Dry Solid Impact Flow Meters

A practical guide to dry solid impact flow meters, covering the reader intent, the
relationship to dry solid impact flow meters, key evaluation criteria, common risks,
and the information the intended project audience should confirm before taking
the next step.
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In industrial bulk solids handling, the ability to accurately measure the mass flow
rate of dry materials is essential for process control, inventory management, and
load-out accuracy. Dry solid impact flow meters represent a specialized class of
in-line measurement instruments designed to provide continuous, real-time data
on the flow of powders, granules, and pellets. Unlike belt scales or weigh feeders
that require significant horizontal space, impact flow meters are compact,
dust-tight, and capable of being integrated directly into existing gravity-fed chutes
or pneumatic conveying systems.

This guide provides a comprehensive technical overview of dry solid impact flow
meters, exploring their operating principles, selection criteria, installation
requirements, and practical limitations within industrial environments.

| Measurement Principles of Impact Flow Meters

The fundamental operation of a dry solid impact flow meter is based on the physics
of momentum and Newton's Second Law of Motion. When a falling stream of bulk
material strikes a sensing plate at a controlled angle, it exerts a force on that
plate. This force is proportional to the mass flow rate of the material.

| The Horizontal Force Component

To ensure accuracy and eliminate the influence of material buildup on the sensing
plate, most modern impact flow meters are designed to measure only the
horizontal component of the impact force. If a meter measured the total force, the
weight of any material sticking to the plate (tare weight) would cause a continuous
zero-shift and measurement error.

By utilizing a mechanical linkage that only permits horizontal movement or by
using specific transducer orientations, the device isolates the impact force ($F$).
The relationship can be simplified as follows:

$$F =m - v os$s$

Where:
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m is the mass flow rate (kg/s).
v is the velocity of the material at the point of impact (m/s).

o is a constant related to the impact angle and the coefficient of restitution of the
material.

Because the velocity ($v$) must remain constant for the force to be directly
proportional to the mass flow, these meters rely on a consistent vertical drop
height. This is why material is typically fed through a pre-feed chute designed to
accelerate the solids to a stable terminal velocity before they strike the sensing
plate.

| Transducer Technologies

The mechanical force exerted on the plate is converted into an electrical signal
using one of two primary technologies:

1. LVDT (Linear Variable Differential Transformer): Measures the minute
displacement of the sensing plate. LVDTs are highly durable and resistant to
mechanical overloads.

2. Strain Gauge Load Cells: Measures the actual force applied. These are common
in high-precision applications but require robust protection against mechanical
shock.

| Key Components of the System

A complete dry solid impact flow meter system consists of several critical
sub-assemblies:

The Sensing Plate: This is the primary element in contact with the material. It is
often constructed from stainless steel, but for abrasive applications, it may be
lined with ceramic, tungsten carbide, or specialized polymers. The shape and angle
of the plate are engineered to ensure material slides off quickly after impact.
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The Flow Head (Mechanical Housing): This dust-tight enclosure houses the sensing
plate linkage and the transducer. It must be isolated from process vibrations to
prevent sighal noise.

The Integrator/Transmitter: This electronic unit processes the signal from the
transducer, applies calibration factors, and provides outputs such as 4-20maA,
Modbus, or Profibus. It also displays the instantaneous flow rate and accumulated
totals.

The Pre-feed Chute: A critical but often overlooked component that ensures the
material enters the meter in a controlled, centered, and consistent manner.

| Technical Selection Criteria

Selecting the correct dry solid impact flow meter requires a detailed understanding
of the material characteristics and the process environment. Engineers should
evaluate the following parameters before procurement.

| Material Characteristics

Particle Size: Impact meters are generally suitable for materials ranging from fine
powders (microns) to granules up to 25 mm (approx. 1 inch). Larger particles may
cause excessive mechanical shock or erratic readings.

Bulk Density: While the meter measures mass, the volume of the material must fit
within the physical dimensions of the sensing plate and housing without causing
blockages.

Moisture Content: Materials must be free-flowing. If the moisture content is high
enough to cause the material to clump or stick excessively to the sensing plate,
the accuracy will degrade significantly.

Abrasiveness: For materials like cement clinker or silica sand, the sensing plate
must be equipped with wear-resistant liners.
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| Process Parameters

Flow Range: Meters are sized based on the maximum and minimum expected flow
rates (e.g., 1 t/h to 500 t/h). Most meters have a turndown ratio of approximately
e e g e

Temperature: High-temperature materials (e.g., hot ash or calcined minerals)
require specialized seals and thermal isolation for the transducer electronics.

