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• Predict the collision kernel for inertial particles embedded in 
turbulent flow*	



!

* Sundaram & Collins 1997

K(σ) = 4πσ2g(σ)

∫ 0

−∞

−wrp(wr|σ)dwr

g(σ) ≡ Radial Distribution Function (RDF)

p(wr|σ) ≡ Relative Velocity PDF

Motivation

• Taking into consideration gravity…	



!

!

Bec et al. 2014!
Gustavsson et al. 2014
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Parameters

U
′ turbulence intensity

ϵ dissipation rate
ν kinematic viscosity

d

ρp

diameter
density
number density

Rλ ≡ U
′2

√

15

νϵ
St ≡

τp

τη

d/η

Φ

Stokes number
size parameter
volume fraction

Sv ≡

vT

uη
settling parameter

n

g gravity
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Cloud parameters

10
−

4
10
−

310
−

210
−

1

5

10

15

20

25

Sv

SvSv

Sv

St

St St

St

Rλ ∼ 10
4

Φ ∼ 10
−6



DNS

NCAR Yellowstone 2048
3

Rλ ≈ 600



Effect of gravity on the RDF

Gravity diminishes clustering at low St, but 
enhances it at higher St



Power-law Coefficients
g(r) = c0(St)

(η

r

)c1(St)



Angular distribution of RDF



Accounting for reduction in 
symmetry

Legendre Polynomials

g(r, ✓) = c0P0(µ) + c2P2(µ) + c4P4(µ) + · · ·

µ ⌘ cos(✓)

P0 = 1
P2 = 1/2(3µ2 � 1)

P4 = 1/8(35µ4 � 30µ2 + 3)



Degree of anisotropy for 
RDF



Degree of anisotropy for 
RDF



Effect of gravity on the mean 
inward relative velocity



Angular distribution of 
relative velocity



Degree of axisymmetry for 
the relative velocity



Degree of axisymmetry for 
the relative velocity



RDF at contact



Relative velocity at contact



Collision kernel



Zaichik Theory

Zaichik, Fede, Simonin, Alipchenkov (2009)
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Zaichik Theory

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)


