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Radar Level Transmitter
Frequency

A practical guide to radar level transmitter frequency, covering the reader intent,
the relationship to radar level transmitter frequency, key evaluation criteria,
common risks, and the information the intended project audience should confirm
before taking the next step.
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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
vital for operational safety and efficiency. Among the various technologies
available for liquid and solid level monitoring, Radar Level Meters have become a
preferred solution due to their non-contact nature and reliability in harsh
environments. However, one of the most critical specifications an engineer must
evaluate is the radar level transmitter frequency.

The frequency at which a radar sensor operates—typically ranging from 6 GHz to
80 GHz—directly influences the instrument’s beam angle, sensitivity, accuracy, and
its ability to perform in the presence of foam, dust, or internal tank obstructions.
This article provides a comprehensive technical overview of radar frequencies,
their measurement principles, and how to select the right frequency for specific
industrial applications.

| Measurement Principles of Radar Level Technology

Before discussing frequency bands, it is essential to understand the two primary
methods radar level transmitters use to measure distance: Pulse Radar and
Frequency Modulated Continuous Wave (FMCW).

| Pulse Radar (Time of Flight)

Pulse radar transmitters emit a series of short microwave pulses toward the
material surface. The instrument measures the time it takes for the pulse to travel
to the surface and reflect back to the sensor. This "Time of Flight" (ToF) is then
converted into a distance measurement. Pulse radar is generally associated with
lower frequency ranges (around 6 GHz to 26 GHz) and is valued for its lower power
consumption.
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| Frequency Modulated Continuous Wave (FMCW)

FMCW radar does not send pulses; instead, it emits a continuous signal with a
constantly changing frequency (a frequency sweep). When the reflected signal is
received, it is compared to the signal being emitted at that exact moment. The
difference in frequency (the "beat frequency") is proportional to the distance.
FMCW technology is typically used in high-frequency 80 GHz transmitters, offering
significantly higher resolution and accuracy, especially in complex environments.

| The Impact of Radar Level Transmitter Frequency

The frequency of a radar wave determines its wavelength. In simple terms, higher
frequencies result in shorter wavelengths. This relationship dictates several
performance characteristics:

1. Beam Angle: Higher frequencies allow for a narrower beam angle with a smaller
antenna size. A narrow beam is easier to direct away from internal tank
obstructions like agitators, ladders, or heating coils.

2. Sensitivity and Reflection: Shorter wavelengths (higher frequencies) reflect more
effectively off smaller particles or turbulent surfaces. However, they are also more
easily scattered by heavy dust or thick foam.

3. Accuracy: Higher frequencies generally provide better signal-to-noise ratios,
leading to higher precision, often within £1 mm.

|Comparison of Common Frequency Bands

Industrial radar level transmitters are generally categorized into three main
frequency bands: C-band, K-band, and W-band.

| 6 GHz (C-band)

Low-frequency radar (approximately 6 GHz to 10 GHz) has been a staple in the
industry for decades.
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- Strengths: The long wavelength is highly resistant to heavy steam,
condensation, and foam. It can "see through" surface turbulence and
atmospheric interference more effectively than higher frequencies.

- Weaknesses: It requires a very large antenna (often 150 mm to 250 mm) to
achieve a manageable beam angle. The beam is naturally wide, making it prone
to interference from tank walls and internals.

- Primary Use: Large outdoor storage tanks, heavy steam applications, and
processes with thick foam layers.

| 26 GHz (K-band)

Often referred to as the "workhorse" frequency, 26 GHz radar offers a balance
between size and performance.

- Strengths: It allows for smaller process connections (down to 50 mm) while
maintaining a focused beam. It provides better accuracy than 6 GHz units and is
suitable for a wide range of liquids and solids.

- Weaknesses: It can be affected by heavy condensation or very thick foam,
though it is significantly more robust than ultrasonic sensors.

- Primary Use: General-purpose liquid level measurement in chemical
processing, water treatment, and food and beverage industries.

| 80 GHz (W-band)

80 GHz technology represents the current state-of-the-art in Radar Level Meters.

- Strengths: The extremely short wavelength allows for a beam angle as narrow
as 3 degrees. This makes it possible to measure through small nozzles or in
tanks with dense internal structures. The high frequency provides exceptional

resolution, allowing the sensor to distinguish between the product surface and
nearby obstacles.
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- Weaknesses: While excellent for most applications, it can be more sensitive to
signal attenuation in high-density dust environments compared to lower
frequencies.

