Level Sensor

A practical guide to level sensor, covering the reader intent, the relationship to
level sensor, 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 landscape of industrial automation and process control, the level sensor
serves as a fundamental component for monitoring and managing liquids, pastes,
and solids. Selecting the correct instrumentation is not merely a matter of
measuring height; it involves understanding the physical properties of the media,
the environmental conditions of the vessel, and the specific requirements for
accuracy and repeatability. For engineers and procurement professionals, a
comprehensive grasp of measurement principles is the first step toward optimizing
process efficiency and ensuring safety.

As a professional manufacturer, Welk provides a diverse range of industrial level
measurement instruments designed to meet the rigors of water treatment,
chemical processing, and oil and gas operations. This guide explores the core
technologies behind modern level sensors, offering technical insights to assist in
the selection and installation process.

| Core Measurement Principles

Before selecting a level sensor, it is essential to understand how different
technologies interact with the process media. Industrial level measurement is
generally divided into continuous measurement and point level detection.

| Radar Level Measurement (Non-Contact and Contact)

Radar technology utilizes electromagnetic waves to determine the distance to the
product surface. There are two primary types: Pulse Radar and Frequency
Modulated Continuous Wave (FMCW) Radar.

Pulse Radar: The sensor emits short microwave pulses that travel at the speed of
light. These pulses reflect off the surface of the media and return to the sensor.
The time-of-flight (ToF) is measured to calculate the distance.

FMCW Radar: The sensor emits a continuous signal with a constantly changing
frequency. The difference between the emitted and received frequency is
proportional to the distance. This method is often preferred for high-precision
applications.
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The effectiveness of a radar level sensor depends heavily on the dielectric
constant ($er$) of the material. Materials with high dielectric constants, such as
water, reflect signals strongly, while materials with low dielectric constants, like
certain hydrocarbons, may require specialized high-sensitivity antennas or Guided
Wave Radar (GWR).

| Ultrasonic Level Measurement

Ultrasonic sensors operate on a principle similar to radar but use mechanical
sound waves instead of electromagnetic waves. The transducer emits ultrasonic
pulses (typically in the 20 kHz to 200 kHz range). These waves reflect off the
surface and return to the transducer.

Because sound speed is affected by air temperature, most ultrasonic sensors
include an integrated temperature sensor to compensate for these variations.
These are ideal for non-contact measurement in water and wastewater
applications where the media is relatively stable and free of heavy foam.

| Hydrostatic Level Measurement

Hydrostatic sensors measure the pressure exerted by a liquid column at a specific
point. The principle is based on the formula: $P = p X g X h$, where $P$ is
pressure, $p$ (rho) is the density of the liquid, $g$ is gravity, and $h$ is the height
of the liquid.

For open tanks, a submersible pressure transmitter or a flange-mounted sensor is
used to measure the gauge pressure. In pressurized or closed vessels, differential
pressure (DP) transmitters are required to subtract the headspace pressure from
the total pressure at the bottom of the tank to isolate the liquid level.
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| Magnetic Level Gauges

Magnetic level gauges are based on the principle of communicating vessels and
buoyancy. A bypass chamber is mounted to the side of the tank. Inside the
chamber, a float containing a permanent magnet moves with the liquid level.
Outside the chamber, a visual indicator (flaps or a tracker) or a reed-chain
transmitter responds to the magnetic field, providing both a local visual reading
and a remote electronic signal.

| Point Level Switches

Unlike continuous sensors, level switches detect whether a material has reached a
specific height. Common types include:

Tuning Fork: Vibrates at a specific frequency; when the media covers the fork, the
frequency changes, triggering the switch.

Capacitive: Measures the change in capacitance between the sensor probe and the
tank wall.

Float Switches: Use a mechanical float to open or close a circuit at a set point.

| Practical Selection Table

Choosing the right technology requires balancing performance against cost and
environmental constraints. The following table provides a general comparison for
industrial applications.
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Technology Media Type Typical G EVEE] T[] Key Major
Accuracy Advantage Limitation

Radar Liquids/Solids #*1 mm to 120 m High High initial

(80GHz) +3 mm precision, cost

non-contact

Ultrasonic Liquids/Slurry =~ *0.25% of 15m-30m Cost-effective, Affected by
range non-contact foam, dust,
and vacuum

Hydrostatic Liquids *+0.1% to 200 m (H20) Simple Sensitive to
+0).5% installation, density
reliable changes
Guided Liquids/Solids =~ *2 mm 75 m Works in Contacting;
Wave Radar steam and prone to
foam coating
Magnetic Clean =5 mm to 6 m+ No power Moving
Gauge Liquids +10 mm needed for parts;
visual bypass
required

| Installation Considerations

Correct installation is as critical as selecting the right technology. Even the most
advanced level sensor will provide inaccurate data if installed poorly.

