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Radar Level Transmitter
Foam

A practical guide to radar level transmitter foam, covering the reader intent, the
relationship to radar level transmitter foam, 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, accurate level measurement is critical for safety,
efficiency, and inventory management. However, the presence of foam on the
surface of a liquid is one of the most significant challenges for instrumentation
engineers. When selecting Radar Level Meters, understanding how a radar level
transmitter foam interface affects signal propagation is essential for ensuring
reliable data.

Foam is a complex medium consisting of air bubbles trapped within a liquid film. Its
impact on radar signals varies depending on the foam's density, thickness, and
dielectric properties. This guide explores the principles of radar measurement in
foaming applications, compares different technologies, and provides practical
selection criteria for industrial environments.

|Principles of Radar Level Measurement

Before addressing the specific issue of foam, it is necessary to understand how
radar technology functions in a standard environment. Radar level transmitters
typically utilize one of two primary methods: Pulse Radar (Time of Flight) or
Frequency Modulated Continuous Wave (FMCW).

| Time of Flight (ToF)

In pulse radar systems, the instrument emits short microwave pulses toward the
product surface. These pulses travel at the speed of light, reflect off the surface,
and return to the sensor. The transmitter measures the time elapsed between
emission and reception to calculate the distance.

| Frequency Modulated Continuous Wave (FMCW)

FMCW radar transmits a continuous signal with a constantly changing frequency.
The difference between the frequency of the transmitted signal and the reflected
signal is proportional to the distance. FMCW is generally considered more accurate
and provides a better signal-to-noise ratio in challenging environments, such as
those involving agitation or light foam.
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|The Role of the Dielectric Constant (cr)

The reliability of a radar reflection depends on the dielectric constant of the
material. A high dielectric constant (e.g., water, er = 80) reflects a strong signal. A
low dielectric constant (e.g., hydrocarbons, er < 2) reflects a much weaker signal.
Foam typically has a very low dielectric constant (often between 1.02 and 1.10)
because it is mostly composed of air. This low reflectivity is the primary reason
why a radar level transmitter foam layer can cause measurement errors or signal
loss.

| How Foam Affects Radar Signals

When a radar signal encounters a foam layer, three things can happen: absorption,
scattering, or reflection.

1. Absorption: If the foam is wet and conductive, it may absorb the microwave
energy, preventing it from reaching the liquid surface or returning to the sensor.
This results in a "lost signal" error.

2. Scattering: Large, irregular bubbles can scatter the radar beam in multiple
directions. If the energy does not return to the antenna, the transmitter cannot
calculate a level.

3. Reflection (False Surface): In cases of very dense, dry foam, the radar may
reflect off the top of the foam layer rather than the liquid. This leads to an
incorrectly high level reading.

| Types of Foam and Their Impact

Light, Airy Foam: Often found in water treatment or simple mixing tasks. Radar
signals usually penetrate this foam easily, reflecting off the liquid surface below.

Dense, Stable Foam: Common in chemical reactors or fermentation tanks. This
foam is thick and has a higher liquid content, which often absorbs the radar signal
or creates a false reflection from the foam surface.
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Chemical/Protein Foam: Often found in food processing or specialized chemical
production. These foams can be particularly "sticky" and may cause buildup on the
radar antenna, further degrading the signal.

Selecting the Right Radar Level Transmitter for
Foam

To overcome the challenges posed by foam, engineers must choose between
non-contact radar and Guided Wave Radar (GWR), while also considering the
operating frequency.

| Non-Contact Radar (80 GHz vs. 26 GHz)

Historically, 26 GHz radar was the standard for industrial level measurement.
However, 80 GHz technology has revolutionized applications involving foam.

Narrow Beam Angle: 80 GHz transmitters have a much narrower beam (often as
small as 3 degrees). This allows the signal to avoid internal tank obstructions and
focus more energy on the surface, increasing the likelihood of receiving a return
signal through the foam.

