WELK | REFERENCE GUIDE

Radar Level Transmitter
Frequency Range

A practical guide to radar level transmitter frequency range, covering the reader
intent, the relationship to radar level transmitter frequency range, key evaluation
criteria, common risks, and the information the intended project audience should
confirm before taking the next step.

level-measurement
Main topic: Radar Level Meters
https://www.level-meters.com/products/radar-level-meters/
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In the field of industrial process control, selecting the correct instrumentation is
critical for operational efficiency and safety. Among the various technologies
available, radar level measurement has emerged as a gold standard for
non-contact sensing. However, the performance of these devices is fundamentally
dictated by the radar level transmitter frequency range. Choosing between
low-frequency and high-frequency systems is not merely a matter of cost; itis a
technical decision that impacts signal focus, accuracy, and the ability to measure
through challenging process conditions such as foam, dust, or turbulence.

This guide examines the technical principles of Radar Level Meters, the
characteristics of different frequency bands, and the practical considerations for
selecting the right frequency for specific industrial applications.

Measurement Principles: How Frequency Influences
Radar Performance

Radar level transmitters operate on the principle of sending electromagnetic
waves toward a medium and measuring the time it takes for the reflected signal to
return to the sensor. There are two primary methods used in modern industrial
radar:

1. Pulse Radar (Time of Flight): The sensor emits a short microwave pulse. The
distance is calculated based on the time delay between the emission and the
reception of the echo.

2. FMCW (Frequency Modulated Continuous Wave): The sensor emits a continuous
sighal where the frequency changes over time (a sweep). The distance is
determined by the difference in frequency between the emitted signal and the
reflected signal at any given moment.

In both methods, the carrier frequency—measured in Gigahertz (GHz)—determines
the wavelength of the signal. The wavelength ($A$) is inversely proportional to the
frequency ($f$), as defined by the formula $A = ¢/f$, where $c$ is the speed of
light.

For example:

A 6 GHz signal has a wavelength of approximately 50 mm.
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A 26 GHz signal has a wavelength of approximately 11 mm.
An 80 GHz signal has a wavelength of approximately 3.75 mm.

These physical differences in wavelength directly influence the beam angle, the
size of the antenna required, and the signal's sensitivity to surface conditions.

Understanding Common Radar Level Transmitter
Frequency Ranges

Industrial radar transmitters generally fall into three main frequency categories:
C-band (approx. 6 GHz), K-band (approx. 24-26 GHz), and W-band (approx. 76-80
GHz). Each range offers distinct advantages and limitations.

| 6 GHz (Low Frequency / C-band)

Low-frequency radar was the industry standard for decades. While it has been
largely superseded by higher frequencies for general applications, it remains
indispensable in specific scenarios.

Advantages: Long wavelengths are less affected by steam, heavy condensation,
and foam. The signal can effectively "see through" these disturbances to reach the
liquid surface.

Limitations: Low frequency requires a very large antenna (often 150 mm to 250
mm) to achieve a usable beam angle. The wide beam angle (typically 20° to 30°)
makes it prone to interference from tank walls and internal obstructions like
agitators or ladders.

| 26 GHz (Mid Frequency / K-band)

Often referred to as the "all-rounder," the 26 GHz range is the most common
frequency for liquid level measurement in the chemical and water treatment
industries.
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Advantages: It offers a balance between signal focus and sensitivity. It can use
smaller antennas (50 mm to 100 mm) while maintaining a beam angle of
approximately 8° to 12°. It is less sensitive to condensation than 80 GHz but offers
much better precision than 6 GHz.

Limitations: While more focused than 6 GHz, it may still struggle in very narrow
tanks or those with complex internal geometries.

| 80 GHz (High Frequency / W-band)

80 GHz technology represents the current state-of-the-art in radar level
measurement. It has revolutionized the measurement of both liquids and solids.

Advantages: The primary benefit is the extremely narrow beam angle (as low as
3°). This allows the signal to pass between narrow gaps in internal structures and
measure accurately in tall, narrow silos. The high frequency also provides superior
resolution and accuracy (often £1 mm).

Limitations: Higher frequencies are more easily scattered by heavy foam or dense
dust. In some extreme foaming applications, the signal may be attenuated before
it reaches the liquid surface.

| Technical Comparison Table

The following table provides a comparison of the three primary frequency ranges
used in industrial radar level measurement.
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m 6 GHz (C-band) 26 GHz (K-band) 80 GHz (W-band)

Wavelength ~50 mm ~11 mm ~3.75 mm

Typical Beam Angle 20° - 30° 8°-12° 3%.—:6°

Antenna Size Large (150mm+) Medium (50-100mm) Small (20-50mm)

Accuracy =5 mmto £10 mm +2 mmto £5 mm +1 mm

Steam/Vapor Excellent Good Fair

Resistance

Foam Penetration Excellent Moderate Low

Dust Resistance Good Fair Excellent (due to
focus)

Small Tank Poor Good Excellent

Suitability

Critical Selection Criteria: Matching Frequency to
Application

When specifying a radar level transmitter frequency range, engineers must
evaluate the process environment beyond simple distance requirements.

| 1. Internal Tank Obstructions

If a tank contains heating coils, agitators, or support struts, a narrow beam is
essential. An 80 GHz transmitter can often be mounted in a position where the
signal path completely avoids these obstacles, whereas a 6 GHz or 26 GHz unit
would receive multiple false echoes from the internal structures.
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|2. Surface Conditions (Foam and Turbulence)

Foam is a common challenge in chemical processing and wastewater treatment.
Because foam consists of air and liquid interfaces, it can absorb or scatter radar
signals.

