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Outline of this lecture
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Instructor : Masaki Ishiwatari (Room 8-205)

Contents: Descriptions of Fluid Phenomena in rating frame
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Review of fluid mechanics, Basics of Geophysical Fluid Mechanics

Students are assumed to have acquired basics of fluid mechanics. Students who
have not studied fluid mechanics can take this lecture, but such students should
work quite hard
MANZOMBZANRET D, RANFEEZRFZEDALBEZZRDEIEIT M.
M HrEsR > TZEWY
Method of lecture: online lecture with zoom
REDGTE zoomZRAW=AU 31 U1R%E,
Concurrent lecture of graduate school and undergraduate
REBEEFERBDIRFE D K FEIFHE.
Evaluation : by report (one or two times)
Efli: 1. 2[BDLKR—k
Web page:
https://www.gfd-dennou.org/arch/lecture/Hokudai-sci-wakuseikishou/2021/

Contact from instructor: e-mail or ELMS
BEICRET AEL: A—JLELLILELMS



What is Geophysical Fluid Dynamics?
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* Fluid dynamics in rotating frames with stratification
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 Basic ideas
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« All flows in atmospheres, ocean, rotating tank, glass, soup
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e understood with a common framework
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mmon key words: waves, instability, convection
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« The spirit of traditional theoretical physics is applied to fluid
phenomena in planets and astronomical objects
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Earth’s Atmosphere
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http://www.nineplanets.org/pxearth.html

Hadley circulation and baroclinic distrubances (cyclones and anti-cyclones)
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Mars’s Atmosphere
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June 26, 2001 September 4, 2001

http://photojournal.jpl.nasa.gov/catalog/PIA03173

Global dust storms
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High-resolution exp. on Mars’s atmosphere
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Baroclinic disturbances
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Jupiter
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Banded structure, Vortices
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* Many of discovered
low-mass exoplanets
exist near host stars
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http://exoplanet.eu/catalog
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* Synchronously
rotating planets
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Atmospheres of synchronously rotating planet
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365 day mean with changing viewpoint
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Yellow circle: subsolar point Color: surface temperature Contours : rain
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Earth’s Ocean
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Wind driven circulation
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Deep water circulation
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Hartmann (1994) [C&KD
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Deep water circulation (Thermohaline circulation)
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Earth’s interior
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Ii%tfj;r(};',; EBL:% ﬂﬁe of the Earth Plate tectonics
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Crustal Plate Boundaries
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Mantle convection, Core convection, Maintenance of magnetic field (Dynamo theory)
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Sun
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FUFVEZR(NGC1976-7, M42, 41U A /FE)

IC434 Horsehead nebula (constellation Orion )

EBEEE (YA EE) M42 Orion Nebula
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Proto-planetary nebula
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Warped Disk - Beta Pictoris HST - WFPC2

PRC96-02 - ST Scl OPO - January 17, 1995 - C. Burrows and J. Krist (ST Scl), WFPC2 IDT, NASA

ubblesite.org/newscenter/archive/1996/02/imaqge/a
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Turbulent mixing, disc instability
ERES. TARIVFRE


http://hubblesite.org/newscenter/archive/1996/02/image/a

listory of GFD
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« Late 1950’s-1960’s :appearance of : T ,
movement of considering with GFD ENIAC (1950.4.4)
1950% F-1960F X : GFDELVS A T o
BZFIELORENTFD

« USA government investment in
numerical weather prediction
HEXKFHERIC
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« General Circulation Research
Laboratory (USA) was renamed to
Geophysical Fluid Dynamics
Laboratory(1963) |
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« 1970-1980’s: some success stories of GFD
1970-19804E X : GFD M L]

« After 1970’s :Efforts for polishing up theoretical framework
1970F K LUE (A RIEDES S

WHOI summer school (http://gfd.whoi.edu/proceedings)
« Many textbooks:Charney (1973), Pdelosky (1979), Vallis (2006)




Pressure (hPa)

Success stories of GFD
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« FRIBFE_FIRE (Quasi-biennial Oscillation)
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Yang et al. (2012, JAS) Holton(1972) ,Lindzen(1987)

« FEEZERF B (Sudden Stratospheric warming)

» Discovery
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Current status fo GFD
HhEBKRIR D= D IR

From theory to numerical calculation
HEmMOBUERTEA
* Computational fluid dynamics
BIERENF
Numerical model is becoming more complicated
ETILDOEHI
« Understanding model is becoming more difficult
ETILDEFEN LY EEIC
« Itis common to use model which is developed by other institutes
LS &E XM ADNBRFEDET ILEFESICENHZYREIZEOTLNS
Amount of data is becoming more huge
T—3DE
« Data size is increasing exopenentially.
HRT AL BUES ET — 2L A XA KREEN
« To make only one figure needs hard work
1RORZESEITTE—&E S
Chance of passing the concept of GFD is becoming reduced
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For non-Japanese students, contact instructor individually
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Today’s tasks
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 Answer an enguete
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« Download question sheet from

https://www.gfd-

dennou.org/arch/lecture/Hokudai-sci-

wakuseikishou/2021/0412_Intro/pub/enquete_20210412.pdf
e Submit by mall

o
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o

momoko@gfd-dennou.org
. BEEMDOA Y AO—K(Japanese only)

https://www.gfd-dennou.org/arch/lecture/Hokudai-sci-
wakuseikishou/2021/0419 FluidDyn/pub/Note_FluidDyn.pdf



References
Z & 3k

B A S (GFD) : #%£41(2007) XX, 54, 937-940
HEKE RGN NF R HZF R (1996) 5IKRES
R[RENFEF /IDERIL(1978) REXFHRE
HEKGRAENF AR RMEZ(1983) RIEEH IR
Geophysical Fluid Dynamics: J. Pedlosky (1986)
Springer-Verlag

An Introduction of dynamic Meteorology: J. Holton(2004)
Elsevier Academic Press

Atmospheric and Oceanic Fluid Dynamics: G. Vallis
(2006) Cambridge Univ. Press

https://pne.people.si.umich.edu/sloan/center_descriptions
/1.GFDL.html




