Tank Level Monitors

A practical guide to tank level monitors, covering the reader intent, the
relationship to tank level monitors, key evaluation criteria, common risks, and the

information the intended project audience should confirm before taking the next
step.
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In modern industrial environments, the ability to accurately track the volume of
liguids and solids within storage vessels is critical for operational efficiency, safety,
and inventory management. Tank level monitors encompass a broad range of
technologies designhed to provide real-time data on the contents of a tank, whether
it is a small chemical dosing vat or a massive crude oil storage terminal. Selecting
the appropriate monitoring system requires a deep understanding of the physical
properties of the media, the environmental conditions of the process, and the
specific measurement principles employed by different instruments.

Professional manufacturers like Welk provide a comprehensive suite of
instruments, including radar, ultrasonic, and hydrostatic sensors, to meet these
diverse needs. For engineers and facility managers, the goal is to implement a
solution that balances precision with long-term reliability. To explore specific
product specifications and technical support, you can visit the Main Page for
detailed industrial solutions.

| Core Measurement Principles

Before selecting a tank level monitor, it is essential to understand how different
technologies interact with the stored material. The most common industrial
methods include non-contact and contact-based measurement principles.

|Radar Level Measurement (ToF)

Radar tank level monitors operate on the Time-of-Flight (ToF) principle. The sensor
emits a high-frequency electromagnetic pulse (typically in the 26 GHz or 80 GHz
range) toward the material surface. The pulse reflects off the surface and returns
to the sensor. The distance is calculated based on the time it takes for the signal to
travel the round trip.

Non-Contact Radar: Ideal for corrosive or high-temperature liquids as the sensor
never touches the media. 80 GHz radar is particularly effective due to its narrow
beam angle, which avoids internal tank obstructions.
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Guided Wave Radar (GWR): Uses a probe or cable to guide the signal. This is highly
effective for low-dielectric liquids or applications with heavy foam or turbulence.

| Ultrasonic Level Measurement

Similar to radar, ultrasonic monitors use sound waves instead of electromagnetic
pulses. The transducer emits an ultrasonic pulse that reflects off the surface of the
media. This technology is cost-effective and widely used in water treatment and
open-channel flow applications.

However, because sound requires a medium (air) to travel, ultrasonic sensors are
sensitive to changes in air temperature, pressure, and the presence of heavy
vapors or dust, which can attenuate the signal.

| Hydrostatic Level Measurement

Hydrostatic monitors measure the pressure exerted by a liquid column due to
gravity. The relationship is defined by the formula: $P = \rho \cdot g \cdot h§$,
where $P$ is pressure, $\rho$ is the density of the liquid, $g$ is the gravitational
constant, and $h$ is the height of the liquid.

By measuring the pressure at the bottom of the tank and knowing the liquid's
density, the monitor calculates the level. This method is highly reliable for vented
tanks but requires compensation if the tank is pressurized.

| Magnetic Level Gauges

Magnetic monitors use a float containing a permanent magnet that moves up and
down a bypass chamber or a guide tube. As the float moves with the liquid level, it
flips magnetic flaps on an external scale (for visual indication) or triggers a reed
switch/transmitter for electronic output. This provides a robust, mechanical backup
to electronic systems.
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| Choosing the Right Tank Level Monitors

Selection is rarely a one-size-fits-all process. Engineers must evaluate the following
criteria to ensure the chosen monitor performs accurately over its service life.

| Media Characteristics

Corrosiveness: For acids or bases, non-contact radar or PVDF-coated ultrasonic
sensors are preferred.

Viscosity: Highly viscous liquids may coat probes, making guided wave radar or
hydrostatic sensors less ideal unless specialized diaphragms are used.

Dielectric Constant ($er$): Radar requires a minimum dielectric constant to reflect
the signal. If the $er$ is below 1.4, guided wave radar or mechanical floats are
often necessary.

| Process Conditions

Temperature and Pressure: Extreme heat (above 200°C) or high pressure (above
40 bar) typically necessitates radar or magnetic gauges, as ultrasonic transducers
may fail or lose accuracy.