Dry Foam: Usually allows signals to pass, though it may cause a slight delay.

Wet/Dense Foam: Often requires a lower frequency (6 GHz) because the longer
wavelength is less susceptible to scattering by the small bubbles in the foam.

| 3. Dielectric Constant ($er$)

The dielectric constant of the material determines how much energy is reflected
back to the radar. Materials with low $&r$ (such as oils, hydrocarbons, or plastic
pellets) reflect very weak signals. High-frequency 80 GHz sensors are generally
better at detecting these weak reflections because they can focus the energy more
effectively, increasing the signal-to-noise ratio.

| 4. Solids and Dust

In silos containing powders or grains, the surface is rarely flat; it forms a "repose
angle." High-frequency radar (80 GHz) is preferred here because the small
wavelength reflects better off the slanted, uneven surfaces of solids. Additionally,
the narrow beam prevents the signal from reflecting off the silo walls, which is a
common problem with lower-frequency units in tall structures.

| Installation Considerations and Best Practices

Correct installation is as important as frequency selection. Even the most
advanced 80 GHz Radar Level Meters will fail if installed incorrectly.
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Nozzle Geometry: The radar antenna should ideally extend slightly beyond the
bottom of the mounting nozzle to prevent "ringing" or internal reflections within
the nozzle itself. For 80 GHz units, very long and narrow nozzles can sometimes be
used due to the narrow beam, but this must be verified with the manufacturer.

Distance from Wall: Always maintain a minimum distance from the tank wall. For a
26 GHz unit with a 10° beam, the signal spreads approximately 175 mm for every
1 meter of depth. Ensure the "footprint" of the beam does not hit the wall before
reaching the minimum product level.

Avoid the Center: In tanks with agitators, avoid mounting the radar in the exact
center of the tank, as the vortex created by the agitator can deflect the signal
away from the sensor.

Mounting Alignment: For solids measurement, use an adjustable flange (swivel
holder) to aim the radar beam at the product surface, particularly in silos where
the material forms a cone.

| Limitations and Risks

While radar is highly versatile, it is not a "one-size-fits-all" solution.

Vacuum and Pressure: While radar works in a vacuum, extreme pressures can
change the dielectric properties of the gas space above the liquid, potentially
affecting the speed of the sighal and requiring compensation.

Build-up: While 80 GHz units often feature PTFE lenses that resist build-up, heavy
coating on the antenna will eventually attenuate the signal. In applications with
heavy splashing, air purging or specialized lens covers may be necessary.

Cost vs. Performance: While 80 GHz is technically superior for many applications,
26 GHz remains a more cost-effective solution for simple water storage or large
tanks with no internal obstructions.

|Frequent|y Asked Questions (FAQs)

Q: Does a higher frequency always mean a better measurement?
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A: Not necessarily. While higher frequency (80 GHz) provides better focus and
accuracy, lower frequencies (6 GHz) are often superior in applications with heavy,
dense foam or extreme steam, where the shorter wavelengths of high-frequency
radar would be scattered or absorbed.

Q: Can | use an 80 GHz radar in a tank with a 2-inch (50 mm) nozzle?

A: Yes. One of the primary advantages of the 80 GHz frequency range is that it
allows for very small antennas that can fit into standard 1-inch or 2-inch nozzles
while still providing a narrow, focused beam.

Q: How does the frequency affect the measurement of low-dielectric liquids?

A: Higher frequency radar (80 GHz) typically handles low-dielectric materials (like
liquid gases or solvents) better because the energy is concentrated into a smaller
area, resulting in a stronger return echo from the surface compared to a
wider-beam, lower-frequency sensor.

Q: Is 26 GHz still relevant given the rise of 80 GHz technology?

A: Yes. 26 GHz is a mature, reliable, and cost-effective technology. It is perfectly
suited for the majority of liquid level applications where the tank is not excessively
narrow and there are no complex internal obstructions.

| Conclusion

Understanding the radar level transmitter frequency range is fundamental to
selecting an instrument that will provide reliable data over the long term. While 80
GHz technology offers unprecedented precision and ease of installation in complex
environments, 26 GHz and 6 GHz models remain vital for specific process
conditions. By matching the frequency to the dielectric constant, the presence of
foam or dust, and the physical geometry of the vessel, engineers can ensure
high-performance level measurement across all industrial applications.
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