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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
A seamlessly diagnosable expression for the energy flux of all waves at all latitudes with
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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.
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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.
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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.
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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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