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Injection of a Denser Fluid into a Rotating Cylindrical Container
Filled with Homogeneous Lighter Fluid

JUNGYUL NA AND BOUNGIUN HWANG
Dept. of Earth & Marine Sciences, Hanyang Unitversity
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A heavy fluid is injected to a rotating cylindrical container of flat or inclined bottom filled with homo-
geneous lighter fluid. Continuous flow-in and spreading patterns over the bottom of the container are ob-
served and at the same time upper-layer motions induced by the movement of the heavy fluid are traced
by thymol blue solution. Regardless of the bottom geometry, the injected denser fluid is deflected toward "
western wall" and continuous its path along the boundary with radial spreading which occurs in the bot-
tom boundary layer to make a quite asymmetric flow. When the bottom contains a slope(B-plane), in-
creased pressure gradient causes the fluid move faster to produce a stronger Coriolis force. This makes
the width of the flow narrower than that of f-plane. But, when the denser flow reaches the southern part
of the container, a local-depth of denser fluid increases (much greater than the Ekman-layer depth) such
that the spreading velocity along the wall is reduced and the interfacial slope increases to make the upper-
layer adjust geostrophically to have oppositely directed upper-layer motion along the interfacial boundary.
The role of the denser fluid in terms of vorticity generation in the upper-layer is such that it produces lo-
cal topographic effect over the western half of the container and also induces vortex-tube stretching which
is especially dominant in the f-plane.
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Fig. 1. Time-elapsed spreading patterns of a heavier source fluid in the f-plane.
a) 1 min 46 sec, b) 4 min 42 sec, ¢) 8 min 42 sec, d) 11 min 50 sec after the injection of heavy fluid.
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a) 1 min 46sec b) 8 min 42 sec

Fig. 2. Upper layer motions induced by a beavy source fluid.
a) 1 min 46 sec, b) 8 min 42 sec after the injection of heavy fluid. Axisymmetric flow patterns are clearly seen

except a weak counter flow near the western boundary in b).

a) 1 min 30sec b) 3 min 15sec c) 6 min 40 sec

Fig. 4. Upper-layer motions induced by the source flow in the B-plane.
a) 1 min 30 sec, b) 3 min 15 sec, c) 6 min 40 sec after the injection of the heavy fluid. Asymmetric flow with
strong movement along the western boundary and relatively fast northward flow patterns toward the western

wall are seen.

Fig. 5. Axisymmetric upper-layer motion which shows continuous spin-up even after the discontinuity of the injection.
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d) 12 min

Fig. 3. Time-clapsed spreading patterns of the source flow in the B-plane.
a) 1 min 30 sec, b) 3 min 15 sec, ¢) 6 min 40 sec, d) 12 min after the injection of heavy fluid.
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Fig. 6. Geometry of the cylindrical tank with inclined
bottom and free surface.
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