y ¥
/ :
/

O BepTHKAJLHOM BBIHOCE IBLIN 14 A

KOHBEKTUBHO-HEYCTOMYHNBOM ’V x
|

IMOIrPAHUYHOM CJI0€ aTMOChepHa

i

bt

M.B. Kypz2aHckuu / A, B

i /111

NHcmumym ¢husuku ammocgepoil um. A.M. Obyxos 3 L
Pocculickou akademuu HayK, lMeixcesckuu nep. 6 3} : /Jt‘
119017 2. MocKsa (e-melin: kurgansk@ifaran.ru) ; J / f_-\‘

HUBL, MIY um. M.B. J/lomoHocoBa, 06 maprta 2013 roga j ‘\



MnaH poknapa 7 WG

MNpeavcnoeue + BaeaeHune

CooTHOWEHME MEeXAY NNOTHOCTLIO BEPTUKANLHOrO NOTOKA |
Maccbl necka (nNbinn) Q 8 KOHBEKTUBHOM NOrPAHUMHOM cnoel
atmocoepbl, NAOTHOCTLIO “YUCNA KOHBEKTUBHDLIX SNEMEHTOB |
(skniovan suxpu) N, CKOPOCTLIO TPEHUA U. WU BEPTUKANLHLIM ]
(typOGynenTHbIM) NOTOKOM NhaByuecT B J

3aBUCUMOCTL NAOTHOCTU YUCNA KOHBEKTUBHDLIX 3nemenTos N ot :

METeopOoNOruIecknX/Gusuueckux NapamMeTpoB KOHBEKTUBHO- |
HEYCTONYNBOro NOrPaHCNOA 4

Asa npambix metropa onpepeneHma N B cayvae, Korpa -
KOHBEKTUBHbLIE 3N1eMEHTbI B NOrpaHcnoe npeacrasAeHbl B
OCHOBHOM NbINbHLIMW BUXPAMM

3aknounuTeNbHbIe 3aMeYaHunA \(




MAOTHOCTb BEPTUKANIbHOTO NOTOKA NbIU // o
B KOHBEKTUBHbIX YC/10BUAX 7, A
!

. I\
Q[kg m™*sec™ ]: 'Olkg m™ X B*|r1112 sec ™ | \ \
glmsec_zj

-

B’ =f(N,u*,B)=Nf1(u*,B)

Pa3amepHOCTHbIe
coobpaxxeHus B =C Nuf B!

MacwTab
ObyxoBa




MopaenbHble coobpakeHus /k

dopmyna BarHonbga Ansa «TBepaoro pacxona»
NbISIeBUXPEBOro NoToKa

Bagnold

-’ c(d)=Cy /d/d, Co=15-28 dy=250um

q
1941
S z |
/ «lMepexBaT» ropM3oHTarIbHOro NOTOKa NbINun \Qﬁ /J
KOHBEKTUBHbLIMU 3JIEMEeHTaMU '{ .
0- Ha)C(a)? Nl [}
g YLl
kd)=1 D~-2L \.
6 > \
| o-Zuacawrs | “
K g B ¢
A
2 2 d I\,
C="k(d)c(d)="k(d)C, o k(d)=1 d=10um C=C,= 1.5—2/8
K K 0 o -




/
/

/“'ii /
MNOTHOCTb YNCNA KOHBEKTUBHbBIX BHEMEHTOB//“ /(
Hy =c,Ty /g ~30km h =3km B=1.67x10">m?sec™> i
N =50km™ H =500Wm™~ |
|
C = 3%x107°m " *sec’ )

\_

Sinclair (1966, 1969)
Renno et al. (1998)
BynedocoH (1961)




CpaBHeHUe ¢ HabawaeHuamm

TeopeTnyeckas oueHKa

Otheor = CoC puf Hh|= 6x10™*ul kgm %sec™  C, =2
g

QO

\_

u, =0.23msec

1 -2 -1
Otheor = 00ugrm = sec

T=10*sec My, ~150 kgkm™

3KCI19pI/I MeHTaJIbHbIe pe3ylbraThbl

Gillette & Passi
(1988); cwm.

Takke CemeHOB
(2011)

|
Klose & Shao
(2012)

N

Dy = 3.16x107% 32> grcm_zsec_1 u*lcmsec_ |

Oiheor = 6% 1077 48 gr cm %sec”!

Qexp_max =3 O“grm_z SCC




/
/;f /
ey AnbtepHaTuBHaA GoOpMynUpPOBKaA ¥y «
/ TeopeTnyeckas oueHKa { ‘\
242 ) 5
dW3i? 2) =B 12 =2/ N2 Bt l
/ =
P 1 WSB! 1/2
g B++0 gNBHO /

Ng=102sec™! t=10%sec  T,=0.1K

Oiteor =4.2x107k(d )d/dy )" uS?

-
A5 -

I o ol \“\-’ d;

AY.

