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In the landscape of industrial automation, radar level sensors have emerged as a
primary technology for precise, non-contact level measurement. As industries
move toward higher efficiency and more stringent safety standards, understanding
the technical nuances of radar technology is essential for engineers and
procurement professionals. This guide provides a comprehensive technical
overview of radar level measurement, from fundamental principles to practical
selection and installation criteria.

| Understanding Radar Level Measurement Principles

Radar level sensors operate by emitting electromagnetic waves (microwaves)
toward a target medium. These waves travel at the speed of light, reflect off the
surface of the material, and return to the sensor's receiver. The level is determined
by measuring the time it takes for the signal to return or the frequency shift of the
reflected wave.

There are two primary methods used in industrial radar level measurement: Pulse
Radar and Frequency Modulated Continuous Wave (FMCW).

| Pulse Radar (Time-of-Flight)

Pulse radar sensors emit a short microwave pulse and measure the time it takes
for that pulse to travel to the surface and back. This is known as Time-of-Flight
(ToF). Because electromagnetic waves travel at a known constant (the speed of
light), the distance can be calculated using the formula:

Distance = (Speed of Light x Time of Flight) / 2

Pulse radar is generally energy-efficient and suitable for applications where power
consumption is a concern, though it may offer lower resolution compared to FMCW
in complex environments.

Welk Reference Guide 2



WELK REFERENCE GUIDE Radar Level Sensors

| Frequency Modulated Continuous Wave (FMCW)

FMCW radar sensors emit a continuous signal with a frequency that changes over
time (a frequency sweep). The sensor compares the frequency of the reflected
signal with the frequency of the signal being emitted at that exact moment. The
difference between these frequencies is directly proportional to the distance of the
target.

FMCW technology is widely regarded as more accurate and reliable for demanding
industrial processes. It provides a higher signal-to-noise ratio, making it better at
filtering out interference from internal tank structures or turbulent surfaces. For
advanced solutions across various industrial sectors, engineers often consult the
Main Page of specialized manufacturers to compare FMCW and pulse-based
options.

| Guided Wave Radar vs. Non-Contact Radar

Radar level sensors are categorized into two physical configurations: Guided Wave
Radar (GWR) and Non-Contact Radar.

| Guided Wave Radar (GWR)

GWR sensors use a physical probe (rod or cable) to guide the microwave pulse to
the surface of the medium. The pulse travels along the probe, reflects off the
surface, and returns along the same path.

Advantages: GWR is highly effective for low dielectric constant liquids, liquids with
heavy steam or foam, and applications with extreme turbulence. Because the
signal is contained along the probe, it is less affected by tank geometry or internal
obstructions.

Limitations: The probe is in direct contact with the medium, which may not be
suitable for highly corrosive or viscous materials that could cause buildup or
mechanical stress on the probe.
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| Non-Contact Radar

Non-contact radar level sensors transmit waves through the air (or vapor space)
without a physical guide. These are typically categorized by their operating
frequency, such as 26GHz or 80GHz.

Advantages: Since there is no contact with the media, maintenance is significantly
reduced. It is ideal for corrosive, hygienic, or abrasive materials.

Limitations: The signal can be affected by heavy foam, dust, or complex internal
tank structures that cause false reflections.

| Key Evaluation Criteria for Radar Level Sensors

Selecting the correct radar level sensor requires an analysis of the process
environment and the physical properties of the medium. The following factors are
critical for a successful specification:

| Dielectric Constant (er)

The dielectric constant of the material is the most important factor in radar
measurement. It determines how much of the radar signal is reflected back to the
sensor.

High Dielectric (er > 10): Materials like water or aqueous solutions provide strong
reflections and are easy to measure.

Low Dielectric (er < 3): Materials like hydrocarbons, oils, or plastic pellets reflect
very little energy. In these cases, 80GHz high-frequency sensors or Guided Wave
Radar are often required to ensure a stable signal.
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| Process Temperature and Pressure

Standard radar sensors can handle a wide range of temperatures, but extreme
conditions require specialized seals and cooling fins. High-pressure environments
(e.g., 40 bar or higher) require robust process connections and specialized antenna
windows to prevent leakage and signal attenuation.

| Vessel Geometry and Internal Obstructions

In tanks with agitators, heating coils, or baffles, the radar beam may hit these
structures and create "false echoes." High-frequency radar (80GHz) is preferred
here because it has a much narrower beam angle (as low as 3°), allowing it to
'steer" past obstructions that would interfere with a 26GHz sensor (which typically
has a beam angle of 10° to 20°).

| Practical Selection Table for Industrial Applications

Application Type Recommended Radar Key Reason

Technology

Water/Wastewater Tanks 26GHz Non-contact Cost-effective, reliable for
high dielectric media.

