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A B S T R A C T

We have simulated the motion of a single vertical, two-dimensional liquid bridge spanning the gap between
two flat, horizontal solid substrates consisting of alternating hydrophilic and hydrophobic stripes, using a
multicomponent pseudopotential lattice Boltzmann method. This extends our earlier work where the substrates
were uniformly hydrophilic or hydrophobic. In steady-state conditions, we calculate the following, as functions
of pattern wavelength: (i) the velocity fields of moving bridges, in particular their (time-averaged) terminal
velocities; (ii) the deformation of moving bridges, as measured by the deviation of bridge contact angles from
their equilibrium values; (iii) the minimum applied force that breaks a moving bridge. In addition, we found
that a bridge moving between patterned substrates cannot be mapped onto a bridge moving between uniform
substrates endowed with some effective contact angle, even in the limit of very small pattern wavelength
compared to bridge width.
1. Introduction

Liquid bridges, also called capillary bridges, or sometimes liquid
plugs, are walls or columns of liquid spanning the gap between two
bodies, which may be solid surfaces, particles, or other liquids. They
occur in many different contexts in nature (the closing of airways in
lungs [1], the wet adhesion of insects and tree frogs [2] the feeding of
shore birds [3], the spontaneous filling of porous materials [4]), tech-
nology (atomic-force microscopy in high-humidity environments [5],
soldering [6], weakly-adhesive solid surfaces [7], contact-angle mea-
surements [8]), and even sand art [9]. The study of equilibrium bridges
goes back at least to Lagrange: how to find the minimal-area surface
enclosing a given volume of liquid, subject to given contact angles
as boundary conditions at the surfaces connected by the bridge, plus
possibly gravity as a body force.

The problem of a moving bridge has been addressed by a num-
ber of authors, but many assume that the liquid completely wets
the substrates [10–15]. Other studies have concentrated on particular
choices of liquid and substrate, looking experimentally at the effects
of gap width, temperature, driving pressure and bridge length on the
dynamic contact angle [16,17] or bridge break-up [18]. In addition,
several authors have sought to extract the microscopic and apparent
contact angles of particle-based models of bridges sliding between
smooth [19] or rough [20] substrates, from molecular dynamics or
dissipative particle dynamics simulations, respectively,
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In earlier work [21] we simulated the motion of a single vertical,
2D liquid bridge spanning the gap between two flat, uniform horizontal
solid substrates of given wettabilities, using a multicomponent pseu-
dopotential lattice-Boltzmann method [22,23]. For steady-state bridges
moving between identical substrates, we found that, as intuitively
expected, hydrophobic bridges experience less drag (at most about
20%) than hydrophilic bridges of the same volume, due to the smaller
contact area of the former with the substrates. Furthermore, for slow-
moving bridges, contact angles deviate from their equilibrium values by
amounts that are proportional to the capillary number, being positive
on the advancing side and negative on the receding side but with a com-
plex dependence on the equilibrium contact angles. Finally, we found
that the most stable bridges (i.e., those for which breakup is deferred to
larger capillary numbers) appear to be those with equilibrium contact
angles around 90◦ under weak gravity.

Here we extend our work of [21] to the case where the substrates
are patterned, To our knowledge this has not beet attempted, but is
now technologically feasible, and may be relevant in some biological
contexts [24].

This paper is organized as follows: in Section 2 we describe our
general method for simulating a two-phase flow between patterned
substrates. Our results are presented in Section 3: first for the velocity
profile and average terminal capillary number of a moving bridge (3.1);
then for the average contact angles at the substrates (3.2); finally, we
https://doi.org/10.1016/j.physd.2024.134322
Received 12 April 2024; Received in revised form 16 July 2024; Accepted 9 Augus
vailable online 12 August 2024 
167-2789/© 2024 The Author(s). Published by Elsevier B.V. This is an open access a
t 2024

rticle under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ). 

https://www.elsevier.com/locate/physd
https://www.elsevier.com/locate/physd
mailto:piteixeira@fc.ul.pt
https://doi.org/10.1016/j.physd.2024.134322
https://doi.org/10.1016/j.physd.2024.134322
http://crossmark.crossref.org/dialog/?doi=10.1016/j.physd.2024.134322&domain=pdf
http://creativecommons.org/licenses/by/4.0/


M.S. Rodrigues et al. Physica D: Nonlinear Phenomena 469 (2024) 134322 
investigate the stability of many types of bridges (i.e., the minimum
velocities needed to mobilize or to break them) (3.3). We conclude in
Section 4.

