Bulk Solids

A practical guide to bulk solids, covering the reader intent, the relationship to bulk
solids, key evaluation criteria, common risks, and the information the intended
project audience should confirm before taking the next step.
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In the landscape of industrial process automation, the management of bulk solids
represents one of the most significant engineering challenges. Unlike liquids, which
maintain a level surface and consistent physical properties throughout a vessel,
bulk solids—ranging from fine powders like cement and flour to coarse aggregates
like coal and ore—exhibit complex behaviors. These materials possess unique
characteristics such as varying angles of repose, dust generation, and inconsistent
bulk densities that complicate inventory management and process control.

For engineers and plant managers, selecting the correct instrumentation is critical
to ensuring operational efficiency and safety. Accurate level measurement
prevents silo overfills, avoids costly production stoppages due to empty bins, and
optimizes supply chain logistics. To explore the full range of instrumentation
designed for these environments, professionals can refer to the Main Page of
specialized equipment providers for comprehensive technical specifications.

| Understanding the Characteristics of Bulk Solids

Before selecting a measurement technology, it is essential to define the physical
and chemical properties of the material being stored. Bulk solids are categorized
by several key factors that directly influence how a sensor interacts with the
material.

| 1. Angle of Repose

When bulk solids are discharged into a silo, they do not level out. Instead, they
form a conical pile. The angle between the horizontal plane and the slope of the
pile is known as the angle of repose. This angle varies depending on the material's
friction, moisture content, and particle shape. For level measurement, this means
the sensor may detect a "peak" or a "trough" depending on its mounting position,
requiring sophisticated algorithms or strategic placement to calculate the true
volume.
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| 2. Dielectric Constant (er)

For radar-based technologies, the dielectric constant (Dk) of the material
determines how much electromagnetic energy is reflected back to the sensor.
Materials with a high Dk, such as moist minerals, provide strong reflections.
Conversely, materials with a low Dk, such as plastic pellets or dry wood chips,
allow more energy to pass through, resulting in weaker return signals that require
high-sensitivity electronics.

| 3. Dust and Vapor

Many bulk solids processes involve pneumatic conveying or mechanical agitation,
which creates significant dust. Heavy dust can attenuate ultrasonic signals and
coat the lenses of optical or radar sensors. Understanding the concentration and
particle size of the dust is vital for choosing a sensor with the appropriate
frequency or self-cleaning capabilities.

| 4. Bulk Density and Particle Size

Bulk density (measured in kg/m?) affects the mechanical load on contact-based
sensors. Large, heavy particles can exert significant "pull-down" forces on guided
wave radar cables or plumb-bob weights, potentially leading to mechanical failure
if the instrument is not properly rated for the application.

| Measurement Principles for Bulk Solids

Industrial level measurement for bulk solids generally falls into two categories:
continuous measurement and point level detection. Each utilizes different physical
principles to determine the material's presence or height.
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| Non-Contact Radar (FMCW)

Frequency Modulated Continuous Wave (FMCW) radar is the gold standard for bulk
solids. The sensor emits a continuous signal with a changing frequency. The
difference between the emitted and received frequency is proportional to the
distance. Modern 80 GHz radar systems are preferred for solids because the high
frequency allows for a very narrow beam angle (often as small as 3 degrees). This
precision helps avoid reflections from silo walls, internal bracing, or buildup on the
sides of the vessel.

| Guided Wave Radar (GWR)

GWR utilizes Time Domain Reflectometry (TDR). A high-frequency pulse is guided
down a probe (typically a steel cable for solids). When the pulse hits the material,
the change in dielectric constant causes a reflection. This method is highly
effective for materials with low dielectric constants and is unaffected by heavy
dust or steam. However, the probe is subject to the mechanical stresses of the
moving material.

| Ultrasonic Measurement

Ultrasonic sensors emit sound waves that reflect off the material surface. The
time-of-flight (ToF) determines the distance. While cost-effective, ultrasonic
technology is often limited in bulk solids applications because dust can absorb the
sound energy, and changes in air temperature or pressure can affect the speed of
sound, leading to inaccuracies.

|Electromechanical (Plumb-Bob)

A weight is lowered into the silo on a tape or cable. When the weight touches the
surface, the tension changes, the weight is retracted, and the distance is recorded.
This is a purely mechanical measurement that is immune to dust and dielectric
properties, making it a reliable backup or primary source for very tall silos (up to
30 or 40 meters).
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| Selection Criteria and Technology Comparison

Choosing the right instrument requires balancing performance requirements with
environmental constraints. The following table provides a general comparison of
common technologies used for bulk solids.

