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lots of action!




Internal gravity waves — how efficient is
excitation? what types of waves excited?
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momentum transport: e.g., QBO







mixing — how to parameterize??
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Background Propertles
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Background Properties
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Model
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Model
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oiu+u-Vu+ Vp=—g«a - vViu

1o
V.u=0
O.T +u-VT = rkV*T

N2 agdT negative in conv
Ty dz VERY positive in stable




Carbon Flames Model
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Carbon Flames Model
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BC’s: no slip, no temperature perturbation
3D domain, 4H x 4H x 2H



Carbon Flames Model

T
oiu+u+-Vu+ Vp = —gozT - vViu
0
V-’LL:O Ra: gCYATH?)
_ T
T +u-VT = xV2T + H ove
Przz
K

] 2
H = —KV Tbackground

BC’s: no slip, no temperature perturbation
3D domain, 4H x 4H x 2H
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Oyu — DV?u = Ru(l — u)

import numpy as np
import dedalus.public as de

# Bases: names, modes, intervals, dealiasing
x_basis = de.Fourier('x"', 128,

interval=(9, 2*np.pi), dealias=3/2)
y_basis = de.Chebyshev('y"', 64,

interval=(@, 1), dealias=3/2)
# Domain: bases, datatype
domain = de.Domain([x_basis, y_basis], float)

# Problem: domain and variables
prob = de.IVP(domain, variables=["'u
# Fixed parameters
prob.parameters['D'] = 0.1
prob.parameters['R'] = 1

# Parsing substitutions
prob.substitutions['Lu'] = "dx(dx(u)) + dy(uy)”
# First-order reduction

prob.add_equation("uy - dy(u) = @")

# Fisher-KPP equation

prob.add_equation("dt(u) - D*Lu = Rxux(1-u)")

# Neumann boundary conditions
prob.add_bc("left(uy) = @")
prob.add_bc("right(uy) = @")

,'uy'])



Oyu — DV?u = Ru(l — u)

# Pick a timestepper

ts = de.timesteppers.RK222

# Build solver

solver = prob.build_solver(ts)

i Set integration limits
solver.stop_sim_time = 10

# Set initial conditions

u = solver.state['u’']

ul'g'] = np.random.rand(*ul'g'].shape)

dt = 0.01
# Main loop chceking stopping criteria
while solver.ok:
# Step forward
solver.step(dt)
# Perform some analysis
print(np.mean(ul'g"']), np.std(ul'g']))



Dedalus code

problem.add_equation("dx(u) + dy(v) + dz(w) =

)
dy(u)) + dz(uz)) + dx(p)
u

0
problem.add_equation("dt(u) — vx(dx(dx(u)) + dy
—(uxdx(u) + vxdy(u) + wkxuz)")

(
= —(
problem.add_equation("dt(v) - vx(dx(dx(v)) + dy(dy(v)) + dz(vz)) + dy(p)
= —(uxdx(v) + vkdy(v) + wkvz)")

problem.add_equation("dt(w) — vk(dx(dx(w)) + dy(dy(w)) + dz(wz)) + dz(p) - b
= —(uxdx(w) + vkdy(w) + wkwz)")

problem.add_equation("dt(b) - kx(dx(dx(b)) + dy(dy(b)) + dz(bz))
= —(uxdx(b) + vxdy(b) + wxbz) - H")

problem.add_equation("bz - dz(b) = 0")
problem.add_equation("uz - dz(u) = 0")
problem.add_equation("vz - dz(v) = 0")
problem.add_equation("wz - dz(w) = 0")
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Oic+u-Ve = DV
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Passive Scalar Field
O.c — DV?c = —u - Ve



Passive Scalar Field
O.c — DV?c = —u - Ve

c(z,t) —(¢), = ¢ (2,t) = A(t)C(2)



Passive Scalar Field
O.c — DV?c = —u - Ve
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Passive Scalar Field
O.c — DV?c = —u - Ve

c(z,t) —(¢), = ¢ (2,t) = A(t)C(2)

C
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Passive Scalar Field
O.c — DV?c = —u - Ve

c(z,t) —(¢), = ¢ (2,t) = A(t)C(2)

~AC — DO*C = _<“'V%>wt

Ansatz:

_ <u . v%>mt — 9.(D;9.0)



Passive Scalar Field
O.c — DV?c = —u - Ve

c(z,t) —(¢), = ¢ (2,t) = A(t)C(2)

SAC-DRC =~ (u-V5)
LY,

—AC = 0,[(D + Dy)0,C]



Turbulent Diffusivity
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Turbulent Diffusivity

Solve:
8,C = 8,[(D + D;)d,C

Turbulent
diffusivity is a good
approximation!



Why Turbulent Diffusivity?

O.c — DV?c = —u - Ve



Why Turbulent Diffusivity?

O.c — DV?c = —u - Ve
c(x,y,z,t) =¢(z,t) + c(x,y, 2, t)



Why Turbulent Diffusivity?

O.c — DV?c = —u - Ve
C(ZIZ‘, Y, <, t) — 5(27 t) T 6($7 Y < t)
0iC — DV?¢ = —wd, ¢ — 0, (wE — <w6>)



Why Turbulent Diffusivity?
O.c — DV?c = —u - Ve
c(x,y,z,t) =¢(z,t) + ¢(x,y, z,t)
0;¢ — DO2e = — (V « (ué)) = —0, (wé)
0,¢ — DV?¢ = —w0,¢ — 0, (wé — (wé))

“pain in the neck”



Why Turbulent Ditfusivity®?

0,¢ — DV?¢ = —wd,¢ — 0, (wé — (wc))
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Why Turbulent Diffusivity?
O.c — DV?c = —u - Ve
c(x,y,z,t) =¢(z,t) + ¢(x,y, z,t)
0;¢ — DO2e = — (V « (ué)) = —0, (wé)
0i¢ — DV?¢ = —wd,¢ — e—<{T0IC

“pain in the neck”
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Why Turbulent Diffusivity?

O.c — DV?c = —u - Ve
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Why Turbulent Diffusivity?

O.c — DV?c = —u - Ve
c(x,y,z,t) =¢(z,t) + ¢(x,y, z,t)
0,c — DOZc = — (V - (ué)) = -0, (wé)
0i¢ — DV?¢ = —wd,¢ — e—<{T0IC
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Why Turbulent Diffusivity?

O.c — DV?c = —u - Ve
c(x,y,z,t) =¢(z,t) + ¢(x,y, z,t)
0;¢ — DO?¢ = — (V - (uc)) = —0, (wc)
0i¢ — DV?¢ = —wd,¢ — e—<{T0IC
¢ = —0,¢ R(iw; —DV*)w

Ty

—» Dy
—0, (we) = 8, [(wR(iw; —DV?)w) d.¢]




Summary

1. Penetrative convection mixes fluid like a
turbulent diffusivity (as least in these sims)

2. Very little mixing in regions which are very
stable (Dt ~ gaussian)

3. Passive scalar field good for diagnosing mixing



Physmal Model of Overshoot

Kelvin-Helmholtz
instability?
N2

= (dU /dz)2

Ri ~ 103

Woodward et al 2014



Physical Model of Overshoot

Miles instability

U(zo) = ¢p

resonance




Physical Model of Overshoot

Herault et al 2018



