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What are mesospheric bores?

A Roughly 2D, weakly noflinear, ducted wave phenomenot
A Characterized by crest creation

A Observed at roughly 80100 km

A Propagate at speed of ~ 75 m/s

A Length scales of ~ 20 km

4 time ordered images of a propagating bore courtesy of Steve Smith.
CSU lidar data shows a strong thermal inversion of 50 K between 85 and 90 knr



Other Bores




NavierStokes model

We numerically solve the NaviérStokes equations

Momentum
Continuity
Heat Equation
ldeal Gas Law

A It is a DNS modei Direct Numerical Simulation
A It uses the Boussinesq Approximatioincompressible

A 2-D simulations evolv@otential temperaturandvertical
velocity



BDO model : A useful approximation

The BDO equation makes two approximations.

1. Fairlrl ong wavel ength Y weak d
c=c,(1- alk))

2.Smallbutf i ni te amplitude Y wea

A Steepening A No breaking A No recirculation

Evolves displacement: A Evolution equation
h(x,z,t) = A(x,t) 7(z27 — A Modal equation

Steadystate solution:
a/ 2 d 44
A(X,t) = G =Ct—, al =—
(x- Gt)* +/° / a




The BDO equation : large amplitude limit
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A BDO handles nonlinearity through crest creation
A NS model predicts breaking



Results

A Forcing geometry effec{simple thermal duct)

1. Wavelength effects AX 1) ~ Sin(Z_,U X)
2. Amplitude effects !

A Ducting environment effects
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Duct shapedosine v. seclquared
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Viscous effects

Non-zero background stability
Isolated Doppler duct

Co-located ductsHeadwinds/Tailwinds

Therrnal Duct

F

N ]
Stability

Doppler Duct

—

-0.2 0.0 0.2 0.4 0.6

Maan Yelaeily

Dual Duet

|

Uz) l“Fﬁ”

0 1 15
Veloeily, Stabilily



Results: Thermalduct,| =100 hy;=0.1,n=0

T=0hr, O ming




Results : Sine wave, wavelength variation
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T a0 N -3 | A Crest creation time proportional
i — =27 to wavelength.
o5 — =1 | A Crest geometry is roughly
| alihe independent of perturbation
00 e e wavelength.
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Results : Sine wave, amplitude variation
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A Crest creation time inversely
proportional to amplitude.

A Crest geometry is a function of
perturbation amplitude.

A NS/BDO agreement improves
for smaller amplitudes.




Results : Duct shape

~ N2 cosfpz/ h) ~ NZsech (z/ h)

Thermal Duct
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Results : Duct thickness
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Results: Viscosity = 100 s

o T =453 ~ 2 hrs, 24 min
015—— ESI:I — : 100
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A Viscosity has the anticipated s
effect of reducing amplitude N

A Viscosity has the unanticipated
effect of advancing the leading
peaks

T=517~2hrs, 44 mi
| =10




Results : Norrero background stability, = 100 n¥/s




