Statement of novelty:
[bookmark: _GoBack]To our best knowledge, fine powder flow visualization experiments with quantitative analysis of powder acceleration, dilution and flow rate have not yet been published at the presented scale of vertical chute. Added value of the manuscript is in the detailed analysis of flow initiation, identification of predominant flow regimes and in depiction and analysis of flow characteristics of individual powders through unique spatial-temporal images of powder flow in pipes with closed outlet. Specific manuscript findings are also identifications of two-phase structures that resemble Rayleigh-Taylor instability in case of closed outlet condition and Rayleigh instability in condition without the pipe wall.
