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#12th Workshop on Two-Phase Flow Predi
tions, 21-25 Mar
h 2010, Halle (Germany)| TEST CASE: LES of parti
le-laden turbulent 
hannel �owGROUP UUD-UPI: C. Mar
hioli, A. Soldati, Dept. Energy Te
hnologies, University of Udine & M.V. Salvetti,Dept. Aerospa
e Engineering, University of Pisa (Italy)GROUP TUE: J.G.M. Kuerten, Dept. Me
hani
al Engineering, Te
hnis
he Universiteit Eindhoven (Netherlands)GROUP IMFT-ASU: A. Ndri Konan, P. Fede, O. Simonin, Université de Toulouse; INPT, UPS; Institut deMé
anique des Fluides de Toulouse; CNRS (Fran
e) & K.D. Squires, Me
hani
al and Aerospa
e EngineeringDept., Arizona State University (USA)GROUP TUM: C. Gobert, M. Manhart, Dept. Civil Engineering, Muni
h University of Te
hnology (Germany)Equation of parti
le motion (with drag and inertia)

dxi

dt
= vi , dvi

dt
= û(xi,t)−vi

τp
(1 + 0.15Re0.687

p ),

xi, vi and τp: parti
le position, velo
ity and relaxation time.
û(x, t): �ltered �uid velo
ity (issued by LES).Method (LES of parti
le-laden �ow)
• COMMON BASE-SIMULATION PARAMETERS� Shear Reynolds number (based on half 
hannel height) :

Reτ = 150� Parti
le Stokes number: St = 1, 5 and 25� Size of the 
omputational domain (streamwise, wall-normal, spanwise): Lx × Lz × Ly = 4πh× 2h× 2πh� Grid resolution: Nx ×Nz ×Ny = 64× 65× 64� Tra
ked parti
les: Np = 105 parti
les for ea
h St

• GROUP UUD-UPI (Mar
hioli, Soldati, Salvetti)� Flow solver: Fourier-Galerkin (streamwise-spanwise) andChebyshev 
ollo
ation method (wall-normal)� SGS model: dynami
 eddy-vis
osity model� Time integration of �uid: 2nd-order Adams-Bashforth(nonlinear terms), impli
it Crank-Ni
olson (linear terms)� Time integration of parti
les: 4th-order Runge-Kutta� Fluid velo
ity interpolation: 6th-order Lagrange polyn.
• GROUP TUE (Kuerten)� Flow solver: Fourier-Galerkin (streamwise-spanwise) andChebyshev 
ollo
ation method (wall-normal)� SGS model: dynami
 eddy-vis
osity model� Time integration of �uid: 3rd-order Runge-Kutta (non-linear terms) and impli
it Crank-Ni
olson (linear terms)� Time integration of parti
les: 2nd-order Heun method� Fluid velo
ity interpolation: 4th-order Lagrange-Hermite
• GROUP IMFT-ASU (Konan, Fede, Simonin, Squires)� Flow solver: fra
tional-step method for the NS equa-tions. Spatial derivatives evaluated using 2nd-order 
en-tered di�eren
es� SGS model: eddy-vis
osity model with wall damping� Time integration of �uid: 2nd-order Adams-Bashforth(nonlinear terms) and Crank-Ni
olson (linear terms)� Time integration of parti
les: 2nd-order Adams-Bashforth� Fluid velo
ity interpolation: 4th-order Lagrange polyn.
• GROUP TUM (Gobert, Manhart)� Flow solver: �nite-volume method for the NS equations.Spatial derivatives evaluated using 2nd-order 
entereddi�eren
es� SGS model: dynami
 Lagrange Smagorinsky eddy-vis
osity model� Time integration of �uid: 3rd-order Runge-Kutta� Time integration of parti
les: 4th-order adaptive linear-impli
it Runge-Kutta (Rosenbro
k-Wanner s
heme)� Fluid velo
ity interpolation: 4th-order Lagrange polyn.

ResultsMean and RMS Fluid Velo
ities:
 0

 5

 10

 15

 20

 0.1  1  10  100

M
ea

n 
S

tr
ea

m
w

is
e 

V
el

oc
ity

 (
U

x+
)

Wall-Normal Distance (z+)

DNS [UUD-UPI]
UUD-UPI

TUE
IMFT+ASU

TUM

 12

 13

 14

 15

 16

 17

 18

 19

 20

 100

M
ea

n 
S

tr
ea

m
w

is
e 

V
el

oc
ity

 (
U

x+
)

Wall-Normal Distance (z+)

DNS [UUD-UPI]
UUD-UPI

TUE
IMFT+ASU

TUM

 0

 0.5

 1

 1.5

 2

 2.5

 3

 0  20  40  60  80  100  120  140

R
M

S
 o

f F
lu

id
 V

el
oc

ity
 F

lu
ct

ua
tio

ns

Wall-Normal Distance (z+)

U’+x,rms

U’+z,rms

DNS [UUD-UPI]
UUD-UPI

TUE
IMFT+ASU

TUM

Mean and RMS Parti
le Velo
ities:
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Parti
le Con
entrations:
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