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• Aircraft engines are fitted with an air-oil separator¹ designed to filter out 
oil droplets from the air stream while allowing as much air as possible to 
pass through, using a porous material.

• The oil is collected along the outer borders of the separator by centrifugal 
force while the air passes through the porous medium and is released into 
the atmosphere.

• The shape of the porous material can be optimized to minimize oil 
consumption while limiting pressure drop.

Motivation/Context

• Porous material
• Domain Ω𝜀 = Ω1 ∪ Ω2

𝜀 where Ω2
𝜀 is divided into periodic cells of size 𝜀

• Microstructure : a square that contains a rectangular obstacle with side
lengths (𝑚1, 𝑚2)

• Air-oil fluid
• A fluid consisting of air and oil, assumed to be single-phase
• Incompressible Navier-Stokes equations with Robin boundary

conditions at obstacle boundaries Γ𝜀 representing the oil droplet capture

Model²

• Homogenization 
• Average of physical properties of the porous material
• Effective material with no obstacle representing the asymptotic 

behaviour of the porous material as 𝜀 approaches 0
• New homogenized equations in fixed domain Ω = Ω1 ∪ Ω2 
• No incompressibility condition on porous medium Ω2

• Optimization parameter
• Initial model : 𝒎𝒊 = (𝑚1

𝑖 , 𝑚2
𝑖 ∈ 0,1 2, 𝑖 ∈ 1,… , #𝑜𝑏𝑠𝑡𝑎𝑐𝑙𝑒𝑠 𝜀 } 

• Homogenized model : 𝒎 = 𝑚1, 𝑚2 ∈ 𝐿∞(Ω2; [0,1]
2)

Homogenization ³ ⁴

• Two performance criteria : oil consumption and pressure drop

1.    Oil collected by the separator
𝐽1
𝜀 𝒎 = Γ𝜀׬

𝒖𝜺 ⋅ 𝒏 𝑑𝑠
𝜀→0

𝐽1 𝒎 = Ω2׬
div 𝒖 𝑑𝑥

2.    Pressure drop
𝐽2
𝜀 𝒎 = Γ𝑜𝑢𝑡׬

(𝒑𝜺 − 2𝜈 𝑒 𝒖𝜺 𝒏 ⋅ 𝒏) 𝑑𝑠 − Γ𝑖𝑛׬
𝒑𝜺 − 2𝜈 𝑒 𝒖𝜺 𝒏 ⋅ 𝒏 𝑑𝑠

• Optimization with Null Space algorithm⁵
• The oil collected is maximized under a constraint on the pressure drop

min
𝑚∈𝐿∞(Ω2; 0,1

2)
−𝐽1 𝒎 𝑠. 𝑡 𝐽2 𝒎 < 𝐶

Optimization
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−2𝜈div 𝑒 𝒖𝜺 + 𝒖𝜺 ⋅ ∇𝒖𝜺 + ∇𝑝𝜀 = 𝟎
div 𝒖𝜺 = 0

𝒖𝜺 = 𝒖𝟎
2𝜈𝑒 𝒖𝜺 − 𝑝𝜀𝐼𝑑 𝒏 ⋅ 𝒏 = −𝛼𝜖𝒖𝜺 ⋅ 𝒏
2𝜈𝑒 𝒖𝜺 − 𝑝𝜀𝐼𝑑 𝒏 ⋅ 𝒕 = 0

Initial model

𝜀 → 0

−2𝜈div 𝑒 𝒖 + 𝒖 ⋅ ∇𝒖 + ∇𝑝 = 𝟎
div 𝒖 = 0

𝑯 𝒎;𝒖, 𝑝 = 𝟎

𝒖 = 𝒖𝟎

on Ω2

on 𝜕Ω𝑒𝑥𝑡

in Ω1

Homogenized model

Ω1 Ω2

𝜀 → 0

Optimized 𝑚1

Optimized 𝑚2

Optimal structure

• Optimization does not directly yield a manufacturable material

• Dehomogenization
• Interpretation of optimized parameters into an actual material
• Projection of fields (𝑚1, 𝑚2) onto a grid of size 𝜀 as in the initial model
• Characterization of final structure with level-set function 𝐹𝜀(𝒎; 𝑥)

Ω2
𝜀 = {𝑥 ∈ Ω2 such that 𝐹𝜀 𝒎;𝑥 ≤ 0}

𝑓𝑖
𝜀 𝒎;𝑥 = −cos 2𝜋𝑥𝑖

𝜀
+ cos(𝜋(1 − 𝑚𝑖 𝑥 )

𝐹𝜀 = min(𝑓1
𝜀 , 𝑓2

𝜀)

Dehomogenization ⁶
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