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7. Bouncing plug

Fill a bath or sink with water and remove the plug.
Then place a plastic ball over the plughole. As the
water drains the ball starts to oscillate. Investigate

the phenomenon.



Presentation of the phenomenon




Experimental setup




The bathtub vortex

Euler liquid — incompressible and inviscid

!

No viscous shear stress

1

No torque about central axis

1

Angular momentum conserved




The bathtub vortex
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Conservation of angular momentum for
one particle gives: R?
W=, —F=
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The radial pressure gradient:

Pressure in point A:

Pa = L9(Y, +£)

The radial pressure gradient is

connected with the shape of the surface:




The bathtub vortex

Integrating the previous equation, we obtain the dependence &£(r)
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Vortex Structure
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Ball In a vortex

. The ball is attracted to the
bottom of conatiner.

. The ball close to the
drainhole destroys the
vortex structure.

. Due to the this fact the
resultant force acts
upwards (buoyancy force).

. The vortex flow appears
again.



Measurements
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Experimental data

Plughole diameter 2.5 cm

—— black
—B— w hite

Ball position
%#

L S S

[uhlllllhu ‘ |||||| i P P 1178 f
i gl ”|||i| 116 I eIl el IF' ﬂll i
) it i-:"": T i i il 'i""ﬂ""'m B ":nlﬂlnl ..;:‘
i i |inm|.iw,' '"' Il T
| k] I Ilm T i T “""lu i |II "‘Jl i I ﬂ |* """ il '!'." 7/ 0.95
0 |I BTTTTT ||-J[.J|J |||||| Ill"llll - as,? n.:l

0 50 200 250 300

Time [frames]



Experimental data

Plughole diameter 3.0 cm
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Our best result

Db
|

|
BN ER

< o ~ @ © < o S o

uonisod |jeg

Time [frames]

Green ball, 3.0 cm drainhole



Acceleration dependence on time
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Data analysis - conclusions

. For different balls (with different diameter to mass
ratio) we obtain different character of oscillations.

. We can determine the acceleration on time
dependence for each ball.

. The main forces, having crucial influence on the
phenomenon are buoyancy force and force due to
pressure difference caused by vortex flow.

. The oscillations seem to have irregular run — slower
upwards motion, fast falling.

. The bigger the drainhole, the smaller the oscillations
of balls.

. The character of the oscillations can be qualitatively
described when considering pressure distribution.
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Ball In a vortex






Mechanism of the phenomenon









Von Karman vortices
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Qualitative analysis

Why is the plug bouncing?






Karman vortices

* DR. VON KARMAN




Von Karman vortices dynamics

Non-potential flow V X D — rot D - O

Von Karman vortices form behind a body, that is surrounded by a
flowing liquid at a certain Reynolds number range.

Drag force:

2
yolv,

Fo =CoA——
D D 2

Lift force:
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