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Numerical simulation study of low-temperature evolution characteristics of
supercritical CO, pipelines under different blowdown strategies
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Abstract: During the blowdown of supercritical CO, pipelines, significant temperature drops are likely to occur due to the throttling
effect, which may induce safety risks such as material cold brittleness and blockage. Therefore, in engineering practice, it is necessary to
improve the blowdown efficiency and controllability under the premise of ensuring pipeline integrity. A supercritical CO, pipeline model
was established based on OLGA, and the effects of vent diameter on temperature and pressure evolution characteristics as well as
blowdown time were analyzed under single-end venting and simultaneous dual-end venting conditions. On this basis, an “alternating
dual-end venting” strategy integrating staged depressurization and zonal coordination was proposed, and its combined regulation
performance in suppressing extreme temperature drops and improving blowdown efficiency was evaluated under different vent diameter
combinations. The results show that, under single-end venting and simultaneous dual-end venting conditions, increasing the vent
diameter can significantly enhance the blowdown rate, but the minimum temperature decreases markedly, reaching -70 °C under some
conditions, resulting in a high risk of cold brittle failure. Therefore, it is difficult to balance safety and blowdown efficiency. In contrast,
the alternating dual-end venting strategy effectively weakens the throttling intensity of each release and suppresses extreme temperature
drops through stepwise pressure release and heat recovery on the non-venting side, maintaining the minimum temperature above -30 °C
and controlling the total blowdown time within 8.0 h. Among them, the “75 mm + 25 mm” diameter combination shortens the total
blowdown time to about 5.0 h under the specified conditions while ensuring structural safety, achieving a better balance between safety
and efficiency of the blowdown process. The alternating venting concept proposed in this study can provide a reference for
low-temperature risk prevention and venting process optimization in supercritical CO, pipeline blowdown.
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Fig. 1 Physical model of pipeline
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Fig.2 Comparison between simulation results and experimental results
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Fig.3 Temperature and pressure distribution along pipeline

under steady-state transport
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Fig. 5 Phase transition process inside pipeline during blowdown
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Fig. 6 Variations of temperatures and pressures with time during simultaneous blowdown at inlet and outlet stations
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Fig. 7 Variation of temperature and pressure with time during alternating blowdown at inlet and outlet stations
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