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Radar Level Indicator

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

levelmeter.org
Main topic: Main Page
https://www.level-meters.com/

Welk Reference Guide 1



WELK REFERENCE GUIDE Radar Level Indicator

In the landscape of industrial automation, the radar level indicator has emerged as
one of the most reliable and versatile tools for monitoring the contents of storage
tanks, process vessels, and open-channel systems. As industries strive for higher
precision and reduced maintenance costs, understanding the nuances of radar
technology is essential for engineers and procurement specialists. This guide
provides a comprehensive technical overview of radar level measurement,
covering its operational principles, selection criteria, and practical installation
requirements.

| Understanding Radar Level Measurement Principles

A radar level indicator operates by emitting electromagnetic waves—specifically
microwaves—toward the surface of a product. These waves reflect off the surface
and return to the sensor. By measuring the time it takes for the signal to travel to
the surface and back, the device calculates the distance, and consequently, the
level of the material. There are two primary methods used in modern industrial
radar sensors: Pulse Radar and Frequency Modulated Continuous Wave (FMCW).

| Pulse Radar (Time of Flight)

Pulse radar instruments emit a series of short microwave pulses. The sensor
measures the "Time of Flight" (ToF) between the emission and the reception of the
reflected signal. Since the speed of light is constant, the distance is easily
calculated. This method is known for its energy efficiency and is often used in
battery-powered or loop-powered applications.

|Frequency Modulated Continuous Wave (FMCW)

FMCW radar technology emits a continuous signal with a constantly changing
frequency. When the reflected signal is received, it is compared to the frequency
being emitted at that exact moment. The difference between these frequencies
(the frequency shift) is directly proportional to the distance. FMCW is generally
considered more accurate than pulse radar, particularly in complex environments
with significant vapor or turbulence, as it provides a higher signal-to-noise ratio.
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|Guided Wave Radar (GWR) vs. Non-Contact Radar

It is also important to distinguish between the two physical delivery methods:

Non-Contact Radar: The antenna is located at the top of the vessel and does not
touch the medium. This is ideal for corrosive, hygienic, or extremely hot materials.

Guided Wave Radar (GWR): The microwave signhal travels along a physical probe
(cable or rod) immersed in the medium. GWR is highly effective for liquids with low
dielectric constants or applications with heavy foam and steam, as the probe
concentrates the signal energy.

| Key Evaluation Criteria for Radar Level Indicators

Selecting the right radar level indicator requires a deep dive into the process
conditions. Unlike ultrasonic sensors, radar is not affected by air temperature or
pressure changes, but it is sensitive to the electrical properties of the material
being measured.

| Dielectric Constant (er)

The dielectric constant of the medium is the most critical factor in radar
measurement. It determines how much of the microwave signal is reflected back
to the sensor. Materials with high dielectric constants, such as water (er = 80),
provide strong reflections. Non-conductive materials like oils, hydrocarbons, and
solids (er < 3) reflect very little energy, requiring more sensitive electronics or
guided wave technology.

| Operating Frequency
Industrial radar indicators typically operate in three frequency bands:

6 GHz (C-Band): Best for applications with heavy foam, steam, or extreme
turbulence, as the longer wavelength can penetrate these obstacles.
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26 GHz (K-Band): A versatile middle ground used for most standard liquid and solid
applications. It offers a smaller antenna size than 6 GHz models.

80 GHz (W-Band): The modern standard for high-precision measurement. The high
frequency allows for a very narrow beam angle (often as small as 3°), which
minimizes interference from tank internals like ladders or agitators.

| Process Temperature and Pressure

Radar sensors are designed to withstand extreme environments. High-pressure
seals and cooling extensions allow these units to operate in reactors reaching
400°C (752°F) and pressures exceeding 100 bar (1450 psi). When reviewing Main
Page options, it is vital to match the flange and seal materials (such as PTFE, PEEK,
or Kalrez) to the chemical compatibility of the process.

| Selection Table: Radar Technology Comparison

6 GHz 26 GHz 80 GHz Guided Wave
Non-Contact Non-Contact Non-Contact Radar (GWR)

Best Application Heavy General Narrow
foam/Agitation purpose tanks/High dleFectrrc/Interface
precision
Beam Angle Wide (approx. Medium Narrow (approx. N/A (Follows
20-30°) (approx. 8-10°) 3-4°) probe)
Measurement Up to 30m (98 Up to 70m (230 Up to 120m Up to 75m (246
Range ft) ft) (393 ft) ft)
Accuracy =5mm to +=2mm to *1lmm +2mm
+10mm +3mm
Internal High Moderate Minimal No interference
Obstacles interference interference interference
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| Practical Installation Considerations

Even the most advanced radar level indicator will fail if installed incorrectly.
Engineers must consider the physical layout of the vessel to ensure a clear signal
path.

