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Stable Boundary Layer
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Critical Values for Instabilities
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Miles & Howard (1961, JFM) ; Ri > 0.25 —
sufficient for stability; < 0.25 necessary for
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Stable Stratification -- Characterization
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Plumes - Stable




Instabilities in Stratifled Shear Layers

Slo

Rotter, Fernando & Kit, Physics of
Fluids, 19, 2007.












Theory/Laboratory Profiles




Stratifled Shear Flow (Lab)
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Stratified Shear Flows

(Hixed—Layer Deepening)
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(Strang & Fernando, Journal of Fluid Mechanics, 2001)



Stratified Shear Flow #2

Sertes 822 i X-<H and Have Breakine, H1 = 5,

K-H and Resonant waves



gin Stratified Shear Flow #3
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Mechanisms of Entrainment

(a) Rig = 0.12 i. (h) Rig = 0.36
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Flux versus Gradient Richardson
Numbers
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Interfacial
Measurements

(b)

K-H passage

Interfacial swelling
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Turbulence in ABL
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Oceans: baytime Vertical Profile - Equatorial Undercurrent
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Mechanisms of Entrainment

(h) Rig = 0.36
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Complex Terrain SBL

HEIGHT
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Reproduced from Mountain Meteorology (2000). Courtesy of Dr. Whiteman, PNNL.



VIMX

Campaign, Salt

Lake City
October, 2000
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Simulated gas release in Salt Lake City. Gas plume in Red. Computer model shared with ASU by Lawrence
Livermore National Laboratory.




Participants and their sites

AIDOTS 1- UMass

2- NOAA (Idaho Falls)

3- ASU, LLNL

4- LANL

5- NOAA (ETLab)

6- PNNL (Will Shaw)

7- ARGON Nlab

8- NOAA (ATDD Oak Ridge)
9- PNNL (Dave Wliteman)
10-NCAR

11-N'WS

fromo: http:devwrw et utah. eduftrax!




A Typical Field Experiment
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ASU Doppler Lidar




Wind Fields




Theta profile in the valley
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Downslope — Field Data
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Wind Speed (ms-1) Temperature (°C) Radiative flux (W m-2)

Wind Direction (Deg.)
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Flow Analysis



ldealized Slope Flow Analysis
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Downslope flow - Pulsation

Linearized governing equations with neglected flux divergence and the
entrainment-rate,

AU OAD
£ = —_aAb @Al _ 52N
Py a =a°NgU

2 Wind Speed
‘Zt—l; +a*NZu =0

(3]

A
o

A

IN

sl M [\ N,
have oscillatory solution with the frequency 3 @ /"\/ H;’J \ /’ \ A e ,/ \\/“/ LY W\\/
] 550 VoW W
) — NE SIN«o '§1-i ! -

0.5

or period )

275.15 275.2 275.25 275.3 275.35 275.4 275.45 275.5
T ~

271- JDay
Ne Sino

Journal of the Atmospheric Sciences, 65 (2), 627-643, 2008



Downslope flow - Pulsation
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o = aNg =Ng sin j Critical slopes

breakdown

i’

w = N cosg



Subcritical angles




Close to critical angle




Intrusions keep BL turbulent
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Observed wave period [min]
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Other Observations

— the Riviera valley
) Slope Site (Gorsel et al.,

&5 ACS /\/ ICAM/MAP
@ Gorsel etal. = — proceedings, 2003)

Doran and Horst // // \\\ — Cobb Mountain

) Keon / N\ (Doran and Horst,
| \ JAM, 20(4), 361-
= \ 364, 1981)

= | — Phoenix valley

\ / (Keon, Master

\ / Thesis, ASU, 1982)

\ / — Slope and ACS
A, AN / sites of the VTMX
S - campaign in Salt
) D Lake City (Doran et
/ al., BAMS, 83(4),
4 537-554),

American Scientist
2004

Critical wave period [min]



David A Cacchione & Lincoln F. Pratson (Am. Sci., 2004)

Hypothesis --

Tidal Internal waves coursing beneath the
surface of the sea may shape the margins
of the world's landmasses




Flow Velocity
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Lambda c
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Entrainment Velocity
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Outlet Salt probcs
Ficure 3. Sketch of the channel used to investigate inclined plumes.

