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13 Stars notes 2019/09/27 - Fri - Heat transport by

convection

Last time we found that velocity of convection can be quite big if ∆ρ/ρ ∼ 1 at a scale
height. Now want to turn this around to find a realistic ∆ρ/ρ.

13.1 Motion and Profile in Unstable Case (continued)

What is gradient required to carry flux? Our aim is to figure out how big ∆ρ/ρ
needs to be to carry a useful flux. This sets the temperature profile.

Generally a gradient only very slightly more than the adiabatic one is required.
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What flux will convection carry when ∆ρ/ρ|`=H � 1. for transport

Flux = v(energy density)

the energy density is the kinetic energy so then when efficient,

Fconv ' ρv3c

so then with v =
√
g`∆ρ/ρ

F = ρ(g`)3/2
(

∆ρ

ρ
|`=H

)3/2

then with ` = H = kT/mpg gives

Fconv = ρ
kT

mp
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)3/2
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ρ
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note we still havent evaluated the density contrast.
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We’d like to compare this to something, to set flux scale,
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where τ = κρR. so then taking the ratio
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Outer Part (surface of the sun) putting in the values P/Pr ≈ 104 and T = 104 K, which
gives cs ≈ 106 cm/s (c = 3× 1010cm/s). then
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]2/3
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In the outer parts of stars, where τ < 100 or so, if convection is occurring it is vigorous
implies that ∆ρ/ρ ∼ 1 and vc ∼ cs. One has to do a case like this numerically really
because the approximations we are talking about here fall apart.

Now in the interior τ �� 1 then
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note that R/cs = tdyn, the thing in [] is actually the Kelvin-Helmholtz (thermal) time.
Note that the pressure factor is there in front of the random walk time because most of the
energy is not in the photons. so we get
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for sun ≈ 107 years

1 hour
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really big (times the density contrast). This is implies that for convection to be efficient in
a stellar interior it only needs

∆ρ

ρ
∼
(
tdyn
tKH

)2/3

∼ 10−7 � 1

this implies that the profile within the star is very nearly the adiabatic relation. So for a
fully convective star

d lnT

d lnP
|∗ =

2

5

and then
T (r) ∝ P (r)2/5 ∝ ρ2/5T 2/5

so that
P (r) ∝ ρ(r)5/3
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and
T (r) ∝ ρ(r)2/3

Solar dels again:

Show MESA models again 3 and then 1 Msun if time.
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