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Hekomopsbie ceedeHusi 06 obrnakax
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Hekomopsbie ceedeHusi 06 obnakax

TunnyHoe pacnpegeneHne Kanesnb no
pa3smepam (no macce)

KoHueHTpaumsa kanens ot 100 cm3 go 1000 cm-3
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L1e ceedeHuUA 06 obriakax




Hekomopsbie ceedeHusi 06 obnakax

Tyvninal Aharacstaricticre Af AlAanA firirhiilan~na
1 ypivail uliaiauvlioiiolivo Ul VIVUU WUl vUiciivo
Turbulent parameters: STRATIFORM CUMULUS Cb Shmeter S. (1987)
CLOUDS CLOUDS Mazin et al (1989)
Dissipation rate, € B B ~ B _1 2 —3 | Weiletal (1973)
e=10"m’s™ |e=2-107m?s 7 [E=107"m"s " | panchey (1971)
Taylor microscale Pinsky and Khain
Reynolds number* (2003)
fr . 3 fr . 4 —_— . 4
Re, = 15%A/v Re, =510 Re, =210 Re, =210

Cneumndunyeckme cesomcTsa 00naKkoB:

a) TypbyneHTHOCTb AOBOSIbHO CUMbHas;

b) bornbwne Re




3. Mpobniembl ¢ o6pa3zosaHuUeM O00XXO0s1

a) [Ipobniema epemMeHuU KoHaeHcaunoHHbIn pocT: 40-60 MuH
CtonkHoBeHus (ao 300 MukpoH) 40 MUH
Bpemsa ¢popmunpoBaHus 40 min+40 min=80 min.
AR B peanbHbix obnakax: 15 min
300 um
BbiBOA: B obnakax cywecTtByeT MexXxaHu3Mm, YLKOPSHOLWUK
CTOJFIKHOBEHMS Kanesnb
200 um CTOJIKHOBEHUA
100 um KoHOeHcaumsd
25 Mm e e — e e e e e e e e e e e == ——— #




6) lNpob6rnema c wupuHoU pacrnpedesieHuUs Mo pasmepam

Teopus rpaBMTaLMOHHON Koarynaunm

AN | dr \ HabnaeHns

Paguyc kanenb

BbiBoA: B oOnakax cywecTtByeT MexXaHU3m, pacluUpAroLLInn
pacnpegeneHue Kanersb



YpaeHeHuUe cmoxacmuyeckoli koa2ynayuu

YpaBHeHWe CcToOXacTU4eCKOW Koarynsumu:
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Kak Typ6yﬂeHTHOCTb BIMMAET Ha CTOJIKHOBEHUA

Kanenb?
ON(m,t) "¢ T
T,: _‘-N(mc,t)K(mc,m—mC)N(m—mc,t)dmc —JN(m t)K (m,m_)N(m_,t)dm,,
0 0
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K(r,1,") = 7(r+1,)*|V, = V,|E(7,1,) s the collision ka(nel
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/ ‘\. 3) Fluctuations of

1) Swept volume: 2) Collision efficiency: concentration
A ekt MapoanHammnyeckoe YBenuyeHne 4acTtoThl
OTHOCUTENBHOM . CTOSIKHOBEHUN U3-3a
CKOPOCTHU B3aliMoAenicTene addekTa Knactepusaymm
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MbI paccMOTpUM BCe TPU MeXaHU3Ma

1. Kak TypOyneHTHOCTb BNusieT Ha OTHOCUTENbHYK CKOPOCTb Kanesb
(Tak Ha3sbiBaembin TRANSPORT EFFECT)?




YpaBHeHue ABMKEHUA oagHOU Kannu (Marnomn)

dv . 1
o _l:__(Vj_Wi('xjat))+g52j; (1)
at T

V. v W ,)KOMNOHEHTbI CKOPOCTM Kanv 1 OKpyXXatoLlero notoka
(I-velocity component)

KomMmnoHeHTa CKOPOCTW Karnsu, cBd3aHHadA C Typ6yﬂeHTHOCTbI-O .