2. Method

We perform simulations of liquid bridges using a numerical model
based on the same multicomponent pseudopotential lattice-Boltzmann
method [22,23] as in our earlier paper [21], where it is described in
more detail. The liquid bridges consist of fluid component 𝐴 and flow
between two parallel plates a distance 𝐿𝑦 apart; they are surrounded
by fluid component 𝐵, with a lower density than 𝐴. Each component
is modelled by a separate set of distribution functions 𝑓 (𝜎)

𝑖 , where 𝜎
denotes one of the components (𝐴 or 𝐵) and 𝜎̄ the other component.
Each set of distribution functions describes the local density of each
component. The distributions evolve according to the Boltzmann–BGK
equation:

𝑓 (𝜎)
𝑖 (𝐱 + 𝐜𝑖𝛥𝑡, 𝑡 + 𝛥𝑡) − 𝑓

(𝜎)
𝑖 (𝐱, 𝑡) =

− 𝛥𝑡
𝜏(𝜎)

[

𝑓 (𝜎)
𝑖 (𝐱, 𝑡) − 𝑓 𝑒𝑞(𝜎)𝑖 (𝐱, 𝑡)

]

+ 𝑆(𝜎)
𝑖 (𝐱, 𝑡)𝛥𝑡, (1)

where 𝐜𝑖 is the 𝑖th velocity vector of the D3Q19 lattice, 𝜏(𝜎) is the relax-
ation time, which sets the kinematic viscosity 𝜈(𝜎) = (𝜏(𝜎)−1∕2)∕3 and 𝛥𝑡
is the time step. 𝑆𝑖 is the forcing term, which is used to implement the
external force that drives the fluid and the internal forces that result in
component segregation. As in our earlier paper [21], we set 𝜏(𝜎) = 1.2
for both components: a choice of 𝜏(𝜎) close to unity is required for
stability of the lattice-Boltzmann method [23], and it also ensures that
the simulated flow is laminar. A more generic 3D lattice is used, but we
set 𝐿𝑧 = 1 with periodic boundary conditions in the 𝑧-direction, which
is equivalent to simulating a 2D system. The equilibrium distribution
function writes [23,25]:

𝑓 𝑒𝑞𝑖
(𝜎) = 𝜌(𝜎)𝑤𝑖

[

1 +
𝐜𝑖 ⋅ 𝐮𝑒𝑞

𝑐2𝑠
+

(𝐜𝑖 ⋅ 𝐮𝑒𝑞)2

2𝑐4𝑠
−

(𝐮𝑒𝑞)2

2𝑐2𝑠

]

, (2)

where 𝑤𝑖 are the discrete weights of the D3Q19 lattice (𝑤0 = 1∕3
for |𝐜|2 = 0, 𝑤𝑠 = 1∕18 for |𝐜|2 = 1 (short vectors) and 𝑤𝑙 = 1∕36
for |𝐜|2 = 2) (long vectors), and 𝑐𝑠 = 1∕

√

3 is the speed of sound
in this lattice. 𝜌(𝜎) stands for the density of component 𝜎. The two
fluids interact through a common macroscopic velocity, and via the
internal forces. The common macroscopic velocity that is used in the
equilibrium distribution function is given by:

𝐮𝑒𝑞 = 1
𝜌
∑

𝜎

(

∑

𝑖
𝑓 (𝜎)
𝑖 𝐜𝑖 +

𝐅(𝜎)𝛥𝑡
2

)

, (3)

where 𝜌 =
∑

𝜎 𝜌
(𝜎) is the total density of the fluid. The total force 𝐅(𝜎)

acting on each fluid component is a sum of the external force applied
to the fluid (e.g., gravity) and internal forces, which are responsible
for fluid segregation and cohesion. The external force 𝐅ext on each
component is proportional to the local density: 𝐅ext,(𝜎) = 𝜌(𝜎)𝐅ext∕𝜌. The
forces are implemented using the Guo forcing scheme [26]:

𝑆(𝜎)
𝑖 = 𝑤𝑖

(

1 − 𝛥𝑡
2𝜏(𝜎)

)

×

[

𝐜𝑖
𝑐2𝑠

(

1 +
𝐜𝑖 ⋅ 𝐮𝑒𝑞

𝑐2𝑠

)

− 𝐮𝑒𝑞
𝑐2𝑠

]

⋅ 𝐅(𝜎). (4)

In this paper, dimensional quantities are given in lattice units, in which
the total density 𝜌, the time step 𝛥𝑡 and the lattice spacing 𝛥𝑥 are all
set to unity.

