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Identification algorithm of pipelines’ inner boundary based
on APDL

Zhang Lin, Fan Chunli, Sun Fengrui, Yang Li
(College of Power Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract: Quantitative identification algorithm of defect or defect boundary is the key theoretical basis for
the development of quantitative nondestructive testing and evaluation. For the geometry identification of
inner pipe boundary (i.e. geometry-varied boundary due to defects), most methods developed up to now
are not precise for the identification of irregular-shaped inner boundary. In this paper the steady-state
identification problem was solved, with different inner boundary geometries and different test piece
shapes, based on finite element method and conjugate gradient method by associating ANSYS software
with MATLAB. A series of effecting factors, such as the initial boundary geometry guess, temperature
measurement error and number of measurement points at the inspection boundary, number of discrete
points of the boundary to be identified, and the thermal conductivity of the test piece, were studied
systematically on the effect on the identification result. Numerical experiments certified the effectiveness
of the method and proved the method to be very precise and time saving.
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Fig.1 Cross-sectional schematic of pipeline with irregular inner

boundary shape
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Fig.3 Grid—meshing of computation domains
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Fig.4 Temperature distributions of pipeline outer boundaries
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Fig.5 Identification results of circular pipe inner boundary shape

with different initial guesses
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Fig.6 Identification results of square pipe inner boundary shape

with different initial guesses
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Tab.1 Identification results of pipeline inner

boundary shape with different initial

guesses
Case Initial guess/m CPU time/s Er e
0.06 74.05 0.08%
Circular pipe
0.07 87.80 0.06%
0.108 194.27 0.45%
Square pipe
0.12 128.56 0.39%
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Fig.7 Variation of target function with the number of iterations
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Fig.8 Identification results of circular pipe inner boundary shape

with different measurement errors
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Fig.9 Identification results of square pipe inner boundary shape

with different measurement errors
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Tab.2 Identification results of pipeline inner
boundary shape with different

measurement errors

Case o/C CPU time/s Erpe
0.5 44.65 0.34%
1.0 44..09 0.55%
Circular pipe
2 43.69 0.90%
3 28.78 1.81%
0.5 91.98 0.99%
1.0 79.24 1.43%
Square pipe
2 54.08 2.44%
3 53.60 2.59%
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Fig.10 Identification results of circular pipe inner boundary shape

with different numbers of measurement points
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Fig.11 Identification results of square pipe inner boundary shape

with different numbers of measurement points
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Tab.3 Identification results of pipeline inner
boundary shape when the number of

measurement points is 16 and 32

Case Measu.r ement CPU time/s Erye
points
16 71.41 0.10%
Circular pipe 24 74.05 0.08%
32 71.99 0.06%
16 206.14 1.18%
Square pipe 24 194.27 0.45%
32 447.70 0.36%
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Fig.12 Identification results of circular pipe inner boundary shape

with different numbers of discrete points
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with different numbers of discrete points
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Tab.4 Identification results of pipeline inner
boundary shape when the numbers of

discrete points is 48 and 12

Case Measu.r ement CPU time/s Er,.
points
48 163.52 0.19%
Circular pipe 24 74.05 0.08%
12 37.02 0.09%
48 498.38 1.31%
Square pipe 24 194.27 0.45%
12 66.98 0.18%
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Fig.14 Identification results of pipeline inner boundary shape when

the thermal conductivity is 15.2 W/(m-K)
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Tab.5 Identification results of pipeline inner
boundary shape when the thermal

conductivity is 15.2 W/(m-K)

Thermal

Case . CPU time/s Er,.
conductivity

1 74.05 0.08%

Circular pipe
15.2 44.34 0.27%
1 194.27 0.45%

Square pipe
15.2 144.25 1.53%
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