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• Introduction
• The topological gradient
• From differential calculus to 0-1 

optimization
• A Fixed point method (J. Céa 1973)
• Some applications.



Introduction 
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An example
Let us minimize the compliance
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From differential calculus
to 0-1 optimization
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SHELL ECO-MARATHON
To drive as far as possible using a 

given quantity of oil.
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Application to Wave guides 
Design 

Alcatel Space



Some applications to CFD 
problems



To maximize the flow for a given
inlet pressure (Stokes)

with H. Maatoug (Enit)

We consider 3 cases



The first test case



The topological gradient



The second test case



The third test case



Application to a transient 
nonlinear problem
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Application to history matching in petrophysics
P.E. Edoa MIP – D. Rahon IFP - MM

Transient Multiphase Darcy Equations
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Inverse problem example

• Well test data : 
pressure and derivative

• Inverse problem :

• Objective function :

• Objective : find the domain ΩΩΩΩ which minimizes 
the objective function j
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Calculation of the topological gradient
• Single phase flow

• Two-phase flow
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Example 1 : 2D geostatistical case
• Objective : to find images satisfying  dynamic 

data
– 2 facies : K : 300mD (facies 1) ,1mD (facies 2) 

– Synthetics well tests

• Simulation data
– H = 10m, F = 0.25
– L = 1000m, l = 500m
– 2500 grid blocks
– Well tests : 1 day
– 3 wells, rate : 10m3/d 

Reference permeability mapReference permeability map

Prod2Prod2

Prod3Prod3
Prod1Prod1
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Optimization results

Reference permeability map
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Synthetic 3D case: two-phase flow

• Production data
– 4 production wells, rate: 300m3/d (WO)

– 4 water injection wells, rate: 100m3/d 
– Production history: 3 years
– Vertical production wells perforated in each 

layers
– Injection wells perforated in the bottom layer

Well locationsWell locations

Injection Injection

Production
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Second example: 3D, two-phase flow
• Objective : determine 

the reservoir volume by history 
matching production data 
(water rate and pressure)

• Simulation model
– 2 facies :

Reservoir Kh = 300mD, Kv = 10mD
Non reservoir  Kh = 1mD, Kv = 0.1mD

– 3 layers, 256 grid blocks per layer 
– L = 800m, l = 800m, H = 15m
– Two-phase flow : water and oil

Permeability map of the 3 layersPermeability map of the 3 layers



49Evolution of the permeability mapEvolution of the permeability mapReference permeability map of the 3 Reference permeability map of the 3 
layerslayers

Optimization results



Structural Engineering Application



Some open questions

• The topological asymptotic expansion for 
• Transient problems
• Steady compressible N.S.E. 

• What happens if δδδδ goes to infinity ?


