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Continuous Level Sensors

A practical guide to continuous level sensors, covering the reader intent, the
relationship to continuous 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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In industrial process control, the ability to monitor the exact volume or height of a
substance within a vessel is critical for operational efficiency, safety, and inventory
management. Unlike point level switches, which only indicate if a material has
reached a specific threshold, continuous level sensors provide real-time,
uninterrupted data across the entire measurement range. This continuous
feedback loop allows for precise automation, overflow prevention, and
sophisticated supply chain logistics.

Selecting the appropriate technology for continuous level measurement requires a
deep understanding of the physical properties of the media, the environmental
conditions of the process, and the specific mechanical constraints of the storage
vessel. As a professional manufacturer, Welk provides a diverse range of
instruments designed to meet these varying industrial demands.

| Core Technologies and Operating Principles

Before selecting a sensor, engineers must evaluate the underlying measurement
principle. Each technology interacts differently with the process media and the
surrounding atmosphere.

| Radar Level Measurement

Radar sensors are among the most versatile tools for continuous level monitoring.
They operate on the Time-of-Flight (ToF) principle, where the sensor emits
electromagnetic pulses that travel to the surface of the media and reflect back to
the receiver.

Non-Contact Radar: These sensors emit microwave signals (typically at 26 GHz or
80 GHz frequencies) through the air. The 80 GHz variants offer a narrower beam
angle, which is ideal for avoiding internal obstructions like agitators or heating
coils. Because they do not touch the media, they are excellent for corrosive or
high-temperature applications.

Guided Wave Radar (GWR): GWR utilizes a physical probe (cable or rod) to guide
the microwave signal directly to the surface. This method is highly effective for
low-dielectric liquids and applications where heavy foam or steam might dissipate
a non-contact signal.
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| Ultrasonic Level Sensors

Ultrasonic sensors also use the ToF principle but rely on sound waves rather than
electromagnetic pulses. The sensor calculates the distance based on the time it
takes for an ultrasonic pulse to bounce off the liquid or solid surface and return.

While cost-effective, ultrasonic sensors are sensitive to the medium through which
the sound travels. Factors such as air temperature, pressure, and the presence of
heavy vapors or dust can alter the speed of sound, requiring integrated
temperature compensation for accurate readings.

| Hydrostatic Level Transmitters

Hydrostatic measurement is based on the principle that the pressure at the bottom
of a liquid column is directly proportional to its height ($P = \rho gh$). A pressure
sensor or submersible transmitter measures this head pressure.

This technology is widely used in water treatment and open-tank chemical storage.
However, it is important to note that if the liquid density ($\rho$) changes due to
temperature fluctuations or chemical composition shifts, the sensor must be
recalibrated to maintain accuracy.

| Magnetic Level Gauges and Transmitters

Magnetic level gauges utilize a float containing a permanent magnet that rises and
falls with the liquid level. For continuous electronic output, a magnetostrictive or
reed-chain transmitter is mounted to the outside of the gauge chamber. As the
float moves, it triggers the sensors, providing a precise 4-20mA or digital signal.
This method provides both a local visual indication and a remote sighal, making it
a favorite for high-pressure boiler and oil-gas applications.
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Technical Selection Criteria for Industrial

Applications

Continuous Level Sensors

Choosing the right continuous level sensors involves balancing performance
requirements against budget and maintenance capabilities. Use the following table

as a preliminary selection guide:

Technology

Typical

Accuracy

Max
Temperature

Pressure
Capability

Best Suited
For

80 GHz Radar

Guided Wave

Radar

Ultrasonic

Hydrostatic

Magnetic Gauge
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+1 mm

+2 mm

+0.25% of

range

+0.1% to 0.5%

+5 mm to 10
mm

Up to 450°C

Up to 400°C

Up to 80°C

Up to 100°C

Up to 450°C

Up to 160 bar

Up to 400 bar

Up to 3 bar

Dependent on

depth

Up to 320 bar

Narrow tanks,
corrosive
chemicals, high
precision

Low dielectric
liquids,
interface
measurement

Water,
wastewater,
simple liquid
storage

Deep wells,
vented tanks,
constant
density liquids

High-pressure
steam,
flammable
liquids, visual
monitoring
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| Media Properties

The dielectric constant ($r$) is the most critical factor for radar-based sensors.
Materials with low dielectric constants, such as oils or hydrocarbons, reflect less
energy than water-based liquids. For these applications, Guided Wave Radar or
high-frequency non-contact radar is often required. For ultrasonic sensors, the
primary concern is surface turbulence and foam, which can absorb sound waves
and cause signal loss.

| Process Environment

In vacuum applications, ultrasonic sensors cannot function because sound requires
a medium (air/gas) to travel. Conversely, radar works perfectly in a vacuum. If the
process involves high pressure (above 40 bar / 580 psi), hydrostatic or magnetic
level gauges are typically more robust than standard ultrasonic housings.

