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Effect of Pipe Shapes on Penetration Length in a Closed Straight Branch Pipe
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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
forming swirl flow and makes a thermal stratified layer between this spiral flow and stagnant cold
water. It has been reported that large temperature fluctuation causes thermal fatigue when the
penetration fluctuates. To enhance the estimation of the penetration length, the penetration
length in the uniform temperature condition was measured in this study. The three cases of
experiment are compared to the base case which uses a simple duct main pipe and a branch pipe: a
chamfered edge branch pipe, a branch pipe with a joint gap and a rounded main pipe at the corner
which imitates a circular main pipe. The penetration length results of the chamfered edge case
were smaller about 1 branch pipe diameter than the simple duct results (i.e. base case). The
results of joint gap case and the rounded main pipe case did not show any effect on the penetration
length.

Keywords cavity flow, thermal stratification, swirl vortex, branch pipe, penetration length
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