Vapor and Foam: Heavy foam can absorb ultrasonic signals. In these cases, 80
GHz radar or hydrostatic transmitters are more reliable.

| Practical Selection Table
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Technology Accuracy Max Range Media Best Use Case
Compatibility
80 GHz Radar +=2 mm 120 m Liquids, Solids, High-precision
Corrosives storage tanks
Ultrasonic 0. 25%:FS 15m Water, Dilute Wastewater
Chemicals sumps, open
tanks
Hydrostatic +0.1% FS 200 m Clean Liquids, Deep wells,
Slurries vented fuel
tanks
Guided Wave +3 mm 30m Low dielectric Small vessels
Radar liquids with bypass
pipes
Magnetic Gauge x5 mm 6 m Hazardous/High-pre¥sauel
liquids monitoring in oil
& gas

| Installation Considerations

Proper installation is as important as the technology itself. Even the most
advanced tank level monitors will fail if positioned incorrectly.

1. Dead Zones (Blocking Distance): Every non-contact sensor has a "dead zone"
directly beneath the transducer where it cannot measure. For ultrasonic sensors,
this is typically 0.25 m to 0.5 m. Ensure the tank is never filled into this zone to
avoid "loss of echo" errors.

2. Nozzle Geometry: If mounting on a nozzle, the nozzle's height and diameter
must not interfere with the signal beam. For radar, the beam should ideally clear
the bottom edge of the nozzle to prevent false reflections.

3. Obstructions: Avoid installing sensors near fill pipes, ladders, or agitators. If
obstructions are unavoidable, use a sensor with "false echo suppression" software
to map out and ignore these static reflections.

4. Positioning: Sensors should generally be placed at 1/2 to 1/3 of the tank radius
from the wall. Placing a sensor in the exact center of a domed-roof tank can cause
multiple reflections that confuse the signal processor.
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| Limitations and Common Challenges

While modern tank level monitors are highly sophisticated, they are not without
limitations.

Density Fluctuations: Hydrostatic sensors assume a constant liquid density. If the
temperature changes significantly or the liquid composition varies, the level
reading will drift unless a secondary pressure sensor is used for compensation.

Dust and Turbulence: In solid silos, heavy dust during filling can scatter radar and
ultrasonic signals. High-frequency radar (80 GHz) is better at penetrating dust than
lower frequencies.

Vacuum Conditions: Ultrasonic sensors cannot function in a vacuum because there
is no air to carry the sound waves. Radar, which uses electromagnetic waves, is
unaffected by vacuum.

Build-up: In sticky applications (like wastewater or bitumen), material can build up
on the sensor face or probe. Non-contact radar is less affected by this, but periodic
cleaning may still be required to maintain signal strength.

| Frequently Asked Questions (FAQs)

Q: Can | use one monitor for both liquids and solids?

A: Some radar sensors are versatile enough for both, but the internal algorithms
usually need to be toggled. Solids require a sensor capable of handling uneven
surfaces and lower reflection angles (angle of repose).

Q: How do | monitor a tank with a heavy layer of foam?

A: Foam is a challenge for non-contact technologies. Guided wave radar (GWR) is
often the best choice as the signal is concentrated along the probe and can
penetrate foam to reach the liquid surface. Alternatively, hydrostatic sensors are
unaffected by surface foam.

Q: What is the maintenance requirement for these monitors?
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A: Non-contact monitors like radar and ultrasonic are virtually maintenance-free as
they have no moving parts. Hydrostatic sensors may require periodic calibration
checks, and magnetic gauges should be flushed if the liquid contains sediment.

Q: Is 80 GHz radar always better than 26 GHz?

A: Not necessarily. While 80 GHz offers a narrower beam and better precision, 26
GHz radar is often more robust in applications with heavy condensation or steam,
as the longer wavelength is less affected by water droplets on the antenna.

| Conclusion

Effective tank level monitoring is a cornerstone of industrial process control. By
matching the measurement principle—whether it be the precision of 80 GHz radar,
the cost-effectiveness of ultrasonic pulses, or the ruggedness of hydrostatic
pressure—to the specific requirements of the application, operators can ensure
safety and optimize their supply chains.

For those seeking to implement these technologies, consulting with a
manufacturer like Welk ensures that factors such as chemical compatibility and
installation geometry are fully addressed. To view the full range of available
instrumentation and technical documentation, visit the Main Page to find the ideal
solution for your facility's needs.



