MIS10-01 HAMERSER S EA2016EAS

BRKIETZS TR THEEARREDFRE(CBMELNRIZ I 1%E
Effects of Koshu Seamount on the Development of Baroclinic Instability Leading to the
Kuroshio Large Meander
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It is well known that the Kuroshio south of Japan shows bimodal path fluctuations between the large
meander (LM) path and the nonlarge meander (NLM) path. The transition from the NLM path to the LM
path is triggered by a small meander which is generated off the southeastern coast of Kyushu and
then propagates eastward to Cape Shiono-misaki while being amplified slowly through baroclinic
interaction with a lower layer cyclone-anticyclone pair. This small meander thereafter amplifies
rapidly over Koshu Seamount located about 200 km to the south of Cape Shiono-misaki, leading to the
formation of the LM path. Although it is shown that the existence of Koshu Seamount is essential
for the rapid amplification of the small meander, the underlying physical mechanism has not been
fully understood yet.

In this study, the effects of Koshu Seamount on the development of baroclinic instability leading
to the formation of the LM path of the Kuroshio are investigated using a two-layer
quasi-geostrophic model taking into account the effect of bottom topography. Numerical experiments
show that the transition processes from the NLM path to the LM path can be successfully reproduced
only when the bottom topography mimicking Koshu Seamount is taken into account. In this case, the
upper layer meander trough is amplified rapidly together with the lower layer cyclone-anticyclone
pair during their passage over the seamount. This suggests that the transition from the NLM path to
the LM path is caused by baroclinic instability enhanced over the seamount. A linear stability
analysis with the bottom topography mimicking Koshu Seamount shows that baroclinic instability over
the seamount is caused by a coupling between the upper layer Rossby wave propagating eastward in
the background geostrophic flow and the lower layer topographically trapped wave propagating
clockwise around the seamount. These two waves in the upper and lower layers propagate in the same
direction with nearly the same speed so that they can resonantly interact with each other over the
northern slope of the seamount. The spatial structure of the most unstable mode is shown to be
close to that of the rapidly amplifying meander trough over the seamount reproduced in the
numerical experiment.
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Dynamics of the Atlantic meridional overturning circulation and Southern Ocean in an ocean
model of intermediate complexity
Dynamics of the Atlantic meridional overturning circulation and Southern Ocean in an ocean
model of intermediate complexity
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A steady-state, variable-density, 2-layer, ocean model (VLOM) is used to investigate basic dynamics
of the Atlantic meridional overturning circulation and Southern Ocean. The domain consists of
idealized (rectangular) representations of the Atlantic, Southern, and Pacific Oceans. The model
equations represent the depth-averaged, layer-1 response.

A hierarchy of solutions is obtained in which forcings and processes are individually introduced.
The complete solution set includes a wide variety of solution types: with sinking in the northern
North Atlantic and with sinking near Antarctica; with and without wind forcing; with, without, and
for two parameterizations of northern-boundary sinking that represent cooling external to and
within the North Atlantic; for a wide range of mesoscale-eddy mixing strength and wind stress in
the Antarctic Circumpolar region; and for different closures for mesoscale-eddy mixing. Novel
aspects of the model and solutions include the following: use of VLOM, which allows buoyancy
forcing to be introduced realistically; the aforementioned closure, which allows eddy-induced
transport to be determined when layer 1 represents _both_ the surface mixed layer (h=h_m) and the
depth of subsurface isopycnals (h>h_m); latitude where layer 1 outcrops in the Southern Ocean being
_internally_ determined rather than externally specified; and a boundary layer, based on Gill's
(1968) solution, that smoothly connects the Southern- and Atlantic-Ocean responses across the
latitude of the southern tip of South America. Finally, some solutions in the set are comparable to
solutions to idealized, ocean general circulation models (0GCMs); in these cases, our solutions
provide insight into the underlying dynamics of the 0GCM solutions, for example, pointing toward
processes that may be involved in eddy saturation and compensation.
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Direct numerical simulation of deep-water waves in rotating frame
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The ratio of the periods of oceanic surface waves (wind waves and swells) and the inertial period
is about 107, and the earth's rotation does not greatly affect the orbital motion of fluid
particles. Waves, however, do modify mean flow under the influence of Coriolis force. This is
because the slight tilt of the orbital plane of fluid particle generates Reynolds stress.
Hasselmann (1970) and Huang (1979) demonstrated that this Reynolds stress induced by waves can be
expressed as the Coriolis force acting on the Stokes drift. The latter expression is called
Coriolis-Stokes forcing. In ocean surface layer studies, Coriolis-Stokes forcing has been used as a
standard formulation to incorporate the wave-stress effect. However, Coriolis-Stokes forcing is
derived under several assumptions, and there has been no research that directly examined the
appropriateness of the forcing.

