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Introduction UD

* Marfian planetary boundary layer

o Well mixed atmospheric layer near the surface (result of
heating by solar radiation)

« Strong convection and turbulence

o Exchange heat and materials between the ground and
atmosphere

o Liff dust (dust storm)

Mars » Global Dust Storm

http://marsrovers.jpl.nasa.gov/gallery/press/spirit/20050527a.html

June 26, 2001 September 4, 2001
X Hubble Space Telescope * WFPC2

F NASA, J. Bell (Cornell), M. Wolff (SSI), and the Hubble Heritage Team (STScl/AURA) ¢ STScl-PRC01-31
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Introduction (Cont.) UD

SCOLE
» Purpose of this study

o To understand
o Turbulent staftistics
« Character of dust devil

Smaller scale variabillity at lower layer

High resolution simulation is necessary

e
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Model

Scalable Computing for Advanced Library and Environment

e SCALE-LES

o An LES model developed by RIKEN AICS
o Fully compressive equations
o Open software (http://scale.aics.riken.jp/)

e Schemes used in this study
o Dynamics: full explicit (HE-VE), 3-step RK
o SGS turbulence: Smagorinsky type
o Surface flux: Louis type
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Experimental configurations UD

Experimental configurations

Domain: 19.2km x 19.2km x 21km

Lateral boundaries: double periodic

Bottom boundary: flat (no topography), uniform roughness
Moist processes: dry condition

Radiation, surface temperature: external radiative heating rate and
surface temperature obtained by a vertical 1D model experiment
(Odaka et al. 2001)

Experimental parameter

o Spatial resolution
« Axyz:. 100, 50, 25, 10, 5 m (isotropic grid)

Initial condition

o Vertical temperature profile (Odaka et al. 2001) + small random
perturbations, steady state

o Forthe 5m run, state at 14:00LT of the 10m run is used as the initial
condifion

Temporal integration

o 1 day integration from 00:00 LT (1 hour integration for the 5m run)
* Analyses are done using 14:30LT data
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Vertical velocity
distribution
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Dependency on height (5m run) 00
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Frequency distribution 00

Scalable Computing for Advanced Library and Environment

200 m height 2 km height

z=200m z=2000m
] 0-257 nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn ]

0.25 —

o
Ao
(]

1 a20l

-
=
g
l__,__l_l
—1

1 15|

fraction
[an ]
P
[ e—
i_.—'—'
[an ]
P

o
o
a

il
fﬂ

L

L £

[ f
Wﬁ*

-10 -5 a 5 10 15 —15 —-10 -5 0 5 10 15 20
vertical velocity vertical velocity
\ S5mrun 10mrun 25m run 50m run 100m run

R

H

N
:



Maximum instantaneous vertical wind UD
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Turbulent statistics
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vortex




Pressure distribution
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Vertical vorticity (
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* Represent localized strong vortices
* Hundreds m height
« Larger vorticity at lower level
* Located at upflow region




Frequency distribution
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Number frequency distribution of isolated vortices
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Assuming the Rankine’s vortex
(bmrun, 2.5m height)

Maximum wind speed

dx=5, z=2.5
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Summary UD
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20km domain PBL experiment with
several resolutions

o Fine structure at lower level is represented with such high
resolution simulation

o Strong vortices are reasonably represented

» A logarithmic law of intensity, maximum speed, and
radius of vortices are found
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Potential temperature UD
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Dependency on resolution (z=2km) m
SCOLE
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