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When a drop impacts a thin fiber, a critical impact speed can be defined, below which the drop

is entirely captured by the fiber, and above which the drop pinches-off and fractures. We discuss
here the capture dynamics of both inviscid and viscous drops on flexible fibers free to deform
following impact. We characterize the impact-induced elongation of the drop thread for both high
and low viscosity drops, and show that the capture dynamics depends on the relative magnitudes
of the bending time of the fiber and deformation time of the drop. In particular, when these two
timescales are comparable, drop capture is less prevalent, since the fiber rebounds when the drop
deformation is maximal. Conversely, larger elasticity and slower bending time favor drop capture,
as fiber rebound happens only after the drop has started to recoil. Finally, in the limit of highly
flexible fibers, drop capture depends solely on the relative speed between the drop and the fiber
directly after impact, as is prescribed by the momentum transferred during impact. Because the
fiber speed directly after impact decreases with increasing fiber length and fiber mass, our study
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identifies an optimal fiber length for maximizing the efficiency of droplet capture.

1 Introduction.

The interaction of droplets with slender structures is ubiquitous in
both nature and technology. In applications such as fog harvest-
ing! and air filtration2-3, forcing aerosols through fiber arrays al-
lows for partial recovery of the liquid phase. Such recovery mech-
anisms can also be found in nature: plants like desert grass* and
cactii® can efficiently harvest fog droplets, as can spider webs®.
The interaction of droplets with flexible fibers also arises on the
integument of insects, and so is critical for the sustenance of life
at the millimeter scale”; for example, rain droplets can have dra-
matic consequences on the flight of mosquitos®. Slender struc-
tures and fibers are often deformable; nevertheless, the influence
of structure flexibility on the capture of droplets has received very
little attention.

The problem of drop impact on thin elongated structures,
namely rods or fibers, was first examined by Hung and Yao?
and Patel et al. 10,
locity threshold between capture and fragmentation for inviscid
droplets impacting a fixed fiber (Figs. 1b; 2) '1. For inviscid drops,
V* was shown to depend on the relative size of the drop and fiber,
and to increase when the impact occurs on an inclined fiber!2.
Numerous other studies have been devoted to the optimization of
fog harvesting structures, via alteration of mesh geometry '3, sur-
face chemistry %16 and fiber microstructure’:617:18  with little
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attention being given to the initial capture stage.

To the best of our knowledge, the influence of fiber flexibility
on the efficiency of capture of impacting droplets has yet to be
considered. It is well-known that droplets can significantly alter
the equilibrium shape of thin fibers even in static situations 1920,
In many cases of man-made and natural structures, the deforma-
bility of the structure may also play a critical role in droplet
capture. Indeed, flexible substrates?! and membranes?%23 have
been shown to delay or reduce splashing and jetting during drop
impact, and can also significantly alter the drop fragmentation
dynamics?*. Flexible beams have been used to measure forces of
impacting drops2°> and the surface chemistry of the beams has a
significant impact on energy transfer during impact2°. In most of
these studies, structural flexibility seems to act as a damper; how-
ever, it may also act to feed energy back into the system, as may
arise during drop impact and fragmentation on plant leaves2*.

We first describe the relevant timescales and lengthscales at
play during impact, and how they are expected to interact. We
then consider the impact of a drop on a rigid fiber and study the
resulting dynamics for both high and low viscosity drops. Finally,
we consider the role of fiber flexibility on droplet capture.

2 Physical Picture.

We consider here the effects of fiber flexibility and fluid viscosity
on drop capture. Fig. la presents the typical impact configura-
tion, where droplets of radius R, density p, surface tension o,
volume Q = 47R>/3 and viscosity 1 impact with velocity V on the
tip of a fiber of length / and radius a, clamped at one end and free
to bend at the other.
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Fig. 1 (a) Typical impact configuration. A drop of radius R, viscosity 7,
and density p impacts the tip of a fiber of radius a and length /, clamped
at one end. The fiber may deform in response to impact. (b) For a
centered impact at speed V, a critical capture speed V* can be defined.
(i) When vV < V*, the drop elongates, recoils and gets caught on the fiber.
(ii) When V > v*, the drop pinches off and fractures. (c) Schematic of
the experimental set-up, with the high-speed camera and two hallogen
lamps. A mirror allows the simultaneous observation of both front and
side views of the impact. (d) When the fiber is free to bend under impact,
it is deflected by a typical distance () over a characteristic bending time
Ty, while the drop deforms an amount L(z) over a characteristic elongation
time 7e.

