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Numerical simulation of impinged penetration 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. The authors previously conducted visualization studies of flow fields in a T-junction pipe.
As a result, flows from the main pipe penetrated into the branch line intermittently depending on the
momentum ratio between main and branch lines. Observed flow patterns were classified into three patterns:
no reverse flow, entrained penetration and impinged penetration. In the present study, numerical simulations
were carried out to reproduce the impinged penetration and estimate the penetration depth for actual power
plant conditions. The large eddy simulation (Dynamic Smagorinsky) was carried out. Inner diameters were
D =60 mm (main) and Dy = 20 mm (branch). The simulation results of the maximum penetration depth for
room temperature condition (20°C) were agreed well with experimental data quantitatively. As inlet
temperatures of main and branch lines isothermally rose to 320°C, the penetration depth became deeper,
because wall friction decreased with the decrease of viscosity. When inlet temperature of main line was raised
while maintaining the branch line at 20°C and the temperature difference was set to 150°C, which is similar
to actual operating condition, the maximum penetration depth became about 1.4 times as deep as that of the
isothermal room temperature condition because of the buoyancy effect as well as the decrease of the wall
friction.
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