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Earth’s Atmosphere

Rnaud et al (2019)
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Earth’s Atmosphere

Renaud et al (2019)
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Space-Based Photometry
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Models for wave generation

(e.g., Fritts & Alexander 2003)
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Water Experiment

Le Bars et al. 2015
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Water Simulation
Oyu + Vp — Viu = —u - Vu + Rae, (T — Tp)?
LT —Pr 'V?T = —u-VT
V-.-u=0

# Equations

prob.add_equation

prob.add_equation

prob.add_equation("dt(T) - Pr**(-1)*(dx(
)

("dt(u) - dx(dx(u)

¢
prob.add_equation("dx(u) + wz = 0”

(

("

("

t( ) - dz(uz) + dx(p) = - u*dx(u) - w*uz")
t(w) - dx(dx(w)) -
t(

'd

'd dz(wz) + dz(p) = - u*dx(w) - w*wz + Ra*(T-T0)*(T-T0)")
'd dx(T)) + dz(Tz)) = - u*dx(T) - w*TzZ")

‘dx

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

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

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

Solve in stable layer:
V207€. — N*(2)ViE =0
Force with BC:
£:(2, Zint) = Zint () — Zint



Bulk Forcing

Solve in the full domain:
VEOiE. — N*(2)Vig = S

S related to Reynolds stresses

Also Include viscosity
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Bulk Forcing

Seems to work — can use to estimate

wave spectrum

fz ~
Comes from wave Vie. +9.V) - (u. - Vuc)

eigenfunctions in stable
& conv regions

Lecoanet & Quataert 2013
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|GW Basics

Want to calculate wave flux

1 Ow
F = <U}p> — pOCg,Zi‘u‘Q Cg,z 8]{7

Absent dissipation stays constant!!
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Edelmann et al (2019)

-3
]

e
(en)
e
—
L
——

[

o
@x
1

Eyin/ergem

3

1011 e

108 -

Eyin/ergem™

10°

f/nHz

78



Edelmann et al (2019)

-3

fou—y
<
]
-,

[y

fan)
@®
I

Eiin [erg cm

-~

3

{1 e

108 -

Ekin /erg cm-

-~

10°

79




|: How?

ll: Which?

lll: What?



--------------------------------------------

---------------------------------------------------

...................................................

................................................

Fy/F:

................................................

102

1 .
F, = 2.2F.— (wr.) "/? (k. H)*

NT,

1= 47T(FC/,0)1/3/H

C



Wave amplitude

Energy injection Energy removed

F, Euw

Td



Wave amplitude

Energy injection Energy removed

F, Euw

Td
Ew — L'wTd



Wave amplitude

Energy injection Energy removed

F, Euw

Td



Wave amplitude

1071 +
107 -

f’r M
1077 4




Wave amplitude

10°
|
ﬂ
f’r 0 Wn 1
107 1
10°% T —- T
0.0 0.2 0.4 0.6 08 1.0

r/R,

10" 1
102.
10° 4
ALQ 10-7 4
1074 -
107 4

10-0.

107194

1072
103 ;
10"]
104 ;
dW/dr ..
10"1

1079 4

10°*

0.0

0.2

0.4 0.6

r/ R,

0.8

1.0




10°+
10Me 4.
106-§
105?Jqqu“”{\*ﬂ'f

1o4g\/ /

N

T

2

=

Q

=

3 ‘

& 103g "

a 5

= 102@ Jw

v :

% 101 - “» |l| L S
T
101 e N I | u

10° 10! 102 03 10%

Bowman et al 2019 Frequency (uHz)



108+

10Me 107 — Too many IGW!

106

105’; /\M/\;\Mﬂ’hu |
104g V vv|
103é

102+

Power Density (ppm?/uHz)

“ iy

107 -
100g l

100 102 102 10° 10*

Bowman et al 2019 Frequency (uHz)




Fy/F,

------------------------------------------

---------------------------------------------------

...................................................

102

1 .
F, = 2.2F.— (wr.) "/? (k. H)*

NT,



B JE,

-------------------------------------------

...................................................

.................................................

102

1 .
F, = 2.2F.— (wr.) "/? (k. H)*

Tc




B JE,

107
10°°
107
i3
1077
10-10
10-11

10712 L~

PR | R =
1
10 NT,.

102

1 .
F, = 2.2F.— (wr.) "/? (k. H)*

NT,.




Possible differences

* Rotation
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