We consider the limit where the fiber radius is small relative to
drop radius, and restrict ourselves to the case for which the center
of mass of the drop is aligned with the center of the fiber before
impact (Fig. 1b). This configuration allows us to define a critical
capture speed 11, which we denote by V*. For impact speeds V <
V*, the drops will be caught on the fiber (i), and for V > V*, the
drops will fracture and pinch-off (ii). Fig. 2 shows typical impact
sequences for the case of (i) capture and (ii) fracture. The fiber
can substantially deform during impact, thus potentially playing
an important role in the capture process in general and the critical
impact speed V* in particular. Changing the fiber length / allows
us to systematically change the elastic response of the fiber. In
the case of droplet capture, the drop hangs below the fiber, at an
equilibrium offset length Leq ~ pgR*/0a set by a balance between
surface tension and drop weight. In the case of droplet fracture,
some fraction of the drop remains on the fiber.

We first consider the case of a rigid fiber. As the drop hits
the fiber, one expects inertia and gravity to favor drop fracture
and escape; viscosity and surface tension to favor capture. The
relative magnitudes of the two capture forces is prescribed by
the Ohnesorge number, which we define here as Oh = 3n/,/poR
(where the factor 3 is Trouton’s ratio and characterizes the ex-
tensional viscosity of a thread), while the relative magnitude of
the forces favoring escape and fracture is characterized by the
Froude number Fr=V?/gR > 1. Following impact, the drop elon-
gates to a length L(r) over a characteristic elongation timescale e
(Fig. 1d; Fig. 2, third frame). For Oh < 1, one expects T to corre-
spond to a typical inertia-capillary timescale ;. ~ /pR3/0; when
Oh > 1, one expects T to correspond to the timescale of viscous
momentum diffusion in the drop t = pR?/3n, and drop recoil to
arise over the typical viscocapillary time 7, = 3nR/0. Relevant

2| Journal Name, [year], [vol.],1-8

timescales in the impact process are summarized in Table 1.

We then consider drop impact on flexible fibers. Upon impact,
we expect the fiber to deform by an amount prescribed by the
transfer of momentum between the drop and the fiber during im-
pact over a typical natural bending time 7, ~ %,/ psma®/EI with
I the fiber length, py its density, E the Young modulus, a the fiber
radius and I the area moment of inertia. Since fiber bending
stores elastic energy, one expects that capture should in general
be favored. However, as we shall see, elasticity may also feed en-
ergy back into the system at a critical time, thereby encouraging
droplet fracture.

Table 1 Relevant Timescales

Page 2 of 10

Convective time Te R/V
Inertio-capillary time Tic VPR3 /o
Viscous diffusion time Ty PR?/3n
Visco-capillary time Tye /% =31R/c

Bending time T T, = 12\/psma?/EI
Ohnesorge number Oh =31/\/poR Oh< 1 Oh>1
Elongation time Te Tic Ty
Recoil time T Tic Tye

3 Experiments

3.1 Experimental Method

A schematic of the experimental set-up is presented in Figs. la
and lc. Small droplets of radius R between 0.75 and 1 mm are
dropped from a syringe placed above the fiber. For each exper-
imental condition, the height is gradually adjusted to determine
the velocity threshold V*, defined in Fig. 1b, below which the
entire drop is captured. Impact speeds are measured via video
analysis. A mirror placed at 45° to the fiber axis, allows for the
simultaneous observation of both the front and side views of the
impact using a single high-speed camera Phantom Miro 320S. A
typical impact sequence is shown in Fig. 2. We used frame rates
up to 18,000 images per second and a typical exposure time be-
tween 5 and 50 us. The fluids used were silicon oils of viscosity
ranging from 1 to 800 cPs, with density p = 970 kg/m?, and sur-
face tension 6 =21 mN/m. These oils completely wet the fiber.
Fibers are made of nitinol, with fiber lengths ranging from 5 to
150 mm, allowing us to tune their elastic response. For lengths
longer than a few centimeters, the fibers bend under their own
weight. In this case, we alter the tilt angle of the substrate so that
impact always occurs on a horizontal fiber tip. Impacts occur 2-3
drop radii from the fiber tip, so that the local geometry of impact
is effectively the same for all experiments. Image analysis was
carried out using ImageJ.

