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Flowability Evaluation of Wet Granules with Stirring and Penetration Operations
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Flowability of wet granules is an important indicator for design and control of manufacturing processes. In this
study, we aimed to develop a method to evaluate the flowability with simple equipment and operation. We measured
the stirring torque under constant normal stress and the resistance force acting on the plate penetrating into the granules
layer. The stirring operation did not properly measure the flowability of strongly cohesive wet granules because voids
around the stirring impeller were generated. The penetration operation was able to evaluate the flowability over a wide
range of water content conditions by two different indices. Furthermore, the theory of bearing capacity was applied to

the penetration tests.
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Particles
Torque gauge

Fig. 1 (a) Apparatus and (b) impeller for measuring torque to stir

wet granules

(a)

27 mm

Particles

115 mm

Force tester

Fig. 2 (a) Apparatus for measuring the resistance force against a
penetrating plate. (b) Schematic image of penetration
process
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Fig.3 Time variation of stirring torque. 4 mL of liquid was added
at Time = 600 s, 1300 s, and 1780 s
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Fig. 4 Variation of steady-state stirring torque with water content

Fig. 5 Particle layer during stirring at ® = (a) 0.18, (b) 0.63, (c)
0.94, and (d) 1.05
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Fig. 6 (a) Torque variations with water content at different normal
stress. (b) Normalized torques based on the value at ® =0

(a) Stirring (b) Penetration
OOoéDogoOé) OOOO ONGI®
Q@©) OO
S0 60 0o oXe

Fig. 7 Motions of particles around the moving parts of (a) stirring
and (b) penetration operations
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Fig. 8 Variations of penetration resistance force with penetration
depth for different water contents
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Fig. 9 Variations of resistance force at regime transition point (left

axis) and slope of a line in the linear regime (4 mm < i <
17 mm) (right axis) with water content
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