Chemical Storage (Corrosive) 80GHz Non-contact (PTFE High chemical resistance,
lens) ignores internal baffles.
Oil/Hydrocarbon (Low &r) Guided Wave Radar (GWR) Probe ensures signal return

despite low reflectivity.

Solid Silos (Dusty) 80GHz Non-contact High frequency penetrates
dust; handles angle of
repose.

Small Vessels/Stands 80GHz Non-contact Narrow beam avoids
side-wall interference in tight
spaces.

High-Pressure Boilers Guided Wave Radar Compensates for
steam/vapor density
changes.
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| Installation Guidelines and Best Practices

Correct installation is as important as selecting the right sensor. Even the most
advanced radar level sensors will fail if poorly positioned.

1. Nozzle Height and Diameter: The antenna should ideally extend slightly beyond
the mounting nozzle to prevent the signal from reflecting off the nozzle walls (the
"ringing effect"). If the nozzle is long, a higher-frequency sensor with a narrow
beam is required.

2. Avoid the Center: Never install a radar sensor in the exact center of a domed
tank. This can cause multiple reflections to converge at the sensor, leading to
signal errors.

3. Blocking Distance (Blind Zone): Every radar sensor has a minimum distance it
cannot measure (usually 50mm to 200mm from the antenna). Ensure the
maximum fill level of the tank does not enter this zone.

4. Orientation for Solids: When measuring solids, the sensor should be mounted
with an adjustable flange to aim the beam at the material's angle of repose,
ensuring the best possible reflection back to the receiver.

5. Bypass Pipes and Stilling Wells: For liquids with heavy foam or extreme
turbulence, installing the radar (especially GWR or 26GHz) inside a stilling well or
bypass pipe can provide a calm surface for measurement.

| Common Risks and Limitations

While radar level sensors are highly versatile, they are not universal solutions.
Engineers should be aware of the following risks:

Heavy Foam: While some radar frequencies can penetrate light foam, thick, dense
foam (like shaving cream) can absorb the radar signal entirely. In such cases,
Guided Wave Radar or ultrasonic sensors (depending on the environment) might
be considered, though GWR is usually the superior choice for foam.
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Vacuum Conditions: While radar works in a vacuum, the sealing of the sensor must
be rated for it. Furthermore, certain materials may boil or outgas in a vacuum,
creating surface turbulence that affects the reading.

Build-up on Antenna: In non-contact radar, heavy coating or crystallization on the
antenna can attenuate the signal. While many modern sensors have "self-cleaning"
lens designs or software algorithms to compensate for buildup, severe cases will
require manual cleaning.

|Frequent|y Asked Questions (FAQs)

Q: Can radar level sensors measure through plastic tank walls?

A: Yes, non-contact radar can often measure through the tops of plastic or
fiberglass tanks without a process opening, provided the material is not conductive
and the thickness is within the sensor's capability to penetrate.

Q: How does 80GHz radar differ from 26GHz radar?

A: 80GHz radar uses a shorter wavelength, allowing for a much smaller antenna
and a narrower beam angle. This makes it better for small tanks, tanks with many
internal obstructions, and for measuring solids. 26GHz is often more economical
for large, open liquid tanks.

Q: Is calibration required for radar sensors?

A: Radar sensors are typically pre-calibrated from the factory. However, "field
mapping" or "false echo suppression” is often required during commissioning to tell
the sensor which reflections are from the tank walls/agitators and which is the
actual product level.

Q: Does the density of the liquid affect the measurement?

A: No. Unlike hydrostatic level transmitters, radar level sensors are independent of
density, pressure, and temperature changes in the vapor space (with minor
exceptions for high-pressure steam in GWR applications).
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| Conclusion

Radar level sensors represent a significant advancement in process control,
offering high accuracy and low maintenance across diverse industries. By
understanding the dielectric properties of the media, the geometry of the vessel,
and the specific advantages of different radar frequencies, organizations can
implement level measurement solutions that improve both safety and operational
efficiency. For those seeking to specify equipment for new projects, reviewing the
technical specifications and product ranges available on the Main Page is a
recommended next step to ensure the chosen technology aligns with the specific
requirements of the application.
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