3.2 Capture on a fixed fiber

We first consider the case of stiff fibers and investigate the influ-
ence of liquid viscosity on the droplet capture process. A fiber of
radius a = 127 um is clamped at both edges so that fiber flexibil-
ity does not play a role (inset, Fig. 3). Droplets of fixed radius
R =850 um are dropped from a nozzle placed directly above the
fiber, at heights ranging from 1 mm to 1 meter. We plot in Fig. 3
the dependence of the critical capture speed V* on the drop vis-

This journal is © The Royal Society of Chemistry [year]
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Fig. 2 Side (a) and front (b) view of the typical impact sequence of a drop of radius R = 752 um on a fiber of radius a = 127 um and length / = 4.5
cm. The horizontal dotted red line represents the equilibrium position of the fiber tip. In this sequence, the fiber is deflected by a distance 4(¢), first
downward (red arrow on 2nd frame) and then upward (red arrow on 3rd frame). Upon impact, the drop is stretched by an amount L(r). (i) For impact
speeds smaller than the critical capture speed (V = 0.846 m/s < V*), the drop is captured. (ii) For V = 0.922 m/s > V*, the drop pinches-off and

fractures.

cosity (lower axis) and the Ohnesorge number Ok = 3n/,/poR
that characterizes the relative importance of viscous and capil-
lary forces in the capture process (upper axis). For low Oh, V*
is independent of viscosity, consistent with the inviscid case de-
scribed by Lorenceau et al. 11 (horizontal dotted line, Fig. 3). The
over-estimation of the critical capture speed by the model could
result from the drop radius being close to the maximal radius of
static drops on fibers. For Oh > 1, the capture threshold increases
linearly with fluid viscosity, indicating that viscous dissipation fa-
vors droplet capture. In this case, the critical speed V* is pre-
scribed by a balance between inertial and viscous effects. Specif-
ically, we expect viscous stresses to overcome drop inertia when
pV2/R ~ 3nV/R?. Defining the Reynolds number as Re ~ %,
our experiments indicate a capture threashold of Re ~ 1.8. This
condition can equivalently be deduced by balancing the drop con-
vective time R/V with the viscous diffusion time 7, = pR?/37.

To understand the dynamics of impact, we show in Fig. 4 the
typical elongation dynamics of drops impacting fibers in the two
limits Oh < 1 and Oh > 1. Following impact, the drop is stretched
and elongates over a typical elongation timescale 7., before ei-
ther (i) recoiling over a time 7 or (ii) fracturing. For Oh < 1,
the elongation dynamics is symmetric, as both elongation time 7
and recoil time 7, scale as the typical inertia-capillary or Rayleigh
timescale T, ~ \/pR?/c. When Oh > 1, the drop speed is first
reduced over a viscous timescale 7, = pR?/37; the thread then re-
coils with a characteristic visco-capillary time 7, =31 /0R. In this
case, the elongation dynamics is highly asymmetric, as the ratio
between the recoil and elongation times, 7/t scales as Oh* > 1.

3.3 Fiber deformation upon impact

We now study the case where the fiber is free to bend and de-
form in response to impact. We use fibers of radius a = 127 um
and a = 63.5 um. When studying impacts of low viscosity drops
(Oh < 1), we increased the radius of the outer extremity of the
fiber to 215 um, allowing for larger capture speeds that could be

This journal is © The Royal Society of Chemistry [year]
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Fig. 3 Impact on a rigid fiber (inset). Variation of the critical capture
speed V* (m/s) with drop viscosity n (lower axis) and Ohnersorge number
Oh =3n/+/poR (upper axis). The dashed line is the expected capture
speed for Oh < 1 using the expression from Lorenceau et al.'. For
Oh > 1, V* increases linearly with viscosity. Drop radius is R = 850 pm
and fiber radius @ = 127 um.  Error bars characterize the uncertainty in
the impact speed prevalent at low speeds.

measured more precisely. The typical time evolution of the fiber
( red) and the drop (green) deformations following impact are
shown in Fig. 5a. We denote by §(¢) the fiber displacement, and
L(r) the drop elongation relative to the fiber.

3.3.1 Fiber oscillations

Following impact, the fiber starts to oscillate with a characteristic
time scale 7, (Fig. 5a). In Fig. 5b, we plot the variation of this
bending timescale 7, with fiber length I and find 7, ~ 2, as is
consistent with the natural bending time of a free beam :
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Fig. 4 Kymograph (spatiotemporal diagrams) of impact on a rigid fiber.
Vertical slices of video images of 1 pixel width passing through the drop
centerline are placed side by side with time increasing from left to right.
(@) n=1cPs (Oh<< 1)and (b) n =190 cPs (Oh > 1). The drop elongates
for a time e, and then either (i) recoils over a time 7, to its equilibrium
offset length Legq, or (i) fractures. For Oh < 1, e ~ 7 is set by the inertia-
capilary time 7 ~ \/pR3 /o, while for Oh > 1, T ~ pR?/3n and 7, ~ 3R /G
(Cf. Table 1).

