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Politics are for the moment
An equation is for eternity
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Now we only see models,

like reflections in a mirror;

but then we shall see face to face.
Now | only know partially;

but then | shall know as fully as

I am myself known.
St. Paul, 1%t letter to the Corinthians, 13:12
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20th Century

Geophysical Fluid Dynamics (GFD)

Atmospheric Oceanic Fluid Dynamics (AOFD)

is for those interested in doing research in the physics,
chemistry, and/or biology of Earth fluid environment.

Atmospheric and
Oceanic Fluid Dynamics
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The eddies are small, numerous, and

Tortured Ocean?! with long filaments.

A serendipitous observation

Satellite (Nimbus- &
Photograph taken on board Space Shuttle Challenger (cancentration of phytoplankton, NW North Atantic

over Maditerranean Sea (Source: NASA) Source: NASA GSFC

Courtesy of H.P. Huang

Coriolis Force

Non-inertial Frame

2D Turbulence

Stratification and/or Rotation
Vortex Waves Turbulence
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3D 2D (strong rotation)

Taylor columns Vortex Tubes
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Vortices with sharp edge
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Kyoto Univ. GFD group|

Stratification
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Ocean Spice

™  Buoyancy
(density)
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Multiple Scale Interactions in Vortex

Wave mean flow interaction in stable stratified fluid
Turbulent feed back to the vortex mean flow

2D turbulence 1
Kyoto Univ. GFD group|




Non-divergent barotropic model (Nearly Inviscid Fluid)

§:+J(u/,:)=uv2; Viy=¢

The energy and enstrophy relations

dg =2uv7 2= %(“2 +V2 )dxdy Kinetic energy
dt )
z= ” 542 dxdy  ensirophy
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dt Uj:” EV§'VC dxdy palinstrophy
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1=0hr t1=24hr t=48hr

Vor 100 50 10 5 1 107"

E——— 300km
Fewer and stronger vortices !!!

sl Coherent structure with filamentations

in 2-D turbulence “

Weiss(1981,1991), Rozoff et al. (2004)
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S, = u_v (stretch deformation)
ox oy

S, = @+a— (shear deformation)
ox oy

Q > 0 (strain dominates)
->vorticity gradient will be stretched
Q < 0 (vorticity dominates)
->vortex is stable (survival of eyewall meso-vortices)
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Time= Ohr Time= 6he

" Vorticity

Time = 12 hr

Conserves the
angular
impulse
[(a* + )¢ dudy

Melander et al.

1986, Kuo et al.18
2008

Spiral Band in Hurricane and Galaxy

adar reflectivity in H
Guillermo (1997) (feft panels) and Bret (1999) mgm panels).

Kossin and Schubert 2001 R

Electron density redistribution in experimental plasma physics
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Coriolis force

Core is protected, thin filaments from edgeé8
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Observations of deformation and

mixing of the total ozone field in the
Antarctic polar vortex
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Spherical Harmonics
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Fig.1: Daily TOMS images of total ozone
in the Southern Hemisphere for six
consecutive days in October 1983.
Latitude circles are drawn at 40°,60°,

and 80 °S. The outermost latitude is Inverse energy Cascade

20°S. to zonal Harmonics '
e, 2. Finerey spectrum Fim, ) of an ensemble mean al day 50 of 10 decaying rbulence exper-
iments. Tk nitude of the spectrum is normalized by (he maximum value on the map, Contour
19 levels are WOO1, 001, 0109 with increment 0.1, Area with £(or, 1) = 0.1 is lighily shaded,
Eim, n) > avily shaded.
Jupiter Rotational period 9.84hr Vorticity at surface (snapshat)

Map of i (anapahot)
Nagative ( ares suppressed

The Great Red Spot

Shewn is ¥ = Rosshy

Courtesy of H.P. Huang

One-year average of verticity field
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The best part of waking up, is the vortex in your cup!

Satellite observations

Palinstrophy

Do oo

=4V .V0 =wW i
Dt ar ‘,s""{'
| fon on g1 :: Mixing
= ij-\n di o’
rc 3
ainfie mirmy ket Mos stpictyns ssbrn: oA N NCH IR £ ju VOO AV -y [(VOyay (2 ]
o
0 12 24 at
Stirring Mixing Ties (hr
+ The presence of multiple zonal jets can critically affect the Coffee with white

transport of heat, biota, and chemical constituents that
are important far climate and life on Earth.

