Tank Level Sensors

A practical guide to tank level sensors, covering the reader intent, the relationship
to tank level sensors, key evaluation criteria, common risks, and the information
the intended project audience should confirm before taking the next step.
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Tank Level Sensors

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

In industrial process automation, the accurate monitoring of liquids, solids, and
slurries within storage and process vessels is critical for operational efficiency,
safety, and inventory management. Tank level sensors serve as the primary data
source for these systems, providing real-time feedback that prevents overfills,
ensures continuous supply to downstream processes, and optimizes storage
capacity. Selecting the appropriate sensor requires a deep understanding of the
physical principles governing measurement, the chemical properties of the media,
and the mechanical constraints of the tank itself.

As a professional manufacturer, Welk provides a diverse range of level
measurement instruments designed to meet the rigorous demands of sectors such
as water treatment, chemical processing, and oil and gas. For technical
specifications and product catalogs, engineers can consult the Main Page to
evaluate specific instrumentation for their projects.

| Understanding Tank Level Measurement Principles

Before selecting a specific technology, it is essential to distinguish between the
two primary modes of measurement: point level detection and continuous level
measurement.

| Point Level Detection

Point level sensors, often referred to as level switches, are used to detect the
presence or absence of material at a specific height. These are typically employed
for high-level alarms (to prevent overflow) or low-level alarms (to prevent pump
cavitation). Common technologies include float switches, tuning forks (vibrating
level switches), and capacitive probes.
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| Continuous Level Measurement

Continuous tank level sensors provide an ongoing output (typically 4-20mA, HART,
or Modbus) that represents the exact level of the contents throughout the entire
height of the vessel. This is achieved through various physical methods, including
time-of-flight (radar and ultrasonic), hydrostatic pressure, and buoyancy-based
magnetic coupling.

| Key Technologies for Industrial Tank Level Sensors

| 1. Radar Level Meters

Radar technology is widely considered the gold standard for high-accuracy level
measurement. It operates on the Time of Flight (ToF) principle, where the sensor
emits a high-frequency electromagnetic wave (typically in the 26GHz or 80GHz
range). The wave reflects off the surface of the medium and returns to the sensor.

Non-Contact Radar: These sensors are mounted at the top of the tank and do not
touch the media. They are ideal for corrosive, hot, or sterile environments. The
80GHz radar is particularly effective due to its narrow beam angle, which allows it
to avoid internal obstructions like agitators or heating coils.

Guided Wave Radar (GWR): GWR uses a physical probe (rod or cable) to guide the
microwave signal. This is highly effective for low dielectric constant (er) liquids and
applications with heavy foam or turbulence, as the probe concentrates the signal
energy.

| 2. Ultrasonic Level Sensors

Ultrasonic sensors emit high-frequency sound pulses. The time taken for the echo
to return from the surface is used to calculate the distance.

Principle: The speed of sound in air is approximately 343 m/s at 20°C, but it varies
with temperature. Most industrial ultrasonic sensors include integrated
temperature compensation to maintain accuracy.
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Applications: These are cost-effective solutions for water and wastewater
applications, open channels, and non-volatile liquid storage. However, they are
sensitive to vacuum conditions, heavy dust, and surface foam, which can absorb
the sound waves.

| 3. Hydrostatic Level Transmitters

Hydrostatic sensors measure the pressure exerted by the liquid column above the
sensor. 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.

Submersible Transmitters: These are lowered into the tank or well and sit at the
bottom. They are robust and simple to install.

Flange-Mounted Transmitters: For pressurized tanks, a differential pressure
transmitter is used to account for the headspace pressure, ensuring only the
liquid's weight is measured.

| 4. Magnetic Level Gauges

Magnetic level gauges are used for visual indication and can be equipped with reed
switches or transmitters for remote monitoring. A float containing a permanent
magnet moves with the liquid level inside a bypass chamber. Outside the chamber,
magnetic flaps flip to show the level, and a sensor can track the float's position to
provide a continuous signal.

| Selection Criteria for Process Applications

Choosing the right tank level sensors involves evaluating several technical
parameters. Failure to account for these can lead to signal loss or premature
instrument failure.
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Criteria

Accuracy

Measurement
Range

Temperature
Range

Pressure Range

Media
Properties

Radar (80GHz)

+1 mm to £2
mm

Upto 120 m

-40°C to

£250°C

Vacuum to 160
bar

Works with
most

| Media Properties

+0.25% of

range

0.3 mto 30 m

-40°C to +80°C

Atmospheric

Best for
water-based

Hydrostatic

+0.1% to

+0.5%

1 mto 200 m

-20°C to +80°C

Up to 40 bar

Density must be
constant

Magnetic

Gauge

+5 mm to £10
mm

0.3mto6m

-196°C to
+450°C

Up to 320 bar

Must be
compatible with
float

Dielectric Constant (er): Crucial for radar. Liquids with low er (like oils) reflect less
energy than those with high er (like water).

