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Numerical Simulation for Impinged Penetration Flow at a T-Junction

(Estimation of Heat Transfer Coefficient under High-Temperature and High-Pressure Conditions)
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Abstract This study investigates the influence of temperature and pressure on the heat transfer coefficient
near the inner surface of the branch pipe, focusing on the flow pattern of impinging penetration in the mixing
region of hot and cold water in a T-junction. To evaluate the thermal fatigue of the branch pipe caused by the
penetration, the characteristics of the heat transfer coefficient near the inner surface along the branch pipe
axis from the corner of the junction were clarified through numerical simulation. In the numerical simulation,
unsteady calculations were performed using fluid-structure thermal coupled analysis, including the main and
branch pipes. The heat transfer coefficient on the branch pipe was determined using the fluid temperature
near the wall and the pipe inner surface temperature, based on the power spectrum method. The results showed
that under high-temperature and high-pressure conditions, the near-wall velocity increased, leading to an
enhancement of the heat transfer coefficient, with a maximum increase ratio of 2.3. A predictive correlation
was also proposed to estimate the heat transfer coefficient near the corner of the junction. Since the heat
transfer coefficient tends to decrease upstream from the junction, the proposed correlation enables a
conservative fatigue assessment on the inner surface of the branch pipe.
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