Level Sensors for Tanks

A practical guide to level sensors for tanks, covering the reader intent, the
relationship to level sensors for tanks, key evaluation criteria, common risks, and

the information the intended project audience should confirm before taking the
next step.




Level Sensors for Tanks

Main topic: Main Page
https://www.level-meters.com/

In industrial process control and inventory management, the selection of level
sensors for tanks is a critical engineering decision. Whether managing bulk
chemical storage, water treatment facilities, or complex oil and gas processing
units, the accuracy and reliability of level data directly impact operational safety,
environmental compliance, and cost efficiency. This guide provides a
comprehensive technical overview of the primary level measurement
technologies, their operating principles, and the practical considerations required
for successful integration into industrial tank systems.

| Understanding Level Measurement Principles

Before selecting a specific instrument, it is essential to understand the physics
behind different measurement methods. Industrial level sensors generally fall into
two categories: non-contact and contact measurement.

| Radar Level Measurement (Non-Contact)

Radar level sensors operate on the Time-of-Flight (TOF) principle. The device emits
high-frequency electromagnetic waves (typically in the 26 GHz or 80 GHz range)
toward the material surface. These waves are reflected back to the sensor. By
measuring the time interval between emission and reception, the sensor calculates
the distance to the product surface.

Advantages: Radar is unaffected by changes in temperature, pressure, or the
presence of vapors and dust. It provides high precision (often within £2 mm) and is
suitable for both liquids and solids.

Considerations: The dielectric constant (er) of the medium affects the strength of
the reflected signal. Materials with low dielectric constants, such as certain oils,
may require specialized high-sensitivity radar units.
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|UItrasonic Level Measurement (Non-Contact)

Similar to radar, ultrasonic sensors use the TOF principle but utilize sound waves
instead of electromagnetic waves. The sensor transmits a pulse that bounces off
the liquid surface and returns to the transducer.

Advantages: This is a cost-effective solution for many water and wastewater
applications. It is easy to install and requires minimal maintenance due to the lack
of moving parts.

Limitations: Sound speed is affected by air temperature and gas composition.
While most modern sensors include temperature compensation, ultrasonic
technology may struggle in high-pressure environments or where heavy foam and
surface turbulence attenuate the sound signal.

|Hydrostatic Level Measurement (Contact)

Hydrostatic sensors measure the pressure exerted by a liquid column at a specific
point, usually the bottom of the tank. 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 gravity, and $h$ is the height of the liquid.

Advantages: These transmitters are robust and ideal for deep tanks or
underground reservoirs. They are relatively simple to calibrate and provide reliable
continuous measurement.

Limitations: Because the measurement is density-dependent, any change in the
liquid's temperature or composition that alters its density will introduce errors
unless compensated for by the control system.

|Magnetic Level Gauges (Contact/Visual)

These devices consist of a bypass chamber attached to the side of the tank. A float
containing a permanent magnet moves up and down with the liquid level. This
magnet actuates a series of external visual flags or a continuous transmitter.
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Advantages: They provide a clear visual indication without requiring power and are
highly resistant to high temperatures and pressures.

Considerations: They are best suited for clean liquids that do not cause build-up or
scaling on the float mechanism.

| Selection Criteria for Level Sensors for Tanks

Choosing the right level sensors for tanks requires an evaluation of the physical
and chemical properties of the stored media, as well as the mechanical constraints
of the vessel. Engineers should prioritize the following criteria:

1. Media Characteristics: Is the liquid corrosive, viscous, or prone to foaming?
Corrosive chemicals may require PTFE-coated radar antennas or PVDF ultrasonic
transducers. Viscous liquids can foul contact-based sensors like floats or tuning
forks.

2. Process Conditions: What are the maximum and minimum operating
temperatures and pressures? High-pressure tanks (e.g., above 10 bar / 145 psi)
often necessitate radar or magnetic gauges, as ultrasonic pulses cannot propagate
effectively in dense or pressurized gases.

3. Tank Geometry: The height and diameter of the tank, along with the presence of
internal obstructions like agitators, heating coils, or baffles, will dictate the
sensor's mounting position. Radar sensors with narrow beam angles (e.g., 80 GHz
technology) are better at avoiding interference from tank walls and internal
structures.

