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Α. Βασικές Εξισώσεις

i. Momentum Equation:

Material derivative

Force potential

Pressure gradient

Non-conservative forces 
             e.g. 
                               
             (see next transparency)

Non-linearity

In the ocean, 
usually 
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Διάχυση ιδιοτήτων - ιξώδες

Τυχαίες (µοριακές) κινήσεις µεταφέρουν ιδιότητες (π.χ. q) στο ρευστό,

• Flux=Force/Resistance    (De Groot, 1963)

Flux of q
Force (gradient)medium Resistance

Για την ταχύτητα: resistance is µ (molecular viscosity) 
and ν=µ/ρ (kinematic viscosity):
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Why is viscosity a non-conservative force?

Multiplying by ρu  

Energy Flux (Divergence 
of viscosity times the 
gradient of energy)

Loss of Mechanical Energy 
(Transformation to heat – always 

negative)

Local rate of 
change of energy 

concentration

Ignoring any other force and density variations (and 
working only in one dimension for simplicity): 

In three-dimensions  The heat added to the 
water increases its 
entropy at the rate of heat 
generation divided by 
absolute temperature 
(entropy source term).
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ii. Διατήρηση της µάζας (continuity equation):

Mass flux to the volume (x=direction)

Mass flux from the volume (x=direction)

Accumulation

small terms

In 3-D:

This accumulation must be accompanied by increase of mass in the volume 
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iii. Conservation of dissolved material concentration:

and using the continuity equation

qSq
Dt
Dq

+∇= 2κ

( ) ( ) qSq
t
q

=∇+
∂

∂ uρ
ρ non conservative sources 

and sinks of q 
e.g. q2∇κ

iv. Internal energy conservation:

Qp
Dt
De

ρρ +∇−= u

Change of internal energy 
due to pressure variations

cooling/heating

1st Law of Thermodynamics

Q
Dt
Dp

Dt
De

+⎟⎟
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⎞
⎜⎜
⎝

⎛
−=

ρ

1
and using the continuity equation

For the ocean (and the atmosphere) κ 
is of the order of ν, i.e. the Prandtl 
number  

thus advection dominates diffusion 
(as Re is very large).

ν /κ =O 1( )

v. Entropy conservation:
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k

q
k

kSQ
Dt
DT µ
η

cooling/heating
Temperature Τ(Κ)

µk chemical potential

2nd Law of Thermodynamics



vi.  Equation of state:

In reality the thermal expansion coefficient depends on temperature (cabelling) and the non-linearity induced 
has the result that  two water masses characterized by a different temperature and salinity but same density 
when mix together, the resulting mixed water can become denser and eventually sinks. Thermal expansion 
coefficient is also dependent on pressure (thermobaricity). For this reason two water masses with different 
salinity and temperature but same density at the surface, don't have the same density below the surface.

ocean q = S(psu)
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Typical values  ρ0=1028 kg/m3, 
T0=10 oC=283 oK, S0=35 ‰

Boussinesq 
Equation of State

Neglecting possible 
thermobaric instability 
and cabelling instability

Thermal expansion coefficient Haline contraction coefficient
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Oceanic approximations
Incompressibility
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Linearized equation of state under incompressibility

Boussinesq 
Continuity 
Equation
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Equation of State
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Boussinesq 
Equations

113
p K104 −−−×   J kg=c

•  Entropy and density conservation 
equations become redundant due to 
the thermodynamic approximations  

•  Boussinesq approximations cancel 
acoustic and shock waves, it is a 
good approximation since 

•  When the right hand side of 
equations (3) and (4) is zero, the 
processes are called adiabatic.
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Boundary conditions
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Εξισώσεις διατήρησης: Παράδειγµα: Ηµίκλειστες Λεκάνες

Mediterranean Sea

Red Sea

Black Sea

Baltic Sea

Arabian Gulf



Ηµίκλειστες Λεκάνες

Λεκάνη συµπύκνωσης 
Concentration basin

Λεκάνη αραίωσης 
Dilution basin
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Ω
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Σταθερό σύστηµα (F) 
Περιστρεφόµενο σύστηµα (R) 

