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Flow of Bulk Granular Materials and Coefficient of Friction Between
Granular Materials

The study of granular materials, especially their flow behavior and
frictional properties, is essential in various industries, including
agriculture, pharmaceuticals, mining, and construction. Granular
materials, such as grains, seeds, sand, powders, and pellets, are a
collection of discrete particles that can exhibit unique flow behaviors
compared to liquids or solids. Understanding the flow characteristics and
frictional properties of granular materials is crucial for efficient handling,
storage, and transport.

1. Flow of Bulk Granular Materials

1.1 Definition of Granular Materials

Granular materials consist of a collection of discrete particles. These
materials behave differently from fluids and solids because they have
characteristics of both. Examples of granular materials include grains
(e.g., wheat, corn, rice), powders (e.g., flour, sugar), seeds, sand, coal,
and pellets.

1.2 Flow Behavior

The flow of bulk granular materials is governed by the interactions
between the particles and external forces, including gravity, pressure,
and friction. Unlike fluids, which flow smoothly, granular materials can
undergo various types of flow behavior depending on factors like particle
size, shape, moisture content, and external conditions.
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Cohesion and Friction: The flow of granular materials is heavily
influenced by friction between particles and cohesion (inter-
particle forces). Higher friction can cause the material to resist
movement and form blockages, while low friction materials flow
more easily.

Shear Zones: Granular materials often experience shear zones,
where deformation happens along a plane within the bulk material.
These shear zones dictate the flow characteristics and can lead to
phenomena like arching or clogging, which can prevent the material
from flowing freely.

Types of Flow:

Free Flow: Occurs when the material flows easily, typically
due to low cohesion and friction between particles. For
example, dry, non-cohesive grains like rice or corn often
exhibit free-flowing characteristics.

Constrained Flow: Occurs when the material flow is
restricted due to high friction or particle interlocking.
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Materials with high cohesiveness, such as wet sand or clay,
tend to flow less freely.

Stop-and-Go Flow (Segregated Flow): In certain conditions,
granular materials can experience intermittent flow due to
particle size segregation or the formation of bridges and
arches. This is common in silos and hoppers.

1.3 Factors Affecting the Flow of Granular Materials

Particle Size and Shape: Coarse, angular particles tend to interlock
more and exhibit higher resistance to flow. Smooth, round particles
tend to flow more freely. The size distribution of particles also plays
a significant role; materials with a narrow size range tend to flow
more uniformly than those with a wide range.

Moisture Content: Adding moisture to granular materials can
increase cohesion between particles and reduce flowability. For
example, wet grains tend to stick together and flow more slowly
compared to dry grains. However, a small amount of moisture can
sometimes improve the flow by reducing friction.

Density and Packing: The bulk density of granular materials
(mass per unit volume) affects their flow behavior. Loose packing
results in easier flow, whereas tightly packed materials are more
resistant to flow.
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External Forces: The application of external forces, such as
vibration or shaking, can help to induce flow by overcoming
frictional forces between particles. This is often seen in vibrating
hoppers used in industry to promote the smooth flow of granular
materials.

1.4 Flow in Storage and Conveying Systems

The design of storage bins, silos, and conveyors must consider the flow
characteristics of the material being handled. Granular materials often
experience arch formation or ratholing in bins and silos, where
material becomes stuck due to friction and the internal structure of the
stored material. This can result in blockages and prevent continuous
flow.

Silo and Hopper Design: The angle of repose and frictional
properties are considered when designing the walls and base of
silos and hoppers.Mass flow silos ensure the material flows evenly,
while funnel flow silos may create uneven flow, leading to
potential blockages.

Conveyor Systems: Conveyors used to transport bulk granular
materials need to be designed to handle the flow without excessive
friction or clogging. Roller conveyors or vibratory conveyors are
often employed to promote efficient flow.

2. Coefficient of Friction Between Granular Materials

2.1 Definition of Coefficient of Friction
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The coefficient of friction (denoted as μ\mu) is a dimensionless
number that describes the ratio of the force of friction between two
bodies to the normal force pressing them together. For granular
materials, this coefficient can describe the friction between individual
particles or between a granular material and a surface (such as a
conveyor belt, silo wall, or hopper).

The static coefficient of friction (μs\mu_s) is the frictional force
that resists the initiation of relative motion between two surfaces.

The kinetic coefficient of friction (μk\mu_k) describes the
frictional force that resists the relative motion between two
surfaces once they are in motion.

