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Evaluation of Penetration Length in a Closed Straight Branch
Pipe Using Numerical Simulations
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Abstract Branch pipes which are closed during normal reactor operation are connected to
main flow pipes in a nuclear power plant for coolant drain or for safety injection systems. The
main flow initiates cavity flow in a branch pipe and hot water penetrates into the branch pipe. It
has been reported that large temperature fluctuations with long periods occur when the
penetration reaches to a bend and this fluctuations will consequently causes thermal fatigue.
This study enhances the estimation method of the penetration length and evaluates it using
numerical simulations in a vertical straight pipe that is a typical branch pipe structure. The
calculated flow in the straight branch pipe shows good agreement with the observed flow patterns
and vortex structures by experiments, i.e., cavity flow yielded by the main flow and swirl
vortex. Calculated penetration length increases when the main flow velocity increases and it is
slightly overestimated than that of measured data by experiments. The long term fluctuation of
the swirl vortex length is observed to cause the temperature fluctuation when the swirl flow
reaches the thermal stratified layer.

Keywords cavity flow, thermal stratification, vortex structures, branch pipe, numerical simulation
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