: (2)
Vi =Vi=W;(x;,0) =V, 05
Mo>xHO nokasaTb, 4To
B kaxxgom anemeHTapHoM obbeme Bo3ayxa (MawTtabom MEHbLUMM Unun
nopsgka Konmoroposckoro maciitaba) CKopoCTb Kansnu paBHa:

o @)
V,=W(x,0+V,0, +V,

T

TypbyneHTHas gobaska
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eV, 3@BMCUT OT JlarpaHXeBoro yCKOpeHNsi  MoToKa
Ai(xiat) =M+Wj(xi,t)w
ot ox

J

M KOMMOHEHTOB CABMIOB (strains) S




OTHocHuTenbHas CKOPOCTb ABYX Hessaumo,qeﬁcmylomux Kanesnb

~ dx, ~
Vi=—=—=8,x,+V,
dt
~ v oad vad

a) V.=V, =V, = const

1 1

b) Sij = const

- ¢) OmHocumenbHasi CKopocmb MEX0Y Kar/siMu 3agucum MmoJsibKo Om
cosueoe eempa u JlazpaHxego20 yckopeHusi. Mbl Oo/mKHbLI 2eHepupoeame
cdeu2u u ycKopeHusi 8 myp6ysieHMHOM Momoke.




FeHepauusa TypOyNeHTHbIX CABUIrOB U YCKOPEHUMN
THE CONCEPT:

Statistical properties of turbulent flow at scales of hydrodynamic droplet interaction
can be represented as a set of non-correlated samples of turbulent strains and

acceleration pairs.

Mbl cunTaem, YTO BECb OOBLEM MOXHO pas3gennTb Ha Marble 00 beMYMKM
c MawTabamm MeHble KonMoropoBcKOro, KOTOpblE  MOXHO
XapakTepm3oBaTb COBUIOM U YCKOPEHNEM

Mbl paspaboTtanu gBa reHepartopa:

leHepaTop caguroe S,
leHepaTop yckopeHuin. A,




Turbulent shears Lagrangian acceleration

—

PDF of turbulent shears (Belin et al 1997): PDF of Lagrangian acceleration ( LaPorta
(measurements at high Re) et al, 2001; Voth et al, 2002)

]

{-\;~| == Strain model
“\| ==- Pearson PDF
© Belinetal, 1997 s

PDF
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Normalized longitudinal strain Normalized acceleration

Mbl paccymTanu OrnnHHbIE PAabl COBUIOB N YCKOPEeHUN (noka 6e3
rMapoaMHaMMYCKOro B3aMMoaencTBus)



lMomoku kanesnb u 3aMmemaemMbiu 06bLeM

\ \ \ I / / determmed by the d oplet flux through a
spherical surface of radius (r,tr,).

In case of no hydrodynamic interaction between
droplets, the flux can be calculated as

1 ~ 1

= NVXdQ, =

ntng, ntn g

% Q.

N.VZ

N(s,% % +

where N is droplet concentration and () is the part
of the spherical surface corresponding to the input
flux.

ntr,

Instead of droplet flux, one can use the value of the
swept volume (the flux of relative velocity through
the surface). The swept volume of any drop pair
does not change within an elementary volume. The
turbulent swept volume normalized to swept volume
in the pure gravity case is:

~

1 ~ o i
G= S.x.x +V.x JdQ,
75(’"1""”2)3‘142 1‘6'.( S

G noka3sblieaem HacCKOJIbKO mypbysieHmHOCMb yeesiudueaem 3amMemaemblil
obbem



Surfaces from which targets
are “fired”




PDF OF NORMALIZED SWEPT VOLUMES (kannu pagnycom 10 u
20 MUKPOH)

Re , = 5-10°

£ =0.001 m?’s’
Stratiform clouds
0.9 . 1.1
Normalized swept volume
10’
wl o . | = Non-Gaussiantield S P—— - 2 -3
£ 57, ‘\“ ~| === Gaussian field 3 8 — 0 " 02 m S

Re , = 2-10 *

Cumulus clouds

e =0.1 m?*s™’

Cumulonimbus clouds

Normalized swept volume



- - Bependence of mean swept volume on the dissipation

rate for droplets of radii 20 um and 10um

Mormalized swept volume

Dissipation rate, m %s”

Stratiform Cumulus Cumulonimbus
clouds clouds







CTpyKTypa noToKOB Mpu
rmapoanHamMmmnyeckom
B3anMOOENCTBUA

Definition of collision efficiency in a
ri+r2 turbulent flow:

el
-

'-.‘!

