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INTRODUCTION

Numerial framework for analysis of turbulent �ows with non-spherialpartiles:Aerodynami fores determined by true DNSEulerian - Lagrangian approahFiltered �uid phasePartile phase is traked as individual partilesOrientation dependent fores on point-partiles
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EULER-LAGRANGE MODEL

STATE VECTOR









ddt x(t)ddtQ(t)ddt (mpvp(t))ddt (I pωp(t))=









vp(t)12Qωp(t)F d +mpg −Vp∇Pf +∑N F pp +Sp+F l + . . .T aero −T rot 





Quaternions vs. Rotation matrix:No singularities - enhaned stabilityHigher omputational e�ienyIntegration errors not propagated in timeMarian Zastawny (Imperial College) Non-spherial partile �ows EUROMECH olloquium 5 / 19



BODY SPACE VS WORLD SPACE
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FORCES AND TORQUES ON A PARTICLE

DRAG FORCE Fd = CD (Re,ϕ)
12ρg π4 d2p (ṽ f −vp)2

LIFT FORCE Fl = CL (Re,ϕ)
12ρg π4 d2p (ṽ f −vp)2

AERODYNAMIC TORQUETaero = CT (Re,ϕ)
12ρg π8 d3p (ṽ f −vp)2

ROTATIONAL TORQUET rot = CR (ωp ,Re) ρ2 (dp2 )5
|ωp|ωpMarian Zastawny (Imperial College) Non-spherial partile �ows EUROMECH olloquium 7 / 19



COLLISION DYNAMICSontats are found through�spheres�: Hertzian ontat model:F n(t) = Kn(t)δ 32n (t)n(t)F t(t) =min (µF n(t),Kt(t)δ t(t))
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DNS - IMMERSED BOUNDARY METHODFluid domain is representedby an Eulerian grid.A Lagrangian grid representsthe solid-�uid interfaeNon-distributed foremethod, Mark and vanWahem (2008); Zastawny,Van Wahem and Oliveira(2010).Impliit and 2nd orderaurate.Geometri restrition: losedand solid bodies.Marian Zastawny (Imperial College) Non-spherial partile �ows EUROMECH olloquium 9 / 19



DNS SIMULATIONS

CD(ϕ) = CD,ϕ=0o +(CD,ϕ=90o −CD,ϕ=0o )sina0(ϕ)CD,ϕ=0o = a1Rea2 + a3Rea4CD,ϕ=90o = a5Rea6 + a7Rea8CL = b1Reb2 + b3Reb4 sin(ϕ)b5+b6Reb7 os(ϕ)b8+b9Reb10CT =
1Re2 + 3Re4 sin(ϕ)5+6Re7os(ϕ)8+9Re10ExampleMarian Zastawny (Imperial College) Non-spherial partile �ows EUROMECH olloquium 10 / 19



PARTICLE SHAPESSphere d = 200µm
shape parameters shape parametersEllipsoid 1 φ = 0.88ab = 52a= 368µmb = 147µm Ellipsoid 2 φ = 0.99ab = 54a= 232µmb = 186µmDis φ = 0.63ab = 51a= 342µmb = 68.4µm Fibre φ = 0.70ab = 51a= 510µmb = 102µmMarian Zastawny (Imperial College) Non-spherial partile �ows EUROMECH olloquium 11 / 19



RESULTS FROM DNS
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RESULTS FROM DNS
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Similar for torque oe�ient and for other partile typesHoerner (1965), CL = CDsin2ϕosϕMarian Zastawny (Imperial College) Non-spherial partile �ows EUROMECH olloquium 13 / 19



SIMULATION DOMAIN

D dp m ReD < U > St35mm 200µm 1.0 42,000 19.7m/s 52100 000 partilesKussin and Sommerfeld (2002)Marian Zastawny (Imperial College) Non-spherial partile �ows EUROMECH olloquium 14 / 19



HORIZONTAL MEAN VELOCITY
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PARTICLE CONCENTRATION
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NON-SPHERICAL PARTICLES: ANGLES
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NON-SPHERICAL PARTICLES: ANGLES
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CONCLUSIONS

Framework to model �ows with �heavy� non-spherial partiles.Euler-Lagrange approah with quaternion integration for partileorientation.Aurate predition of aerodynami fores and torques.Preliminary results in line with experimental data.Improvements for fores predition:Volume fration dependeny in fore orrelations,Shape-spei� rotational torque oe�ient.
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