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Abstract :

Source flows in a rotating tank are carried out to investigie behavior of boundary currents. In the laboratory
experiments, there is a northern boundary current whicbithéss increase with source strenght and a thin western
boundary current which shows meandering behavior as therfitais increasing. The comparison with numerical
simulations using the Miami Isopycnal Coordinates Oceamd&chows similarities but also some discrepancies
with lab experiments mainly near the source and in the wadieundary current.

Résumé :

Des écoulements avec source dans une cuve tournante sritiéff pour étudier le comportement des courants
de bord. Dans les expériences de laboratoire, il y a un coudenbord nord dont I'épaisseur augmente avec le
débit de la source et un fin courant de bord ouest qui méandxedie débit augmente. La comparaison avec des
simulations numériques employant le modéle MICOM montsesthailitudes mais également quelques différences
avec des expériences de laboratoire principalement aunamg de la source et dans le courant de bord ouest.
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1 Introduction

The choice for boundary dynamical conditions in ocean taton models is a very discussed
topic and western boundary currents are shown to be venjtsent the chosen boundary
conditions and friction parametrization (Dengg (1993)jdv¥agel et al. (1992), Chassignet
& Garraffo (2001)). The relevant nondimensional numbersifestern boundary currents are
the RossbyRo = f% and EkmanEk = f‘—fQ numbers, wheré/ is the velocity,f the coriolis
parameter,L the current thickness and;; the horizontal eddy viscosity. The typical values
for western boundary currents af® = 0.1 and Ek = 0.01. Western boundary currents
can be reproduced in the laboratory with source/sink flowkiidHs injected within a pie-
shaped or half-cylinder tank at some location, the paralshlape of the free-surface acts like
a topographigs effect. The injection leads to the rising of the free-suefand, as the interior
is geostrophic, fluid columns move northward to conserve thepth and a western boundary
current closes the mass transport. Those experiments iilstr@eveloped by Stommel, Arons
& Faller (1958) to study abyssal circulation and furthera#sed by Kuo & Veronis (1971)
and Veronis & Yang (1972).
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2 Description of the Experiments

The experimental setup is composed df, & meters wide rotating table. It is powered with a
Labview monitored Omron DC motor which angular spéedanges from).3 to 2.2 rad.s ™.
Experiments are performed in a square tank which length4s 92 cm with a sloping bottom
to reproduce the earth effect. Fluid is injected within the tank from a separatesergoir
with an Ismatec Reglo-Z digital pumping motor and Micropuge@ar pump head, which are the
most efficient to keep a continuous flow rate and are not sems$d pressure head. The fluid
is injected at the norwestern (with respect to thelane) corner of the tank through a diffusive
unit to reduce turbulence near the source. The flow rdtemnges frons to 20 mL/min and the
water height at rest i& = 25 cm.

Source

O

Front view Side view

Figure 1: Details of the experimental setup

As the studied flows are weak, the wind-stress can greatigisthem so the tank is covered
by a lid away from the free-surface. Once rigid rotation ikiaged, the fluid is injected within
the tank during 20 to 30 minutes before the measurementa begrder to allow Rossby waves
to decay. As proposed by the pionnering article by Stommedna & Faller (1958), the circu-
lation in the tank can be considered as steady if the amouttidfinjected during one period
is much smaller than the whole tank volume, which is alwagsdhse in the experiments. In
addition with thes plane whose slope is = 0.12 rad, there is also a free-surfageeffect.
Provided the rotation rate is not too high, the effect of taeapoloid is small compared to the
sloping bottom but for higher rates its impact become comtplarso that all the experiments
were made with weak rotation rates.

In those experiments, theory predicts that the geostropkierior would have northward
velocities and a southward western boundary current tedtoscirculation. As the free-surface
vertical velocity isw = LQ, the interior geostrophic velocities given beynoz v = w are very
weak (about0~* mm/s). The mass closure involves that = S(2 + ) whereT,, is the
transport of the boundary current ait} the fluid depth in the center of the tank, which leads
to velocities in the western boundary current of orddr mm/s. Laboratory experiments are
carried out with various source strenght ranging fr&hs= 3 to S = 20 mL/min and a rotation
period of 7" = 10 s, the fluid from the source is then deflected to the right byctivélis force
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and follow the northern boundary in a thin layer of a few cewiers thick and diverges at some
point near the norwestern corner and enters the westerndaoyitayer (see figure 2). When
flow rate is increased (see Figure 3 & 4), the northern boyndarrent gets thicker with dis-
tance from the source. The western boundary current vglgcihen orded mm/s and increase
with source strenght. In addition, the western boundaryerurshows a meandering behavior
which is enhanced by the flow rate.

Figure 2: Experiment witty = 3 mL/min and7’ = Figure 3: Experiment withS = 14 mL/min and
10s T=10s

Figure 4: Experiment wittt = 20 mL/min and7’ = 10 s

3 Model description

The numerical model used for the simulations is the Miampysmal Coordinates Ocean Model
(see Bleck & Boudra (1986), Bleck & Smith (1990) for details)a one-layer square basin
with sloping bottom and parabolic free-surface. The madedsolution is slightly less than
one centimeter and features no-slip boundary conditiohg;wseemed to be the more relevant
in order to compare with lab experiments. Bottom frictiorpegametrized using a linear drag
similar to the ekman layer dynamics with friction coeffidiequal to the inverse spin-down time
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r= F . Lateral dissipation is achieved with an harmonic operafaich coefficient is chosen
to be equal to the molecular diffusion. The model's equatibave been slightly changed to
include a source of fluid in the continuity and free-surfageations. The models equations are
then :

o+ (u;- V)uyy+fkou, = VAL (1)
Oth; + V(hy) = wy (2)
with i the layer indexh; the layer’s depthy; (u;, v;) the horizontal velocities)/; the Mont-

gomery potentialk the vertical unit vectory,;, the vertical velocity due to fluid injection in the
layer.

Free-surface for S=3mL/min& T=10s x10™* Free-surface for =10 mL/min & T=10's x10™
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Figure 5: Numerical simulation withS = 3 Figure 6: Numerical simulation witlt6 = 10
mL/minandT =10 s mL/min andT =10 s

Free-surface for S =20 mL/min & T=10s x107°
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Figure 7: Numerical simulation wit§' = 20 mL/min and7T = 10 s

The model exhibits a small anticyclonic vortex near the seutue to the vertical velocities
involved by the fluid injection, the northern boundary catreear the source is weaker than in
the experiments due to this anticyclonic vortex and core®ig the western half of the northern
boundary with velocities similar to the laboratory expegims and feeds the western boundary
current in which velocities are also in agreement with thosasured in the tank. The rest of
the basin is then a western intensified cyclonic gyre as ptedliby the theory. Nevertheless,
no meandering features are found inside the numerical atmouls.
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4 Conclusions

Laboratory experiments and numerical simulations weraezhout to investigate the behavior
of source flows in a rotating tank. In the tank, one can seersepce of a northern boundary
current which thickness increase with source strength andandering behavior of the western
boundary current enhanced by flow rate. The model and theXjpérienents shows similari-
ties but also some discrepancies. The model is in agreem#mexperiments for the overall
circulation and the order of magnitude of boundary curreetscities. Though, the numerical
simulations exhibits a larger anticyclonic vortex thanhe experiments, the northern boundary
thickness is independant of the source strenght and themdsbundary current does not have
any meanders.
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