2n [psma® ,
=g\ TE

€3]

where f = 1.875 for the first mode of oscillation, E = 64 GPa
the beam’s Young Modulus, / = na*/4 the moment of inertia,
pf = 6450 kg/m> the beam density. This scaling is consistent
with the fact that drop weight can be neglected compared to fiber
weight, and does not affect the oscillatory dynamics of the fiber.
We note that for the longest fibers, higher modes of vibration are
also excited, but the timescale of the first mode remains domi-
nant (see e.g. Fig. 8c). While fiber oscillations are damped, the
drop capture or fracture occurs during the initial oscillations of
the fiber; consequently, we may safely neglect this damping.

3.3.2 Initial fiber speed

The two other critical parameters for impact on flexible fibers
are the oscillation amplitude & after impact (red curve, Fig. 5a),
and the initial fiber speed Ve, directly after impact (red arrow,

Fig. 5a). Neglecting higher modes of oscillation and fiber damp-
ing, we express the fiber displacement 6(¢) as:

5(r) = 8y sin(27t /1) — % sin(27 /) @)
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Fig. 5 Impact on a flexible fiber. (a) Kymograph for the impact of a
viscous drop (n = 100 cst) of speed V on a fiber of radius a = 127 ym and
length I =5 cm. The fiber starts oscillating with a typical timescale 1,
amplitude & and initial velocity Viiper. (b) Variation of the typical bending
timescale 1, with fiber length L. We find 7, ~ 12, as expected on the basis
of Eq. (1). Black points: impacts for Oh < 1, with ¢ = 63.5 pm and a fiber
tip of 250 um. Red points: impacts for Oh > 1, with a = 127 pm.

where Viper = 8(0) = 278y/1,. In Figs. 6a and ¢ we plot Vgpe, as
a function of the drop impact speed V. We find markedly differ-
ent behaviour, according to the drop viscosity. For low viscosity
drops (Fig. 6a), the initial fiber speed is largely independent of
drop impact speed for impacts leading to fracture (black points).
Conversely, for viscous drops, initial fiber speed is proportional to
drop impact speed (Fig. 6¢).

To rationalize this behaviour, let us consider the processes ac-
companying impact. Because convection time R/V is typically
small relative to the fiber response time 7, fiber elasticity can be
neglected when considering the impact dynamics?°, and we can
express the transfer of momentum between the drop and the fiber
during impact as follows:

MegiViiber ~ FA 3)

where M is the effective fiber mass, F the force applied by the
drop to the fiber and Ar the interaction time. Considering clamped

This journal is © The Royal Society of Chemistry [year]
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Fig. 6 Momentum transfer during impact. Variation of post-impact initial fiber speed Vjjper With drop impact speed V. (a-b) Low viscosities drops (n = 1
cPs), fiber radius is a = 63.5 um and radius of the fiber tip is 215 um. (a) Fiber length [ is 8 cm. For impact speeds leading to drop fracture (black
points), Viier is independent of drop impact speed V. (b) Viiper decreases with increasing fiber length and fiber mass, according to Eq. (4). (c-d) High
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The coefficient of proportionality r = Vsier/V decreases with increasing fiber length according to Eq. (5).

In (b) and (d), error bars correspond to one

typical standard deviation. The dashed lines are fits to the data points (see text for details).

boundary conditions and impact on the tip, the effective fiber
mass is pfrcazl /3, with [ the fiber length, a the fiber radius and
py the fiber density2®. For simplicity, we take F ~ nRV in both
low and high viscosity limits.

For low viscosities, when the impact speed is too large for the
drop to be caught on the fiber, the drop crosses the fiber with
a contact time Ar ~ 2R/V inversely proportional to the impact
speed. Rewriting Eq. (3), this condition predicts an initial fiber
speed independent of the drop impact speed, as is apparent in the
black points of Fig. 6a:

LS

s 4
Mgt @

Viber ~
As expected from Eq. (4), Viper decreases with increasing fiber
length, that is, larger effective fiber mass Mqg (Fig. 6b). The
dashed line in Fig. 6b is the best fit to the experimental points,
using the expression Vpe, = o - 871 (2R)?V /(pema®l/3), with a = 3
a fitting parameter. For the lowest impact speeds, where the drop
is captured by the fiber (Fig. 6a, red points), Eq. (4) breaks-down
due to an increase in the interaction time between the fiber and
the drop, which leads to enhanced momentum transfer. In this
case, for which Ar = 7, fiber speed is expected to grow linearly
with drop impact speed: Vgper ~ MRV /Mg /pR3 /o (Fig. 6a, red
points).

