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Industrial drying of materials

Characterizing the formation of
agglomerates during drying with different
model powders and shear conditions

Model approach
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Experiments with
evaporating NaCl solution

Experiments with polymer
solutions
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Erosion of cohesive grains by
an impinging turbulent jet
Physical Review Fluids. 7,
074303 (2022)
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Fragmenting a model
aggregate with a turbulent jet:
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Colliding jets for larger stresses

We also study a geometry where two such turbulent jets
collide. Here local stresses are measured as large as 200 Pa.
In this system a small zone of high shear is maintained
among other circulation.
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Even model brittle agglomerates (i.e. large
adhesion) after considerable circulation in
such a large shear system can be broken

down to characteristic sizes.

Initial: Wetted grains with NaCl placed in mould and dried. Once dried, chunks removed and rotated in
drum for extended periods of time. Post mortem size analysis
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Low stresses: rotating in a drum High stresses: impinging turbulent jet

evolution through model experimental
geometries and stress conditions

An approach to understand agglomerate

Yield Stress, T, [Pa]

Bulk Scale

ormation

Model cohesive granular materials

Shear conditions using model
geometries

cohesion + shear = agglomerates

How does the applied shear

control agglomerate distributions?
Their evolution?

How does the kind of cohesion
modify agglomeration?

Brittle or reforming

Shear strength
measurements using an
Anton Paar ring shear cell

— IR

Collaboration: Abhi Shetty

Tensile strength

measurements from an
inverted cone setup
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When process scales much larger
than the grains, source of adhesion
plays a small role
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Mechanical agitation

Cohesion at the scale of aggregates

Describing cohesion

Sharma, R.S. et al.,
Effects of inter-particle cohesion on the collapse of granular columns
Physical Review Fluids. 9, 074301 (2024)

Particle scales:

Processes at the scales

of individual bonds

Bulk scales:

A yield criterion based on bulk failure, a
yield or a tensile stress for the materials
considered here.

Bo =

Direction of
strain
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What is the best description
for cohesion at the scale of
agglomerates?

Adhesive forces within aggregates evolving during drying
Fragmentation of aggregates in simple shear geometries

Drying wet powders with shear to prevent agglomerate formation

Predicting the evolution of aggregates under given conditions
(stress, temperature, humidity)

An arsenal of model geometries (some from prior IFPRI years will
be reconsidered)

Model Powder
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