with respect to film length, has been relatively limited. For shorter
films, no fringe pattern is observed, whereas for longer films, the emergence of fringe patterns and
the potential influence of three-dimensional effects might come into play. Finally, our use of the thin-
film equation may break down near the contact point on the beet vertical surface. In order to accu-
rately capture the dynamics in this region, we may require solving the full Navier-Stokes equations.
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APPENDIX A: FLOW MEASUREMENT

Flow velocity measurement was done by tracking the motion of tracer particles. We show that
the flow velocity is decaying rapidly over time. In the meantime, the fringe pattern can last for a
longer time. This disproved the hypothesis that the fringe pattern is an example of Reynolds ridge.

FIG. 6. (a) A bottom view of image to measure the flow speed near the beet. The black arrow indicates the
location where flow speed is measured. (b) Flow speed as a function of time. The insets illustrate a conceptual
picture of the dimple formation process.
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FIG. 7. Illustration of the extrapolation method.

APPENDIX B: EXTRAPOLATION OF SURFACE PROFILES

Very close to the vertical wall, the displacement sensor was not able to detect the surface height
due to the large slope. The close-to-wall part of the surface profile was constructed by extrapolation.
The gray curve is the raw data from the displacement sensor. The blue part of the curve is used for
the extrapolation fitting. The red curve is the extrapolated surface profile. The high plateau on the
right end of the plot is the top surface of the beet slice, which can be reliably detected by the
displacement sensor. Our extrapolation therefore only fills in the missing part between the “tip” and
the beet wall. The extrapolation is done by fitting the data with a third-order polynomial function.
This extrapolation is not an accurate account for the meniscus shape, and is done only for presenting
the meniscus shape more realistically. The key finding (tdimple) of this work does not rely on this
extrapolated data.
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FIG. 8. The influence of surface tension and film length on the dimple time tdimple.

APPENDIX C: INFLUENCE OF SURFACE TENSION AND FILM LENGTH

Here we illustrate (Fig. 8) the influence of surface tension and film length on the dimple time
tdimple. We observe that both parameters significantly affect the lifetime of the dimple, and thus the
visibility of the fringe pattern around the beet slice. These plots show the balance between surface
tension, gravity, and viscous drag.

APPENDIX D: INFLUENCE OF A PREFACTOR IN CURVATURE

Figure 9 shows the simulated surface evolutions using equations with and without the prefactor
in the surface curvature term. We find that including the prefactor yields better agreement with the
experimental data.

FIG. 9. Simulated thin-film surface evolutions with and without the prefactor [1 + (∂h/∂x)2]−3/2 in the
surface curvature, and an experimental surface evolution with the same initial condition.
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FIG. 10. Surface profile evolution of beet juice and 60% glycerol-water mixture.

APPENDIX E: ASYMMETRIC SURFACE PROFILE

The asymmetric surface profile may be due to the Marangoni effect. Although we did not test
this explicitly, as this is not a major point of this work, we observed more symmetric surface profiles
in glycerol-water mixtures, compared to beet juice. Figure 10 compares the surface profiles of beet
juice and the 60% glycerol-water mixture.

APPENDIX F: DIMPLE TIME DATA

FIG. 11. Alternative way to look at the tdimple data. Most of the times are either 0 or above 100 s, but a
clear separation in the initial thickness h0 can be identified, highlighting that long dimples are only observed
for small h0.
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