Eddy diffusivities for tracer transport along and across zonal jels
are dramatically different (e.g.. Smith 2005)

= Clarification of the interaction between
eddies/zonal jets and occean gyre may
lead to revision of the conventional
view of ocean gyre.

Courtesy of H.P. Buang
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The evid for the existon of Hosshy-like
1968 wauves in the horricanc vortex
Tellus

By NORMAN J, MACDONALD, Afr Farce Cabeidgs fessarch Labormtorisn,
Bfard, Afassashusstts
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ﬂ 144 min rotation period

s

‘Lamb, 1932
« Kirchhoff vortex ( nonlinear)
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(a+b)?
27 (a+b)?

rotating period P = ? ab

¢

Kelvin PV wave (linear)
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Fra, 11 Same as in Pig. 10 except for the nonlinear #-plane

Kuo et al. 2001
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Kuo, H.-C., L.-Y. Lin, C.-P. Chang, and R. T. Williams, 2004: The formation
of concentric vorticity structure in typhoons. J. Atmos. Sci., 61, 2722-2734.

0935-1935 LST

Typhoon Lekima (2001) * xkem

Binary vortex interaction Kuo et al. (2004) Examplesiory Straining (g} . )
the vorticity field at out
. hour 12,
[Variables] showing different
T A- L. classifications of binary . o S
ol A0 Sy vortex interactions Concentric "-*-'._3__"' (;;J
involving a skirted core
[ Parameters] vortex.
o Vortex radius ratio (r) R Tripole $ (o @
R, (TC core) @ o
. . A
e Dimensionless gap (—)
R Merger {3} @ 4\:.?
o Vortex strength ratio (y) = A
S .
. . Elastic ™
® An extension of Dritschel and Waugh'’s (1992) work. Interaction 0 o .
® |n addition to the radii ratio and the normalized distance . .
between the two vortices, the vorticity ratio is added as a =
third external parameters. o —— "
Rankine vorte =1.0
Kuo et al. 2008 (c) =t ine vortex (a )

Black and Willoughby (1992)

‘H_u_r_rl:ﬁ_ane Gilbert (1988 o013

t=0hr t=6hr t=12hr

200 km

Vims")

) 40 5
distance from center (km)

The contraction and the increase of
the secondary wind maximum by
nonlinear advection dynamics. 35

favors the formation of a
concentric structure closer
to the core vortex, while

a=1.0 thea=0.7and a=0.5
vortices favor the
formation of concentric
structures farther from the
core vortex.
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Dujuan
(2003)

Examples of asymmetric =
symmetric concentric formations.

~12 hours. Imbudo
(2003)

Initial A (outer deep convection

region - vortex core distance):

Typhoon Dujuan: nearly 0 km
Typhoon Imbudo nearly 50 km e
Typhoon Maemi: nearly 100 km

Typhoon Winnie nearly 260km

FiaB4e 16312 1IBTIBRI 18 9184 2

1
A wide range of radii of concentric ;
eyewalls

Winnie
(1997)

Kuo et al. 2008 37

Terwey and Montgomery, June JGR 2008

(LM TERWEY AND MONTGOMERY: MODELED SECONDARY EVEWALL FORMATION (UM

Tabde 1. List of Secondary Eyewall Formation Hypotheses With Suswmnary of Revance 1 cur Modelad Humicanes”
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Pafnuty Lvovich Chebyshev

Domain Decomposition

10°
Russian mathematician .
(1821~1894) o 0
3 n ) »
- 10 Single Domain Domain Decomposition(2*2)
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SPATIAL RESOLUTION N 1500 1500,
Exponential Convergence 39 2000 -2000
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Domain Decomposition
Numerical Results
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Domain Decomposition
Numerical Results
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Squall line

Hurricane Rita
RAINEX (2005)

ELDORA data
show downward
motion between
the two eyewalls

Large variability

in the vertical
motion

Courtesy of WC Lee
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