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Numerical simulation of turbulent flows is one of the great challenges in
Computational Fluid Dynamics (CFD)

Anisotropic mesh

Immersed geometry

Boundary layer

Dynamic adaptation

Unsteady NS
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What’s a metric ?
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Boundary layer theory

Dimensionless wall distance for the first cell :

y+
0 = hmin

uτ
ν

with uτ the friction velocity, and τω the wall shear stress :

uτ =

√
τw
ρ
, τω = CF

ρU2
∞
2

Minimum wall mesh size :

hmin =
y+
0

Re
L

√
CF

2
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Multi-levelset

Proposition :

Boundary Layer Metric (y+
0 , Re, L)

Fitting the geometry curvature
Fixed mesh suitable for the whole simulation
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Curvature

Let’s define N = − ∇φ(P)
|∇φ(P)|

S = −∇TN = (I − N.NT )Hes(φ)(P)

Eigenvalues = Curvatures

κi = tr(S)±

√(
tr(S)

2

)2

− Z (S)

hti = f (κi , hmin)

Associated eigenvectors = Directions

M =

 N
T1
T2




1
h2 0 0
0 1

ht1
2 0

0 0 1
ht2

2

( N T1 T2
)

[Billon et al., 2016]
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Curvature
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Simple 3D geometry : Ahmed body

2167057 elements - 378259 nodes - 20 cores
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Complex geometry : Tyrix drone

8049721 elements - 1378131 nodes - 20 cores
Laure Billon Mesh adaptation for turbulent Flows 13/04/2016 9 / 19



Introduction Boundary Layer Metric Dynamic mesh adaptation Coupling of metrics Conclusion

To go further : Formula 1

21026520 elements - 3602483 nodes - 40 cores
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To go further : Formula 1
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To go further : Formula 1
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Edge based metric in details

Xij = Xj − Xi

Lengths distribution tensor :

Xi =
d

|Γ(i)|
∑
j∈Γ(i)

Xij ⊗ Xij

X̃ij = sijXij

Drive these stretching factors using an edge
based error estimator :

sij =

(
ε

eij

) 1
p

, ε =


∑
i

∑
j∈Γi

e
p

p+2
ij

Na


Edge based metric :

M̃i =
|Γ(i)|
d

(
X̃i
)−1

[Coupez, 2011] [Coupez and Hachem, 2013]
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Example : Driven cavity

Multi-criterias :

u(X i ) =

 V i

|V i |
,
|V i |

max
j
|V j |


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New edge based metric

Stretching factors computation :

sij =

(
ε

eij

)1/2

ε =


1
C0

∑
T

∫ √
det(MT )

NT


2/d

User control on the minimum and maximum mesh sizes
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New edge based metric

Study of analytical error :
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New edge based metric
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New edge based metric

Driven cavity comparison

Laure Billon Mesh adaptation for turbulent Flows 13/04/2016 17 / 19



Introduction Boundary Layer Metric Dynamic mesh adaptation Coupling of metrics Conclusion

Proposition :

Method 1 : Replacing the metric inside the boundary layer zone by
the Boundary layer metric
Method 2 : Intersecting carefully both metrics inside the boundary
layer region
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Conclusion and perspectives

Conclusion :
Boundary Layer Metric with curvature
New error estimator based on elements
Coupling metrics

Perspectives :

Backward facing step
New geometries
Moving geometry
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Other lab works

[Khalloufi et al., 2016]
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Other lab works
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