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Abstract In this study, the flow stability of the flat-bottomed hopper was investigated via GPU-based
discrete element method (DEM) simulation. With the material height inside the hopper reducing, the
fluctuation of the flow rate indicates an unstable discharge. The flow regions of the unstable discharge
were compared with that of the stable discharge, a key transformation zone, where the voidage showed
the largest difference between unstable and stable discharge, was revealed. To identify the relevance of
the key transformation zone and the hopper flow stability, the voidage variation of the key
transformation zone with material height reducing was studied. A sharp increase in the voidage in the
key transformation zone was considered to be the standard for judging the unstable hopper flow. And
the ‘Top-Bottom effect’ of the hopper was defined, which indicated the hopper flow was unstable when
the hopper only had the top area and the bottom area, because the voidage of particles in the top area
and the bottom area were both variables.
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regions.

1. INTRODUCTION

Hoppers have been widely employed to deposit or recycle granular materials in many areas such as
chemical, energy, and food industries. A main issue concerned in using hoppers is the presence of
unstable flow, which has a marked influence on operational stability of units. It is therefore important
to study the factors affecting hopper flow stability, and establish the standard for judging the unstable
hopper flow for reliable design and operation of hoppers.

Actually, extensive studies have been performed to investigate the factors related to hopper flow

stability, such as hopper pressure [1-3], hopper shapes [4, 5], wall properties [6-9], and particle
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