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Read the whole title so people have time to take in the title



REMARKS PETER: FOCUS ON THE MESH AND WHAT YOU HAVE DONE, NOT SO MUCH OF THE WORK DONE BEFORE
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Standard flow resistivity
measurement
(1SO 9053)

Limited repeatability eyl AP
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Unidirectional measurement L.V
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Pressure gradient is created to induce flow in the sample



Bad repeatability: sample deformed when putting in holder
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Full 3D anisotropic flow

resistivity tensor

Flow resistivity tensor
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If you know the directions of the material, e.g. If you know for sure that it is transversely isotropic, you might be able to say that the FLR value for this sample could agree with sigma_zz. But if you have no idea about the anisotropy of the sample or if the sample is taken this way out of a transversely isotropic foam, you cannot place the FLR value anywhere in the matrix ...
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Method of Gdransson and
Guastavino

|dentification of
full anisotropic flow resistivity tensor

v

\

[ Experimental set up }

Inverse estimation with
COMSOL Earth Science Module
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Experimental set up

Sample
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Experimental set up

30 exp. values Ap per
sample
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6 inlets * 5 outlets = 30 values



Sample deformation is limited




Method of Gdransson and
Guastavino

a A

Experimental set up

L Inverse estimation with }
L COMSOL Earth Science Module P

|. Governing Equation + Boundary Conditions
2.Modelling and solving with COMSOL

3. Optimisation loop
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Governing Equation

Incompressibility
condition

VV:()/
Y
V(e vp)=0

Solve fogfflow resistivity tensor o
positive definite and symmetric

Darcy’s law
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Boundary Conditions

Inlet: Vp-n, =0 v-n,
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relation according to Darcy’s law to relate inflow velocity to input pressure


Boundary Conditions

Rigid walls: Vp-n=0
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relation according to Darcy’s law to relate inflow velocity to input pressure


Boundary Conditions

Outlet: Pp=0
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relation according to Darcy’s law to relate inflow velocity to input pressure


Modelling with COMSOL

COMSOL Earth
Science Module

20000 DOF

Quadratic Lagrange
polynomial tetrahedral elements
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Mesh

Start with normal | adaptive mesh while
mesh solving
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Meshing this way to avoid corrupted elements in mesh



Inlet pressure gives also pressure difference between in and outlet


Solving with COMSOL

Solve for inlet pressure

Calculation time | solution: + 7 seconds

N

~

Pressure
distribution
inside sample

(Pa)
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Inlet pressure gives also pressure difference between in and outlet


Optimisation loop

Using Svanbergs ”(Globally
Convergent) Method of Moving
Asymptotes: (GC)MMA”

4 h

Find ¢ so that

|APmeas=APcomsoLl| is minimal

Constraint: ¢ positive definite

- /
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Gradient method, (based on special type of convex approximation which fluctuates between parameters) 



Globally convergent does not mean that it finds the global minimum
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Extended verification of
estimation procedure

Case | Case 2 Case 3 Case 4

10000 3800 2800 10000 —-3800 2800 10000 380 280 10000 —-380 280
3800 9800 5200 —3800 9800 —5200 380 9800 520 —380 9800 -520
2800 5200 12400 2800 —-5200 12400 280 520 12400 280 =520 12400

[Pa s/m?]

mT
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Method verified by Göransson, Guastavino et al. for an ideal theoretical transversely isotropic material

4 orthotropic cases tested with two optimisers: MMA and GCMMA




Extended verification of
estimation procedure

Largest relative error in flow resistivity

Case GCMMA MMA
Case | 0.003 % 0.10 %
Case 2 0.002 % 0.11 %
Case 3 0.03 % 0.03 %
Case 4 0.52 % 0.02 %

[ Estimation procedure works }
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100 iterations 

Same starting points


MMA vs. GCMMA

E GCMMA is improvement }
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GCMMA: Internal algorithm to find a conservative estimation  The cost function is monotonically decreasing

 Less iterations to find minimum

 Last iteration is best solution

 Converged solution assured, despite violations of (GC)MMA to constraint conditions





GCMMA is more robust and an improvement in the inverse estimation



MMA is a method for minimizing a nonlinear function of several variables subject to

nonlinear inequality constraints. In each iteration of the method a certain convex subproblem

is generated and solved. The optimal solution of the subproblem becomes the

new iteration point, at which a new subproblem is generated and solved, etc.

The original MMA has a serious drawback, namely that the sequence of generated iteration

point may not always converge. The main idea behind the globaly convergent version

GCMMA is that the MMA subproblem should be made conservative in a well defined

sense before the optimal solution of the subproblem is accepted as the next iteration point.

In the talk, we will address the method, the corresponding software (which is freely

available for academic users), and the question of how to switch from MMA to GCMMA.


COMSOL observations
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Problem: different results if inverse estimation repeated�




COMSOL observations

Adaptive mesh based on
random algorithm

1

Different mesh possible

1

Different pressure output
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Possible explanation: problem is mesh related�

Meshing procedure:

start with ’normal’ mesh

1 adaptive meshing 

Proved optimal to avoid corrupted elements�

Adaptive meshing based on random algorithm� mesh might differ for every solution calculated�


COMSOL observations

Workaround: limit COMSOL output
to 7 significant digits

{ Suggestions! }
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Application to Melamine
sample

Full anisotropic flow resisitivity tensor

9800 3 -11
c=| 3 9700 3 [Pa s/m?]
11 s 10900
Anisotropic ¢ dependent on N, h
sample orientation and ( T,
5 manufacturing process N y
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Anisotropic σ dependent on sample orientation and manufacturing process�� Intrinsic flow resistivity given by eigenvalues (1e3) and eigenvectors�

Close to transverse isotropy for flow resistivity



Z : direction of growth of Melamine sample




Application to Melamine
sample

6, =9800
G, =9700

5, =10900 \

X, Y, Z: geometric coord. system

X', Y, Z: material coord. system

{ Close to tranverse isotropy }
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Eigenvalue decomposition



Anisotropic σ dependent on sample orientation and manufacturing process�� Intrinsic flow resistivity given by eigenvalues (1e3) and eigenvectors�

Close to transverse isotropy for flow resistivity



Z : direction of growth of Melamine sample




Conclusions

g Extend Verficiation h

i Method verified for wider range of :

X applications )
Improvements

i *GCMMA optimiser :

*Minimisation of effect adaptive meshing

Application

Melamine sample close to tranverse isotropic

N

v

\_

/

COMSOL Conference Paris, 18 November 2010

28


Presenter
Presentation Notes
Method proposed by Göransson, Guastavino et al. verified for wider range of cases



GCMMA optimiser is an improvement of the method



Minimisation of the effect of arbitrary factor, introduced by adaptive meshing



Full anisotropic flow resistivity tensor for sample of Melamine sample identified � close to transversely isotropic
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