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HD 4554610M� CoRoT

convective excited 

IGWs??
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Water Simulation

# Equations 

prob.add_equation("dt(u) - dx(dx(u)) - dz(uz) + dx(p) = - u*dx(u) - w*uz") 

prob.add_equation("dt(w) - dx(dx(w)) - dz(wz) + dz(p) = - u*dx(w) - w*wz + Ra*(T-T0)*(T-T0)") 

prob.add_equation("dt(T) - Pr**(-1)*(dx(dx(T)) + dz(Tz)) = - u*dx(T) - w*Tz") 

prob.add_equation("dx(u) + wz = 0”) 

prob.add_equation("Tz - dz(T) = 0") 

prob.add_equation("uz - dz(u) = 0") 

prob.add_equation("wz - dz(w) = 0") 

∂tT � Pr
−1

r
2
T = �u ·rT



Lecoanet et al 2015
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Interface Forcing

Solve in stable layer:

Force with BC:
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Bulk Forcing

Solve in the full domain:

S related to Reynolds stresses

Also include viscosity





I: How? 

II: Which? 

III: What?
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Bulk Forcing

Seems to work — can use to estimate 
wave spectrum

ξz ∼

Z
G ∗ S

Comes from wave 
eigenfunctions in stable 
& conv regions

(�r
2
ez + ∂zr) · (uc ·ruc)

Lecoanet & Quataert 2013 
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IGW Basics

Want to calculate wave flux

F = hwpi = ρ0cg,z
1

2
|u|2 cg,z =

∂ω

∂kz
= −

ωkz

k2

Absent dissipation stays constant!!
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Dissipation rate:

τd ∼ (κk2)−1
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IGW Basics

Dissipation rate:

τd ∼ (κk2)−1

Dissipation length:
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Couston et al (2018)



78

Edelmann et al (2019)
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Edelmann et al (2019)

ω/N

Fw(ω)

Fw(ω)
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Wave amplitude

Energy injection Energy removed

Fw

Ew

τd

Ew = Fwτd

∆L
2 = Ew L(r = R?)

2
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Possible differences

• Rotation
• Magnetic Fields
• Geometry



93



I: How? Reynolds stresses by conv 

II: Which? F ~ k4
ω

-6.5 

III: What? ?????



I: How? Reynolds stresses by conv 

II: Which? F ~ k4
ω

-6.5 

III: What? ?????



I: How? Reynolds stresses by conv 

II: Which? F ~ k4
ω

-6.5 

III: What? ?????



I: How? Reynolds stresses by conv 

II: Which? F ~ k4
ω

-6.5 

III: What? ?????


