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We define the elongation time of the drop te as the time be-

tween the instant when drop first touches the fiber and the in-

stant at which the narrow liquid bridge that connects the drop to

the fiber stops stretching. At this point, the liquid neck can either

break (in the release regime) or widen as the drop recoils toward

the fiber (capture regime). We report the values of te measured

for two viscosities, ν = 10−6 m2.s−1 and ν = 5 ×10−6 m2.s−1, and

different fiber lengths (see Fig. 5(a)). For a given length, we

observe that the elongation time first increases until the thresh-

old between the capture and release regimes (see inset of Fig.

5(a)). In the drop release regime, the elongation time decreases

as the velocity at the impact increases. In what follow, we re-

fer to the maximum value of te, corresponding to the transition,

as the pinch-off time, noted tpo as can be observed in the inset

of Fig. 5(a). We find that the pinch-off time lies in the range

tpo = 22± 4ms for the drop size used in this set of experiments,

R = 0.76 mm. Note that the pinch-off time depends slightly on the

drop size as illustrated in Appendix A. However, for our system-

atic experiments varying the fiber length and using two different

viscosities, the drop size remains constant and the pinch-off time

is about 22 ms.

Then, to compare quantitatively the time scale associated with

the motion of the fiber tip and with the elongation of the drop, we

measure the bending time of the fiber tb for varying lengths when

the drop is captured or released and report results for two dif-

ferent viscosities, ν = 10−6 m2.s−1 and ν = 5 × 10−6 m2.s−1 (Fig.

5(a)). The bending time corresponds approximately to the time

required for the fiber to move from its initial position to its max-

imum deflection. Considering the experimental fit defined by the

equation (2), ytip(t) = Ae−bt sin(ω t + φ)+ c, the bending time is

tb = π/(2ω).

Experimentally, we observe that tb is indeed proportiona l to

π/(2ω) with a fitting prefactor α ≃ 1.3 (Fig. 5(a)). This small

difference could be due to two effects. First, the fiber needs to

travel over a distance δ = A+ c and the assumption tb = π/(2ω)

is based only on the travel over a distance A. Second, the drop

undergoes large deformations during the impact which affects the

impact dynamics. We also observe that for long fibers (typically

L > 150mm), the measured bending time becomes different in the

two regimes (drop capture represented with solid symbols and

drop release represented with hollow symbols in Fig. 5(a)). The

spatio-temporal diagrams for drop capture (Fig. 5(b)) and drop

release (Fig. 5(c)) show that the fiber oscillation exhibits two

frequencies when the drop is released: the first and secondary

modes of the fiber. Therefore the measured maximum of deflec-

tion δ = A+ c can be modified.

To understand the presence of the secondary oscillation, we

need to consider that the impact of the drop generates a bending

wave that travels along the axis of the fiber at a speed45

cB = ω1/2

(

EI

λm

)1/4

(8)

for the first mode of vibration. We can then evaluate the distance

the wave has travelled at the end of the impact, i.e. at tpo. The

result of the calculation is presented in Fig. 5(d) and shows that

the pinch-off occurs before the bending waves can travel the en-

tire length of the fiber for length L ≥ 150mm. This leads to the

oscillations that can be observed in Fig. 5(c). To characterize the

drop capture or release, we consider the bending time before the

threshold. In this situation the bending time is well captured by

the relation tb = α π/(2ω) where α ≃ 1.3.

4.2 Effective amplitude of deflection

As emphasized previously, the drop travels with the fiber during a

time tpo at which time the drop gets released or recoils. Therefore,

the fiber tip travels over an apparent deflection Aeff during the

drop/fiber interaction time tpo.

To evaluate the apparent deflection Aeff, we identify three

cases:

(i) when tpo > tb, the fiber has enough time to reach its max-

imum deflection and then starts to oscillate. At the time of the

pinch-off, the position of the fiber is

Aeff = A sin(ω tb)+ c , for tpo > tb. (9)

(ii) When the length of the fiber is increased, the bending

time tb increases accordingly. For L ≃ 135mm, tb ≃ tpo and the

apparent deflection reaches its maximum value Aeff ≃ A+ c.

(iii) Finally, for longer fibers, the fiber tip travels over a distance

Aeff ≃ (A+ c)
tpo

tb
for tpo < tb. (10)

Indeed, according to Fig. 5(a), the fiber travels a distance A+

c during a time tb. Therefore, as an approximation the mean

velocity of the fiber during its motion is V f ≃ (A+ c)/tb.

For the pinch-off time measured experimentally, we report in

Fig. 6 the expression (10) for L > 135mm and the expression (9)

when L < 135mm for both drop capture and release. For small

fibers, the dynamics are quite complex since the fiber can os-

cillate several times before the pinch-off occurs. The maximum

value of Aeff is reached around L ≃ 135mm and corresponds to

the maximum deflection A + c reached by the fiber during the

drop/fiber interaction time tpo. Then, as the length of the fiber is

further increased the effective amplitude of displacement slightly

decreases because the time scale associated with bending of the

fiber increases.

