LES simulation of the flow around porous bluff bodies
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wind tunnel measurements

U-profile specimen

air velocity u,=14m/s
i Re=1.4e> turbulent flow

impact angle a=(—15,15)°

Inpro Caslav

porous barriers on bridge decks

» protection vehicles from cross-wind

* prevention of sand accumulation

» ancillary structures, but strong effect on the the bridge
aerodynamics
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Comparison of 2D SST RANS simulations with measurements

2 modelling attemps

52836mm
1mm

1
A
PRDE
P
i
Amfﬁﬁ‘#ﬁ s
| I TARRERRATD
gIl WIRIRIEE ooy i
"'---T__-r"" 1
=11 ] LA
WIS g o
R gt NS
i
W imin MRS L
gty Lt
f—==’- :;:,u:
T
g [ )
[] &.736mm
1.6
1.4
1.2
1
—
1
_'Q 0.8
L
0.6
0.4
0.2
0

-10 -8 -6 = -2 0 2 4 6 8 10

Resistance coefficient K=K(g)

g -porosity

Comsol implementation
Control flow devices-screen

pressure jump
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3D LES simulation —computational settings

back- periodic top-periodic / 4R
F-I__ P 'S
Wind [),,
D
B .
inlet
U, =UCOS aL) b=0.15m
x— Y0 -
o g 180; B=0.3m
Uy=ugsin (@ | outlet inner depth D,=0.075m
u,=0 walls ' p=0
u,=0 /
Uy= Spanwise length L set to L/B=1
u,=0
Minimum requirement L/B=> 1
St e (Tamura et al. 1998)
i

front-periodic



Modeling of porous zones- volume force

Volume force ist fficient
/ resistance coe I(C(f;z)(g_l) Xu,M., Patruno,L., Lo, Yuan-Lung, de Miranda, S. (2020)
K K (&)= 2 (ay—1) On the use of the pressure jump approach for the simulation

Fe=—Aluy|uyp A= 2L of separated external flows around porous structures:

Fy=—A|uy|uyP \ a; =05 a; =01 Aforward facing step.J. Wind Eng. Ind. Aerodyn. 207

E,=—A [ g
. lu, |u,p porous layer thickness 1Ly, 1Ly, 1 ~velocity field
p —air density
Drag coefficient c¢p= cpy+ Cpyp 1- wall shear stress

_ S- reference area
C.= Crwt CLp ] ]
u;n-inlet velocity
1 porous zone 2 porous zones
in porous area

on walls Cpp= 2(Fy cos a+FE, sin a)/pus,S

Cpw = 2Tx/5pui2n

cosa — F, sin a)/puz S
c.=2(F X in




3D LES simulation -computational mesh

Hexahedral mesh, hybrid mesh in x-y plane, structured along z dimension- number of equidistant layers n,=24
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meshing of computational mesh around rectangle detail of mesh in boundary layer
domain



3D LES simulation- results I.

Experimental results
Cp =1.33
CL='0.34

e = 0.5, a =0° u;,=2.8m/s

Slice: Velocity magnitude (mjs)

1 porous
zone

2 porous
zones




3D LES simulation- results II.




Conclusions

simulations of the air flow around u-profile having porous barrier were performed in Comsol Multiphysics
software

pressure jump attempt based on the opposite volume force was used
obtained drag and lift coefficients are in qualitative agreement with measured data

parametric study including various angles of attack and various porosities is planned



