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Theoretical and Numerical Analysis of Sink Flows under
a Background Rotation

Yong Kweon Suh and Chang Ho Yeo

Abstract. Theoretical and numerical studies are given to the sink flows within a rotating circular tank
driven by the fluid withdrawal from a bottom circular hole. It was found that, when the upper free surface

was set with no-slip boundary conditions, the Ekman boundary-layer develops not only above the bottom
surface but under the top surface. The sink fluid is coming from the two Ekman layers, and the mass
transfer from the bulk, inviscid region is dependent on the rotational speed. It is also remarkable to see
that all the fluid gathered along the axis flows in a form of rapidly rotating fluid column having almost

the same diameter as the bottom hole.
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Fig. 1. Withdrawal of a viscous fluid from a rotating
tank through a hole on the bottom wail.
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Fig. 2. Numerical (L.H.S.) and theoretical (R.H.S.)
streamlines at =50 s.
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Fig. 3. Numerical streamlines on the horizontal plane
(6cm from the bottom) after (a) 2 and (b) 20 s
from starting of fluid withdrawal.
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(b)

Fig. 4. Numerical results showing the velocity-vector
distributions on the horizontal plane at the
height (a) 6cm and (b) 11.7 cm from the bottom
after 30 s from starting of fluid withdrawal.
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Fig. 5. Numerical results of the equi-vorticity surface
(vorticity = 5/s) after (a) 10 and (b) 30 s from
starting of fluid withdrawal.

(a) (b)

Fig. 6. Numerical results for the pressure distributions
on an axial plane after (a) 5 and (b) 30 s from
starting of fluid withdrawal. In (a) pressure
ranges from -0.1 to 3.3 Pa, and in (b) it varies
from -5.5 to 8.8 Pa.
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Fig. 7. Numerical result for the distribution of the
velocity vectors along a vertical line after 30 s
from starting of fluid withdrawal.

(b)

Fig. 8. Flow visualization of a horizontal plane (6 cm
from the bottom) after (a) 20 and (b) 60 s from
starting of fluid withdrawal.
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(b)

Fig. 9. Flow visualization of an axial plane after 70 s from
starting of fluid withdrawal. (a) is an instantaneous
view and (b) is superposition of several shots.
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