2.2 Friction Between Granular Particles

Granular materials behave like a collection of discrete particles, each
interacting with its neighbors. The friction between particles governs the
shear strength of the material and plays a key role in its flow behavior.

Particle-to-Particle Friction: The friction between individual
particles can be measured as the static or kinetic friction coefficient.
Angular, rough particles exhibit higher friction compared to smooth,
spherical particles. In granular materials, the friction between
particles can prevent sliding and affect the material’s ability to flow.

Granular Material Shear Strength: The shear strength of a
granular material is proportional to the friction between particles
and is often expressed as a function of the coefficient of internal
friction (or angle of internal friction). This coefficient typically
varies between 0.3 and 0.6 for many granular materials (e.g., sand
or grains).
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2.3 Friction Between Granular Materials and Surfaces

The friction between granular materials and surfaces (such as the walls
of a silo, conveyor belts, or hoppers) is critical to understanding the flow
and transport behavior of the material. The wall friction coefficient
determines how easily the granular material slides along a surface.

Wall Friction: The coefficient of friction between granular
materials and surfaces depends on the surface roughness, moisture
content, and the nature of the material. Rougher surfaces (e.g.,
concrete) typically result in higher friction, while smoother surfaces
(e.g., metal) provide less resistance to flow.

Role of Moisture: Moisture can reduce the friction between
particles, leading to smoother flow. For instance, in the case of
grains, a small amount of moisture may lower the coefficient of
friction, allowing the grains to flow more easily. However, excessive
moisture can cause clumping and increase friction.

2.4 Measuring the Coefficient of Friction in Granular Materials

The coefficient of friction for granular materials can be measured using
various experimental techniques:
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Shear Box Test: This is a laboratory test used to measure the shear
strength and internal friction of granular materials. A sample of the
material is sheared between two surfaces, and the force required to
initiate motion is recorded to determine the friction coefficient.

Inclined Plane Test: The material is placed on an inclined plane,
and the angle at which it begins to slide is used to calculate the
coefficient of friction using the equation:

 μ=tan(θ)\mu = \tan(\theta)

Where θ\theta is the angle at which the material starts sliding.

Rotating Drum Test: This test involves rotating a drum filled with
granular material and measuring the torque required to rotate the
drum. This helps determine the frictional forces between the
particles and the drum surface.

2.5 Typical Friction Coefficients for Granular Materials

The friction coefficient between granular materials can vary significantly
depending on the type of material, its particle size, and its moisture
content:

Grains (e.g., wheat, corn): The static friction coefficient between
grains and steel surfaces typically ranges from 0.4 to 0.6.
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Powders (e.g., flour, sugar): Fine powders generally have lower
friction coefficients than coarse grains, ranging from 0.3 to 0.5.

Sand: Dry sand has a coefficient of friction ranging from 0.5 to 0.7,
depending on the roughness of the sand particles.

Vegetables and Fruits: The friction between produce and surfaces
can vary significantly. For instance, potatoes might have a
coefficient of friction around 0.3 to 0.5, while apples may have a
lower friction coefficient, around 0.2 to 0.3.



3. Practical Implications of Friction and Flow in Agriculture

3.1 Grain Storage and Handling

Silos and Hoppers: Understanding the friction between grains and
silo walls helps to design systems that prevent material blockages
and ensure smooth flow. Smooth walls or proper moisture control
can reduce friction and improve material handling.

Transport Systems: Conveyor belts, augers, and elevators need to
consider the frictional properties of agricultural produce to
minimize energy consumption and prevent blockages during
transportation.

3.2 Agricultural Equipment Design
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Tilling and Harvesting: The frictional properties of soil and crop
material affect the design of tillage and harvesting equipment.
Machinery needs to be designed to handle the resistance to motion
caused by granular soil or crop materials.

3.3 Bulk Material Processing

Drying and Mixing: For processing materials like grain, the flow
behavior and friction characteristics need to be understood to
design efficient systems for drying, blending, and packaging. High
friction could lead to material clumping, while low friction could
improve flowability.

Summary

Flow of Granular Materials: The flow behavior of granular
materials like grains, sand, or powders is influenced by particle size,
moisture content, shape, and surface roughness. It is critical for
efficient storage, handling, and transport.

Coefficient of Friction: The coefficient of friction between granular
materials and between materials and surfaces affects how easily
these materials flow. Understanding these coefficients helps in the
design of handling systems like silos, conveyors, and agricultural
machinery.

By understanding and controlling these factors, industries can improve
efficiency, minimize blockages, and optimize processes that involve bulk
granular materials.
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