For large viscosities, whether impact leads to capture or frac-
ture, the drop initially "sticks" to the fiber, transfering momentum
to the fiber for a time Ar ~ pR? /37 corresponding to the character-

This journal is © The Royal Society of Chemistry [year]

istic time of viscous penetration of the drop on the fiber. Rewriting
equation (3), we obtain:

PR3V

—_— 5
Mg ®)

Viiber ~
In this regime, the initial fiber speed for both capture and fracture
is proportional to the drop impact speed, and momentum transfer
is independent of viscosity, as is evident in Fig. 6¢c. Eq. (5) can
also be understood by assuming an inelastic collision between
the drop and fiber, which leads to (m+ Megf)Viper ~ mV where
m ~ pR3 is the drop mass. We denote by r = Vgpe,/V the relative
magnitudes of these two velocities. As expected from Eq. (5), r
decreases with increasing fiber length, or equivalently increasing
fiber mass Mg (Fig. 6d). The dashed line in Fig. 6d is the best
fit to the experimental points, using the expression r~ 1/(1+ -
pema®l/(4mpR3)), with B ~ 4 a fitting parameter.

3.4 Capture on a flexible fiber

With this physical picture in mind, we now study how the cap-
ture criteria for drops changes with fiber elasticity. We report in
Fig. 7 the variation of the critical capture velocity V* with fiber
flexibility, for both small (7a) and large (7b) Ohnesorge numbers
as a function of the ratio of bending to elongation times /e,
which necessarily increases with fiber flexibility. The black hori-
zontal dashed line indicates the capture speed in the limit of rigid
fibers, which we denote by V;;. We recall that for Ok < 1, the
elongation time 7. scales as the inertio-capillary time of the drop

Journal Name, [year], [vol.], 1-8 |5
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Tic = /PR3 /o (Fig. 4a), while for Oh>> 1, 1. scales as the viscous
timescale 7, ~ pR?/3n (Fig. 4b).

To understand the phase diagrams of Fig. 7 in term of the
interaction of the drop and fiber, we present in Fig. 8 typical ky-
mographs of capture events for Oh > 1. For short fibers (Fig. 8a),
small fiber oscillations arise over a characteristic time 7, short
relative to the characteristic elongation time 7. of the drop. In
this limit we expect to recover the static critical capture condi-
tion (Fig. 8a, 1, < 7,V* = V). As fiber flexibility increases, we
observe a decrease in the critical capture speed (Fig. 7, zone
1), which reaches a minimum when the elongation and bending
timescales are of the same order. In this critical case, the de-
formed fiber begins to rebound just as the drop is reaching its
maximal length, thus precipitating fracture at a speed lower than
in the static fiber case (Fig. 8b, 7, ~ Te, V* < V). Thereafter, V*
then increases progressively with flexibility, and exceeds that on
a stiff fiber Vj' (Fig. 7, zone 2). In this regime, some of the kinetic
energy of impact is stored as elastic energy by the fiber, and is
restored as the drop recoils (7, > 7e, V* > V).

Finally, for long fibers, or large bending period (Fig. 8c, 1, 2
10- 7e, Zone 3) the critical capture speed saturates. In this limit,
fiber oscillations are decorrelated from the drop temporal dynam-
ics, and the fiber is carried with the drop at its initial velocity
Viiber> independent of fiber flexibility (see Fig. 6). This long-fiber
limit leads to a maximal increase in the capture speed; since the
fiber simply follows the drop, the initial elongation rate of the
drop L(0) =V — Vjper can be greatly reduced relative to that aris-
ing in the static fiber case. For Oh < 1, the initial fiber speed Ve,
is independent of drop impact speed (Fig. 6a), and we expect the
capture speed V* to be increased by an amount Ve, relative to
that on a stiff fiber V. For Oh>> 1, the ratio r = Vgper /Vyrop 1 con-
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stant and we thus expect V* = V;/(1 —r). These two predictions
are consistent with our experimental data, and show the critical
importance of momentum transfer between the drop and the fiber
in optimizing capture efficiency.