 Στο περιστρεφόµενο σύστηµα κάθε διάνυσµα  
µπορεί να γραφεί 

Για τον παρατηρητή στο σταθερό σύστηµα τα µοναδιαία διανύσµατα 
του περιστρεφόµενου συστήµατος (i) µεταβάλουν τη θέση τους µε 
το χρόνο. Άρα η χρονική µεταβολή  του διανύσµατος P είναι

 Για τον παρατηρητή του περιστρεφόµενου συστήµατος η 
µεταβολή του P είναι οι τρεις πρώτοι όροι, άρα

d i

d θ

a

Ω

Η µεταβολή του i σε χρόνο dt 
είναι

sin a
Άρα µπορούµε να γράψουµε

(1)

P = P1i1 + P2i2 + P3i3

✓
dP

dt

◆

F

=
d

dt
(P1i1 + P2i2 + P3i3)

= i1
dP1
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dP2

dt
+ i3

dP3

dt
+ P1

di1
dt

+ P2
di2
dt

+ P3
di3
dt

✓
dP

dt

◆

F

=

✓
dP

dt

◆

R

+ P1
di1
dt

+ P2
di2
dt

+ P3
di3
dt

|di| = sin a d✓ )

) di

dt
= sin a

d✓

dt
= ⌦ sin a = ⌦⇥ i

(a⇥ b = a · b · sin' · n)

✓
dP

dt

◆

F

=

✓
dP

dt

◆

R

+ ⌦⇥P



Η επιτάχυνση Coriolis

(2)

(3)

(2)&(3)

= 0
Coriolis 

acceleration
Centrifugal 
acceleration

Χρησιµοποιώντας την (1)
✓
dr

dt
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F

=

✓
dr
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R

+ ⌦⇥ r

✓
duF

dt
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R
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duR
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dr
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R

+ ⌦⇥ (uR + ⌦⇥ r)

=
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duR

dt

◆

R

+ 2⌦⇥ uR + ⌦⇥ (⌦⇥ r) +
d⌦

dt
⇥ r



= 0
small term 

(correction in g)
Coriolis 

acceleration

The β term

• Δεν υπάρχει επιτάχυνση Coriolis σε ακίνητα σώµατα  
• Στα γεωφυσικά ρευστά επικρατεί η οριζόντια εκτροπή (δεξιά ή αριστερά). 
• Η δύναµη Coriolis δεν παράγει έργο (κάθετη στην κίνηση)..

✓
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✓
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◆

R
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dt
⇥ r

geffective ' �g + ⌦⇥ (⌦⇥ r)x ! �2⌦ sin(')� + 2⌦ cos(')w

y ! 2⌦ sin(')u

z ! �2⌦ cos(')u

f = 2⌦ sin(')

� =
@f

@y
'

@f

Rearth@'
=

=
@ (2⌦ sin('))

Rearth@'
=

2⌦ cos(')

Rearth

(for small changes in ' : sin(') ' ')



The “mean” state
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Reynold’s decomposition and Turbulence:



• Molecular diffusion and viscocity 
κT = 0.0014 cm2/sec   (temperature) 
κS = 0.000013 cm2/sec  (salinity) 
ν = 0.018 cm2/sec at 0°C  (0.010 at 20°C) 

Turbulence has the same coefficients for 
temeprature, salinity and momentum but is 
anisotropic (vertical/horizontal) 

•

First order closure scheme:
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• Eddy diffusivity and viscosity 
AH = (horizontal) = 1 to 104 m2/sec  
AV = (vertical) = 10-5 to 10-4 m2/sec 
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@z2



