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Flow Test Comparison Guide

How to Use This Guide

This guide is a decision-support tool. Start with the process symptom, then match it to a method that reproduces its stress
state. Confirm results under at least two conditions to ensure that lab data translates into reliable plant performance.

Powder flow behavior decides whether a process runs smoothly or fails. Poor test choices often cause silo blockages, feeder
drift, or inconsistent compaction. People talk about “flowability” as if it were one value, but flow depends on context. What
predicts hopper discharge does not always explain dosing or tableting.

No single instrument captures every aspect of flow. Powders behave differently when consolidated, aerated, or discharged.
Stress states in silos differ from those in feeders or mixers. That is why tests come in families: shear, dynamic, and geometric.
Knowing what each family measures prevents design mistakes.

Ring Shear Tester

What it measures: Flow function, unconfined yield strength, wall friction.
Best use case: Predicting hopper discharge, silo flow, and ratholing risk.
Limits / tips: Slower and sample-sensitive. Test at multiple consolidation levels and add wall friction tests for hopper design.

FT4 Powder Rheometer

What it measures: Dynamic flow energy, aeration, permeability, compressibility, shear.
Best use case: Explaining feeder variation, blending behavior, or AM powder spreading.
Limits / tips: Higher cost and training required. Run low- and high-energy conditions and record the conditioning protocol.
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Shear Cell (Compaction)

What it measures: Stress and strain during consolidation, strength gain, deformation.
Best use case: Tablet pressing, pellet density, and defining compaction windows.
Limits / tips: Limited to consolidation, not free flow. Test under varied humidity and dwell times.

Angle / Funnel Tests

What it measures: Pile angle and simple discharge through orifices.

Best use case: Quick QC, material screening, and tracking trends.

Limits / tips: Weak predictors for design. Highly sensitive to operator and humidity. Use only for screening and confirm with
advanced methods.

How to Read Flow Test Results Correctly

A flow function curve from ring shear shows strength growth with consolidation. The slope indicates arching risk. FT4 energy
curves show response to movement under airflow. Comparing conditioned and unconditioned states reveals handling
sensitivity. Shear cell compaction curves highlight where tablets shift from brittle fracture to plastic deformation.

Where Results Mislead

Angle of repose looks tidy but fails to predict silo discharge. Dynamic energy values cannot be compared across labs without
identical protocols. Single-point shear values underestimate strength growth during storage. Permeability at one humidity may
suggest free flow yet cake badly at higher relative humidity.
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Common Misinterpretations

Angle of repose and Carr’s or Hausner indices are screens, not design inputs.
Dynamic energy values depend strongly on the conditioning protocol.
Single-consolidation shear results mislead hopper and silo design.
Permeability measured at one gas and humidity may not translate to others.

Best Practice Checklist

Condition powders to stable humidity and temperature.

Test at multiple consolidation stresses with recorded dwell times.

Sample at least two batches to capture variability.

Confirm quick screens with higher-fidelity tests before design commitments.
Report wall friction data when designing hoppers or liners.

Practical Rules of Thumb

Storage problems - ring shear and wall friction tests.

Feeder drift - FT4 dynamic data under aerated and compacted states.
Tablet hardness variation - compaction mapped with shear cell.

Poor angle of repose - confirm with higher-fidelity methods.

Recommended Reporting Template

Sample ID, lot, prior handling, and moisture content.

Test device, configuration, and protocol (conditioning energy and consolidation levels).
Environmental conditions (temperature, relative humidity, and gas type).

Replicates and variability (mean and standard deviation).

Interpretation linked to the process symptom and next actions.

When to Pair Methods

Some problems need complementary tests. Dynamic behavior can mask strength growth. Pair ring shear with FT4 when
storage and dosing interact. Pair compaction shear with FT4 when feed variation and densification vary together.

Environmental Control Points

Humidity: affects cohesion and strength growth — test at low, mid, and high relative humidity.
Gas type: density, oxidation, electrostatics — compare air, nitrogen, or controlled gases.
Temperature: viscosity and equilibria shift — test across the expected process range.

Time under stress: strength gain, caking, arching — short vs long dwell before shear.

Minimum Data Package for Decisions

At least two methods aligned to the stress state of the problem.
Environmental sensitivity explored at two conditions.

Replicate variance reported and outliers explained.
Recommendation framed as an operating or design window.



