Isaac Newton
Principia 1687

Nature and nature’s law
lay hid in night,

God said,

Let Newton be,

and all was light.
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Fluid Dynamics
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fv: E-W Coriolis force
Conservation of angular momentum, 3 #E :}_E_v_

Hadley 1735

w45
m fu: N-S Coriolis force
Centrifugal force, thermal wind balance ¥ s A
Ferrel, 1859
m Coriolis force, Coriolis, 1835  #* =< 4
A Falkland ship battle in WW |
m Laplace, (1740-1827)
Atmospheric Observational net work (1800-1815)
Hydrostatic balance approximation
Tidal wave equation,
Laplacian
Adiabatic sound speed
Brief History of Fluid Dynamics
Newton 1700s Viscosity ~ Law of motion L
. 18+ %
for a particle
Euler 1750s Equations for inviscid flow, Law of
D. Bernoulli motion applied to fluids
Navier 1827 Equations for viscous fluid flow
Stokes 1845
. . . . 198 %
Boussinesq 1877 Turbulent mixing, eddy viscosity
Reynolds 1880 Transition to turbulence, Reynolds
number
G. L. Taylor 1915-1970 Geophysical flows, rotating flows
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Development of Thermodynamics 4 g

19 century

First law: Energy is what makes it go and
energy is conserved. -z
AQ= AU+ WORK “
Second law: Entropy tells it where to go!
Yo
Joule, Rudolf Clausius, Lord Kelvin and

others

Macro --- Micro

Classical and Statistical Thermodynamics
LR

Ludwig Boltzmann, 1844-1906, whose work led

to an understanding of the macroscopic world on

the basis of molecular dynamics.

S=klLogW

Precipitation

Enthalpy
Entropy

Gibbs Free energy
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BOLTZMANN

1844 - 1906

Ideal Gas Law Equation of State 32 £ # 1 * 42

W 1662, Boyle law, PV =c when T = c.
MW 1787, Charles law, VIT =c when P =c.

W 1803, Gay-Lussac law, P/IT =cwhenV =c.
W 1811, Avagardro, 1 mole gas is 22.4 | in

volume.

Universal Gas Constant
R*=8314.3 J /(deg.» kmol)

PV=nR*T

PV=m/MR*T P=m/VR*MT
P= p RT,R=R*M

Ra= 287 J/deg.kg (R*/Mad)

Rv = 461 Jideg.kg  (R*/Mv)




Planck, Unwilling Revolutionary: the idea of quantization
- 1900

130

T Bl T

120 {1 Hall of Fame in Science
110
g 1 Gravitational Law
90

80 ]
70

1 Blackbody Radiation

80

Ty T e T T

50

1 E=MC"2

BLACKBODY RADIANCE (MW m™2 um™')

@
S
L

=)
T

WAVELENGTH (um)

Figure 8.7 Spectra of emitted intensity B,(T") for blackbodies at several temperatures, with
wavelength of maximum emission A,,(7) indicated.

The Ultimate Problem in Meteorology  Bjerknes 1911

I The Present state of the atmosphere must be characterized
as accurately as possible. it FE eFiBLIB|  F IR K
[ €@z ¢ R]

II The intrinsic laws, according to which the subsequent states
develop out of the preceding ones, must be known.
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Numerical Weather Prediction #c & % § 3 3F
[% - 3% % *ENIAC, EBV model, 1950]

The Observation component BLiP|

The diagnostic or analysis component 5 %74 47
The prognostic component 3§ 3¢




F4 (1819
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Potential vorticity in a moist atmosphere
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Four aspects to understanding the dynamics

(i). Advective dynamics ( adiabatic manifold)
waves, turbulence, coherent vortex, and balanced 2" circulations

(ii). Frictional source/sink ( frictional manifold)
PBL, topographic friction, turbulence cascade

(iii). Diabatic source/sink ( diabatic manifold)

(iv). Precipitation effect




N Palinstrophy
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Leonardo da Vinci (1452-1519)  Multiple Scale Interactions

Steady and Turbulent Flows
“Observe the movement of the surface of 4 & = g % 5 (£ %

the water which resembles that of hair
which has two motions, of which one
depends on the weight of the hair and the
other on the direction of the curls. Thus
water forms eddying whirlpools of which
one part depends on the predominant
current and the other on the incidental
motion and the return flow.”




Taylor’s Experiment 1916
Strong Rotational Fluids

<«—Taylorcolumn

Dye released from point A divided at
point S, as if it had been blocked by
an upward extension of the cylinder.

Dye released from a point B within the
Taylor column remained there and
moved with the cylinder.

The polar vortex traps the CIO rich air
over Antarctica for many months. The
polar vortex also prevents the lateral
mixing of warm air into the pole
region.

The phenomenon

is analogous to the horizontal
blocking caused by a solid body in a
strong stratified system.

Burger Number Rossby number
Froude number

Development of Fluid Dynamics in the 20th Century

Geophysical Fluid Dynamics (GFD)
is for those interested in doing research in
the physics, chemistry, and/or biology of

Earth fluid environment.

~ McWilliams




® Vorticity Equation 9 , ;. VE+EV-T)=C- VV+V><[—1Vp]
Helmholtz (1858)  or P

dcC,
® Kelvin’s Circulation Theorem "= $U. = ~§pdp
Stokes’ Theorem (1869) §V.d1 :”(ny).dA
1
® Bjerknes (1898) VX(—VPJ
s £vo
® Ertel/Rossby Potential Vorticity (1942) PV L
® Stommel’s Model (1961) 5
— Western Boundary intensification d '/2’ +ﬂd_'/’ =7
— Physical oceanography dx dx
— PV B.C.y=0atx=0,L
® Haynes and Mcintyre (1987)
- . = 00
Impermeability theorem . Vo=¢,—

— PV substance