Casc
ad

e o
f e

nerg
y

In
ver

se 
ca

sca
de

 (c
lim

ati
c 

ac
cu

mulat
ion

)



v. Ανάλυση κλίµακας - Scaling

Ορισµός 
φαινοµένου 
προς µελέτη

Επιλογή 
κατάλληλων 
κλιµάκων 

Απλοποίηση 
εξισώσεων 
εργασίας

Λύση – µελέτη 
βασικών 
ισορροπιών

Οι βασικές εξισώσεις περιλαµβάνουν µεγάλο αριθµό διαδικασιών (από µοριακή κλίµακα µέχρι 
παγκόσµια κλίµακα). Ανάλογα µε το φαινόµενο που θέλουµε να µελετήσουµε, µπορούµε να 
επιλέξουµε τις κατάλληλες κλίµακες για αυτό το φαινόµενο. 

u, � ! U x, y ! L

w ! W z ! H

t ! T ⇠
L

U
⇠

H

W

f ! f(y)

⇢ ! ⇢0

@⇢ ! �⇢

g ! g

...

SCALING
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Re =
Non-linear terms

Molecular Viscosity
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Scaling 
numbers



Γεωστροφική/υδροστατική προσέγγιση (µεγάλες κλίµακες)

Για σύστηµα που χαρακτηρίζεται από:

Ro =
U

fL
⌧ 1 Ek =

AH

fL2
⌧ 1

 
H

L
⌧ 1

!

@u

@t
+ u

@u

@x
+ �

@u

@y
+ w

@u

@z
= �

1

⇢0

@p

@x
+ f� +AH

@2u

@x2
+AH

@2u

@y2
+AV

@2u

@z2

@�

@t
+ u

@�

@x
+ �

@�

@y
+ w

@�

@z
= �

1

⇢0

@p

@y
� fu+AH

@2�

@x2
+AH

@2�

@y2
+AV

@2�

@z2

@w

@t
+ u

@w

@x
+ �

@w

@y
+ w

@w

@z
= �

1

⇢0

@p

@z
� g +AH

@2w

@x2
+AH

@2w

@y2
+AV

@2w

@z2

The geostrophic – hydrostatic limit
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Μοντέλα διακριτών 
στρωµάτων 

*Δυναµική των Ρευστών



Εξισώσεις αβαθούς ωκεανού (Single-shallow 
layer dynamics)

   (free surface)

   (flat bottom)
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hydrostatic approximation holds
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Εξισώσεις διατήρησης της ορµής 

Τώρα                    ανεξάρτητο από το z και άρα οι ταχύτητες u και υ είναι 
ανεξάρτητες από το z, δηλ. (u,υ) = f (x,y,t). 

⌘ = f(x, y)



Εξίσωση διατήρησης της µάζας
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d
dt
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) = 0

Earth’s 
rotation
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Spinning

Potential Vorticity (δυναμικός στροβιλισμός)
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<latexit sha1_base64="Toq6R4uNrHCJzPiQRcSYi+LGgXY=">AAACGXicbVBNS8NAEN3Ur1q/qh69LBZBEUoiRT0WvHhUsLbQlLLZTNqlmw92J0IN+Rte/CtePCjiUU/+G7dtDmp9MPB4b4aZeV4ihUbb/rJKC4tLyyvl1cra+sbmVnV751bHqeLQ4rGMVcdjGqSIoIUCJXQSBSz0JLS90cXEb9+B0iKObnCcQC9kg0gEgjM0Ur9quzxQjGd+nvmYuxICPCwk9x6Q9W16TIM8G+auEoMhHvWrNbtuT0HniVOQGilw1a9+uH7M0xAi5JJp3XXsBHsZUyi4hLziphoSxkdsAF1DIxaC7mXTz3J6YBSfBrEyFSGdqj8nMhZqPQ490xkyHOq/3kT8z+umGJz3MhElKULEZ4uCVFKM6SQm6gsFHOXYEMaVMLdSPmQmFjRhVkwIzt+X58ntSd05rTeuG7Vmo4ijTPbIPjkkDjkjTXJJrkiLcPJAnsgLebUerWfrzXqftZasYmaX/IL1+Q0+TqEC</latexit>
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<latexit sha1_base64="nPKErUBaGq2FrzpZ/nWfi6ZkvVM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2A9oQ9lsp+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoLp3dzvPKHSPJIPJo3RD+lY8hFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHEkhClYYJq3fPc2PgZVYYzgbNSP9EYUzalY+xZKmmI2s8Wh87IhVWGZBQpW9KQhfp7IqOh1mkY2M6Qmole9ebif14vMaNbP+MyTgxKtlw0SgQxEZl/TYZcITMitYQyxe2thE2ooszYbEo2BG/15XXSvqp619Vas1ap1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD5nWM+A==</latexit>y