Installation Best Practices and Engineering
Considerations

Proper installation is as important as selecting the right technology. Even the most
advanced continuous level sensors will provide erratic data if mounted incorrectly.

1. Nozzle Geometry: For nhon-contact radar and ultrasonic sensors, the mounting
nozzle should be as short as possible. If the nozzle is too long or narrow, the signal
may reflect off the nozzle walls before reaching the media, creating a "false echo."

2. Obstruction Clearance: Sensors should be positioned away from tank inlets to
avoid measuring the falling stream of material. They must also be clear of internal
structures like ladders, baffles, and agitator blades. Modern radar sensors often
include "false echo suppression" software to ignore these fixed objects, but
physical clearance remains the best practice.

3. The Dead Zone (Blocking Distance): Every ToF sensor has a near-field region
where it cannot accurately measure. For ultrasonic sensors, this is often 0.2m to
0.5m (8 to 20 inches). Ensure the sensor is mounted high enough so that the
maximum liquid level never enters this dead zone.
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4. Stilling Wells and Bypass Chambers: In applications with heavy surface
turbulence or foam, installing the sensor inside a stilling well or an external bypass
chamber can provide a calm surface for measurement, significantly increasing
reliability.

| Common Challenges and Limitations

While continuous level sensors are highly reliable, certain conditions can challenge
their performance:

Vapor and Condensation: In closed tanks, condensation can form on the sensor
face (transducer). While some radar sensors use PTFE lenses to shed droplets,
heavy condensation can still attenuate ultrasonic signals.

Build-up and Scaling: In the mining or wastewater industries, material can build up
on probes or diaphragms. Hydrostatic sensors are particularly sensitive to coating,
which can lead to offset errors. Non-contact radar is generally the best solution for
coating media.

Dust and Solids: Measuring the level of solids (silos) presents challenges like angle
of repose and dust clouds. High-frequency radar (80 GHz) is the industry standard
here, as it can penetrate dust and focus on the uneven surface of the material.

To ensure the longevity of your instrumentation, it is recommended to Review
product options and application support to match the specific chemical
compatibility of the sensor wetted parts with your process media.

|Frequent|y Asked Questions (FAQs)

Q: Can one sensor be used for both liquids and solids?

A: Some technologies, like high-frequency radar, are capable of measuring both.
However, the configuration and antenna design often differ. Solids require a sensor
that can handle an uneven surface and lower reflection intensity compared to a
flat liquid surface.

Q: How often do continuous level sensors need calibration?
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A: This depends on the technology. Hydrostatic sensors may need annual checks if
the liquid density varies. Radar and ultrasonic sensors are generally "set and
forget" once the tank geometry is programmed, though a periodic verification
against a manual dip-tape is standard maintenance practice.

Q: What is the difference between 2-wire and 4-wire sensors?

A: 2-wire sensors are loop-powered, meaning the same two wires carry both the

power and the 4-20mA signal. 4-wire sensors have separate pairs for power and

signhal, which is often necessary for power-intensive features like heated displays
or high-power radar pulses.

Q: Can | use an ultrasonic sensor in a pressurized tank?

A: It is generally not recommended. Changes in pressure alter the density of the
air/gas in the tank, which changes the speed of sound and leads to significant
measurement errors. Radar is the preferred non-contact choice for pressurized
vessels.

| Conclusion and Next Steps

Implementing continuous level sensors is a foundational step in modernizing
industrial processes. By moving from manual checks or simple point switches to
continuous monitoring, facilities can reduce waste, prevent hazardous overflows,
and optimize their inventory.

The success of the installation depends on a factual assessment of the process
conditions—temperature, pressure, dielectric constant, and physical tank layout.
For engineers and procurement teams looking to integrate these technologies, the
Main Page of the Welk technical resource center offers detailed specifications and
selection tools to assist in the engineering phase.

Before finalizing a purchase, always confirm the chemical compatibility of the
sensor's wetted materials (such as 316L stainless steel, PTFE, or PP) with your
specific media to ensure a long and maintenance-free service life.
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