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1. Introduction

Inertial (and turbuent) flow over a porous medium, which is of interest in many applications as,
for instance, for flow control past a bluff body, is analyzed in this work using numerical modelling.
The configuration under consideration is a 2D rectangular domain including a large number of parallel
cylindrical particles arranged on an ordered square pattern with a fluid layer of infinite extend at the top,
the flow being orthogonal to the cylinders axes. Numerical simulations are carried out at two-different
scales. First, pore-scale resolved simulations of the Navier-Stokes equations (DNS) are performed using
an accurate finite differences scheme. Second, an average model, based on a one-domain approach, is
used to compute the solution within the fluid region and the porous region considered as an equivalent
homogeneous medium. This average model corresponds to a Navier-Stokes equation complemented with
a Darcy-like term featuring a penalization method for which the apparent permeability in the porous
region is modelled on the basis of several different models (namely a first order (K), a second order
(K2) and a model making use of the full apparent permeability tensor (H)). Solutions are sought using
a multigrid procedure involving several grid levels. The code is highly parallelized with MPI directives.
A thorough comparison of the different approaches is proposed through an analysis of the flow fields in
the whole domain (inside the porous medium and in the pure fluid zone), highlighting the impact of the
penalization approach close to and far from the porous zone.

2. Modelling and results

The whole system is composed of a porous rectangle R = (100, 500) x (0, 30) immersed in a fluid
domain. The total size of the domain including the porous medium is Q = (0,600) x (0,600). For
the DNS the porous rectangle is made of 12,000 square unit cells (size L.) with a cylinder of square
cross section in the center arranged on a square pattern (30 rows and 400 columns) having a porosity
€ = 0.913. The flow solution is sought by solving the discretized form of the following equations
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where Re = % is the Reynolds number (U, is the velocity at the infinite upstream). The term

£ H*(U*)~'U* is taken as - U?* with K = Z’:g: = %L% (k is the intrinsic permeability of the porous

medium) (model K); - I;( 62fﬁHU*HU* = LIQ + 1175‘1%\\U*||U* taking the value of f given in [1]

(model K2); - - H*(U*)~*U* with the full tensor H*(U*) = H/L? (model H). In the latter case, H was
computed as a function of Re and the local flow angle [2]. For Ref (i.e. DNS), dimensionless equations
(1) and (3) are solved in the fluid domain Qs = Qy x (0,T), 2y being the fluid domain included in Q2
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and T the simulation time, whereas, for K, K2 and H, equations (1) and (3) are solved in Fr = Fx(0,T),
F denoting the free fluid region while equations (2) and (3) are solved in Ry = R x (0,T).

Solutions are carried using a multigrid method which means that a sequence of uniform grids on
Q are employed, from the coarsest (G1 = 120 x 120 grid blocks) to the finest (G7 = 7680 x 7680, i.e.
58982400 grid blocks). Mesh convergence was checked by estimating the error between G6 and G7. For
accuracy, an additional level (%GS, 132710400 grid blocks) starting from a 90 x 90 grid blocks level is
used for Ref. The simulation time is T' = 3000.

For Re = 10, all the four simulations yield velocity profiles that are superimposed. While increasing
Re, (see an example for Re = 100 in figure 1), the model H is shown to better perform, although,
surprisingly, the model K2 is quite satisfactory in the region close to the exit. Further investigation is
under work considering larger values of Re, for which stronger turbulent effects are encountered.

50 ‘

600 ‘ ‘
[ [— Refx=200 1 b [— Refx=200
— Refx =400 — Refx =400
300 Refx = 500 7 b Ref x = 500
o—s K x=200 o—o Kx =200
[ | Kx=400 ] o—s K x=400
400 - K x =500 | [ K x =500
s—s K2 x =200 s—s K2x =200
| |=— K2x=400 1 30f [o—= K2x=400
K2 x = 500 K2 x = 500
S0l |7 Hx=200 i | |— Hx=200
: ~— Hx =400 —— Hx=400
| H x =500 i H x = 500
20
200 (- B
10
100 {~ B
! ‘ ! ‘ ! ‘ !
0 : 0
0 05 1 15 2 0,1 20,05
a)
200 ; — — 600 ‘
W\
N — Refx =200 — —
I \ " Reaoao| | | [T R ]
Refx = 500 Ref x = 500
*— Kx=200 o—o Kx =200
o—s K x=400 S80 |o . Kx=100 B
150 Kx=500 | | K x =500
== K2x =200 o—e K2 x =200
o— K2x=400 [ | K2x=400 1
K2 x =500 K2 x =500
L — Hx=200 | — Hx =200
— Hx =400 560~ | Hx =400 7
H x =500 Hx =500
100 - B | |
540 i
50 \ ! ! ! ! ! ! 52 \ | 1 I I
1 1,1 12 13 14 15 16 896 098 1 1,02 1,04 1,06
¢) d)

Figure 1: Profiles of the z-component of the velocity at three different vertical section of the domain = = 200, z = 400
and z = 500 for Re = 100. a) In the whole sections. b) Inside and just above the porous region. c) In the middle part of
the domain. d) At the top of the domain. The three penalization models (K, K2 and H) are compared to the reference
flow (Ref) computed on %GS.

3. Conclusion

Numerical simulations performed on a fluid-porous medium system at large values of the Reynolds
number indicate that a penalization method (i.e. a one-domain approach), in which the Darcy-like term
in the porous domain is pre-computed on the unit cell representative of the structure, provides a quite
accurate prediction of the flow, outperforming other types of estimates for this term.
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