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Dispersion relation:
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Dispersion relation:
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Angular momentum
transport

Wave with frequency w, azimuthal
wavenumber m, and energy F, carries

J="F
W

Fuller et al (2014)



Angular momentum
transport

Wave with frequency w, azimuthal
wavenumber m, and energy F, carries

J="F
W

Assume typical wave model:

L4
twaves ™ a(-i ™ 105 yr

J
Fuller et al (2014)




Angular momentum
transport

Wave transport actually much weaker,

because waves damp quickly:
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Angular momentum
transport

Wave transport actually much weaker,

because waves damp quickly:
4

273w
00+ 1)]3/2N3K
In sun, biggest waves (low freq.) have

Lq ~ 0.01Rq

Lg =

Fuller et al (2014)



Angular momentum
transport

Quasi-biennial oscillation (QBO)

Baldwin+ 2009
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different models Fuller et al (2014)



Why should | care about
gravity waves?

* Angular momentum transport
* Chemical transport
* Energy transport

All depend on model for wave generation



How should we study this problem?

“We should do well-posed experiments to
teach us physics.

Use that to improve comparison between
observation and theories.

We should give up the fool's goal of
simulating reality.”
—Stan, 10-4-2017
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Equation of state

T 4
Normal Boussinesq
liquid

slope is —a
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Convection in water around 4°C...
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Dimensions: 20 x 4 x 35 cm3

From Michael Le Ba



Convection in water around 4°C...

I N -8
f f Stratified zone
2l evmseont s — ...]| = heat transfer by conduction
g Wparhoii i Interface (location function of
= imposed T° and heat losses)
§15-. ...........
T % . S — Convective zone
= heat transfer by convection
5_ ......... ......... Mean T° ~3.4°C
L

5 1iU 1;5 Qiﬂ .
mean temperature (°C) From Michael Le Bar
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Dedalus

Pseudo-spectral
Open-source
Python

**Very flexible equations
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Mechanisms for Wave

Generation

(e.g., Fritts & Alexander 2003)

Bulk forcing

Stably stratified
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Lecoanet & Quataert, MNRAS 2013

Bulk Forcing

@N/GS

/ Source term:

IGW amplitude Reynolds stress
from convection

Green’s function



Mechanisms for Wave

Generation

(e.g., Fritts & Alexander 2003)
Bulk forcing

Interface oscillator

Stably stratified

A A

A\ 4

Convection




Simulation of the
Simulation



Simulation of the
Simulation

full sim




Simulation of the
Simulation

full sim

model




Simulation of the
Simulation

reduced

full sim W model




Simulation of the

Simulation

full sim

reduced
ata

model

waves




Simulation of the
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Simulation of the Simulatior
Bulk forcing

Solve wave equation in Dedalus:

VZ((?t — VV2)8t§Z + Nz(z)ﬁgfz =95

Calculate S from full simulation

S = _V? (w - Vu,)+ 0, [(8$iuj)(axj Uz)}

Use same BC’s as full sim



Simulation of the Simulation
Interface forcing

No source term, but force boundaries

Vz((?t — VVz)ﬁtSZ + Nz(z)ﬁigz = (

Boundary condition (calculated from full
sim); _
gz (CI?, Zint) — Xint (ZI?) — Zint

8352 x 0,u =0
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full sim
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Bulk forcing works

But what’s the source term?



