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Measurement and Numerical Simulation of Wall Temperature fluctuations due to
Steam-Water Two—phase flow in a Simulated Pressurizer Spray Piping
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Abstract In a PWR plant, a steam-water two phase flow may possibly exist in the
pressurizer spray pipe under a rated power operating conditions since the flow rate of the spray
water is not sufficient to fill the horizontal section of the pipe completely. Under such thermally
stratified two phase flow conditions, the initiation of high cycle fatigue cracks is concerned due to
cyclic thermal stress fluctuations caused by continuous sway of the water surface, which cannot be
detected by the measurement of temperature on outer surface of the pipe. In order to identify the
flow regime in the pressurizer spray pipe and assess its impact on the pipe structure, an experiment
was conducted for a steam-water flow at a low flow rate in a simulated pressurizer spray piping. By
measuring fluid and inner wall temperature fluctuations with a full scale test section made of
stainless steel, continuous temperature fluctuations, which was around 0.2 times of the steam water
temperature difference in the maximum range and the peak cycles of approximately 330 and 120
second, was observed at the inclined section where the water surface contacted the pipe wall. The
influence of small amount of noncondensable gas dissolved in the reactor coolant on the temperature
fluctuations was investigated by changing the concentration of dissolved oxygen. Continuous
temperature fluctuations were not observed when the concentration of dissolved oxygen was equal
to the noncondensable gas in the reactor coolant. A CFD analysis was performed adopting the VOF
method for the experimental condition, and it successfully simulated the averaged temperature
distribution but the level of water surface did not fluctuate and consequently no temperature
fluctuations were observed contrary to the experimental result.

Keywords PWR plant, Pressurizer spray piping, Thermal stratification, Thermal fatigue Two phase flow,
VOF
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