Ellison and Turner (1959, JFM)
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Mining company in Utah
building new megasuburb

By Paul Foy

ASSOCIATED PRESS

WEST JORDAN, Utah — It's
a plan for development that
will take more than 50 vears
from start to finish, on the larg-
est piece of privately owned
land next to a U.S. metropolis
for an expected half-million
residents,

This megasuburb, twice the
size of San Francisco, will be
the work of a mining company,
Kennecott Utah Copper Corp.,
which has no in
real-estate development.

The Utah company is a sub-
sidiary of based Rio
Tinto, » mining multinational
and avowed convert to environ-
mentalism, which decided to
make a showcase out of its sur-

DOUGLAS €, PIZAC/ASSOCIATED PRESS

Cralg and Cathy Dougiass walk home through the Daybreak subdivi-
sion with the Kennecott mine in the background In South Jordan, Utah,

square miles of land, which
ranks as the largest piece of

vide ground-source heatimg
and cooling for a new elemen-

plus Utah lands instead of just Jand anywhere in the United tary school and community
selling them off for cookie-cut- States that's under the control center  and contributed
SRy ot L R e A
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Entrainment Coefficient
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Princevac, Fernando and Whiteman, J. Fluid Mech., 2005
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Applications

Flow Prediction



The Fifth-generation Penn State / NCAR Mesoscale Model (MM5)

Terrain following o - coordinate
* Non-hydrostatic dynamics
* Four-dimensional data assimilation
» Multiple nest capability
* Physics

. . ‘loud detrainment
M]CI'OphySlCS H Cumulus

cloud effects

cloud fraction

surface fluxes

SH, LH PBL
downward
SW, LW surface T,Q,,wind

surface
emission/albedc

Radiation

Surface




MRF (Medium Range Forecast

model)

MRF is a vertical diffusion non-local scheme in which is taken into account that the transport
of mass, momentum and heat is mostly accomplished by large eddies (Troen and Mahrt 1986,

Hong and Pan 1996).

The turbulence diffusion equation for prognostic variable is:

oC ¢ [8C ]
~ A~ Kc — 7
ot oz 0z

Below the PBL:

P K
Z
K,, =kwz 1-= 2= Pr
h th
-Regime 1 ===========% Nighttime Stable conditions
-Regime 2 ===========9 Dumped mechanical turbulence
-Regime 3 ===========9 Forced Convection conditions

-Regime 4 ===========9 Free Convection conditions

(BR>0.2)
(0<BR<0.2)
(BR=0)

(BR<0)



Eddy Diffusivity Ratio
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New Eddy Diffusivities

K — (0.3%)Ri, ~ ~0.34
o /|dV /dz|
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CROSS SECTION SW-NE 45 deg.

Cross Section of Wind field; "OCT 2000" day 8 Local Time : 0 ,position: 45 deg from HORTH Direction
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Temperature & Wind comparison

Detrended averaged surface temperature
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E (Mm2s?2) Wind Direction (Deg.) Wind Speed (m s9)

Temperature (K)
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Entrainment Coefficient
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Hydraulic Adjustment
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Ri<1 Ri<1
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Applications

Power plant emissions



Phoenix Terrain

% -Grand Canyon University Site (PAFEX I)
4@ -Falcon Field Site (PAFEX II)

¥ -Phoenix Airport
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silicate glass

carbon cenospheres
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Dispersion of Air Pollutants

18:00 PM, July 26, 19948 B"’\
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Parameterization of Vertical Mixing
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(@) (h)

Schlieren video images showing the on-slope and off-slope initiation of
instabilities depending on y. The experimental conditions are a* =2 cm, N
=0.921rads?t, ®=20.(a)a =45,y=2.07; (b) a =56, y=2.43. The
vertical lines in each figure are 10 cm apart. The oblique thin white line
indicates the centre-line of the incident wave ray. From De Silva et al.
(1997, JFM, 350,1-27)
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