Tank Level Monitor

A practical guide to tank level monitor, covering the reader intent, the relationship
to tank level monitor, 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 process control, a tank level monitor is more than a simple gauge; it is
a critical component for inventory management, safety, and operational efficiency.
Whether managing volatile chemicals in a refinery or monitoring water levels in a
municipal treatment plant, selecting the correct measurement technology is
essential. This guide examines the fundamental principles of level measurement,
compares common technologies, and provides engineering insights for selecting
and installing the right system.

| Fundamental Principles of Tank Level Monitoring

To effectively implement a tank level monitor, one must understand the underlying
physics of the measurement. Industrial level measurement is generally categorized
into non-contact and contact methods, each utilizing different physical properties
of the media and the vessel environment.

|Radar Level Measurement (FMCW and Pulse)

Radar technology is widely considered the gold standard for high-accuracy
applications. It operates on the principle of electromagnetic wave reflection.

1. Pulse Radar: The sensor emits a short microwave pulse that travels to the
surface of the medium, reflects, and returns to the receiver. The time-of-flight
(ToF) is measured to calculate the distance.

2. FMCW (Frequency Modulated Continuous Wave): The sensor emits a continuous
signal with a constantly changing frequency. The difference in frequency between
the emitted and reflected signal is proportional to the distance. FMCW radar,
particularly at higher frequencies like 80 GHz, offers superior resolution and can
ignore internal tank obstructions like agitators or ladders.

Radar is highly effective because microwaves are largely unaffected by air
temperature, pressure, or vacuum. However, the dielectric constant (er) of the
material is crucial; materials with low dielectric constants (like certain oils) reflect
less energy, requiring more sensitive receivers.
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| Ultrasonic Level Measurement

Ultrasonic sensors function similarly to radar but use sound waves instead of
electromagnetic waves. A transducer emits a high-frequency sound pulse (typically
20 kHz to 200 kHz). The pulse reflects off the liquid surface and returns to the
sensor.

Because the speed of sound is influenced by air temperature, most ultrasonic tank
level monitors include an integrated temperature sensor to compensate for these
changes. This technology is cost-effective and ideal for water and wastewater
applications, though it can struggle in environments with heavy foam, dust, or
high-pressure vapors that attenuate the sound signal.

| Hydrostatic Level Measurement

Hydrostatic measurement is a contact-based method that relies on the principle
that the pressure at the bottom of a liquid column is directly proportional to the
height of the liquid and its specific gravity. The formula used is:

P=pxgXxh

Where:

P is the hydrostatic pressure (bar or Pa).

p is the density of the liquid (kg/m?3).

g is the local acceleration due to gravity (approx. 9.81 m/s?).
h is the height of the liquid (m).

For open tanks, a simple pressure transmitter or submersible probe is used. For
pressurized tanks, a differential pressure (DP) transmitter is required to subtract
the overhead gas pressure from the total pressure at the bottom.
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| Magnetic Level Gauges

Magnetic level gauges are used for visual indication combined with remote
monitoring. They consist of a bypass chamber connected to the tank. Inside the
chamber, a float containing a permanent magnet moves with the liquid level.
Outside the chamber, magnetic flags or a sensing rod track the float’s position.
This method is highly reliable for high-pressure and high-temperature applications
where glass gauges would be unsafe.

| Technology Comparison and Selection

Choosing the right tank level monitor requires balancing performance
requirements with budget constraints. The following table provides a comparison
of the primary technologies offered by manufacturers like Welk.

Technology Typical Maximum Media Pressure/Temp
Accuracy Range Compatibility Resistance

80GHz Radar =1 mm 120 m (393 ft) Liquids, Solids, Excellent (High
Corrosives P/T)
Ultrasonic +0.25% of 30 m (98 ft) Clean Liquids, Moderate
range Slurries (Ambient P)
Hydrostatic +0.1% to 0.5% 200 m (656 ft) Liquids, Pastes Good

(Submersible)

Magnetic =5 mm to 10 6 m (20 ft) Clean Liquids, Excellent (High
mm LPG P/T)

For engineers looking to explore specific models, it is recommended to Review
product options and application support on the Welk Main Page to match these
specifications to site-specific needs.

| Key Selection Criteria for Industrial Applications

When specifying a tank level monitor, several factors beyond the measurement
range must be evaluated to ensure long-term reliability.
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| 1. Media Characteristics

Corrosiveness: For highly corrosive acids (e.g., Sulfuric Acid), non-contact radar
with a PTFE-faced antenna or a hydrostatic transmitter with a Hastelloy diaphragm
is necessary.