1. Nozzle Height and Diameter: The antenna should ideally extend slightly beyond
the mounting nozzle to prevent "ringing" or false reflections from the nozzle walls.
If the nozzle is long and narrow, an 80 GHz sensor is preferred due to its focused
beam.

2. The "Dead Zone" (Blocking Distance): Every radar sensor has a minimum
distance it cannot measure, usually near the antenna. Ensure the maximum
expected fill level does not enter this zone.

3. Avoid Obstructions: The radar beam spreads as it travels. It should not intersect
with agitators, heating coils, or ladders. If obstructions are unavoidable, most
modern indicators feature "False Signhal Suppression" software to map out and
ignore these static reflections.

4. Mounting Position: Sensors should typically be mounted at 1/6th to 1/4th of the
tank diameter from the wall. Mounting directly in the center can cause multiple
reflections in domed-roof tanks, while mounting too close to the wall can cause
signal attenuation.

5. Orientation: For solid materials (powders, grains), the surface is rarely flat. Using
an aiming flange (swivel mount) allows the sensor to be tilted to capture the
strongest reflection from the material's angle of repose.

6. Vapor and Condensation: In high-humidity environments, condensation can form
on the antenna. Choosing a sensor with a convex (drip-off) lens or a PTFE-coated
antenna helps prevent water droplets from attenuating the signal.

| Limitations and Common Risks

While radar is highly robust, it is not a universal solution for every scenario.
Understanding its limitations prevents costly measurement errors.
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Heavy Foam: While 6 GHz radar can penetrate some foam, extremely dense, thick
foam (like shaving cream) can absorb the microwave signal entirely, leading to a
"Loss of Echo" (LoE) error. In these cases, Guided Wave Radar or hydrostatic
transmitters may be more appropriate.

Extremely Low Dielectric Solids: Very light powders (like fumed silica) may not
reflect enough energy for a non-contact radar. GWR or ultrasonic sensors (if the
environment is not vacuum-sealed) might be required.

Vacuum Conditions: While radar works perfectly in a vacuum, the mechanical seals
of the sensor must be rated for vacuum service to prevent air ingress or sensor
damage.

Multi-Phase Interface: Non-contact radar only measures the top surface. If you
need to measure the interface between two liquids (e.g., oil and water), Guided
Wave Radar is the only radar technology capable of seeing through the top layer
to detect the secondary reflection.

|Frequent|y Asked Questions (FAQs)

Q: Can a radar level indicator measure solids and liquids with the same hardware?

A: Generally, yes. However, the firmware and antenna design are often optimized
for one or the other. Solids require higher sensitivity to handle uneven surfaces
and lower reflection, while liquid sensors focus on handling turbulence and foam.

Q: Does the color or dustiness of the material affect the radar?

A: No. Unlike laser or optical sensors, radar is unaffected by color, transparency, or
heavy dust clouds. This makes it ideal for cement silos and carbon black storage.

Q: Is radar safe for use in explosive atmospheres?

A: Yes, most professional manufacturers like Welk offer radar indicators with ATEX,
IECEX, or FM certifications for Zone 0, 1, and 2 environments. These units are
typically designed as Intrinsically Safe (Ex ia) or Explosion-Proof (Ex d).

Q: How often does a radar level indicator need calibration?

Welk Reference Guide 6



WELK REFERENCE GUIDE Radar Level Indicator

A: Radar sensors are solid-state devices with no moving parts. Once calibrated to
the tank height (empty and full points), they rarely drift. Annual verification is
recommended for critical safety loops, but routine recalibration is usually
unnecessary.

| Conclusion

The radar level indicator represents the pinnacle of modern level measurement,
offering a blend of high accuracy and low maintenance that few other technologies
can match. By carefully considering the dielectric constant of the medium, the
vessel geometry, and the necessary operating frequency, industrial operators can
ensure reliable data for years to come. Whether dealing with corrosive chemicals
in a treatment plant or volatile hydrocarbons in a refinery, selecting a high-quality
instrument is the first step toward process optimization. For specific technical data
and to explore a wide range of industrial sensing solutions, engineers are
encouraged to consult the product specifications and application support available
on the Welk Main Page.
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