What is thermohaline convection?
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Salt-finger experiment

http://www.ualberta.ca/~bsuther/eifl/teaching/saltfingers/index.html



Convective transport

Mixing-length treatment



Fluxes

v B 3 ~rP

rad = 167macGT*m

4acG T%m 4ac T?
Frad — QV —
3 wPr 3 prHp
dac T#
rad T+ Fcon 3 prHp rad
3kpH

Viad =V + PP




Fluxes
3/4,pHp

Viad =V
rad + 4acT4

Feon

02 _3/2
Fcon = PCPT\/9754—:/1§HP3/ (V — Ve)3/?

3kp%cp [g6 45 3/2
V —V = V-V
rad 4acT3 \ Hp 4\@( )

3kp%cp [ g8 3/2 _ 9,1 3/2
SacT3 \| 8Hp m( 2 gV ¢ e)

3acT3 |[8Hp
cpp?rlim\ 9o

U —=



Heat loss
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Heat loss

Ve—Vaqg 6acT>
V—Ve  kp2cpbmu

la
SHp

3
V — Ve kp2cp\ gd (%,

ve = go(V — Ve)




Combined equations
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Solar model
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Combined equations
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Combined equations
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Combined equations
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Limiting cases
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Energy transport
by convection
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In most of the star p is so large
that even a minute V — V4
IS enough to transport the energy.
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Solar granulation
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Nordlund et al. (2009; LRSP 6, 2)



Convection simulations

Conservation of mass:

a(l;p=—fr-Vlnp—V-Tr (1)

Conservation of momentum:
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Conservation of energy:
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(Jraq = radiative heating/cooling rate

(J;» obtained from the equation of radiative transfer



Granulation simulation

Nordlund et al. (2009; LRSP 6, 2)



toon

Convection car



http://www.astro.ku.dk/~aake/talks/Meudon99/0/index1.html

Comparing
with reality

Simulations * PSFI48 cm telescope + seeing)
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253x253x163
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How do we determine mixing length?

b = avLHp

L. 25
* 7 from solar calibration :

e From 3D simulations
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