<latexit sha1_base64="yUaXGUYvNwCkYqPCWMk1IHLDprU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2FZoQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6zWmrVKvZbHUYQTOIVz8OAK6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f5PGM9w==</latexit>x

<latexit sha1_base64="dTxBx4tZn0nTPbG/hTd50fK0bVE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6jHgxWMENwkkS5idzCZD5rHMzIphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHfFKWfG+v63t7a+sbm1Xdop7+7tHxxWjo5bRmWa0JAornQnxoZyJmlomeW0k2qKRcxpOx7fzvz2I9WGKflgJymNBB5KljCCrZPaYT8X+Gnar1T9mj8HWiVBQapQoNmvfPUGimSCSks4NqYb+KmNcqwtI5xOy73M0BSTMR7SrqMSC2qifH7uFJ07ZYASpV1Ji+bq74kcC2MmInadAtuRWfZm4n9eN7PJTZQzmWaWSrJYlGQcWYVmv6MB05RYPnEEE83crYiMsMbEuoTKLoRg+eVV0rqsBVe1+n292qgXcZTgFM7gAgK4hgbcQRNCIDCGZ3iFNy/1Xrx372PRuuYVMyfwB97nD4vgj60=</latexit>

Umax

<latexit sha1_base64="gw2YtMszpJFr8JG3Dl6GFNrwD8g=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF4+t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjm5n/8IRK81jem0mCfkSHkoecUWOl5l2/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6zWmrVKvZbHUYQTOIVz8OAK6nALDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fq1mM0Q==</latexit>

R

<latexit sha1_base64="dTxBx4tZn0nTPbG/hTd50fK0bVE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6jHgxWMENwkkS5idzCZD5rHMzIphyUd48aCIV7/Hm3/jJNmDJhY0FFXddHfFKWfG+v63t7a+sbm1Xdop7+7tHxxWjo5bRmWa0JAornQnxoZyJmlomeW0k2qKRcxpOx7fzvz2I9WGKflgJymNBB5KljCCrZPaYT8X+Gnar1T9mj8HWiVBQapQoNmvfPUGimSCSks4NqYb+KmNcqwtI5xOy73M0BSTMR7SrqMSC2qifH7uFJ07ZYASpV1Ji+bq74kcC2MmInadAtuRWfZm4n9eN7PJTZQzmWaWSrJYlGQcWYVmv6MB05RYPnEEE83crYiMsMbEuoTKLoRg+eVV0rqsBVe1+n292qgXcZTgFM7gAgK4hgbcQRNCIDCGZ3iFNy/1Xrx372PRuuYVMyfwB97nD4vgj60=</latexit>

Umax

<latexit sha1_base64="nPKErUBaGq2FrzpZ/nWfi6ZkvVM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2A9oQ9lsp+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoLp3dzvPKHSPJIPJo3RD+lY8hFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHEkhClYYJq3fPc2PgZVYYzgbNSP9EYUzalY+xZKmmI2s8Wh87IhVWGZBQpW9KQhfp7IqOh1mkY2M6Qmole9ebif14vMaNbP+MyTgxKtlw0SgQxEZl/TYZcITMitYQyxe2thE2ooszYbEo2BG/15XXSvqp619Vas1ap1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD5nWM+A==</latexit>y

