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ever, at large port-to-tank diameter ratios, the formation of
vortex is hindered as observed for initial quiescent conditions
in the liquid. This appears justifiable due to nearly pipe flow
conditions at the entrance to the drain port at the large port
diameter ratios.

Shaping of Discharge Ports
Shaped ports can be configured to give a gradual reduction

in diameter from the tank to the outlet of the drain port. Such
shaped ports can be either in the form of a stepped port with
the diameter reduction in successive steps or as a bellmouth.
The bellmouth can have a circular shape and has been consid-
ered by Binnie and Hookings.4 Figure 3 shows these shaped
ports and their performance. In view of the successive reduc-
tion in diameters, these shaped ports bring about a small
reduction in diameter as the flow enters and progresses in the
drain port. This yields locally large values of port diameter
ratios. Based on the results of experiments with cylindrical
ports, a drastic reduction in air-vortex heights is to be antici-
pated with their use.

The air-vortex heights measured with the stepped, bell-
mouth, and cylindrical drain ports of the same exit diameter
are compared in Fig. 3. These heights are measured at differ-
ent times after stopping the stirrer that induces forced rotation
of the liquid. The time between stopping of the stirrer and
starting the draining is called settling time. A larger settling
time denotes a lower level of rotational velocities in the
column of liquid since with increasing settling time the rota-
tional currents get dissipated. For times exceeding 5 min the
liquid column becomes fully quiescent. It is seen that, with the
stepped configuration of drain port, the vortex height be-
comes zero at very small settling times. The stepped port is
therefore very effective in arresting vortex formation even
when rotational motion is present in the liquid column. The
bellmouth port also reduces the height of the maximum air
vortex; however, it is not as effective as the stepped drain port.
The cylindrical drain port gives the largest height of air vortex
that persists even when all rotational flow velocities in the
liquid column are dissipated.

When large rotational velocities are present in the liquid
column (small values of settling time in Fig. 3), the shaped
ports do not totally suppress the formation of air vortex as
under initial quiescent conditions. A combination of vortex-
arresting baffles that dissipate the rotational motion in the

liquid and the shaped drain ports discussed here can therefore
completely eliminate the formation of air vortex during the
draining of liquids from tanks.
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I N the original publication, two errors were inadvertently
introduced in the title and author lines. They appear cor-

rectly above.
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