Segregation between the two components is driven by a local pseu-
dopotential that is a function of the local density of each component.
The inter-component force reads:

𝐅inter,(𝜎)(𝐱) = −𝜌(𝜎)(𝐱)𝐺𝜎𝜎̄
∑

𝑤𝑖 𝜌
(𝜎̄)(𝐱 + 𝐜𝑖𝛥𝑡) 𝐜𝑖 𝛥𝑡, (5)
𝑖

2 
Fig. 1. Schematic of the liquid bridge between patterned substrates. 𝜆 is the pattern
wavelength and the patterns on the top and bottom substrates are in register.

where 𝐺𝜎𝜎̄ controls the force magnitude and must be above a certain
threshold in order to effect segregation. We set 𝐺𝜎𝜎̄ = 𝐺𝜎̄𝜎 ≡ 𝐺𝐴𝐵 = 1.3
in our simulation, where the positive sign implies a repulsive force. The
values of the parameters used here follow our previous work [21] and
were chosen to yield component segregation and a density difference
between the two components. Note that the pseudopotential is simply
given by the density in Eq. (5). In addition, there is an intra-component
cohesive force acting only on component 𝐴:

𝐅intra,(𝐴)(𝐱) = −𝜓 (𝐴)(𝐱)𝐺𝐴𝐴
∑

𝑖
𝑤𝑖 𝜓

(𝐴)(𝐱 + 𝐜𝑖𝛥𝑡) 𝐜𝑖 𝛥𝑡, (6)

where 𝐺𝐴𝐴 is the magnitude of the intra-component force, which we
set to 𝐺𝐴𝐴 = −2. The minus sign implies an attractive force, which is
used to achieve 𝜌(𝐴) > 𝜌(𝐵). The pseudopotential in Eq. (6) is 𝜓 (𝐴) =
𝜌0[1 − exp(−𝜌(𝐴)∕𝜌0)], where we choose the reference density to be
𝜌0 = 1.5. The resulting equation of state is

𝑝 = 𝑐2𝑠 𝜌
(𝐴) + 𝑐2𝑠 𝜌

(𝐵) + 𝐺𝐴𝐵𝑐2𝑠𝛥𝑡
2𝜌(𝐴)𝜌(𝐵)

+ 1
2
𝐺𝐴𝐴𝑐

2
𝑠𝛥𝑡

2𝜓 (𝐴)𝜓 (𝐴), (7)

where 𝑝 is the pressure.
The wetting boundary condition is implemented as follows. A field

𝜙(𝐱) is set to one at the solid nodes and zero at the fluid nodes. This
scheme consists in setting a virtual solid density at the solid nodes that
controls the contact angle. This density is calculated using a weighted
average of the density of the fluid neighbours:

𝜌̃(𝜎)(𝐱) = 𝜒 (𝜎)
∑

𝑖𝑤𝑖𝜌
(𝜎)(𝐱 + 𝐜𝑖𝛥𝑡)(1 − 𝜙(𝐱 + 𝐜𝑖𝛥𝑡))
∑

𝑖𝑤𝑖(1 − 𝜙(𝐱 + 𝐜𝑖𝛥𝑡))
. (8)

Parameter 𝜒 is different for each component: 𝜒 (𝐴) = 1 − 𝜉 and 𝜒 (𝐵) =
1 + 𝜉, where 𝜉 is the wetting parameter that is used to control the
contact angle. If 𝜉 < 0, the substrate attracts component 𝐴 and repels 𝐵,
whereas if 𝜉 > 0, the substrate attracts component 𝐵 and repels 𝐴. We
shall refer to these two situations as ‘hydrophilic’ and ‘hydrophobic’,
respectively. The patterned substrates we simulate consist of a set of
alternating regions (‘stripes’) of length 𝜆∕2 each, where 𝜉 takes the
values 𝜉1 < 0 and 𝜉2 > 0, as illustrated in Fig. 1. The weights and
velocity vectors are those of the D3Q19 lattice. The adhesion force
is accounted for in Eqs. (5) and (6) where the sums extend over the
solid nodes. The no-slip boundary condition applies to the fluid at
the solid nodes, which is implemented using the half-way bounce-back
conditions [23].

