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Size distribution evolution (warm clouds)

The cloud droplet size distribution is defined
as f(r) = np(r), where n is the number
density of droplets (of all radii) in the volume.
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RELATIVE MASS

Size distribution evolution (warm clouds)
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Generalized collision kernel...

Cloud droplet collision rate
Ni; = nynyKq,

Cloud physics ... gravity-dominated (cylindrical)

Ki% = 7TR2|W1 — W2|612 where R = rh+nr

Generalized ... allows for turbulence (spherical)

Ki; = 2mR?g,,(R)(w1,(R))_

g12(1) radial distribution function (probability of finding droplets
of sizes 1 and 2 separated by distance r, relative to that
expected for a perfectly random distribution)

(wio(r))_ inward radial velocity, averaged over spherical surface

Sundaram and Collins 1997; Wang et al. 1998



Turbulence enhancement

Turbulence enhancement of collision rate
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Turbulence enhancement of collision rate
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Turbulence enhancement of collision rate
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Gravitational settling vs. droplet inertia
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ACTOS: Airborne Cloud Turbulence Observation System

Siebert et al BAMS 2006



ACTOS: Airborne Cloud Turbulence Observation System
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Gravitational settling vs. droplet inertia

H. Siebert et al / Atmospheric Research 97 (2010) 426-437
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Settling parameter Sv

Gravitational settling vs. droplet inertia
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Relative velocity...

no gravity

O 5=01&05
O S=02&04
S=04&05
St=06&0.9
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J = Ig |/Hr,l

S(r) = {((Au)*) + y* u, (ASt)? + 7, (ASt)* (@) — 2 7, St{Au - Aa) + 7, ST ((4Aa)?)
— 2y uy ASt(k - Au) — 27, ASt (@ - Au) + 2y 5 (ASt)* (k - @)

+ 2y nStASt (k - Aa) — 2z, StASt (@ - Aa).

Chang et al. 2015



Relative velocity...

Bewley et al. 2014
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Inertial clustering & radial distribution function

o x el gn i, Fat af Mo 1 oy "y nt LT
b - R Vi LA oA, &
B or il § N saagh T R G At g 6
. = R ey ' h .. 5 Ba o 7 .
PRt ot 1 i, A o TR o it
N T T S T S SN LT T
_".I: . s . F 'I\_J".r.-"‘:'\.'-l .,.ddl' T |.I_-I '-\.'-,'”
5{3_ . P RV IR, L ek W s 2Ry 5F:
., T, G AR AETHY g UL
PR . T - [P e g
P T+ T - T T I b ¥ R I
voAr a2 ok v ey a8, AR - vt Ben B : -0 '9 _"
AFiar N LT e gt T M e 4
M o e L TN i
T I g ."L--'.il"-._'_l."t"‘-l
a5 . s 4 e b g C - L T
b a e |-|L":',J' Lt - e |J-."‘| =
a e, U g1 I I AL B =3
L 14 P e PY Y pid 2 it B e ek -I' =
. aapirr. e e Rt e et ., = o I
LY s A P qar S .
P EA v e M e P Lot w e
R A R e
2 L AR o e el U e 2
A=t o ‘. L PO .-|- P |
G I A e ok A o
s A ':eu. - -_-_.-"' e - an 2t T X L
w 1",_'_":_'_4'-.;.1 5. ‘_L':II-: . i & - I‘{‘r PR
1 e e ."Jl- T * '.'-tt-ﬁ:"' M .1
- " - s arw g F et -
TR _.‘,'— S wewiyl o afy I-'. L "}"..ﬂ -
L d o wal PN gt W + ML b B
Ep T e e ety A
*+ "J . LT L3 . 4 'J_.. ar - "_,.l"'-“'
% E L e | day SRR oAl T ey e i q} !

¥(r)/N o
(N_1)sv,)v TNV

g(r) =

b prb



Drift-diffusion theory for clustering...
(Chun et al. ... similar in spirit to Falkovich et al., Zaichik & Alipchenkov)

from Fokker-Planck eqn for particle pair probability g(r)

... Steady state
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Active-grid wind tunnel with spray
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Active-grid wind tunnel with spray
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Active-grid wind tunnel with spray
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Turbulence energy spectrum and RDF...
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Comparison: Experiments & DNS
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Stokes number scaling...
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Drift-diffusion... with charge
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Lu et al. New J. Phys. 2010



Experiment: 3D particle positions in homogeneous, isotropic
turbulence...
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RDF

Charged inertial particles in turbulence...
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Effect of gravitational settling...

glr1 for Run 1

rm
gmtrj for Run 1

Run 1

Run 2
ge (G) I 1.9
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Lu et al. New J. Phys. 2010



Summary

Cloud droplet collisions are influenced by turbulence in several ways: spatial
distribution, relative velocity, and modified collision efficiency.

Experiment shows strong St scaling for inertial clustering. Effects of Re &
gravity are relatively weak (below experimental uncertainty) for the range
covered ( R,=430--700, Sv~ 0.1--1).

Experiment and DNS agree well, when proper averaging is performed; this
takes some effort. Drift-diffusion theory for St<<1 seems to work up to St~0.3
for the monodisperse case.

Inclusion of gravity is important for bidisperse clustering (and collision
velocity) — test accomplished through addition of electric charge.

Turbulence enhancements can reach factor of 2 for plausible conditions.
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