3KCI'Iep|/|MeHTaJ1be|e pe3yrbraTtbl Il ‘ :
b

|

Klose & Shao d=210-270um Ocp =1 1x107°ul” | kpynHbii necok

2012 —
(\ ) d =105-108pm Oy =1.41x10™* 0> | MenKuin necok

©
2
Q




Dust devil statistics (1) L. 7
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The method of statistical inference
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the Shannon informational entropy
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Distribution of a number of dust devils }
(%9%) in Tuscon Basin & Avra Valley
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(Carroll & Ryan, 1970) for D,=1.7 m
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Dust devil statistics (ll)

J.N(> D) = ]\—D—l

Distribution of Martian dust
devils on linear diameters
(“Mars Exploration Rover

(MER) Spirit”’; Greeley et al. ,

2006, 2010) : the solid line

shows the “minus 1” power

law; the dotted line stands for
the exponential dependency
(Lorenz, 2009)
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Dust devil statistics (lll)

(A) Cumulative number of dust devils N
exceeding a given diameter D. Filled circles
correspond to the survey of 528 dust devils in
Eldorado Valley: error bars represent standard
sqrt(N) error. For the A = 0.55 km? survey area,
the cumulative form (short-dashed line, R? =
0.838) of the power law distribution does not fit
the observations so well as the cumulative form
(long-dashed line, R? = 0.999) of the exponential
function for D, = 4.6 m.

(B) Histogram showing differential dust devil
size distribution, expressed as a percentage of
the total number of dust devils observed/
predicted in each diameter bin. From left to right
(within each diameter bin) bars correspond to:
Eldorado survey of 528 dust devils; exponential
function; and power law. The value of the decay
parameter that produces the best fit to the
observed Eldorado differential distribution is
D,=4.6 m (R?=0.98).

FROM: Pathare et al. , 2010; Figure 1 and legend
to it

(A)

Cumulative Dust Devils

(B)

o

(]
(]
e

(V]
o

1000
@ Eldorado Dust Devil Observations
o Exponential Fit (D = 4.6 m)
~ 3 Power Law Fit (n = -2)
e
100
1 O T T T
0 4 8 12
Diameter (m)
80.0
— B DATA: Eldorado Valley Observations
700 B THEORY: Exponential Fit (D = 4.6 m) i
60.0 4 O THEORY: Power Law Fit (n = -2)
50.0
40.0 -
30.0 1 S
20.0
10.0 -
- — Il

Tiny (<2>m) Small (2-6 m) Medium (6-12 m) Large (> 12 m)

Diameter



lOA?&E{]beII/I TPEeyrosbHUK C 3 pOTOKamepam

o ®
Google g8
Image ©2009/DigitalGlobe é ©2009 8 H «
B




HabntoaeHua nbiabHbIX BUXPEU; NYHKT #1
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E12509 GREELEY ETAL.: ACTIVE DUST DEVILS IN GUSEV CRATER, MARS E12509 /

e 3

-

Figure 2. Dust devil on the floor of Gusev crater, imaged on sol 616 by the Spirit Navcam (image .
2N181053592EFFAEOTPO607LOMI) from the Columbia Hills. This dust devil is about 1 km from the
rover and is estimated to be at least 95 m high. The image was enhanced to increase contrast.



E12509

GREELEY ETAL.: ACTIVE DUST DEVILS IN GUSEV CRATER, MARS

242°

Figure 4. Illustration of the method used to estimate the location of dust devils, based on matching
surface features seen from orbit with those seen from the rover and their azimuths from the rover (Figures
3b and 3c). The white ellipses indicate the uncertainty in location; the black arrow indicates the estimated
travel distance and direction from which wind speed was estimated, using the framing rate between
sequential images. (b) Image 2N17705661 SESFADAEP1560LOM1 and (c) image 2N177056656 ESFA-
DAEPIS60LOMI are two frames showing the same dust devil. The white numbers in Figures 4b and 4¢
correspond to the black numbers in Figure 4a. This dust devil was observed on sol 571 and traveled 300 m
in 41 seconds in an ESE direction between Figures 4b and 4c.
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GREELEY ET AL.: GUSEV CRATER, MARS EOOFO02

Figure2. (a)Mosaic of HIRISE images of the operation area of Spirit; vectors are dust devil paths tracked
in sequential images for each season (patterns reflect viewing geometry); stars are the location of active dust
devils observed on single frames; 1A and 1B show the location of Spirit for season one; 2 and 3 show the
rover location for seasons two and three. (b) MOC W/A image R21-00168 inset of Gusev Crater showing

the Gusev Low Albedo Zone (GLAZ, outlined) and the location of Figure 2a.
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UHCcTpyMmeHTanbHble uamepenHua (l)
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UHCcTpyMeHTanbHble uamepeHus (ll) A
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NpepnoxeHa moaenb, KOTOPanR 06BLACHACT QYHKUMOHANBHYIO

3aBMCUMOCTD NNOTHOCTU BEPTUKANALHOIO NOTOKa MacChbl Necka
(nbinn) Q B KOHBEKTUBHOM NOTPAHUMHOM Choe aTMmocdhepbl Ot
NNAOTHOCTU YMCNA KOHBEKTUBHDLIX SNEMEHTOB (BKAIONAA BUXPW)
N, CKOPOCTH TPEHUA U. U BepTUKaNbLHOrO (TypbyneHTHOro)
novroka nnhasyuectu B. MMokasano, uTo NnoTok Q
NPONOPUUOHANEH NPOU3BEACHMUIO KOPHA KBaAPaTHOro U3 B Ha
WECTYIO CTeNEeHb U.. ITOT Pe3yAbTaT He NPOTUBOPEUUT
NPUBEACHHDLIM B IUTEPATYPE IMNUPUYECKN HAWAEHHBIM
3asucumoctam Q(u.).

O6cyxAeHbl ABa NPAMBIX METOAA 3KCNEPUMEHTANLHOrO
onpeaeneHuA NAOTHOCTU N, KOraa BepPTUKaNbHbIK BLIHOC NbLIAW
B OCHOBHOM ONpeAenfeTcA (3eMHBIMKU U MapPCUAHCKUMMK)
NbIALHBIMU BUXPAMMW.
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