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Abstract

Subsea minerals, such as seafloor massive sulfides deposits or cobalt rich crust, exist in the deep water within Japan’s exclusive
economic zone. However, the development of subsea minerals has not been commercialized yet. Air-lift pumps raise fluid or
slurry by supplying pipes with air to reduce their density to efficiently transport subsea minerals to the surface. It is important
to estimate the amount of ore that can be lifted by the air-lift pumps under certain conditions such as submergence ratio and
volume of supplied air. The void fraction in three-phase flow and friction loss of the flow must be known in order to estimate
the amount of lifted ore. Empirical methods for estimating the void fraction and friction loss in three-phase flow were previously
proposed, but these studies targeted estimation in vertical pipes. Meanwhile, lifting systems that use an air-lift pump or
centrifugal pump for subsea minerals have both vertical and inclined pipes. In this study, we conducted scaled model
experiments to investigate void fractions and friction losses in inclined pipes. The experiments were conducted for five different
inclination angles. The empirical estimating method for vertical or horizontal pipes proposed in the previous studies was applied
to our experimental condition. Then we compared the experimental data on void fraction and friction loss with those estimated
by the previously proposed method. The comparison showed the estimated results agreed well with the experimental results,
which suggested that the void fraction and friction loss in inclined pipes can be calculated by the previous method. In addition,
we calculated the liquid-phase flux in the multiphase flow on the basis of momentum conservation with reference to prior
studies which proposed calculation methods for flux of liquid phase in an air-lift pump system. A comparison between the
calculated results and the experimental results indicated that the calculation procedure can be applied to determine the liquid

flux in inclined pipes.
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