3. Results

In order to make our results generic, we non-dimensionalize the
bridge velocity and the external force applied to the bridge. First,
because in our simulations the surface tension 𝛾 is constant, we use
the capillary number Ca, defined as

Ca =
⟨𝜌⟩⟨𝑢⟩𝜈

, (9)

𝛾
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Fig. 2. Snapshots of the liquid bridge moving between patterned substrate with
𝜆 = 𝐿𝑥∕4. The vertical lines mark the boundaries between stripes with different 𝜉’s:
there is one pair of such stripes per wavelength 𝜆.

as a measure of the bridge velocity. Here ⟨𝜌⟩ is the average density in
the simulation domain, and ⟨𝑢⟩ is the average velocity of the fluid in
space and in time for an integer number of periods in the 𝑥-direction.
Physically, Ca is a measure of the relative weights of the viscous and
surface tension forces. Next, by analogy with our earlier work [21], we
define a ‘drag coefficient’ as:

Cd = 𝐹 ext

⟨𝜌⟩⟨𝑢⟩2𝐿𝑥
, (10)

where 𝐹 ext is the applied external force in the fluid, equal to the body
force density 𝑓𝑒𝑥𝑡 times the area 𝐿𝑥 × 𝐿𝑦. As in our earlier work [21],
this body force mimics a pressure gradient driving the motion of the
bridge. In steady-state motion, for which the average resultant force
on the bridge must vanish, this is a measure of the averaged drag, or
frictional, force exerted by the substrates on the liquid, or equivalently
by the liquid on the substrates.

In the simulations, we initialize the densities of the two components
as follows: inside the liquid bridge 𝜌(𝐴) = 4 and 𝜌(𝐵) = 0.001, and outside
𝜌(𝐴) = 0.001 and 𝜌(𝐵) = 2; the density difference is thus 𝛥𝜌 ≈ 2. We
chose 𝜉1 = −0.8987 and 𝜉2 = 0.7635, which give contact angles of 50◦

and 130◦ (symmetric around 90◦) at the hydrophilic and hydrophobic
stripes, respectively. Except where stated otherwise, the simulation
box dimensions are 𝐿𝑥 × 𝐿𝑌 = 1024 × 64 and the two initially flat
interfaces which bound the liquid bridges are placed at 𝑥1 = 3𝐿𝑥∕8
and 𝑥2 = 5𝐿𝑥∕8. Using the Laplace test, we obtain for the surface
tension between the two fluids with the internal forces described in
the previous section 𝛾 = 0.342±0.001. An external force is then applied
in the direction 𝑥 parallel to the substrates. After an initial transient,
whose duration depends on the contact angles and the magnitude of
the applied force, a steady-state is established in which the bridge
attains a terminal velocity. As the bridge moves across the alternating
hydrophilic and hydrophobic stripes, its interfaces periodically change
shape, as illustrated in Fig. 2, This motion is intrinsically non-steady,
as the flow field is constantly being reconfigured in the vicinity of the
interfaces, as can be seen in the video (see Supplementary Material).
However the flow inside and outside the bridge is mostly Poiseuille,
as the interfaces are set far enough apart that they do not interact
with each other. This occurs because the two fluids are immiscible,
and therefore there is no relative velocity in the direction normal to
the interfaces of the liquid bridge. In what follows, we shall refer to
this flow as ‘steady state’ if it is periodic. It would be of interest to
study the limit of a very thin liquid bridge, or film, but this would be
non-trivial using the lattice Boltzmann method, as the discreteness of
the lattice might introduce numerical artefacts.

