Flomotion Systems

A practical guide to flomotion systems, covering the reader intent, the relationship
to flomotion systems, 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 realm of industrial fluid handling, flomotion systems represent a critical
integration of chemical metering, peristaltic pumping, and precise level
monitoring. These systems are designed to manage the precise delivery of
fluids—often corrosive or viscous chemicals—into a process at a controlled rate.
However, the efficiency of any flomotion setup is fundamentally dependent on the
accuracy of the level measurement instruments that monitor the supply tanks and
day tanks. Without reliable level data, automated dosing systems risk running dry,
overfilling, or delivering inconsistent concentrations.

For engineers and plant operators, understanding the synergy between flow
control and level measurement is essential. This guide explores the principles of
level measurement within these systems, provides selection criteria for various
industrial environments, and outlines best practices for installation and
maintenance.

| Core Principles of Level Measurement

Before selecting instrumentation for flomotion systems, it is vital to understand the
physics behind the most common measurement technologies. In chemical dosing
and water treatment applications, three primary methods dominate: ultrasonic,
radar, and hydrostatic measurement.

| Ultrasonic Level Measurement

Ultrasonic sensors operate on the "time-of-flight" principle. The sensor emits a
high-frequency sound pulse (typically 20 kHz to 70 kHz) that travels through the
air, reflects off the liquid surface, and returns to the transducer. The instrument
calculates the distance based on the time elapsed and the speed of sound in the
air.

Advantages: Non-contact, relatively low cost, and no moving parts.

Consideration: Because sound speed is affected by air temperature, these sensors
require integrated temperature compensation. They are also sensitive to heavy
foam or surface turbulence, which can scatter the sound waves.
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|Radar Level Measurement (FMCW and Pulse)

Radar sensors also use time-of-flight but employ electromagnetic waves
(microwaves) rather than sound. Modern 80 GHz high-frequency radar is
increasingly popular in flomotion systems due to its narrow beam angle and high
precision.

Principles: Radar waves travel at the speed of light and are unaffected by
temperature fluctuations, vacuum, or high pressure. The reflection depends on the
dielectric constant of the liquid.

Advantages: Extremely accurate (often £2 mm), works in the presence of vapors
and dust, and can penetrate some types of foam.

| Hydrostatic Pressure Measurement

This method uses a pressure transmitter submerged at the bottom of the tank or
mounted to a flange. It measures the head pressure exerted by the liquid column.
According to Pascal’s Law, the pressure at the bottom of a liquid column is
proportional to the height of the liquid and its specific gravity.

Calculation: $P = \rho \cdot g \cdot h$ (where $P$ is pressure, $\rho$ is density,
$g$ is gravity, and $h$ is height).

Advantages: Simple to install in deep wells or tall tanks, and unaffected by surface
conditions like foam or agitation.

| Selection Criteria for Flomotion System Components

Choosing the right level sensor for a flomotion system requires a thorough
evaluation of the chemical properties and the physical environment. Below is a
selection table to assist in the decision-making process.
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Contact Type

Accuracy

Chemical Resistance

Vapor Sensitivity

Foam Performance

Typical Range

Ultrasonic Sensors

Non-contact

+0.25% of range

High (PVDF/PTFE
options)

High (affects sound
speed)

Poor (scatters signal)

0.25m-15m

| Chemical Compatibility

Radar Level Meters

Non-contact

+2 mm to £5 mm

High (PTFE/Ceramic)

Low (unaffected)

Moderate to Good

0.1 m-30m+

Hydrostatic

Transmitters

Contact
(Submerged/Flanged)

+0.1% to £0.5% of
span

High
(316SS/Hastelloy/PVC)

None

Excellent

I1m-200m

In many flomotion systems, the fluids being handled are aggressive, such as
sodium hypochlorite, sulfuric acid, or ferric chloride. It is imperative that the
wetted parts of the level sensor—whether it is the ultrasonic transducer face, the
radar antenna, or the hydrostatic diaphragm—are compatible with these
chemicals. Common materials include PVDF (Polyvinylidene fluoride), PTFE
(Teflon), and various high-grade stainless steels.

| Tank Geometry and Obstructions

Small chemical day tanks often have internal obstructions like ladders, agitators,
or heating coils. In these scenarios, a radar sensor with a narrow beam angle (e.g.,
3 degrees) is preferable to avoid false reflections. For a broader look at how these
instruments integrate into larger process architectures, you may review product
options and application support on the Main Page.
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| Installation Considerations and Best Practices

Proper installation is the single most important factor in ensuring the longevity and
accuracy of level instrumentation within flomotion systems. Even the most
advanced sensor will fail if poorly positioned.

| Avoiding the Dead Zone

Every ultrasonic and radar sensor has a "dead zone" (also known as a blocking
distance or blanking zone) directly beneath the sensor face. For an ultrasonic
sensor, this might be 250 mm to 500 mm (approx. 10 to 20 inches). If the liquid
level rises into this zone, the sensor will provide erratic readings or a "lost echo"
error.