Corrosiveness: In chemical processing, the housing and plate may require 316L
stainless steel or exotic alloys.

| Selection Summary Table

Accuracy +1% to +3% of full scale (depending on
application)

Repeatability +0.5%

Material Temperature Standard up to 80°C; High-temp versions up
to Z500C

Particle Size Limit Typically < 25 mm

Flow Rate Capability 0.5 t/h to 800 t/h (model dependent)

Signal Outputs 4-20mA, Pulse, R5-485, Ethernet/IP

| Installation Guidelines and Considerations

The performance of dry solid impact flow meters is heavily dependent on proper
installation. Even the most precise instrument will fail to provide accurate data if
the material flow is turbulent or inconsistent.
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| 1. Vertical Drop and Velocity

To achieve a constant velocity ($v$), a vertical drop of at least 500 mm to 1000
mm is typically required above the sensing plate. This ensures the material is
falling under gravity at a predictable speed. If the material is fed directly from a
conveyor belt without a drop, the horizontal velocity of the belt will interfere with
the impact force measurement.

| 2. Chute Geometry

The pre-feed chute should be designed to center the material on the sensing plate.
Ideally, the chute should have a slope of 60° to 70° to prevent material hang-up.
"Dead boxes" or rock boxes can be used in the transition to the meter to reduce
the kinetic energy of very heavy materials and protect the meter from premature
wear.

| 3. Vibration Isolation

Because impact meters measure small mechanical forces, they are sensitive to
external vibrations. The meter should be mounted on a rigid structure. If the meter
is installed near vibrating screens, crushers, or heavy motors, flexible connectors
(bellows) must be used at the inlet and outlet to isolate the meter housing from the
rest of the plant.

| 4. Pressure Equalization

In pneumatic conveying or systems with high dust extraction airflow, pressure
differentials can exert a force on the sensing plate. It is essential to ensure that the
pressure is equalized between the inlet and outlet of the meter, often through the
use of a vent line or by ensuring the system is at atmospheric pressure.
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| Common Risks and Limitations

While dry solid impact flow meters are robust, they are not universal solutions.
Awareness of the following risks is necessary for long-term reliability:

Material Buildup: While measuring the horizontal force mitigates the effect of
buildup weight, a thick layer of material on the plate can act as a cushion,
dampening the impact and causing the meter to under-read. Regular inspection or
the use of low-friction coatings (like PTFE) is recommended for sticky materials.

Zero Drift: Dust accumulation inside the mechanical linkage can cause the zero
point to shift over time. Regular "zeroing" of the instrument during periods of no
flow is a standard maintenance requirement.

Changing Material Properties: Since the meter is calibrated for a specific material,
changes in the coefficient of restitution (how "bouncy" the material is) or
significant changes in bulk density and particle size distribution may require
recalibration.

| Comparison with Other Technologies
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Impact Flow Meter In-line gravity feed Compact, dust-tight, Requires constant
low maintenance velocity, sensitive to
vibration
Belt Scale Long conveyors Handles very high Requires large
volumes, high footprint, high
accuracy maintenance
Coriolis (Solids) High precision Highest accuracy Very expensive,
(£0.5%) limited to fine
powders
Microwave/Radiometric Non-contact No wear, Measures
non-intrusive volume/density,
often less accurate
for mass
Welk Level Solutions Storage monitoring Reliable level/point Measures
control volume/level, not
mass flow

For comprehensive process automation, impact flow meters are often used in
conjunction with level measurement technologies. For more information on the full
range of level and flow instrumentation, you can Review product options and
application support at the Welk Main Page.

| Calibration Procedures

Calibration is essential to convert the raw force signal into a meaningful mass flow
value. There are two primary methods:

1. Static Calibration: Known weights are hung from the sensing plate linkage to
simulate the impact force. This checks the integrity of the transducer and
electronics but does not account for the flow dynamics of the material.

2. Dynamic Calibration (Material Test): This is the most accurate method. A known
guantity of material is passed through the meter and then weighed on a certified
scale (or collected in a weigh bin). The integrator is then adjusted to match the
actual weight. A minimum of three test runs is recommended to ensure
repeatability.
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| Frequently Asked Questions (FAQ)

Q: Can impact flow meters handle abrasive materials like iron ore?

A: Yes, provided the sensing plate is equipped with a replaceable wear liner made
of ceramic or hardened steel. The design of the chute should also incorporate
"dead boxes" to minimize direct impact wear on the housing.

Q: What is the typical accuracy of an impact flow meter?

A: In a well-designed installation with consistent material properties, an accuracy
of +1% of full scale is achievable. In less controlled environments, £2% to +3% is
more common.

Q: Do impact flow meters work in pneumatic conveying lines?

A: They can, but they are most commonly used in gravity-fed sections. If used in a
pneumatic line, the air velocity must be separated from the material velocity, or
the meter must be specifically designed for high-pressure environments.

Q: How often should the meter be calibrated?

A: Initially, calibration should be checked monthly. Once the system has stabilized
and the relationship between the material and the sensor is understood, the
interval can often be extended to six months or annually, depending on the
criticality of the data.

| Conclusion

Dry solid impact flow meters are an essential tool for modern bulk solids handling,
offering a balance of compact design, reliability, and real-time data. By
understanding the mechanical principles and ensuring a controlled installation
environment, process engineers can achieve accurate mass flow measurement for
a wide variety of industrial materials. Whether managing the flow of grain in a mill
or dosing additives in a chemical plant, the impact flow meter provides the
necessary visibility to optimize production and reduce waste.