Viscosity and Coating: If the media is prone to buildup (e.g., bitumen or heavy
syrups), non-contact methods are preferred to avoid mechanical failure or frequent
cleaning of submerged probes.

Dielectric Constant: In radar applications, if the €r is below 1.4, a guided wave
radar (GWR) or a high-sensitivity 80GHz FMCW radar should be prioritized.

| 2. Vessel Geometry and Internal Obstructions

Internal structures like heating coils, agitator blades, and baffles can create "false
echoes." Advanced radar systems use software-based "false signal suppression" to
map out these reflections. Additionally, the "dead zone" or blocking distance—the
area near the sensor where measurement is impossible—must be considered,
especially in small tanks where the liquid may reach the top.

| 3. Process Conditions

Temperature and Pressure: High-pressure reactors require specialized process
seals. Radar and magnetic gauges are typically better suited for extremes than
ultrasonic sensors.

Vapor and Foam: Heavy foam can absorb ultrasonic pulses and scatter radar
signals. In such cases, hydrostatic transmitters or guided wave radar (where the
signal is confined to a probe) are often more reliable.

| Installation Guidelines and Best Practices

Correct installation is as important as the technology itself. Even the most
advanced tank level monitor will fail if poorly positioned.
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| Positioning and Mounting

Avoid the Center: In cylindrical tanks, do not mount the sensor in the exact center,
as this can lead to multiple reflections from the tank walls that amplify
interference.

Avoid the Fill Stream: Never install a sensor directly above the inlet pipe. The
turbulence and falling liquid will cause erratic readings and signal loss.

Nozzle Clearance: If mounting on a nozzle, ensure the sensor antenna or
transducer face extends at least 10 mm (0.4 in) beyond the bottom of the nozzle to
prevent sighal interference from the nozzle walls.

| Environmental Protection

For outdoor installations, a sunshade is recommended to prevent extreme
temperature fluctuations from affecting the electronics or causing condensation
inside the housing. For hydrostatic sensors, ensure the vent tube in the cable is
protected from moisture ingress, which can lead to measurement drift.

| Electrical Considerations

Most modern monitors use a 2-wire 4-20mA HART protocol, allowing for both
power and digital communication over a single pair of wires. Ensure proper
grounding to prevent RFI (Radio Frequency Interference) from VFDs (Variable
Frequency Drives) and other heavy machinery from corrupting the signal.

| Operational Limitations and Common Risks

While modern instrumentation is highly robust, users should be aware of specific
limitations:

Vacuum Conditions: Ultrasonic sensors cannot function in a vacuum because
sound waves require a medium (air/gas) to travel. Radar or hydrostatic sensors
must be used instead.
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Rapid Level Changes: In fast-filling or emptying tanks, the "damping" or response
time of the sensor must be adjusted. If the damping is too high, the monitor may
lag behind the actual level, potentially leading to overfills.

Density Fluctuations: Hydrostatic monitors are sensitive to changes in liquid
density. If a tank is used for different chemicals or if the temperature causes
significant density shifts, the level reading will be inaccurate unless compensated
by a secondary temperature or density input.

| Frequently Asked Questions (FAQ)

Q: How often should a tank level monitor be calibrated?

A: For most industrial applications, an annual calibration check is standard.
However, in regulated industries like pharmaceuticals or custody transfer,
semi-annual calibration may be required. Hydrostatic sensors may require more
frequent zero-point checks due to sensor drift.

Q: Can one sensor monitor both liquids and solids?

A: Radar and ultrasonic sensors can monitor both, but the configuration differs.
Solids (like grain or plastic pellets) often have an uneven surface (the angle of
repose), which requires a sensor with a narrower beam angle or a swiveling
mounting flange to optimize the signal return.

Q: What is the difference between a level transmitter and a level switch?

A: A tank level monitor (transmitter) provides continuous measurement (e.g.,
0-100%), whereas a level switch provides a point-level alert (e.g., "Tank Full") to
trigger an alarm or stop a pump.

| Summary for Project Planning

Successful implementation of a tank level monitor requires a thorough audit of the
chemical properties, vessel dimensions, and environmental conditions. For critical
safety applications, redundancy—such as combining a non-contact radar with a
secondary hydrostatic transmitter or a mechanical high-level switch—is the
industry best practice.
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By understanding the measurement principles of radar, ultrasonic, and hydrostatic
technologies, engineers can select a solution that minimizes maintenance and
maximizes accuracy. For detailed technical specifications and to explore the full
range of industrial measurement solutions, visit the Welk Main Page to consult with
application specialists.