Engineering Tip: Mount the sensor high enough so that the maximum possible
liquid level never enters the dead zone.

| Positioning and Orientation

Center vs. Wall: Never mount a non-contact sensor in the exact center of a circular
tank (which can cause multiple reflections) or too close to the tank wall (which can
cause signal interference). A general rule is to mount the sensor at 1/3 the radius
of the tank.

Vertical Alignment: The sensor must be perfectly perpendicular to the liquid
surface. A tilt of even a few degrees can significantly reduce the strength of the
return signal, especially on calm liquid surfaces.

Inlet Interference: Ensure the sensor is not positioned directly above the tank inlet.
The falling stream of liquid will cause turbulence and false echoes.
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| Stilling Wells and Bypass Chambers

In tanks with heavy agitation or surface foam, a stilling well (a vertical pipe with
vent holes) can be used. This provides a calm surface for the sensor to measure.
This is a common requirement in flomotion systems involving wastewater
treatment where surface turbulence is frequent.

| Limitations and Environmental Factors

While modern level meters are robust, they are not universal solutions. Engineers
must account for specific environmental limitations:

1. Temperature Gradients: Significant temperature differences between the liquid
and the air space can cause condensation on the sensor face. While some radar
units can "see through" light condensation, ultrasonic sensors may struggle.
Choosing a sensor with a self-cleaning or vibrating face can mitigate this.

2. Vacuum and Pressure: Ultrasonic sensors cannot operate in a vacuum because
sound requires a medium to travel. Radar is the preferred choice for pressurized
vessels.

3. Specific Gravity Changes: Hydrostatic transmitters are sensitive to changes in
fluid density. If a flomotion system switches from one chemical to another with a
different specific gravity, the hydrostatic sensor must be recalibrated, or the PLC
must be programmed to compensate for the change.

| Integration with Control Systems

In a typical flomotion system, the level sensor acts as the "eyes" of the controller.
Most instruments provide a 4-20 mA analog output, often with HART (Highway
Addressable Remote Transducer) protocol for digital diagnostics.

Dry Run Protection: The level sensor should be interlocked with the metering
pump. If the level drops below a critical setpoint (e.g., 5% of tank volume), the
controller should automatically shut down the pump to prevent damage to the
pump heads or seals.
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Inventory Management: By integrating the level data with the known tank
geometry, the system can calculate the remaining volume in liters or gallons,
allowing for automated reordering of chemicals.

| Frequently Asked Questions (FAQ)

Q: Can | use an ultrasonic sensor for concentrated sulfuric acid?

A: Yes, provided the sensor body and transducer face are made of a resistant
material like PVDF. However, be aware that sulfuric acid can produce heavy vapors
that may affect the speed of sound, potentially requiring frequent recalibration or a
switch to radar.

Q: How do | handle foam in my dosing tank?

A: If the foam is light and airy, high-frequency radar (80 GHz) is often successful. If
the foam is thick and dense, a hydrostatic pressure transmitter is usually the most
reliable option as it ignores surface conditions entirely.

Q: What is the maximum distance a level sensor can be from the controller?

A: For standard 4-20 mA signals, the distance can be several hundred meters,
depending on the wire gauge and power supply voltage. For longer distances or to
reduce wiring costs, Modbus RTU or wireless transmission modules are often used
in modern flomotion systems.

Q: Do radar sensors require periodic calibration?

A: Radar sensors are generally "set and forget." Unlike ultrasonic sensors, they do
not need to be adjusted for temperature or humidity changes. Periodic verification
of the zero-point and span is recommended as part of standard annual
maintenance, but drift is minimal.
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| Conclusion

The reliability of flomotion systems is inextricably linked to the performance of
level measurement technology. By understanding the principles of ultrasonic,
radar, and hydrostatic measurement, and by following rigorous installation
standards, engineers can ensure that chemical dosing processes remain accurate,
safe, and efficient. Whether managing small-scale laboratory dosing or large-scale
industrial water treatment, the correct application of these instruments prevents
costly downtime and environmental hazards. For detailed specifications on the
instruments discussed here, refer to the technical documentation available on the
Main Page.