Higher Sensitivity: Modern 80 GHz Radar Level Meters feature advanced signal
processing algorithms specifically designed to filter out the noise generated by
foam and focus on the true liquid level.

| Guided Wave Radar (GWR)

GWR uses a physical probe (rod or cable) to guide the microwave pulse directly to
the liquid surface. Because the energy is concentrated around the probe, GWR is
significantly more resistant to the effects of foam than non-contact radar. In many
heavy foaming applications, GWR is the preferred solution because it maintains a
strong signal even when the foam would completely absorb a non-contact radar
pulse.

| Practical Selection Table for Foaming Applications
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Thin/Light Foam 80 GHz Non-contact Penetrates foam to reach
liquid surface.

Dense/Stable Foam Guided Wave Radar (GWR) Concentrated signal path;
ignores most foam
interference.

Agitated/Turbulent Liquid 80 GHz FMCW Radar High update rate and signal
stability.

Corrosive Media with Foam Non-contact with PTFE Lens No moving parts or probes in

the medium; easy to clean.

High-Pressure/High-Temp GWR or Heavy-duty Robust mechanical design for
Non-contact extreme process conditions.

| Installation Considerations for Foaming Processes

Proper installation is as important as technology selection when dealing with a
radar level transmitter foam environment.

1. Nozzle Height and Diameter: Ensure the antenna extends slightly beyond the
nozzle to prevent internal reflections. For 80 GHz units, smaller nozzles are often
acceptable due to the narrow beam.

2. Stilling Wells and Bypass Chambers: If the foam is uncontrollable, installing the

radar inside a stilling well or a bypass chamber can help. The physical pipe acts as
a barrier, breaking down the foam or providing a clear liquid surface for the radar

to measure.

3. Antenna Cleaning: In applications where foam results in residue buildup, use a
radar with a flush-mounted lens antenna (typically PTFE). These are easier to clean
and less prone to "clogging" than horn antennas.

4. Purging Systems: For extremely sticky foam, some radar level meters offer air
purging connections. A constant flow of compressed air keeps the antenna face
clean and free of condensation or foam residue.

Welk Reference Guide 5



WELK REFERENCE GUIDE Radar Level Transmitter Foam

|Limitations of Radar in Foaming Applications

While radar is highly versatile, it is not a universal solution for every foaming
scenario.

Extreme Attenuation: In some rare cases, such as very thick, micro-bubble foams
used in specific fire-fighting or mineral flotation processes, the signal attenuation is
so high that even GWR may struggle.

Dielectric Shifts: If the liquid's dielectric constant is very close to that of the foam,
the transmitter may struggle to distinguish between the two layers.

Mechanical Interference: In small tanks with heavy agitation and foam, the
combination of physical waves and foam can create a chaotic environment that
requires specialized tuning of the radar's echo curve.

| Frequently Asked Questions (FAQs)

Q: Can | use an ultrasonic sensor instead of radar for foam?

A: Generally, no. Ultrasonic sensors rely on sound waves, which are easily
absorbed or scattered by the air bubbles in foam. Radar is almost always a
superior choice for foaming applications.

Q: How do | know if my radar is measuring the foam or the liquid?

A: By analyzing the echo curve (the visual representation of the reflected signal). A
reflection from foam is typically wider and lower in amplitude, while a liquid
reflection is sharper. Modern Radar Level Meters allow users to view these curves
for troubleshooting.

Q: Does the frequency of the radar really matter for foam?

A: Yes. Higher frequencies (80 GHz) provide better focus and higher resolution,
which helps in distinguishing the liquid surface from the foam. However, in some
specific heavy-dust or steam environments, lower frequencies (6 GHz or 26 GHz)
might be used, though they are less effective for foam.
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Q: Is Guided Wave Radar always better than non-contact for foam?

A: GWR is technically more robust in foam, but it is a contact technology. If the
medium is highly corrosive, prone to coating the probe, or requires high hygiene
(like food or pharma), a high-frequency non-contact radar is often preferred to
avoid maintenance issues.

| Conclusion

Successfully managing a radar level transmitter foam application requires a
balance between understanding the physics of the process and selecting the
appropriate hardware. While dense foam remains a challenge, the advent of 80
GHz FMCW technology and the reliability of Guided Wave Radar provide engineers
with the tools needed to maintain accurate level control. By evaluating the foam's
density, the liquid's dielectric constant, and the physical constraints of the tank,
you can select a solution that minimizes downtime and ensures process safety.

Welk Reference Guide 7