Here we investigated the Coriolis-Stokes forcing, by performing direct numerical simulations of
deep-water waves using a recently developed free-surface nonhydrostatic numerical model. The new
scheme that this model adopts allows for the accurate simulation of the orbital motion and the
dispersion relation of deep water waves, which could not be achieved by the conventional
mode-splitting scheme.

Simulations were carried out under idealized conditions of x-z two dimensional domain with periodic
horizontal boundaries. Waves were maintained by surface pressure perturbation. Reynolds stress was
obtained from the velocity field, and the Coriolis-Stokes forcing was calculated using the Stokes
drift, which we obtained from the on-line particle tracking.

Comparison of the two forces tells us that the Coriolis-Stokes forcing is nearly identical to the
wave stress under the idealized condition. These forces induce a Eulerian response to the Stokes
drift. In the existence of viscosity, this Eulerian flow generates the spiral current throughout
the Ekman depth, even there is no net momentum input from the surface. By imposing a uniform stress
on the surface, we also find that the mean current profile is described by Ekman-Stokes solution
(Polton et al., 2005), which is obtained by considering Coriolis-Stokes forcing, rather than the
classical Ekman solution. We will be presenting the results of further simulations under various
conditions.
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When fluid is injected with low flux into the saturated packed bed of particles, fluid flows
through interstitial spaces. This is known as a permeable flow. In this situation an empirical
relationship, the Darcy law is known to exist in laminar flow, where the fluid flux is proportional
to the applied pressure difference. When the applied pressure difference is increased and hence,
the fluid flux is increased and both fluid and particles begin to flow together as a suspension.
This gross flow called fluidization is important because it can drastically change efficiency of
material transport. In the field of hydrology, for an example, this is related to an initiation of
debris flow. In the field of volcanology, this process is related to the rejuvenation of a dormant
magma chamber where the injection of new magma into the crystal mush causes the replenishment. In
the field of chemical engineering, fluidization is well investigated for the engineering
applications. The transition between a permeable flow and a gross flow is a kind of phase change;
This critical superficial velocity is known as a minimum fluidization velocity (v,). The dynamics
of the change from a permeable flow state to a gross flow state is more important in the initiation
of such as debris flow and rejuvenation of magma chamber. The process of the initiation of
fluidization is as follows; Water start to flow with high velocity enough to fluidize, both upper
and fluidized front are lifted from top and bottom of particles bed, respectively(Slis et al.
(1959)). Gibilaro et al. (1984) derived that upper front velocity has constant value until it
reaches steady state and depends on water flux, and Thelen and Ramirez(1997) confirmed it
experimentally. Upper front velocity is discussed like above, however, fluidized front velocity is
not observed experimentally. In this presentation, we focus on the dynamics of the initiation
process of the fluidization and present experimental approaches.

To observe the initiation process of the fluidization, we employed a vertical fluidizing bed.
Transparent acrylic pipe (inside diameter:30 mm, length: 40~120 cm) is used, where particles are
packed at the bottom of 12.5 cm. From water-saturated state, water is injected from the bottom at
constant flux(the superficial velocity of 0.5~4.7 cm/s). The hydrostatic pressures are monitored at
3 different positions at 0,5,10 cm hight from bottom. Glass beads(diameter:0.8 mm, density:2.5 g/cm
%) and polystyrene beads(diameter:0.8 mm, density:1.03 g/cm’) are used as particles. The all move
of beads are filmed, and inside area of this pipe is divided into fixed, fluidized and no particle
area by differential of particles density.

