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Introdution

• Main motivation: Understanding the dynamis of tropialylones.
• For intensi�ation of a tropial ylone toroidal irulationneeded.

• Buoyany from deep onvetive louds possible mehanismfor driving the toroidal irulation.
• Dissagreements on the role of the buoyany in tropial y-lones.



Conventional buoyany

~b = ~g
ρ − ρref

ρ

(1)

~g = −gk̂ aeleration of gravity
ρ density of the parel

ρref(z) density of the environment at the same height as theparel



Assumption: the pressure of the air parel is equal to that of theenvironment at the same height.Violated in rapidly rotating vorties!



What determens the vertial momentum of a parel?
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Buoyany in rapidly rotating vorties
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Fig.1. Shemati of radial-height ross-setion in a rapidlyrotating vortex.



E�etive gravity:
~ge = (v2

r + fv)r̂ − gk̂Generalized buoyany:
~b = ~ge

ρ − ρref

ρ
. (3)

ρ density of the parel

ρref density of the environment at the same isobari surfae asthe parel



Fig.2. Radial-height ross setion in a balaned TC strength vortex. Buoy-any [m/s2℄ is alulated by omparing parel and environmental temperature:(left) at onstant pressure, (right) at onstant height.
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System buoyany and loal buoyany

ρo, p0, and v0 axisymmetri density, pressure and tangential wind.System buoyany:
~bB = ~ge

ρ0−ρref
ρ0

.Loal buoyany: The unbalaned buoyany due to the individualonvetive louds.



Gradient wind balane:
∂p0
∂r = ρ0(

v2
0
r + fvo).Hydrostati balane:

∂p0
∂z = −ρ0g.Thermal wind balane:
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For any given point on a harateristi surfae (r, z) tells theradial distane and the height.
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Given ρ0(z, R) and v0(r, z, t = 0), (6) and (7) an be solved for

ρ0(r) and z(r) on a given isobari surfae. Then integratingthe hydrostati equation we an �nd a value of another isobarisurfae.



Toroidal vortiity tendenyAbsolute vortiity:
~ζa = ∇× ~v + fẑVortiity equation:
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Baroliniity vetor:

~B = 1
ρ2∇ρ ×∇p



In z-oordinates:
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The radial gradient of the buoyany on isobari surfaesis a more appropriate measure of the horizontal vortiitytendeny!



(r, λ, z), ~v = (u, v, w)If initially:
~v = λ̂v(r, z)
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Conlusions

• Buoyany fore depends on the hoie of referene density. Itis not unique. Therefore, the perturbation pressure gradientfore is not unique either. Only their sum is unique.

• For rapidly rotating vorties the generalized buoyany de�ni-tion is more appropriate. It has a radial omponent whih isdue to the Coriolis fore and the entrifugal fore.



• If the hosen ρref is the one that is in thermal wind balanewith the tangential �ow, then the system buoyany is zero byde�nition and the buoyany fores are a result of asymmetribuoyany anomalies.
• In pressure oordinates, the azimuthal vortiity tendeny equalsthe radial density gradient along the isobari surfae only. In

z and σ oordinates there is an additional term whih orre-sponds to the vertial hange of density in the presene ofentrifugal and Coriolis fores.