80 GHz Radar Fine powders, tall Non-contact, ignores Higher initial cost
silos dust, narrow beam

Guided Wave Radar Low Dk materials, Unaffected by High mechanical
small bins dust/vapors pull-down forces

Ultrasonic Short ranges, Low cost, easy to Sensitive to dust and
non-dusty solids install temperature

Plumb-Bob Extreme dust, very Simple, physical Mechanical wear,
tall silos measurement periodic

maintenance

Rotary Paddle Point level (High/Low Robust, inexpensive Contact-based,
alarm) moving parts

| Installation Considerations for Solids Silos

Proper installation is as important as technology selection. In bulk solids
applications, the geometry of the silo and the behavior of the material must dictate
the sensor's placement.

1. Avoid the Fill Stream: Never mount a sensor directly in the path of the incoming
material. This will cause erratic readings and may damage the instrument.

2. The One-Third Rule: For center-fill silos, mounting the sensor at approximately
1/3 of the radius from the outer wall often provides a measurement that
represents the average volume of the conical pile.

3. Beam Angle and Obstructions: Ensure the signal beam has a clear path to the
material. Internal ladders, pipes, or reinforcement beams can create "false
echoes." Using 80 GHz radar with a narrow beam helps minimize this risk.
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4. Aiming Flanges: Because of the angle of repose, the material surface is slanted.
Using an adjustable aiming flange allows the sensor to be pointed perpendicular to
the slope, maximizing the reflected signal strength back to the receiver.

5. Nozzle Height: The mounting nozzle should be as short as possible to prevent
the signal from reflecting off the nozzle walls before it even enters the silo.

| Limitations and Operational Risks

Despite advancements in technology, certain conditions remain challenging for
bulk solids measurement:

Signal Attenuation: In extremely dusty environments, even high-frequency radar
can lose signal strength. In these cases, sensors equipped with an air-purge
connection are necessary to keep the antenna lens clean.

Bridging and Rat-Holeing: These are flow problems where material clings to the
walls or forms a bridge over the discharge outlet. A level sensor may indicate the
silo is full (detecting the bridge) while the bottom of the silo is actually empty. In
such cases, multiple point-level switches or acoustic cleaners may be required.

Mechanical Stress: In tall silos, the downward force of settling solids can be
immense. For guided wave radar, it is critical to calculate the tensile load on the
cable to prevent it from being ripped out of the sensor head.

| Frequently Asked Questions (FAQ)

Q: Can | use the same radar for liquids and bulk solids?

A: While the underlying physics is similar, solids-specific radars usually have
different software algorithms to handle uneven surfaces and lower dielectric
reflections. It is best to use a model specifically calibrated for solids.

Q: How do | measure the level if the dust is so thick | can't see the bottom?

A: 80 GHz FMCW radar or electromechanical plumb-bobs are the best choices.
Radar waves at these frequencies can penetrate heavy dust clouds that would
block ultrasonic or laser signals.



Bulk Solids

Q: What is the maximum height for measuring bulk solids?

A: High-end radar units can measure up to 120 meters (approx. 394 feet). For most
industrial silos, which range from 10 to 30 meters (33 to 98 feet), multiple
technologies are available.

Q: How do | handle materials with a very low dielectric constant, like perlite?

A: Guided wave radar is often the most reliable for very low Dk materials because
the probe concentrates the energy, making it easier to detect the reflection from
the surface.

| Conclusion

Effective management of bulk solids requires a deep understanding of both the
material properties and the measurement technologies available. By considering
factors such as the angle of repose, dust levels, and mechanical stresses,
engineers can select a solution that provides accurate, long-term reliability.
Whether utilizing the precision of 80 GHz radar or the mechanical simplicity of a
plumb-bob, the goal remains the same: total visibility into the storage process. For
detailed product comparisons and application support, visiting the Main Page of an
experienced manufacturer is the recommended next step for any project involving
industrial level measurement.