4. Accuracy Requirements: For inventory custody transfer, high-precision radar (*+1
mm) is often required. For simple pump control in a sump, an ultrasonic sensor
with £5 mm to £10 mm accuracy is usually sufficient.

| Practical Selection Table
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Technology Typical Max Range Media Pressure/Temp
Accuracy Suitability Resistance

Radar (80 GHz) =2 mm (0.08 in) Upto 120 m Liquids, Solids, Excellent (High
Slurries P/T)
Ultrasonic +0.25% of Upto 30 m Clean Liquids, Moderate
range Wastewater (Atmospheric)
Hydrostatic +0.1% to 0.5% Up to 200 m Liquids, Qils Good

(Submersible)

Magnetic Gauge =5 mm (0.2 in) Uptobm Clean Liquids, Excellent (High
Acids P/T)
Level Switch Point Detection N/A Most High

Liquids/Solids

| Installation Considerations and Best Practices

Proper installation is as important as selecting the correct technology. Even the
most advanced level sensors for tanks will fail to provide accurate data if poorly
positioned.

| Avoiding the "Dead Zone"

All TOF-based sensors (radar and ultrasonic) have a "dead zone" or "blocking
distance" directly beneath the sensor face where measurement is impossible.
Ensure the sensor is mounted high enough so that the maximum liquid level never
enters this zone. For example, if a sensor has a 300 mm (11.8 in) dead zone, the
mounting nozzle should be designed to keep the sensor at least 300 mm above the
highest possible fill point.

| Nozzle Design and Placement

The mounting nozzle should be perpendicular to the liquid surface. If the nozzle is
too long or narrow, it can create internal reflections (ringing) that interfere with the
signal. For radar sensors, a nozzle diameter of 50 mm to 100 mm (2 to 4 inches) is
standard, but the length should be kept as short as possible.
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| Positioning Relative to Inlets

Never install a level sensor directly in the path of the tank's filling stream. The
turbulence and the physical presence of the incoming liquid will cause erratic
readings. Ideally, the sensor should be placed in a calm area of the tank, away
from the inlet and any agitator blades.

| Environmental Protection

For outdoor tanks, sensors should be equipped with sunshields to prevent extreme
temperature fluctuations from affecting the electronics or causing condensation on
the sensor face. In humid environments, ensure the cable glands are properly
sealed and the housing cover is tightened to the manufacturer's torque
specifications.

| Limitations and Common Application Risks

While modern sensors are highly capable, certain conditions present ongoing
challenges for level measurement:

Heavy Foam: Foam can absorb ultrasonic pulses entirely, leading to a "loss of
echo" error. While radar can penetrate some foam, thick, dense foam may still
reflect the signal prematurely or attenuate it significantly. In these cases, a guided
wave radar (GWR) or a hydrostatic pressure sensor is often a more reliable choice.

Vapor and Condensation: While radar is mostly immune to vapor, heavy
condensation on an ultrasonic transducer face can block the sound pulse. Some
sensors feature a self-cleaning function or specialized face materials to shed
droplets.

Agitation and Surface Ripples: Rapidly moving liquid surfaces can scatter the
return signal. This can often be mitigated through software filtering (damping) or
by using a stilling well—a vertical pipe installed inside the tank that provides a
calm surface for the sensor to measure.
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Build-up and Scaling: In applications involving wastewater or lime slurries, material
can build up on the sensor. Non-contact radar is generally preferred here, but if
build-up occurs on the antenna, it may eventually degrade performance. Regular
inspection intervals should be established for such environments.

| Frequently Asked Questions (FAQs)

Q: Can | use one sensor for both liquid and solid levels?

A: Yes, certain high-frequency radar sensors are designed for both. However,
solids measurement requires a sensor capable of handling the uneven surface
(angle of repose) and the lower dielectric constant typical of dry bulk materials.

Q: How do | measure the level in a pressurized tank?

A: For pressurized vessels, non-contact radar or magnetic level gauges are
preferred. If using hydrostatic pressure, you must use a differential pressure (DP)
transmitter to subtract the headspace pressure from the total pressure at the
bottom.

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

A: A level sensor provides continuous measurement (e.g., 4-20mA or Modbus
signal representing 0-100% fill). A level switch provides point detection (on/off) to
signal when a specific level, such as high-high or low-low, has been reached for
overflow prevention or pump protection.

Q: How often do tank level sensors need calibration?

A: This depends on the technology and the criticality of the process. Radar and
ultrasonic sensors are generally stable and may only require a calibration check
once a year. Hydrostatic sensors may require more frequent checks if the liquid
density varies.
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| Conclusion

Selecting and installing level sensors for tanks requires a balanced approach that
considers the chemical environment, physical tank constraints, and the required
data precision. By understanding the fundamental principles of radar, ultrasonic,
and hydrostatic measurement, engineers can specify solutions that minimize
maintenance and maximize uptime. For more detailed technical specifications and
to explore a full range of industrial measurement instruments, Review product
options and application support on the Welk Main Page. As a professional
manufacturer, Welk provides the expertise needed to navigate complex
automation challenges across global industries.