<latexit sha1_base64="yUaXGUYvNwCkYqPCWMk1IHLDprU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2FZoQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVu6zWmrVKvZbHUYQTOIVz8OAK6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f5PGM9w==</latexit>x
<latexit sha1_base64="LViZfiuuFtnsBgER4WYvsHr4X5M=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KokU9VjQg8cK9gPaUDbbSbt0s4m7E7GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxhdT/3WI2gjYnWP4wT8iA2UCAVnaKV29wYkMvrUK5XdijsDXSZeTsokR71X+ur2Y55GoJBLZkzHcxP0M6ZRcAmTYjc1kDA+YgPoWKpYBMbPZvdO6KlV+jSMtS2FdKb+nshYZMw4CmxnxHBoFr2p+J/XSTG88jOhkhRB8fmiMJUUYzp9nvaFBo5ybAnjWthbKR8yzTjaiIo2BG/x5WXSPK94F5XqXbVcq+ZxFMgxOSFnxCOXpEZuSZ00CCeSPJNX8uY8OC/Ou/Mxb11x8pkj8gfO5w+UPY+j</latexit>

�x

Relative vorticity of geophysical flows

Eddy - δύνη Jet

Anticyclonic 
(αντικυκλωνική)

Cyclonic 
(κυκλωνική)

North hemisphere

* opposite in southern hemisphere

<latexit sha1_base64="KnT4gufTywXNP1BCJxuBRwrAn50=">AAAB8HicbVA9SwNBEJ3zM8avqKXNYhCswp0EtbAI2FhGMB+SHGFvM5cs2b07dveEeORX2FgoYuvPsfPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ARNgw3AtuJQioDga1gdDP1W4+oNI+jezNO0Jd0EPGQM2qs9NB9QkPJNXF7pbJbcWcgy8TLSRly1Hulr24/ZqnEyDBBte54bmL8jCrDmcBJsZtqTCgb0QF2LI2oRO1ns4Mn5NQqfRLGylZkyEz9PZFRqfVYBrZTUjPUi95U/M/rpCa88jMeJanBiM0XhakgJibT70mfK2RGjC2hTHF7K2FDqigzNqOiDcFbfHmZNM8r3kWlelct16p5HAU4hhM4Aw8uoQa3UIcGMJDwDK/w5ijnxXl3PuatK04+cwR/4Hz+AIj4j4s=</latexit>

⇣ < 0
<latexit sha1_base64="iFkGEkSFV2XM1r18/xfQoUezohU=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KokU9SQFLx4r2A9pQ9lsJ+3S3STsboQa+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBY+wYbgR2E4UUhkIbAWjm6nfekSleRzdm3GCvqSDiIecUWOlh+4TGkquidsrld2KOwNZJl5OypCj3it9dfsxSyVGhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjaUQlaj+bHTwhp1bpkzBWtiJDZurviYxKrccysJ2SmqFe9Kbif14nNeGVn/EoSQ1GbL4oTAUxMZl+T/pcITNibAllittbCRtSRZmxGRVtCN7iy8ukeV7xLirVu2q5Vs3jKMAxnMAZeHAJNbiFOjSAgYRneIU3RzkvzrvzMW9dcfKZI/gD5/MHjASPjQ==</latexit>