4.3 Threshold velocity

We can now compare the results of this discussion with the exper-

imental measurement of the threshold velocity for two different

viscosities (Fig. 7). Qualitatively, we observe that the thresh-

old velocity for capture has the same behavior for the two fluids.

The threshold velocity V ∗
d reaches a maximum for L ≃ 140mm

and then remains roughly constant. The optimal fiber length in

our experiments is therefore consistent with the analytical expla-
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Fig. 6 Qualitative evolution of the effective deflection amplitude Aeff of

the fiber tip as a function of the length of the fiber plotted for a drop of

radius R = 0.76 mm and a velocity Vd = 450mm.s−1. The dotted line

represents the position of the fiber at tb when tb < tpo, i.e., case (i), and is

given by equation (9). For L > 135mm, the cases (ii) tb ≃ tpo and (iii)

tb > tpo are plotted using equation (10) in solid lines. The black and blue

solid lines indicate the drop capture and release regimes, respectively.

nation.

When tpo < tb, i.e. for L > 140mm, it is useful to consider the

moving frame of the fiber tip. This frame is accelerating after

the drop impact with an acceleration −Aω2 sin(ω t) leading to a

fictitious force. In our experiments, the fictitious force is smaller

than inertial effects and negligible for the longer fibers considered

here. Assuming that the drop dynamics in the reference frame of

the fiber is the same whether the frame is fixed (rigid fiber) or

moving (flexible fiber), we can rewrite the threshold velocity as:

V ∗
rel =V ∗

d −
A+ c

tpo
, (11)

where V ∗
rel is the threshold velocity in the reference frame of the

fiber tip. This indicates that the threshold velocity V ∗
d on a flexi-

ble fiber can be determined using the threshold velocity on a rigid

fixed fiber and the mechanical properties of the flexible fiber (see

Fig. 7). In summary, using the expression of the threshold ob-

tained by Lorenceau et al. for a rigid fiber,26 we can estimate

V ∗
rel . Then, using the characterization of the response of the fiber

following the drop impact presented in the previous section, one

can estimate A and c as well as the elongation time tpo and there-

fore obtain the expression of the threshold velocity V ∗
d by using

equation (11).

5 Conclusion

In this study, we have considered the impact of a drop on a

flexible fiber clamped at one end. The dynamics of the fiber

have been characterized: its vibration frequency, its static

displacement and the amplitude of oscillation are predicted

by using the beam equation. The drop behavior depends on

the impact velocity and two regimes are identified, a capture
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Fig. 7 Evolution of the threshold velocity V ∗
d for capture as a function of

the fiber length L for R = 0.76mm and ν = 1 ×10−6 m2.s−1 (red hollow

squares) and ν = 5 ×10−6 m2.s−1 (blue hollow circles). The threshold

velocities are rescaled by the relative speed of the fiber given by

equation (11) (filled symbol). The horizontal lines indicate the threshold

velocities for L = 0 mm and the vertical dashed-dotted line corresponds

to L = 140mm.

regime at low impact velocity Vd and a release regime above a

threshold velocity for capture V ∗
d . The interplay between the

drop and the fiber involves two time scales: the time for the

drop to pinch-off or recoil and the time for the fiber to bend.

The effect of flexibility is maximum when these two time scales

are of the same order. If the fiber is too rigid, the amplitude

of deflection remains small and the fiber can be considered as

nearly rigid. The other rigid-like case occurs when the fiber is

too long and its bending time becomes really large compared

to the drop elongation time. In this situation, the drop crosses

the fiber while the fiber only bends slightly. Finally, we have

shown that the influence of the fiber flexibility on the threshold

velocity can be quantified with a relative velocity that depends

on the fiber deflection, the elongation time of the drop and the

threshold velocity on rigid fibers. Although we have illustrated

the influence of the fiber flexibility on the threshold velocity

and highlighted the importance of the elongation and bending

time scales, in more complex situations, the impact can be

inclined with respect to the fiber27 or can be non-centered.28

These would lead to more complex fiber and drop dynamics that

remain to be investigated.

Appendix A: Influence of the size of the drop

We consider the evolution of the velocity threshold with the drop

size. We perform systematic experiments using different needles

to obtain a range of droplet radii R ∈ [0.43; 1.04]mm. To estimate

the influence of the flexibility, we perform these experiments in

the situation where we previously found that tpo ∼ tb for a drop

of radius R ≃ 0.76 mm, which corresponds to a fiber length L ≃

140mm and tpo ∼ tb ∼ 22ms. The results of our investigations are
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Graphical Abstract : 

 
The capture or release of a droplet impacting a flexible fiber depends on elastic and capillary  

effects 

Page 10 of 11Soft Matter

S
of

tM
at

te
r

A
cc

ep
te

d
M

an
us

cr
ip

t



  

 

 

The capture or release of a droplet impacting a flexible fiber depends on elastic and capillary effects.  
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