WELK | REFERENCE GUIDE

Frequency of Radar Level
Transmitter

A practical guide to frequency of radar level transmitter, covering the reader
intent, the relationship to frequency of radar level transmitter, 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 modern industrial process control, Radar Level Meters have become the gold
standard for non-contact level measurement. Whether managing corrosive
chemicals, wastewater, or dry bulk solids, selecting the correct instrument
depends heavily on one technical specification: the operating frequency. The
frequency of radar level transmitter units directly influences the beam angle,
accuracy, and the sensor's ability to penetrate environmental obstacles like steam
or dust.

Understanding the physics behind these frequencies allows engineers to optimize
measurement reliability and minimize maintenance costs. This guide explores the
principles of radar technology, compares common frequency bands, and provides
practical selection criteria for industrial environments.

| Measurement Principles of Radar Technology

Radar level transmitters operate by emitting electromagnetic pulses or continuous
waves that travel at the speed of light. When these waves encounter a medium
with a different dielectric constant than the air or gas in the tank, a portion of the
energy is reflected back to the sensor. The transmitter then calculates the distance
based on the time elapsed.

There are two primary methods used in industrial radar:

1. Pulse Radar (Time of Flight): The sensor emits a short microwave pulse and
measures the time it takes to travel to the surface and back. This method is
traditionally associated with lower-frequency devices.

2. FMCW (Frequency Modulated Continuous Wave): The sensor emits a continuous
signal with a constantly changing frequency. The distance is calculated by
measuring the frequency difference between the emitted and received signals.
This method is common in high-frequency 80 GHz transmitters and offers superior
accuracy.
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| The Role of Frequency

The frequency of the radar signal (measured in Gigahertz, GHz) is inversely
proportional to its wavelength. A higher frequency results in a shorter wavelength,
which fundamentally changes how the signal interacts with the environment.
Specifically, frequency dictates the beam angle—the spread of the radar signal as
it travels away from the antenna. A narrower beam (higher frequency) is less likely
to hit internal tank obstructions like agitators, ladders, or heating coils.

| Comparison of Common Radar Frequency Bands

Industrial radar transmitters generally fall into three main frequency categories:
C-band, K-band, and W-band. Each has distinct advantages depending on the
vessel geometry and the material being measured.

| 6 GHz (C-Band)

6 GHz transmitters were among the first radar level meters used in industry.
Because they have a long wavelength, they are highly resistant to interference
from steam, heavy foam, and surface turbulence. However, they require large
antennas (often 150 mm to 250 mm or 6 to 10 inches) to achieve a manageable
beam angle. They are rarely used in small vessels due to their wide signal spread.

] 26 GHz (K-Band)

For many years, 26 GHz has been the industry standard for liquid level
measurement. It offers a balance between antenna size and beam focus. A 26 GHz
transmitter with a 75 mm (3-inch) antenna typically has a beam angle of
approximately 8 to 10 degrees. It is suitable for most storage tanks and process
vessels where internal obstructions are minimal.
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] 80 GHz (W-Band)

80 GHz technology represents the current peak of radar level measurement. Due
to the very short wavelength, these units can achieve extremely narrow beam
angles (as low as 3 degrees) even with small 25 mm (1-inch) antennas. This allows
the signal to avoid obstacles and provides high-resolution data, making it ideal for
tall, narrow silos or tanks with complex internal structures.

| Frequency Selection Table

Application 6 GHz (Low 26 GHz (Medium 80 GHz (High

Feature Frequency) Frequency) Frequency)

Beam Angle Wide (approx. 20°+) Medium (8° - 12°) Narrow (3° - 4°)

Antenna Size Large (DN150+) Medium (DN50 - Small (DN25+)

DN100)

Steam/Vapor Excellent Good Moderate

Resistance

Dust Penetration Moderate Good Excellent

Measurement +10 mm to =15 mm +2 mmto £5 mm +1 mm

Accuracy

Small Tank Poor Fair Excellent

Suitability

Internal Obstructions High interference Moderate Low interference risk
risk interference risk

| Impact of Frequency on Performance
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| Beam Angle and Focusing