⇣ > 0

<latexit sha1_base64="5C632vWOeZSznx023tOvIlEIqMM=">AAACNXicbVDNS8MwHE39nPOr6tFLcAheHK0M9SIMvHjwMMF9wFpGmqVbWJqWJBVr6T/lxf/Dkx48KOLVf8F0Kzg3HwQe771fkt/zIkalsqxXY2FxaXlltbRWXt/Y3No2d3ZbMowFJk0cslB0PCQJo5w0FVWMdCJBUOAx0vZGl7nfviNC0pDfqiQiboAGnPoUI6WlnnntPBCF4AV0sC8QTp0ICUURg04cScpCnv1K99nxbCqespOsZ1asqjUGnCd2QSqgQKNnPjv9EMcB4QozJGXXtiLlpvmFmJGs7MSSRAiP0IB0NeUoINJNx1tn8FArfeiHQh+u4FidnkhRIGUSeDoZIDWUs14u/ud1Y+WfuynlUawIx5OH/JhBFcK8QtingmDFEk0QFlT/FeIh0r0oXXRZl2DPrjxPWidV+7Rau6lV6rWijhLYBwfgCNjgDNTBFWiAJsDgEbyAd/BhPBlvxqfxNYkuGMXMHvgD4/sH9m6tXg==</latexit>

⇣ =
@�

@x
�

@u

@y

<latexit sha1_base64="6x8Vu2tZgR/v/oduA1jWv+Y87kE=">AAACCnicbVC7TsNAEDyHVwivACXNQYREFdlRBJSRaCgDwkmkOIrOl3Vyyp1t7s6IYLmm4VdoKECIli+g42+4PApIGGml0cyudnf8mDOlbfvbyi0tr6yu5dcLG5tb2zvF3b2GihJJwaURj2TLJwo4C8HVTHNoxRKI8Dk0/eHF2G/egVQsCm/0KIaOIP2QBYwSbaRu8dB7AE2wp5iAW+zRQBKaVrDbTQW5z7L0OusWS3bZngAvEmdGSmiGerf45fUimggINeVEqbZjx7qTEqkZ5ZAVvERBTOiQ9KFtaEgEqE46eSXDx0bp4SCSpkKNJ+rviZQIpUbCN52C6IGa98bif1470cF5J2VhnGgI6XRRkHCsIzzOBfeYBKr5yBBCJTO3YjogJg1t0iuYEJz5lxdJo1J2TsvVq2qpVp3FkUcH6AidIAedoRq6RHXkIooe0TN6RW/Wk/VivVsf09acNZvZR39gff4ARO2anA==</latexit>

⇣ '
2Umax

R

<latexit sha1_base64="5GPxsfUgLLNP3aBeW5OaiNShTKc=">AAACEHicbVA9SwNBEN2LXzF+RS1tFoNoFe4kqGVAC8sIXhLIhbC3mUuW7N6du3uSeNxPsPGv2FgoYmtp579x81Fo4oOBx3szzMzzY86Utu1vK7e0vLK6ll8vbGxube8Ud/fqKkokBZdGPJJNnyjgLARXM82hGUsgwufQ8AeXY79xD1KxKLzVoxjagvRCFjBKtJE6xWPvATTBnmIC7rBHA0loit1OKsgwy1LvCrixh1mnWLLL9gR4kTgzUkIz1DrFL68b0URAqCknSrUcO9btlEjNKIes4CUKYkIHpActQ0MiQLXTyUMZPjJKFweRNBVqPFF/T6REKDUSvukURPfVvDcW//NaiQ4u2ikL40RDSKeLgoRjHeFxOrjLJFDNR4YQKpm5FdM+MZlok2HBhODMv7xI6qdl56xcuamUqpVZHHl0gA7RCXLQOaqia1RDLqLoET2jV/RmPVkv1rv1MW3NWbOZffQH1ucPCZOdMg==</latexit>

⇣ '
Umax

�x



Μοντέλα στρωµάτων (Reduced gravity models)

Homogeneous !
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Η h
z

P1, ρ1

P2, ρ2 ΗT →∞

P1 = Pa � ⇢1gz and P2 = Pa+ ⇢1gh� ⇢2g (z + h)

rHP2 = 0

) rHPa + ⇢1grHh� ⇢2grHh = 0
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Η h
z

P1, ρ1

P2, ρ2 ΗT →∞

Reduced gravity  
equations

Τώρα µπορούµε να γράψουµε τη 
συχνότητα Brunt Vaissala: 

Και η Internal Rossby Radius of deformation: 
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