1. Nozzle Placement: For non-contact sensors (Radar and Ultrasonic), the sensor
should not be placed in the center of a tank with a domed top, as this can cause
multiple reflections. Conversely, it should be at least 200 mm to 500 mm away
from the tank wall to avoid signal interference from wall seams or build-up.

2. Dead Zones (Blocking Distance): Every ultrasonic and radar sensor has a "dead
zone" directly beneath the transducer where measurement is impossible. Ensure
the maximum expected liquid level does not enter this zone.

3. Obstructions: Avoid installing sensors directly above agitators, ladders, or
internal pipes. If obstructions are unavoidable, many modern radar sensors offer
"false sighal suppression" to map out and ignore these static reflections.
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4. Stillwells and Bypass Chambers: In applications with heavy turbulence or foam,
installing the sensor inside a stillwell (a vertical pipe) can provide a calm surface
for more accurate measurement.

5. Submersible Sensors: For hydrostatic sensors in deep wells or reservoirs, ensure
the vent tube in the cable is protected from moisture using a desiccant box to
prevent atmospheric pressure errors.

| Limitations and Common Risks

While modern sensors are robust, certain process conditions present significant
challenges:

Foam: Heavy, dense foam can absorb ultrasonic and radar signals, leading to
signal loss. Guided Wave Radar or Hydrostatic sensors are generally better suited
for foaming liquids.

Vapor and Condensation: In high-temperature applications, condensation can form
on the sensor face. Some radar sensors use PTFE-faced antennas or specialized
lens designs to shed droplets. Ultrasonic sensors are particularly sensitive to vapor
layers that change the speed of sound.

Build-up and Coating: For contacting sensors like GWR or capacitive probes, sticky
media can create a "bridge" or coating that the sensor interprets as a constant
level. Non-contact radar is the preferred solution for coating media.

Vacuum Conditions: Ultrasonic waves cannot travel through a vacuum. In
vacuum-rated vessels, radar (which uses electromagnetic waves) or hydrostatic
sensors must be used.

| Industry Applications
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| Water and Wastewater

In this sector, ultrasonic sensors are the standard for open channel flow and tank
level monitoring due to their cost-effectiveness. However, for deep wells or lift
stations where foam and turbulence are present, hydrostatic transmitters or 80GHz
radar sensors are increasingly common.

| Chemical Processing

Chemical tanks often contain corrosive or volatile substances. Non-contact radar
sensors with PVDF or PTFE housing are ideal here, as they do not come into
contact with the media. For high-pressure reactors, Guided Wave Radar provides
the necessary stability.

| Oil and Gas

Measurement in the oil and gas industry requires explosion-proof (Ex-d) or
intrinsically safe (Ex-i) certifications. Magnetic level gauges are frequently used for
local indication on separators, while high-frequency radar is used for inventory
control in large storage tanks.

| Frequently Asked Questions (FAQ)

Q: How does liquid density affect level measurement?

A: Density is critical for hydrostatic sensors, as they measure weight. If the density
changes (e.g., due to temperature shifts), the sensor will report an incorrect level
unless compensated. Radar and ultrasonic sensors are generally unaffected by
density changes.

Q: Can | use one sensor for both liquids and solids?
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A: Some high-frequency radar sensors are versatile enough for both. However,
solids measurement requires a sensor that can handle uneven surfaces and low
dielectric constants. Ultrasonic sensors are rarely recommended for solids due to
dust interference.

Q: What is the benefit of an 80GHz radar over a 26GHz radar?

A: 80GHz radar has a much narrower beam angle (often as small as 3°). This
allows it to avoid internal tank obstructions more easily and provides better
performance in small tanks or through narrow nozzles.

For more detailed technical specifications and to explore our full range of
measurement solutions, please visit our Main Page. Welk continues to provide
reliable, accurate, and cost-effective level measurement solutions for customers
worldwide, backed by strict quality control and customized OEM/ODM services.



