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Abstract: Aircraft fuel lines contained various structures such as bends. branches and welded seams,
which exhibiedted complex fluid-solid coupling mechanics behaviors under external loads and internal fluid
coupling. The microstructural parameters of the welded areas were obtained through metallographic testing
and microtensile testing, and a high-precision finite element model of the welded fuel lines with different lo-
cal structures was constructed. The modal test results show that the errors between tests and simulations
are less than 10% ., which verify the accuracy of modelling and simulation. The effects of different branch
pipe bending radii and pipe diameter ratios on the mechanics properties of the pipelines were investigated. It
is found that increasing the bending radii and pipe diameter ratios may help to make the distribution of the
flow velocity and pressure fields in the pipelines more uniform, and the intrinsic frequency decreases with
the increase of the bending radius; and when the bending radius decreases but the pipe diameter ratio in-
creases, the peak of the random vibratory stresses decreases. The applications of a fuel line model that ac-
curately models welded seams to analyze the effect of local structures on the mechanics properties of the
line may provide a basis for line design and optimization.

Key words: coherently welded fuel line; refined modeling; local structure; fluid-solid coupling vibra-
tion; mechanics property; modal test
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Fig.2 Schematic diagram of weld area dimensions for

coherence welding test piece
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Tab.1 Welding area size parameters
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Tab.2 Material performance parameters by region
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Fig.3 Pipe welding area model
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Tab.3 Pipe structure parameters
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Fig.4 Physical model of fuel weld line solid domain
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Fig.5 Piping with clamps and brackets

assembly diagram
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Fig.6 Fluid domain model of fuel weld line
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Tab.4 Grid quality of pipeline regions and components
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Fig.7 Mesh modeling of pipes, clamps and brackets
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Fig.8 Verification of mesh-independence under multi-

parameter and multi-node
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Fig.10 Modelling of pipelines with different bending

radii for branch pipes
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Fig.11 Velocity field distribution in the cross-section of

the bend region under different bending radii
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Fig.12 Pressure field distribution in the cross-section of
the bend region under different bending radii
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Fig.13 Stress curves and stress diagrams of the inner

wall surface of the pipe under different bending radii
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Fig.17 Cross-sectional velocity field distribution in

fluid domain under different pipe diameter ratios
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Fig.18 Cross-sectional pressure field distribution in

fluid domain under different pipe diameter ratios
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Fig.19 Vertical sectional velocity field distribution in

fluid domain under different pipe diameter ratios
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Fig.21 Stress distribution of pipe bending region under
different pipe diameter ratios
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