4 Discussion

We have investigated the dynamics of drop impact on flexible
fibers, and examined how the critical capture speed depends on
both drop viscosity and fiber flexibility. Surface tension and vis-
cosity are the two forces favoring drop capture, and their rel-
ative magnitude is prescribed by an Ohnersorge number Oh =
3n/+/poR. We first characterized the elongation dynamics of a
drop impacting a rigid fiber for high and low Oh. For Oh < 1, we
showed that the drop elongates and recoils symmetrically with a
typical inertia capillary timescale 7. ~ \/pR3/o (Fig. 4a). When
Oh > 1, drop elongation is asymmetric: the thread is first damped
over a viscous timescale 7, = pR?/3n and then recoils with char-
acteristic viscocapillary time cR/3n (Fig. 4b). For Oh > 1, balanc-
ing the viscous time 7, with the convective time R/V leads to a
simple capture condition Re < 1.8 (Fig. 3).

When the fiber is free to bend, the impacting drop may excite
oscillations of the fiber at its natural period 7,, with an amplitude
set by momentum transfer during impact (Fig. 5). For large vis-
cosities, the impact is inelastic, and the initial fiber speed Ve, is
proportional to the drop speed V. For low viscosities, the contact
time varies inversely with the impact speed, leading to an initial
fiber speed Ve, that is independent of drop speed V (Fig. 6). In
both cases, momentum transfer is independent of fiber elasticity,
but depends on the fiber length.

The ratio of the drop elongation timescale 7. and the fiber
bending time 7, plays a critical role when considering capture

This journal is © The Royal Society of Chemistry [year]

Page 6 of 10



Page 7 of 10

I =20.3 mm
Tb ~ 0-3 'Te

2.5 mm

25 ms

Soft Matter

I =140 mm
Ty =~ 12.8 - 7

Fig. 8 Experimental kymographs for drop impact on a flexible fiber in the Ok > 1 case. (a) Short fiber. Fiber oscillations are small in amplitude and
arise over a timescale short relative to the typical drop deformation time .. (b) Intermediate flexibility. The fiber rebounds as the drop achieves its
maximum deformation (Fig. 7, transition 1-2). (c) Long fibers. The fiber follows the drop, and rebounds only once the drop has recoiled, thus increasing

the capture speed relative to the rigid-fiber case (Fig. 7, zone 3).

criteria. For both viscous and inviscid drops, the critical capture
speed varies non-monotically with fiber flexibility. In particular,
the capture speed V* reaches a minimum when the fiber’s bend-
ing time is comparable to the drop’s elongation time, as the fiber
begins to rebound just as the drop is reaching its maximal length,
thus precipitating fracture. Here, the flexible structure does not
act strictly as a damper, but instead promotes fragmentation.

For larger flexibility, the fiber begins to rebound only after the
drop has started recoiling, leading to an increase in the critical
capture speed. Beyond a critical flexibility, the fiber temporal
dynamics occurs over a time much larger than the fiber elonga-
tion time, and the critical capture speed plateaus. In this limit,
the fiber follows the drop with a constant speed, prescribed by
the momentum transferred during impact, that decreases with
increasing fiber length and fiber mass. We can thus define an op-
timal fiber length for capture. Specifically, we require that the
bending time 7, ~ [?,/ ps/Ea® be large enough for fiber rebound

to occur after drop recoil, and that the fiber mass Mg ~ pra®l be
small enough to allow maximal momentum transfer between the
drop and the fiber, thereby reducing their relative speed. The fiber
radius a and Young Modulus E are thus critical parameters in at-
taining the regime 7, > 10- 7. while maintaining a low fiber mass
(Te ~ 5 ms for a 1 mm water drop). We note that locally increas-
ing the radius at the point of impact allows for large momentum
transfer during impact, without reducing the capture efficiency
associated with large drop-to-fiber aspect ratio 1.

Droplet capture can thus be significantly enhanced by large
fiber flexibility. This finding informs applications in which flexible
structures are used to recover aerosols, as it provides a straight-
forward way to boost droplet recovery rates. Finally, we note that
fiber surface chemistry and roughness will also affect criteria for
droplet capture on flexible fibers, as will the detailed geometry of
impact. Such effects are left for future consideration.

This journal is © The Royal Society of Chemistry [year]
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The interaction between fiber oscillations and drop deformation leads to a complex
dependence of drop capture efficiency on fiber flexibility.
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