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Abstract

We present numerical and experimental results of periodic flows inside a rectangular container under
a background rotation. The periodic flows are generated by changing the speed of rotation periodically
so that a time-periodic body forces produce the unsteady flows. In numerical computation, a
parallel-computation technique with MPI is implemented. Flow visualization and PIV measurement are
also performed to obtain velocity fields at the free surface. Through a series of numerical and
experimental works, we aim to clarify, if any, the fundamental reasons of discrepancy between the
two-dimensional computation and the experimental measurement, which was detected in the previous
study for the same flow model. Specifically, we check if the various assumptions prerequisite for the
validity of the classical Ekman pumping law are satisfied for periodic flows under a background
rotation. )
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Fig. 1 Schematic diagram of the model basin
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Fig. 2 Angular velocity of the turn table
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Table 1 Parametric values for each computational

case

case 1 2 3
Re 1548 2356 2356
w 0.4 0.4 04
€ 0.2 02 0.3
h 04 0.4 04

' Flow Visualization J
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1. Rectangular Container 2. Turntable

3. Serve Motor 4. Timing Belt

5. Servo Motor Controller 6. Motor Control PC
7. Fluorescent Light 8. CCD Camera

9. Host Computer & Image Grabber

Fig. 3 Schematic arrangement of the turntable &
the PIV system
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Fig. 4 Time history of the spatially averaged kinetic energy
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(a) Numerical result (b) PIV result

Fig. 5 Velocity vectors on the free surface
for the case 2
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Fig. 6 Velocity vectors on the free surface

-

for the case 3

g7t 2718 A$, ZAAs 1/V e Revt

ZFaste WA Fig 49 2HAHAP 5ol

e +ud

Fig. 5% case 2, Fig. 6& case 39l % A
FEANA S Hxwe A FX34 Aot A



632

ANEa

(a) Case 1 (b) Case 2

Fig. 7 Streamline plots on the horizonta
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Fig. 8 Velocity vector plots on the
plane y=0.5 for the case 3
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Fig. 9 Distribution of the vertical velocity w at three locations shown
for the case 3 at six instants of time
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Fig. 10 Time history of the vertical velocity w for the case 3
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