We found that top of the particle bed and the fluidization area propagates from bottom to upward
when the injected velocity is above the critical value v,,. Because fluidization front velocity is
larger than upper front velocity, the thickness of fixed bed becomes gradually small, and after
that all beads become fluidized. On checking pressure and movie of the same time, it is revealed
that hydrostatic pressure gradient of fixed bed are larger than fluidized bed during rise.
Propagation of fluidized bed is divided into two types by flux; In case injected velocity is
slightly larger than v, the propagation ends when both upper and fluidization front reach same
hight. In case injected velocity is enough high compared with v ., rise lasts after a while that.
Fluidized front velocity depends on injected flux when it is low, however, fluidized front velocity
saturates when it is high. Porosity of propagating fluidized bed is kept nearly equal value to one
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of terminal fluidized bed.
We also compare the cases for soft gels are used as elastic particles and discuss the effect of
modification of packing and particle shape during flow.
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Height structure of solar surface convective velocity from absorption line profile
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Wind stress for ocean circulation as given by the dissipation rate of surface waves
Wind stress for ocean circulation as given by the dissipation rate of surface waves
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Recent studies have shown that mesoscale eddies and recirculation around western boundary currents
are better simulated with a moderate magnitude in high-resolution 0GCMs when relative wind speed
(difference between the speeds of wind and surface circulation) is used in the bulk formula for
wind stress. However the drag coefficient for wind stress might be better parameterized using
quantities associated with surface gravity waves, such as significant wave height, wave age, and
the direction of waves. Many studies in the surface wave community suggest that the net momentum
flux from air (i.e. wind) to water (i.e. ocean circulation and surface waves) is given by the sum
of skin stress and wave stress, the latter of which is associated with the generation of surface
waves. Meanwhile, the net momentum flux to ocean circulation is given by the sum of the skin stress
and dissipation-induced stress, the latter of which is associated with the breaking of surface
waves. In order to investigate the utility of this mechanism, we have developed a coupled
atmosphere ocean surface-wave model and performed sensitivity experiments associated with three
types of wind stress. The first type of wind stress is given by the traditional formula with
absolute wind speed. The second type of wind stress is given by the traditional formula with
relative wind speed. The third type of wind stress is given by the surface wave model based on the
dissipation rate of surface waves. The sensitivity experiments have been performed to examine the
strength of mesoscale eddies in the Kuroshio Extension region, the small Kuroshio meander south of
Japan, and the interaction between the Kuroshio Current and coastal upwelling associated with the
landing of tropical cyclones.
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A seamlessly diagnosable expression for the energy flux of all waves at all latitudes with
equatorial and coastal waveguides
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equatorial and coastal waveguides

*MA ). Greatbatch Richard’
*Hidenori AIKI', Richard J Greatbatch?

1. 2EEXRZE. 2.GEOMAR / Univ. of Kiel
1.Nagoya University, 2.GEOMAR / Univ. of Kiel

Some of Rosshby waves in the mid-latitude regions of the ocean originate from waves propagating
poleward along the eastern boundaries, that may be traced back to the arrival of equatorial Kelvin
waves. This kind of interaction between the various types of free waves in the equatorial and mid-
latitude regions is fundamental for understanding tropical climate systems, and has sometimes been
explained using the concept of equatorial basin mode. In previous studies, the interaction of
equatorial and mid-latitude waves has been little mentioned in terms of the transfer of wave
energy. The present study provides a formula to calculate the energy flux, from model outputs
without relying on a Fourier analysis. The expression of the energy flux of the present study has
been determined from the analysis of the group velocity of equatorial Rossby, mixed Rossvy-gravity,
and inertia-gravity waves. The result is that the energy flux is written as the sum of the pressure
flux and the additional rotational flux. The expression of the additional rotational flux reduces,
under the approximation of mid-latitude Rossby waves, to that has been derived in previous studies
and, under the approximation of mid-latitude inertia-gravity waves, to zero. Thus the expression of
the energy flux, as given by the present study, may be used for a seamless diagnosis of waves in
both equatorial and mid-latitude regions.
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Heat transport associated with gravitational sedimentation of condensed particles in cloud
layers where convection is suppressed
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Penetration of mean zonal flows into an outer stable layer excited by MHD thermal
convection in rotating spherical shells
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Spherical MHD dynamo in a thin convection layer above a thick resistive core
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We performed magnetohydrodynamics (MHD) simulations in a sphere of radius r=1 with a thin
convection layer between r=0.9 and r=1, with relatively slow rotation rates. The inner sphere of
radius r=0.9 is a stable (rigid) region with the same resistivity as the convection layer. The
dynamo-generated magnetic field, therefore, diffuses into the inner resistive sphere. Since the
convection layer is such thin, the convection pattern and its dynamo action are very different from
those observed in the standard geo- or solar dynamo simulations. For these simulations, we applied
a newly developed global grid, Yin-Yang-Zhong grid [Hayashi & Kageyama, JCP (2016)] by which we can
solve equations on the coordinate singularity at r=0.

F—O—R MDD FE. KA. 1V=v V=Y UIKF
Keywords: MHD dynamo, spherical convection, Yin-Yang-Zhong grid
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Transition to turbulence in liquid metal convection under a horizontal magnetic field
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Transition of flow pattern from laminar to turbulent is one of the most interesting problems in
fluid dynamics. We performed both laboratory experiments and numerical simulations of
Rayleigh-Benard convection of liquid metals under a uniform horizontal magnetic field. Fluids with
low-Prandtl number like liquid metals are easy to be turbulent above the critical Rayleigh number.
On the other hand, flow pattern can be laminar under a strong magnetic field when the fluid is
electrically conductive, and the axes of convection rolls tend to be aligned in the direction of
the magnetic field. Rayleigh-Benard convection of liquid metals under a uniform horizontal magnetic
field is an appropriate system for a systematic study of flow transitions. Ultrasonic measurement
of flow velocity profile is suitable for this setting of liquid metal convection, because it can
grasp quasi-two-dimensional structure with its time variations. The process to turbulence is as
follows; from steady laminar roll-structure to oscillatory rolls, to time dependent roll-numbers,
and to vessel-scale circulation with turbulence. These are clearly observed with the decrease in
the magnetic field. Repetition of the change of roll-numbers occurs when the magnetic field has
moderate intensity for a given Rayleigh number. By analyzing the results of both laboratory
experiments and numerical simulations, we clarified the decrease in mean roll-numbers as well as
their mechanism. The process can be regarded as an interaction between aligned convection rolls and
global-scale flow. The occurrence of global circulation bends the aligned rolls in a style of the
skewed-varicose instability and induces roll number reduction. In the other point of view, the
transitions can be regarded as a competition among several flow modes having different
roll-numbers. To extract the fundamental flow structures and to quantify the mean roll-number
existing in time varying flow patterns, we utilize the proper orthogonal decomposition (POD)
analysis. We succeeded in identifying competitive modes with time variations of their amplitudes.
Convective flow regimes seen in the present setting are clearly classified by a few fundamental
flow modes and variations of their relative intensities.