D, Flux with interaction

E =

D, ~ Flux without interaction



EXAMPLE: 10 um and 20 um-radii droplets

Droplets starting with the Droplets starting from the
green surface collide the red surface collide the
target without R target with hydrodynamic
hydrodynamic interactio\ interaction taken into
LN account
300,
50| o ,
L iy e e e D Flux with interaction
Eama |0 ot 0 w0 ®, Flux without interaction
1O T
50
ool target
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. Relative backward
* trajectories (no

HDI)

S
“u,
=

Droplet of radius a,

Droplet of radius a,

Absolute
droplet
trajectories in
the presence
of HDI

no collision

collision

FIG. 3. Scheme illustrating the procedure of calculation of drop-
let velocity fluxes in case hydrodynamical droplet interaction is






PDF of collision efficiency and collision kernel

* Non-Gaussian field
#  Gaussian field
CGravitational case
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Collision efficiency Normalized collision kernel
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hor=sired colmon eMcancy

YeenuyeHue cpedHux KepHeJsioe CMOJIKHO8eHUU Me)Kdy KaruiaMmu
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Dependences of the normalized concenftration fluctuations, the normalized
swept volume and the normalized collision efficiency on the dissipation rate
for the 10 um- and 20 um- radii droplet pair.

The main turbulent effect goes from the droplet hydrodynamic interaction
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 VnMIoCTpaumMs TYpbYNEHTHBIX 3PEKToB Ha
CKOpOCTb DOPMNPOBAHNA OO0OXOEE
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PaccueTtbl no moaenu obnaka (50 m pesontounst). BugHo, 4To npu y4dete
TYPOYNEHTHOCTN OOXOb HAYMHAETCS paHbLUe. Hal/I6OJ'IbLUI/Il/I 9 doekT B
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BbigeoObi

dppekmusHOoCMU CMOJIKHOBEHUU U KepHesbl
CMOJIKHOBEHUU (m.e. CKOpoCmMb CMOJIKHOBEHUU)
MeXxoy KanisiMu pacc4YumaHbl OJi1 MunuYHbIX
obsiakoes. Tenepb OHU MEeHSIFOMmCcsl 8
rnpocmpaHcmee U 8PeMeHuU.

TypbyneHmHocmb  3Ha4YyumeJsibHO  yCKopsiem
CMOJIKHOBEHUSI KarneJsib U obpa3oeaHue 00XO0sl.



PeweHa nun 3apgavya? TonbKo YaCTUYHO.

lcxooxoe ypaBHeHME CcToXacTU4eCcKoW Koarynsaumm pakTmdeckmn He
cToxacTtuyeckoe. Huyero criyyanHoro.

Tenepsb:
K, ., =random K, . —rkandom

. [ | [ \
m/2 o
VL) N o 0N =, )5 = o =) i, = N, N S 0, ) o,
0 0

YT0 ObINO caenaHo?

% - mJ.2<N(m1,t)><N(m 3 ml’t)>Pconc <S(m1,m — ml)><Ecol (m19m - m1)> dm1 =

0

T<N (m, e )N (m,, )P, (S(m,m)NE., (m,m,))dm,,

Turbulent collision kernels are random variables whose probability density
functions have elongated tails. The tails indicate the existence of “lucky”
drops experiencing collisions several times more often that other drops,
even under spatially uniform concentration. These lucky droplets are large
enough to trigger collisions earlier than that following from the case when
only the mean values of collision kernels are used.

The accurate approach to write and to solve SCE has not been found yet.



UTOObI pelumnTb 3T1 NpobnemMbl

CoTpyaHMYEeCTBO (PU3UKOB, 3aHMMalIOLLINXCS
doyHoamaHTanbHOU OU3NKOU U
donsunkom obnakoB abcosfIitoTHO HEOOXOAUMO.
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FRAMEWORK OF THE STUDY

a) Collisions of cloud droplets with radii below 21 um (St<1) are considered.

b) Collisions in the turbulent flow with properties typical of cloud turbulence
(high Re number) are considered.

c) Three turbulent factors affecting the collision rate are analyzed
(swept volume, hydrodynamic interaction, preferential concentration).




= Dependence of the averaged normalized collision kernel for the 10 um-

and 20 um- radii droplet pair on the dissipation rate under different.
Reynolds numbers

3asucumMocmb HOPMasIuU308aHHbIX KepHesI08 CMOJIKHO8eHUU Orns
Kanesnb paduycos10 um- 20 um

Normalized collision kernel

0.04 0.06

Dissipation rate, m’s™
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stratiform cumulus cumulonimbus
clouds clouds clouds
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[loTOKKM Kanesnb
(cghepuyecKkulu KepHen
6e3 rugpoanHamMmmn4ecKkoro
B3anMOOENCTBUA)




