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2The problem

A thin liquid jet collides with a soap film. 
Depending on some appropriate 
parameters, the jet can either pass through 
the film, or flow into it creating interesting 
shapes. Explore and explain this 
interaction and the shapes being created.



3Previous investigations

Kirstetter G., Raufaste C., Celestini F. (2012) “Jet impact on a soap film”.
Phys. Rev. E, 86, 036303.



4Experimental setup
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5Three regimes of jet-film interaction

(а) refraction; (b) reflection; (c) absorption.
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6Program to investigate
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7Incident jet
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8Incident and refraction angles
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Weber numberWeber number



10Weber number

characteristic inertial force:

characteristic capillary force:

ratio of two forces:
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11Measuring of the surface tension 

Surface tension is measured
with a help of capillary waves.
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12Weber numbers for different nozzles

Level (cm) 70 85 100 115 130

29 40 48 57 73

18 25 30 36 43

10 16 21 26 33

0.51 mm

0.41 mm

0.34 mm
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Refracted jetRefracted jet



14Meniscus shape



15Conservation of a horizontal momentum
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17Law of refraction
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18Experimental results
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20Experimental procedure (video)



21Refraction angle grows…
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4sin 1θ ≈ −i W

θi

… and became equal 90°

90°



23

0

15

30

45

60

75

90

0 10 20 30 40 50 60 70 80
Weber number W

C
rit

ic
al

 in
ci

de
nt

 a
ng

le
 (°

) 
Boundary between two regimes

Refracted jet

Absorbed jet

4sin 1θ = −
W

5sin 1θ = −
W



24Regime of reflection (240 fps)
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Absorbed jetAbsorbed jet



26Shape of a wave



27Average slope angle
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28Momentum balance

p F
t

Δ
=

Δ
2 2 cos 4 cos

2
r v v λ
π ρ ⋅ θ = ⋅ σ ⋅ α

λ/2

v cosθ

α

θ

2σ2σ

Uphill cross-section

Changing of the
vertical momentum

Vertical force
of surface tension



29

2

4.9
2

W W
r
λ π
= ⋅ ≈ ⋅

Theoretical prediction

λ

r



30

0

50

100

150

200

250

300

350

0 10 20 30 40 50 60 70

Weber number W

? / rλ/r

Wavelength vs. Weber number

Theory

65°



31Wavelength vs. incident angle
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SummarySummary



33Conclusions

The nature of jet-film interaction is 
determined by two parameters: jet incident 
angle and Weber number (ratio of inertial 
forces to capillary forces).
Absorption regime occurs for large incident 
angles and low Weber numbers. Refraction 
regime occurs for small incident angles and 
high Weber numbers. Reflection regime is 
transient between the two previous.
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Thank you forThank you for
your attention!your attention!


