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small & large

D(r) small droplets
droplets
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| “'1960 e.g. Arenberg 1939; Saffman&Turner 1956
Q ~1990 e.g. Beard&Ochs 1993

a 1990 —~ e.g. Sundaram&Collins 1997; Falkovich 2002

a

e.g. Pinsky et al. 2007






autoconversion

" Kessler
d_(:::r =a X max(qc - ch’O)
4.4,
a (e.g., a=1x103[1/s]) q,,
" Grell
dq VYA
r _ f ’V
dt (qc poo (qr ))

[kg/kg]
(e.9., q,=0.5x10°)




Stochastic Collection Equation (SCE)

(angt(r)jcm = %for Kc(r",r')np(r")np(r')dr'—jgo Ke(r,rng (ng (r')dr’

( ) Ke(r, 1) :ﬂRZ’Vw(rl) _Voo(rl)‘

(R : collision radius (=r,+r,), V_ :settling velocity )

Hydrodynamic (Gravitational) ! m
?

B 2005,2006,2007 %(
( ) o
(K (60 Re ) = 2R (w g R) My

{lWJ - radial relative velocity at contact (Wang et al. 2000)

g(R) : radial distribution function at contact (original model)




‘ Multi-Scale Simulator for the Geoenvironment
(MSSG)

» Applicable to global, regional and
local scales seamlessly

» Ying-Yang grid for globe

» Consists of 3 modes; atmos. /
ocean / coupled

» Highly optimized for the Earth
Simulator (ES)
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\ turbulent collision kernel model °

e .- .
R : collision radius (=r,+r,)

A

|w,| : radial relative velocity at contact

g(R) : radial distribution function at contact
\
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(L,=0.005, 0.01 m)

DNS

FLOW-1

FLOW-2

FLOW-3

FLOW-4
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DNS

Stokes

Lagrangian
Numper of Ndzanst?teyr
particles n [L/em?]
RUN-1 4096 132
RUN-2 4096 132
RUN-3 4096 132
RUN-4 13824 95.7
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non-gravity case gravity case

Onishi,Takahashi & Komori, Phys. Fluids (accepted)
B 2005
B 2005
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|MSSG |

Flow turbulent statistics

Dynamics

compressive N-S eq. d/
static Smagorinsky model

etc...
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Microphysics Bin method

condensation growth
etc...

d

collision growth <=== K.(r,r,,,u'",Re,)
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averaye ranfall (RUN=NaT)

{

average roinfal (RUN-T)
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RICO

= Initial data from “Rain In Cumulus over the Ocean” field
campaign by GCSS

= Useful for investigating cloud microphysical processes
= r<40um cloud droplets r>40um rain drops, in protocol

12.8><12.8><4km domain, A,=100m, A,=40m,
Periodic B.C., 24 hours integration. The last 4
hours are for analysis.
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Surface Precipitation [W/m2

4hour averaging

— MSSG-Bin with KcHydr
— MSSG-Bin with KcTurb

0 5 10 15 20

Time [hour]
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