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Experimental set-up
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Mass measurements

~ 40 min

- Mass -> Level of water

- Derivative of mass-> Draining velocity

Mass measurements every 2s
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Shape of the interface

Translation

bench

Photo every 10s
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Particule Image Velocimetry 

Photo every 10s

Circulation of the vortex
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Particule Image Velocimetry 

Vorticity (rad. 𝑠−1)



Experimental 
results
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𝐻𝑚 𝑡 = 𝐻0 −
𝑀 𝑡

𝜌𝜋𝑅2

Evolution of the water height

𝚽𝟏 = 3mm (dash dotted line), 𝚽𝟐 = 3,5mm, 𝚽𝟑 = 4mm (dash line) 
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Momentum conservation law

𝑣𝑠 𝑡 =
2𝑔

Φeff
2 න

0

Φ

ℎ 𝑟, 𝑡 𝑟𝑑𝑟

Quasi-static hypothesis + vena contracta phenomenon:
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Draining velocity

correction coefficient due 
to vena contracta phenomenon. 
𝛽~0.9

12



1318/03/2022Aurore Caquas (ENSTA Paris & CEA Saclay) 13

Flow structure
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𝐹 the flow through Ekman layer:

𝛿 = Τ𝜈 Ωwith the Ekman length :

Ekman boundary layer theory + the 
Rankine model in the bulk. 

𝐹 = 𝑣𝐸𝑘𝑚𝑎𝑛𝑠2 = න
0

∞

2𝜋𝑟෦𝑢𝑟𝑑𝑧 = 𝛿Γ/2

Draining velocity
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Ekman pumping
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Conclusions

We obtain a flow law for vortex emptying by expressing the 
momentum conservation with an experimental validation.

We also noticed that a large part of the drained flow passed 
through the Ekman boundary layers at the end of the draining 
process.