In the remainder of this section we present results for the terminal
velocity, the contact angles of the bridge at the substrates, and the
maximum force a bridge can withstand without breaking. One question
that naturally arises is: can we map the results for a bridge moving
3 
Fig. 3. Logarithm of drag coefficient Cd vs logarithm of terminal capillary number of
bridge Ca, for pattern wavelengths 𝜆 = 𝐿𝑥∕2, 𝐿𝑥∕4 and 𝐿𝑥∕8. The lines are linear fits
with the following slopes: 𝑛 = −1.52 ± 0.10 for 𝜆 = 𝐿𝑥∕2, 𝑛 = −1.66 ± 0.14 for 𝜆 = 𝐿𝑥∕4,
𝑛 = −1.809473 ± 0.221034 for 𝜆 = 𝐿𝑥∕8.

between patterned substrates onto those for a bridge moving between
uniform substrates (our earlier work [21]) characterized by some effec-
tive contact angle (equivalently, effective 𝜉)? Naively one might expect
this to be the case when the bridge is much wider than the pattern
wavelength, so the interfaces fluctuate very rapidly around some mean
shape. However, the answer appears to be ‘no’: we were unable to find a
single effective 𝜉 that, for a given external force, would reproduce both
the terminal velocity and the mean contact angles of a bridge moving
between patterned substrates.

3.1. Average terminal capillary number

Fig. 3 shows the dependence of the terminal capillary number of a
liquid bridge on the drag coefficient, for pattern wavelengths 𝜆 = 𝐿𝑥∕2.
𝐿𝑥∕4 and 𝐿𝑥∕8. It is seen that Ca ∼ Cd−𝑛 with an exponent 0 < 𝑛 < 1
that depends on the patterns wavelength. For a bridge moving between
homogeneous substrates, it follows from dimensional analysis that 𝑛 =
1, with a proportionality constant that is a decreasing function of 𝜉,
i.e., it is smaller for hydrophobic substrates than for hydrophilic ones
[21]. The fits to the data in Fig. 3 show that 𝑛 is an increasing function
of 𝜆, i.e., they are consistent with 𝑛 → 1 in the uniform-substrate
(𝜆 → ∞) limit. For patterned substrates, 𝑛 ≠ 1 because the system is
non-steady, while the calculations in Ref. [21] assumed a steady state.
There are periodic accelerations whenever the interfaces change shape
that perturb this assumption. This is why 𝑛 deviates more from unity
for smaller 𝜆. Moreover, 𝑛 is less than one because the bridge’s velocity
for the same external force tends to decrease as 𝜆 decreases.

Here it would have been physically more transparent to plot Ca vs
CdCaRe (with Re = 𝐿𝑥𝑢∕𝜈 a Reynolds number), which is a measure of
external force relative to capillary force. However, we found the result
is too noisy to be informative. We do plot this quantity in the inset of
Fig. 6, for which the data are less noisy.

3.2. Average contact angle

As mentioned before, the bridge interfaces periodically change
shape as they pass over the boundaries between hydrophilic and
hydrophobic regions. In Fig. 4 we plot the maximum and minimum
values of the bridge advancing contact angles, as well as their average
values. The averages are calculated in time and for an integer number of
periods. The maximum and minimum angles for each Ca are about 10◦

larger than the equilibrium angles for each 𝜉, which is a consequence of
the bridge motion (the advancing angle is an increasing function of the
bridge velocity). The average, maximum and minimum angles are fairly
independent of Ca, at least for this range of parameters. This suggests
that the bridge interfaces have enough time to relax to something
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Fig. 4. Maximum (blue symbols), minimum (red symbols) and mean (green symbols)
contact angles on advancing side of bridge vs terminal capillary number Ca for three
different values of 𝜆. The dashed lines are a guide for the eye to illustrate the small
increase of the angles with Ca.

Fig. 5. Snapshots of the liquid bridge breaking up for a patterned substrate with
wavelength 𝜆 = 𝐿𝑥∕4.

like their equilibrium shapes. The maximum contact angle, however,
exhibits a slight increase for the larger Ca. For uniform substrates [21],
the advancing angle increases by ∼5◦ when Ca is increased by the
same amount as here, which is compatible with our observations for
patterned substrates. However, this difference is small when compared
to the fluctuations in the angle values (which are not steady), and
therefore difficult to detect. Furthermore, we cannot go to much larger
Ca because the bridge will break, as will be discussed later.

3.3. Breaking bridges

If the external force (or, equivalently, the terminal velocity) is too
small the bridge will not move as it gets pinned at the stripe boundaries,
where 𝜉 is discontinuous. On the other hand, if it is too large the
bridge will break. This is qualitatively different from the uniform (un-
patterned) substrates case, for which an infinitesimally small external
force is enough to set the bridge in motion. The patterning thus appears
to endow the substrates with an effective static friction. A similar
effect occurs in the flow of foam through non-uniform cross-section
channels [27]. Interestingly, the minimum external force that is needed
to mobilize a bridge appears to be independent of pattern wavelength,
a curious (and likely coincidental) analogy with the Coulomb friction
of solids.

