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Introduction
Non destructive testing

Increasing safety requirements 

� Nondestructive testing for detection of defects in structures

Main motivation is using propagation of elastic wav es and the time reverse 
method [1]:

� Record time signals at different positions during T

� Calculate the reversed time signals urev= u(T-t)

� Retransmit the reversed signals at the different po sitions into the structure 
Maximum interference = defect position

The goal of the presentation is to show the status of the developent and
achieved validation and verification steps

[1] Leutenegger, T.,(2002). Detection of defects in cylindrical structures using a time reverse numerical simulation method. PhD thesis.
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Introduction
Elastic wave propagation
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Introduction
Riemann formulation

[2] H. Rusche, M. Rehm, P. Kodet, Simulation of the Acoustic Wave Propagation in Steel Components, 
8th OpenFOAM Workshop, 2013.

See also [2]
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Introduction
Numerical method



AREVA OpenFOAM Workshop – M. Rehm et. al.
AREVA GmbH Proprietary - RESTRICTED AREVA - © AREVA GmbH - AL: N - ECCN: N - p. 7

All rights are reserved, see liability notice.

Workflow 
Grid generation

Depending on the frequency of the excitation a cert ain grid size is needed

First: Formally estimate the grid size from the inpu t signal [1]

This represents a starting point

Then: Grid refinement study (as for CFD)



Case 1

2D calculation of a beam 
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Case 1 2D beam
Boundary conditions
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►05/2012 M. Rehm, Acoustic waves simulation  PTCTT-G p.10

Case 1 2D beam
Parallel performance

Variations of grid size and their simulation time

Name No. Cells No. CPUs
Time step 

[mus]
Calculation 

time [h]

10 mm grid 40000 1 0.4 0.5

5 mm grid 160000 1 0.2 4

2.5 mm grid 640000 1 0.1 36
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Case 1 2D beam
Parallel performance

Calculation time (s)
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Case 1 2D beam
Parallel performance

Scale up Obelix (compared to 4)
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Case 1 2D beam
Convergence
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Case 1 2D beam
Comparison to FD code
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Case 1 2D beam
GCI Index



Case 2

3D simulation of a small tube
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Case 2 small tube
Boundary conditions

Mesh generation with blockMesh

Half tube calculated

l=2.46 m, Di=160 mm; Da=190 mm

Excitation at l=0.8 m, measurement at 1.6 m

See also [3]

Name No. Cells No. CPUs Time step [mus]
Calculation time 

[h]
Small tube 5mm 350000 12 0.4 5

[3] Guided wave propagation simulation using finite-difference time-domain method, Kouty nad Desnou, Czech Republic, June 
2010. 9th International Conference PROCESS CONTROL.
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Case 2 small tube
Experiment
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Case 2 small tube
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Case 2 small tube
Convergence study
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Case 2 small tube
Comparison with measurement



Case 3

2D annulus
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Case 3 2D annulus
Boundary conditions

[4] W.D. Henshaw D. Appelö, J.W. Banks and D.W. Schwendeman. Numerical methods for solid mechanics on overlapping grids: 
Linear elasticity. Journal of Computational Physics, 2012. 
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Case 3 2D annulus
Results
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Case 3 2D annulus
GCI Error



Conclusions
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Conclusion
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