- Primary Use: Narrow silos, tanks with agitators, high-precision custody
transfer, and small vessels with limited mounting space.

| Practical Selection Table

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

Feature Frequency) Frequency) Frequency)

Beam Angle Wide (approx. 20°+) Medium (approx. Narrow (approx.
8°-10°) 3°-4°)

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

(DN50-DN100)

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

Heavy Foam Excellent Moderate Limited performance
performance performance

Heavy Steam Excellent Good performance Moderate
performance performance

Internal Obstacles High interference Moderate Low interference risk
risk interference risk

Small Nozzles Not recommended Possible Ideal

| Installation Considerations and Best Practices

Choosing the right radar level transmitter frequency is only half the battle; proper
installation is critical to ensuring the sensor performs to its specifications.
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| 1. Nozzle Geometry

The height and diameter of the mounting nozzle can impact the signal. For 6 GHz
and 26 GHz units, the antenna should ideally extend slightly past the bottom of the
nozzle to prevent "ringing" or internal reflections. For 80 GHz units, the narrow
beam often allows for installation in taller, narrower nozzles without signal
degradation.

| 2. Obstruction Clearance

Always calculate the beam diameter at the maximum distance (the bottom of the
tank). Use the formula:

Beam Diameter = 2 x Distance x tan(Beam Angle / 2)

Ensure that no internal structures (pipes, ladders, agitator blades) enter the beam
path. If an obstruction is unavoidable, higher frequency 80 GHz units are better at
"narrowing" the signal to bypass the object.

| 3. Surface Conditions

- Turbulence: If the liquid surface is highly turbulent, a lower frequency or a
stilling well may be required to get a stable reading.

- Dielectric Constant ($er$): Radar depends on the dielectric constant of the
material. Materials with low $&r$ (like oils or liguefied gases) reflect less energy.
High-frequency 80 GHz sensors are generally more sensitive and can better
detect materials with low dielectric constants.

| Limitations of Radar Level Transmitters

While highly versatile, radar technology has specific limitations:
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- Low Dielectric Materials: If the material has a dielectric constant below 1.4, the
reflected signal may be too weak for standard non-contact radar. In these
cases, guided wave radar (GWR) is often recommended.

- Vacuum and Pressure: While radar works in a vacuum (unlike ultrasonic

sensors), extreme pressures and temperatures can affect the mechanical

integrity of the antenna seal and the dielectric properties of the gas phase
above the liquid.

- Conductive Dust: In some solid applications, conductive dust can coat the
antenna. While many modern Radar Level Meters feature signal processing to
ignore build-up, heavy coating may eventually require an air purge system.

|Frequent|y Asked Questions (FAQs)

Q: Is 80 GHz always better than 26 GHz?

A: Not necessarily. While 80 GHz offers better focus and accuracy, 26 GHz is often
more cost-effective for simple applications where there are no internal
obstructions. Additionally, 26 GHz may perform slightly better in extremely dusty
environments where high-frequency signals might scatter.

Q: How does frequency affect the measurement of solids?

A: For solids (powders, grains, ores), 80 GHz is often superior because the signal
reflects better off the uneven, sloped surfaces of a solid pile. The narrow beam
also helps avoid the walls of tall, narrow silos.

Q: Can radar measure through a plastic tank lid?

A: Yes, higher frequency radar (26 GHz and 80 GHz) can often transmit through
non-conductive materials like plastic or glass, allowing for "tank-side"
measurement without cutting a hole in the vessel.

Q: Does the frequency impact the safety rating?

A: No, the frequency itself does not determine the SIL (Safety Integrity Level) or
ATEX/Ex rating. Those ratings are determined by the electronic design and housing
of the specific instrument model.
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| Conclusion

Selecting the appropriate radar level transmitter frequency requires a thorough
analysis of the process environment. While 6 GHz remains the standard for heavy
steam and foam, the industry is rapidly shifting toward 80 GHz for its precision and
ease of installation in complex vessels. By understanding the relationship between
frequency, beam angle, and atmospheric conditions, engineers can ensure
long-term reliability and accuracy in their level measurement systems.

For technical specifications and model comparisons, professionals should consult
detailed product documentation for Radar Level Meters to match the instrument
capabilities with their specific process requirements.
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