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Motivation

® Predict the collision kernel for inertial particles embedded in
turbulent flow™

K(0) = dro?g(o) / —wyp(w,|o)dw

— OO

g(o) = Radial Distribution Function (RDF')

p(w,|o) = Relative Velocity PDF

® Taking into consideration gravity... Bec et al. 2014

Gustavsson et al. 2014
* Sundaram & Collins 1997



DNS - Fluid
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DNS - Fluid

ou; " op™ y 0%, r
€W iU = | -
ot MR T Bay T a0
(9uj | p 1
0; P ! 2

Particles Relative Motion
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Parameters

U’ turbulence intensity d  diameter

€ dissipation rate Pr density
v kinematic viscosity N number density
g gravity
o 2 15 L Tp
Ry =U""y/ — St = Stokes number
Ve Ty |
d/! Slze parameter

| volume fraction

S, 1 settling parameter
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Parameters

U’ turbulence intensity d  diameter

€ dissipation rate Pr density
Kinematic viscosity N number density

R

g gravity
2 15 L Tp
Ry =U""y/ — St = Stokes number
VE Ty |
understood ~l/! Size parameter
neglected > volume-fraction

S, 1 settling parameter

U



Cloud parameters
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Fig. 9. The distribution of cloud microphysical and turbulence properties in a dimensionless Stokes-settling parameter space. The upper left plot is for a
stratocumulus cloud and the remaining three are for small cumulus clouds. Each point represents data in a 1-second (approximately 15m) average. Diagonal lines
with positive slope are contours of constant turbulent energy dissipation rate, &, at values of 10~ % 1073, 102, and 10~ " (lower right to upper left corners).
Diagonal lines with negative slope are contours of constant droplet diameter at values of 5, 10, 15, 20 and 25 um (lower left to upper right corners).
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Effect of gravity on the RDF
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Gravity diminishes clustering at low St, but
enhances it at higher St
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Power-law Coefficients

9(r) = co(St) (=
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Angular distribution of RDF

St = 0.1 St = 0.3 St = 0.5 St = 0.7 St = 1.0 St = 3.0




Accounting for reduction In
symmetry

g(r,!) = coPo(M) + CP2(l) + C4P4(p) + ---

1 = cos(6)

Py=1
P> =1/2(3u° — 1)
Py = 1/8(35u* — 30u* + 3)

Legendre Polynomials



ISotropy for
RDF

Degree of an
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Degree of anisotropy for
RDF
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Effect of gravity on the mean
inward relative velocity
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Angular distribution of
relative velocity

St = 0.1 St = 0.3 St = 0.5 St = 0.7 St = 1.0 St = 3.0




Degree of axisymmetry for
the relative velocity
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Degree of axisymmetry for
the relative velocity
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N—"

RDF at contact
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Relative velocity at contact
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Co\hsmn kerne\
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Zaichik Theory

(S0 a" gl gle'yaSg=0
di'usion drift
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) ) = , o St ! "
L (SH+ ") 1" = B = 1! . &S5 T'r S*#R ° )
St 1

p (S5 + ") ! 1S, Gravity diminishes more than drift

Zaichik, Fede, Simonin, Alipchenkov (2009) Bragg and Collins, NJP (2014)



Zaichik Theory

C1 (St)
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No clear path to predicting effect of gravity on time scales!
Initially considering the strong gravity limit



summary

Considered the effect of gravitational settling on clustering, relative
velocity and collision

Gravity reduces clustering at small St and enhances it at high St
Gravity causes a significant reduction in symmetry (~30%)

Gravity increases relative velocity at small St and decreases it at
high St; collision kernel is decreased by gravity

Zaichik theory explains qualitative trends; however, quantitative
predictions requires a model for implicit changes in the time scales
for strain and rotation along particle paths

We are first considering the large gravity limit (frozen flow)