The most significant advantage of increasing the frequency of radar level
transmitter units is the reduction in beam angle. In a 10-meter tall tank, a
20-degree beam will create a "footprint" of roughly 3.5 meters at the bottom. An
80 GHz unit with a 4-degree beam creates a footprint of only 0.7 meters. This
precision allows the radar to "see" between agitator blades or avoid the tank wall,
preventing false echoes that lead to measurement errors.

| Sensitivity to Surface Conditions

Higher frequencies are more sensitive to the surface texture of the material. For
solids measurement, 80 GHz radar is superior because the short wavelength
reflects more effectively off the uneven slopes of grain, coal, or plastic pellets.
Conversely, for liquids with heavy, thick foam, a lower frequency like 6 GHz or 26
GHz may be preferred, as the longer waves can sometimes penetrate the foam
layer to reach the actual liquid surface.

| Nozzle and Installation Constraints

High-frequency radar allows for installation on very small nozzles. In many
chemical applications, tank openings are limited to 1-inch or 2-inch NPT/flange
connections. 80 GHz transmitters are often the only non-contact option that can
operate through such small openings without the signal being clipped or distorted
by the nozzle neck.

| Installation Considerations

Regardless of the frequency chosen, proper installation is critical for the
performance of Welk level measurement solutions. Engineers should consider the
following:

Nozzle Height: The antenna should ideally extend slightly beyond the bottom of the
mounting nozzle to prevent sighal ringing within the pipe. If using an 80 GHz unit,
the narrow beam makes it more forgiving of long nozzles.
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Avoid the Center: Never mount a radar transmitter in the exact center of a domed
tank. This can cause multiple reflections to converge at the sensor, creating a
"false high" reading.

Obstruction Clearance: Consult the beam angle chart provided by the
manufacturer. Ensure that no internal pipes, ladders, or agitators enter the path of
the signal beam.

Orientation: Most radar antennas have a polarization direction. Rotating the
housing can sometimes help eliminate interference from a specific nearby
obstruction.

| Limitations of Radar Level Measurement

While radar is highly versatile, it is not a universal solution. Two primary factors
can limit performance:

1. Dielectric Constant (er): Materials with very low dielectric constants (e.g., liquid
nitrogen, certain dry powders) reflect very little energy. While high-frequency 80
GHz units have improved sensitivity, extremely low er materials may still require a
guided wave radar or a stilling well.

2. Heavy Foam: While 6 GHz can penetrate some foam, extremely dense, "dry"
foam (like shaving cream) can absorb the radar signal entirely, regardless of
frequency. In these cases, hydrostatic or mechanical measurement may be
necessary.

| Frequently Asked Questions (FAQ)

Q: Does a higher frequency always mean a better sensor?

A: Not necessarily. While 80 GHz is superior for narrow tanks and solids, 26 GHz
remains a cost-effective and highly reliable choice for standard liquid storage. For
applications with extreme steam or bubbling surfaces, lower frequencies often
provide a more stable signal.

Q: How does the frequency of radar level transmitter affect the measurement of
solids?
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A: Higher frequencies (80 GHz) are generally better for solids. The shorter
wavelength reflects more energy back from slanted or uneven surfaces, and the
narrow beam helps avoid the steep walls of silos.

Q: Can | use a high-frequency radar in a tank with an agitator?

A: Yes. In fact, 80 GHz radar is the preferred choice for tanks with agitators. The
narrow beam can often be directed to pass between the agitator blades and the
tank wall, or the high update rate of FMCW technology can be used to filter out the
intermittent signals from the moving blades.

Q: Does frequency affect the range of the transmitter?

A: Generally, higher frequency transmitters have a longer effective range in solids
(up to 120 meters) because they focus the energy more efficiently. In liquids, both
26 GHz and 80 GHz units can easily cover ranges of 30 to 70 meters.

| Conclusion

Selecting the appropriate frequency of radar level transmitter is a balance
between the physical constraints of the vessel and the properties of the material
being measured. As a professional manufacturer, Welk provides a range of Radar
Level Meters designed to meet these diverse industrial needs. By matching the
frequency—whether 26 GHz for general purpose or 80 GHz for high-precision,
complex environments—engineers can ensure long-term accuracy and operational
safety in their level measurement applications.
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