Fig. 5 illustrates the breaking-up process of a liquid bridge. First, its
contact line gets pinned at the boundary between stripes and undergoes
4 
a fingering instability. Then the bridge starts growing two tails at the
substrates, which later break off the bridge and coalesce to form a
separate liquid bridge, trailing the original one.

In contrast, the maximum capillary number (velocity) for which the
bridge does not break, Camax, does depend on the pattern wavelength,
as shown in Fig. 6. As 𝜆 increases, the substrates become more and
more uniform-like and Camax is expected to saturate. It does so at
∼0.02. For comparison, this is approximately equal to Camax for uniform
substrates with 𝜉 = 0.6, corresponding to a contact angle of about 120◦

while the bridge was most stable for 𝜉 = −0.6 (65◦) [21]. We further
note that, for the same external force 𝐹 𝑒𝑥𝑡, the bridge between pat-
terned substrates moves more slowly than the bridge between uniform
substrates, because the former slows down when crossing boundaries
between stripes, at which, as we saw above, it changes shape and the
flow profiles both inside and outside it are reconfigured. One would
then expect Camax to decrease as 𝜆 → 0, and more and more stripe
boundaries need to be crossed, as indeed happens.

Finally, we also explored a 3D liquid bridge in a tube with circular
cross section of the same diameter as 𝐿𝑦 in the 2D case, and an
axisymmetric stripe pattern (equivalent to rolling up the 2D system
around the 𝑥-axis). Preliminary results indicate that the force needed
to break up the liquid bridge in this geometry is larger by a factor of
almost 2 than that for the 2D bridge. We speculate that this may be due
to the larger contact area between bridge and substrate. This work is in
progress. Snapshots of the breaking-up process are depicted in Fig. 7,
which resembles the process in 2D.

4. Conclusions

We addressed the motion of 2D liquid bridges between periodically-
patterned substrates, consisting of alternating hydrophilic and hy-
drophobic stripes all of the same length. One important conclusion
is that in general, this system cannot be mapped onto a 2D liquid
bridge moving between uniform substrates of some effective wettabil-
ity. Moreover, whether the transition between stripes is discontinuous
or continuous does not affect our results significantly.

As the bridge transitions from one stripe to the next, the shapes of
its interface change periodically, to accommodate the varying boundary
conditions, and the flow pattern near the interfaces, both inside and
outside the bridge, is reconfigured, but elsewhere it remains roughly
Poiseuille. After an initial transient, the bridge subjected to a constant
external driving force attains a steady state characterized by a well-
defined average terminal velocity. Suitably non-dimensionalized, this
average terminal velocity has an inverse power-law dependence on
the also non-dimensionalized external force, with an exponent 0 <
𝑛 < 1 which is an increasing function of the pattern wavelength.
In contrast, the contact angles at the substrates also fluctuate, but
appear not to depend (or depend only very weakly) on the pattern
wavelength. Unlike for uniform substrates, a finite external force is
required to set the bridge in motion, which – at least in the ranges
of parameters investigated – is independent of pattern wavelength. On
the other hand, the maximum velocity for which the bridge will not
break (alternatively, the minimum velocity needed to break the bridge)
is an increasing function of pattern wavelength that saturates as the
uniform-substrate limit is approached.

Possible extensions of our work include the study of a 3D bridge
moving through an axially-striped cylindrical tube, which was only
illustrated here. Although the bridge behaves in qualitatively the same
way as in 2D, some quantitative differences have emerged. Another
possibility is to simulate other striped patterns, e.g., longitudinal, which
would break the axial symmetry and make the system more truly 3D.
An extension to non-Newtonian fluid bridges would also be interesting.
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Fig. 6. Maximum capillary number Camax (proportional to the velocity) for which the
liquid bridge does not break vs pattern wavelength 𝜆. The inset depicts CdmaxCamaxRemax,
which is a measure of the external force, vs pattern wavelength 𝜆, where Cdmax and
Remax = ⟨𝑢⟩max𝐿𝑦∕𝜈 are the maximum drag coefficient and Reynolds number for which
the liquid bridge does not break.

Fig. 7. Break-up of an axisymmetric bridge moving through a striped tube.
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