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Numerical Simulation of Penetration Flow into T-Junction Branch Lines
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Abstract Thermal fatigue cracks may be initiated at T-junction pipes where high- and low-
temperature fluids flow in and mix. Generally, thermal fatigue occurs downstream from the
T-junction. However, according to recent operating experiences in one US nuclear power plant
thermal fatigue occurred in the branch line upstream from the junction. Hence the authors
previously conducted visualization studies of flow fields in a T-junction pipe using the T-Cubic
experimental facility. As a result, it was found that flows from the main pipe penetrated into
the branch line intermittently depending on the momentum ratio between main and branch
lines. In the present study, numerical simulations were carried out to reproduce flow fields
observed in the visualization studies. The CFD code FLUENT 17.2 was used and large eddy
simulation was carried out. Inner diameters were 60 mm (main)and 30 mm (branch). Water
was room temperature (20C)and inlet velocities were 3.1 m/s(main)and 0.9 m/s(branch). To
distinguish between the fluids from main and branch lines, they were treated as different fluids
while physical properties were kept the same. From the distribution of the mass fraction of the
main flow, the main fluid penetrated into the branch line intermittently, the same as seen in the
visualization studies. The most plausible reason for the penetration flow was that the branch
flow fluctuated and separated from the wall in the branch line due to mixing and the main flow
penetrated into the separation region. This penetration flow was different from the previously
well-known penetration due to cavity flow.
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