Viscosity and Coating: Sticky liquids can build up on probes or transducers.
Non-contact radar is often preferred here.

Corrosiveness: Requires specific materials like PTFE, PVDF, or high-grade stainless
steel (316L/Hastelloy).

| Tank Geometry and Environment

Internal Obstructions: Agitators, ladders, and baffles can create false echoes.
Narrow-beam radar or guided wave radar can mitigate this.

Foam and Vapor: Heavy foam can dampen ultrasonic and radar signals.
Hydrostatic or magnetic gauges are often more reliable in high-foam

environments.
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| Engineering Installation and Mounting Guidelines

Proper installation is as important as sensor selection. Even the most advanced
tank level sensors will fail if mounted incorrectly.

1. Dead Zones (Blocking Distance): Every non-contact sensor has a "dead zone"
near the transducer face where measurement is impossible. Ensure the sensor is
mounted high enough so the maximum liquid level never enters this zone.

2. Nozzle Dimensions: For radar and ultrasonic sensors, the mounting nozzle
should be as short and wide as possible. If the nozzle is too long, the signal may
reflect off the nozzle walls, creating interference.

3. Positioning: Sensors should generally be placed at 1/4 to 1/3 of the tank
diameter away from the wall to avoid wall interference while staying clear of the
central vortex created by agitators.

4. Avoid the Inflow: Never install a sensor directly above the tank's fill pipe. The
falling liquid will cause turbulent surface conditions and direct signal interference.

5. Alignment: For non-contact sensors, the transducer face must be perfectly
parallel to the liquid surface to ensure the maximum signal return.

| Operational Limitations and Common Risks

While modern instrumentation is highly reliable, engineers must be aware of
specific limitations:

Density Fluctuations: Hydrostatic sensors are calibrated based on a specific liquid
density. If the process involves mixing different chemicals or significant
temperature swings that change the density, the level reading will drift.

Vacuum Conditions: Ultrasonic waves require a medium (air/gas) to travel. In a
vacuum, ultrasonic sensors cannot function. Radar, which uses electromagnetic
waves, is unaffected by vacuum.
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Signal Absorption: In some powder or bulk solid applications, the angle of repose
and the porous nature of the material can absorb or scatter radar and ultrasonic
signals, requiring high-sensitivity units or specialized dust-penetration frequencies.

Build-up: On guided wave radar probes, the build-up of conductive media can
cause a "bridge" between the probe and the tank wall, leading to false high-level
readings.

| Frequently Asked Questions (FAQ)

Q: Can one sensor work for both liquids and solids?

A: Some high-end radar sensors are versatile enough for both, but the signal
processing algorithms are usually different. Solids require sensors that can handle
uneven surfaces and lower reflection intensities.

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

A: For pressurized vessels, non-contact radar is excellent because it is unaffected
by pressure. Alternatively, differential pressure (DP) hydrostatic transmitters can
be used, with one port measuring the bottom pressure and the other measuring
the headspace gas pressure.

Q: What is the maintenance requirement for tank level sensors?

A: Non-contact sensors (radar and ultrasonic) generally require very little
maintenance as they have no moving parts. Submersible hydrostatic sensors
should be checked periodically for sediment build-up around the diaphragm.
Magnetic gauges should be flushed occasionally to ensure the float moves freely.

Q: How does 80GHz radar differ from 26GHz radar?

A: 80GHz radar has a much smaller wavelength, allowing for a smaller antenna
and a much narrower beam (as small as 3 degrees). This makes it significantly
better at avoiding internal tank structures and measuring through small nozzles.
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| Conclusion

Selecting the right tank level sensors is a balance of performance requirements,
environmental conditions, and budget. While radar offers the highest precision and
versatility, hydrostatic and ultrasonic sensors remain vital for many standard
industrial applications. By understanding the underlying physics and following strict
installation protocols, facilities can ensure long-term reliability and accuracy in
their level monitoring systems. For further assistance in selecting the right
instrument for your specific industrial environment, please visit our Main Page to
explore our full range of measurement solutions.



