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Thermally Driven Circulations
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Summary of Simplified Governing Equations

Conservation of
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Vorticity
o=V xU

Vxi—=-Vp+Bk: =

Batchelor (1967, Chapters 2 and 5)



Baroclinicity

_kxVB

Vx(—cpé’Vﬂ)z C,VrxVl= CpVﬂoxV6’~ =—kx VB

ﬂ-low




Relation of vorticity and velocity in 2D
by definition n = 8ZU — 5XW
mass conservation aXU + 5ZW =0 =>u= 6ZW , W= _8Xl//

n=(0;+0.)y

Example: Localized Vorticity
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Slope Flow Feels Good

Whiteman



Clouds Make Slope Flow Visible

Bernhard Muehr photos, Karlsruher Wolkenatlas © 2000



Slope Flow Theory
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Modify Simplified Governing Equations

Conservation of

momentum @ — —V(D + Bk\ + VVZU
Dt

energy % — K‘VZB
Dt

mass VU:O




Prandtl S Model

. " A a /2 ) . . G , o

Inlflnltely Iong sIope/Constant Stratlflcatlon :

e "B=N z+b 50
gp N z / 2+w

Heat Flows to the
Cool Ground




Governing Equations

momentum @ —_V W + bk\ 4 VVZU
Dt
Db

energy FWN? = xV°b
Dt

mass V-u=0




Governing equations in slope coordinates

7' L

Nz

(6, +U'0,. +W'0,)U'= -0 +bsin a+v(0% +02)U'

momentum

(6, +U'0,+W0,)W=-0,+bcosa +v(05 +02)W

energy | (0, +U'0,. +W'd, )b+ (u'sin & +w'cosa)N* =« (.. +05.)b

mass o Uu+0,w=0




Look for solutions with W=0,0,,=0,0,=0
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1. . - 2.1 Z
omentum X' 0=bsina+voiu |
. X
2. 0=—0,+bcosax v
energy u'sin g N? = K@i.b

combine 15t and 3" equations =
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b| . =b,,&%b
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Solution

1

7' 7' v 4
b(z')=Db —— — | ; A=
(Z) Sexp( /JCOS(/J (stinzaj

. b |k 'Y . (2
u'(z') = NS\/;exp(—zjsm (zj

7'=7COScx— XSIN &

B(X,z) = N°z+b(x,2)
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VTMX, Salt Lake Valley, UT
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Topographic map
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Potential temperature soundings, 2 Oct 2000
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Compare / Prandtl Theory = % L ! 1 1 I 1 1 1 1
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Downslope wind comp soundings, 2 Oct 2000
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Down-slope wind speed canponent (mis)

jet profile at all sites

max velocity approx 15m
above slope

max velocity increases
with downslope distance

max velocity reaches 7 m/s

downslope flow layer
extends to ~150 m
above slope

volume(mass) flux increase
with downslope distance

Mass flux =
300 kg/s/m * 20 km =
6000 t/s (22 km3/h)



Compare / Prandtl Theory ‘ ‘ | ' { J : , L
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Downslope flows leave the slope...
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Multi-Scale Topography
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Along-valley flows
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Valley winds are closed
circulations that attempt to
equalize horizontal pressure
gradients that are built up
hydrostatically between the
valley and plain caused by
the greater temperature
range of a column of air
within the valley compared
to a similar column of air
over the plain at the same
elevation.



Summary

Baroclinity (Buoyancy Gradient) Produces Motion

Ambient Stratification and Turbulent Mixing Modulates
Motion

Warning Label: Prediction for slope/valley winds for any real
valley requires knowledge of insolation, heat absorption,
surface characteristics (e.g. vegetation), large-scale weather
conditions. (Whiteman 2000)




