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SUMMARY�True� DNS for non-spheri
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ale Quaternion integration framework to update toparti
le positions, taking into a
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ollisions and orientation.Con
lusion: Rough walls have a big e�e
t for spheres, even bigger fornon-spheri
al parti
les.Con
lusion: Dis
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DNS - IMMERSED BOUNDARY METHODFluid domain is representedby an Eulerian grid.A Lagrangian grid representsthe solid-�uid interfa
eNon-distributed for
emethod, Mark and vanWa
hem (2008), vanWa
hem and Oliveira(2010).Impli
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PARTICLE SHAPESshape spheri
ity proportions sizesphere 1 d = 200µm
ellipsoid 1 0.88 ab = 52 a = 368µmb = 147µm�ber 1 0.70 ab = 5 a = 510µmb = 102µm
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RESULTS: DNS SIMULATIONS
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RESULTS FROMDNS
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COLLISION DYNAMICS


onta
ts are found through�spheres�: Hertzian 
onta
t model:F n(t) = Kn(t)δ 32n (t)n(t)F t(t) = min (µF n(t),Kt(t)δ t(t))Quaternion update:q′n+1 = q̃′n+ 12 qnq̃′n+ 12 = [
os ‖ω ′n+ 12 ‖△t2 ,sin ‖ω ′n+ 12 ‖△t2 ω ′n+ 12
‖ω ′n+ 12 ‖ ]
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SIMULATION DOMAIN

D dp m ReD < U > St35mm 200µm 1.0 42,000 19.7m/s 52Kussin and Sommerfeld (2002)Berend van Wa
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NON-SPHERICAL PARTICLES

average velo
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NON-SPHERICAL PARTICLES

Con
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NON-SPHERICAL PARTICLES
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NON-SPHERICAL PARTICLES
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NON-SPHERICAL PARTICLES

RMS of angle of parti
les vs 
hannel heightBerend van Wa
hem (Imperial College) Non-spheri
al parti
le �ows Cost A
tion FP1005 13 / 14



SUMMARY�True� DNS for non-spheri
al parti
les to generate a database withlift, drag, torque, torque.LES of turbulent 
hannel �ow (Kussin & Sommerfeld, 2002) withpoint parti
les using the database.New large-s
ale Quaternion integration framework to update toparti
le positions, taking into a

ount 
ollisions and orientation.Con
lusion: Rough walls have a big e�e
t for spheres, even bigger fornon-spheri
al parti
les.Con
lusion: Dis
-shaped parti
les �ow more �steady� then�bre-shaped parti
les.Berend van Wa
hem (Imperial College) Non-spheri
al parti
le �ows Cost A
tion FP1005 14 / 14


	Executive Summary
	Direct Numerical Simulation
	Drag, Lift and Torque
	Turbulent Channel Flow