F—O—R RS-V BB BB
Keywords: flow pattern, transition, magnetic field
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Structure of thermal turbulence confined by moderate aspect ratio box
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Spontaneous flow reversals occur in buoyancy-driven fluid dynamical systems, e.g. the ocean, the
atmosphere and the inner core of planets. Behaviors of large scale flow structures in these systems
have attracted many interests and a typical example is reversals of geo-magnetic polarity. The most
fundamental flow configuration for these systems is the Rayleigh-Bénard convection, convections in
a fluid-filled cell heated from below and cooled from above. In this system, flow reversals of
large scale flow in thermal turbulence regime are detected and statistically analyzed in the
particular case of the two-dimensional (2-D) rectangular geometry with aspect ratio of unity. The
occurrence of reversals sensitively depends on the aspect ratio and thus there is great importance
to investigate behaviors of the large scale flows in 3-D rectangular geometry with larger aspect
ratios.

We performed laboratory experiments of Rayleigh-Bénard convection with a moderate aspect ratio box
filled with water. The box has horizontal cross section of 200 x200 mm’ and 40 mm in height giving
the aspect ratio five. The wall of this box assumes thermal insulation and the boundary conditions
are isotropic in the horizontal cross sections. Ultrasonic Velocity Profiling (UVP) was used to
visualize the spatiotemporal structure of flows on a measurement line and predicted the 3-D
structure of the flows all over the box. We fixed Rayleigh number Ra = 6.4 x1@° and Prandtl number
Pr = 5.3 at which thermal turbulence regime is expected. Fig.1 shows the spatiotemporal velocity
map obtained in the measurement, where horizontal and vertical axes indicate time and distance,
color represents velocity. We can observe flow keeping its direction over the measurement line and
this is regarded as large scale flow in thermal turbulence. Besides there are several smaller scale
flows accompanying the large scale flow with the size of about tens of millimeters which repeats
appearance and disappearance everywhere on the line. We calculated spatial spectra from the
velocity map and flow structures were objectively classified as large or small scale structures.
Wavelength of the large one is the same with length of the box and that for the small ones
corresponds to tens of millimeters we expected. This result agrees with past studies of numerical
simulations. We also identified these 3-D structures by making instantaneous path line images at
the same aspect ratio box with the grass cover. Fig.2 shows an example of path line images and some
convective cells and rolls with the size of about tens of millimeters are identified. In addition,
calculating power spectra of the velocity map indicates existence of a dominant frequency of the
velocity oscillation in the order of 107 Hz. This oscillation is caused by periodic appearance of
thermal plumes in a closed cell or roll that organize themselves both in space and time, and these
generate coherent oscillations in thermal turbulence at any finite aspect ratio box. Finally we
performed UVP measurement at the same aspect ratio box with the grass cover, where we can expect
anisotropic large scale flows by non-uniform side wall thermal conditions. Fig.3 is the
spatiotemporal velocity map of this measurement. There are two large scale structures of the flow
having opposite flow directions, and corresponding instantaneous path line images tell us
corresponding 3-D structures. These flow directions were kept for several thousand seconds and
changed suddenly and spontaneously. This change resembles flow reversals in its time scale. There
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is also dominant velocity oscillation frequency in the same order as the box having uniform
horizontal thermal condition at the wall on the power spectra calculated from the velocity map.

F—O—F ! BRAWR. BER. KREBERN. BNORGIRR
Keywords: Natural convection, Thermal turbulence, Large scale flow, Flow reversals
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An axisymmetric flow in a cylindrical tank with a rotating bottom: comparison with
experimental data in preceding studies and corrections around sidewall
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Titius-Bode's law, the formation mechanism of the month, to explain the driving force of
plate tectonics unified manner of "multi-impact hypothesis", elucidate the Earth evolution
in Abduction, Approaching the mystery of the diamond formation
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