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Numerical Simulation of Gas-Liquid Counter-Current Flow in a Vertical Pipe with

Rounded Top and Bottom Ends
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Abstract Numerical simulation with computational fluid dynamics (CFD) codes is a useful approach to
evaluate effects of scale and fluid properties on thermal-hydraulic behavior. However, accurate CFD results
have not be obtained for gas-liquid counter-current flows in vertical pipes. In this report, therefore, we used
the CFD code FLUENT to carry out numerical simulation for experiments of air-water counter-current flows
in a vertical pipe with the 40 mm diameter and rounded top and bottom ends, and we evaluated applicability
of the CFD code to counter-current flows. For a small value of the gas volumetric flux Jc where the falling
liquid volumetric flux J. was experimentally restricted at the top end (i.e. flooding there), the computed J.
value agreed well with the measured J;, value, but the computed liquid volume fraction oz, was larger than the
measured oz due to the numerical diffusion of the gas-liquid interface. This was due to there being no force
to suppress the numerical diffusion in a vertical pipe, though gravitational force suppresses the numerical
diffusion in an inclined pipe. In the region of large Jc, flooding experimentally occurred at the bottom end,
but flooding at the bottom end was not numerically simulated. We confirmed that there are some technical
issues when applying the CFD code to counter-current flows in a vertical pipe.

Keywords  vertical pipe, gas-liquid counter-current flow, computational fluid dynamics (CFD), falling liquid volumetric
flux, void fraction
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