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Different Types of Radar
Level Transmitter

A practical guide to different types of radar level transmitter, covering the reader
intent, the relationship to different types 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, accurate level measurement is critical for
safety, inventory management, and process efficiency. Among the various
technologies available, radar-based systems have become the industry standard
due to their high precision and reliability in challenging environments.
Understanding the different types of radar level transmitter is essential for
engineers and plant managers to select the most cost-effective and technically
sound solution for their specific application.

Radar level measurement utilizes electromagnetic waves to determine the
distance from a reference point (the sensor) to the surface of a liquid or solid.
Unlike ultrasonic sensors, which rely on sound waves and are affected by air
temperature and pressure, radar waves travel at the speed of light and are largely
unaffected by the gas phase composition above the product.

Measurement Principles: How Radar Transmitters
Work

Before diving into the specific types of hardware, it is important to understand the
two primary electronic principles used in Radar Level Meters: Pulse Radar and
Frequency Modulated Continuous Wave (FMCW).

| Pulse Radar (Time-of-Flight)

Pulse radar transmitters emit short microwave pulses toward the product surface.
The sensor measures the time it takes for the pulse to travel to the surface and
return. Since the speed of light is constant, the distance is calculated as:

Distance = (Speed of Light x Travel Time) / 2.

Pulse radar is known for its lower power consumption and is often used in
battery-powered or loop-powered applications.
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| Frequency Modulated Continuous Wave (FMCW)

FMCW transmitters emit a continuous signal with a constantly changing frequency.
As the signal travels to the surface and back, the frequency of the emitted signal
continues to change. When the reflected signal returns to the sensor, it is
compared with the frequency currently being emitted. The difference in frequency
(the "beat frequency") is directly proportional to the distance. FMCW technology
generally offers higher accuracy and better signal-to-noise ratios, making it ideal
for complex tanks with internal obstructions.

| Different Types of Radar Level Transmitter

Radar transmitters are broadly categorized into two physical types: Non-Contact
Radar and Guided Wave Radar (GWR). Each has distinct advantages depending on
the medium and the vessel configuration.

| 1. Non-Contact Radar Level Transmitters

Non-contact radar (also known as free-space radar) transmits electromagnetic
waves through the air or gas space. These are preferred for corrosive or abrasive
media where the sensor should not touch the product.

High-Frequency Radar (80 GHz): The current state-of-the-art in level measurement.
The 80 GHz frequency allows for a very narrow beam angle (as small as 3°). This
makes it possible to measure in tall, narrow tanks or vessels with many internal
obstructions like agitators and heating coils. It also performs exceptionally well in
dusty environments, such as cement or grain silos.

Mid-Frequency Radar (26 GHz): A versatile choice for most liquid applications. It
offers a balance between beam focus and the ability to penetrate light foam or
steam.

Low-Frequency Radar (6 GHz): These are less common today but remain useful in
applications with heavy steam, thick foam, or extreme turbulence. The longer
wavelength is less likely to be scattered by surface agitation or vapor particles.
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|2. Guided Wave Radar (GWR) Transmitters

Guided Wave Radar uses a physical probe (a rod, cable, or coaxial tube) to guide
the microwave signal from the transmitter to the product surface. When the signal
hits the medium, the change in dielectric constant causes a reflection.

Rod Probes: Best for liquids in smaller tanks (up to 6 meters). They are easy to
clean and suitable for hygienic applications.

Cable Probes: Used for tall silos or deep wells (up to 70 meters or more). They are
flexible and can withstand the heavy tensile loads found in solid bulk materials.

Coaxial Probes: These provide the highest signal strength because the signal is
contained within a tube. They are ideal for low-dielectric liquids (like oils) and
applications with heavy turbulence or surface foam.

| Selection Criteria: Choosing the Right Technology

Selecting from the different types of radar level transmitter requires a detailed
analysis of the process conditions. The following table provides a high-level
comparison to assist in the initial selection process.

| Selection Comparison Table
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Best Application

Beam Angle

Dielectric Constant

(Dk)

Surface Turbulence

Internal Obstructions

Foam Handling

Max Range

Non-Contact (80

GHz)

Narrow tanks, solids,
high precision

Very Narrow (3°-6°)

>3 4

Good resistance

Easily avoided

Moderate (may
attenuate)

Up to 120m
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Non-Contact (26
GHz)

Standard liquid
storage

Moderate (8°-20°)

> 1.9

Moderate resistance

May cause
interference

Moderate

Up to 30m

| Practical Installation Considerations

Guided Wave
Radar (GWR)

Low dielectric
liquids, interface

N/A (signal follows
probe)

> 1.2 (Coaxial can
be lower)

Excellent resistance

Not an issue if probe
is clear

Excellent (penetrates
foam)

Up to 75m (cable)

Even the most advanced radar level meter will fail if installed incorrectly.
Engineers must consider the following factors during the design phase:

1. Nozzle Geometry: For nhon-contact radar, the nozzle height should be kept as
short as possible. If the nozzle is too long or narrow, it can create "ringing" or false
echoes that mask the true level signal.

2. Obstruction Clearance: Ensure the radar beam (or the GWR probe) is not
positioned directly over ladders, pipes, or agitator blades. For non-contact units,
the "keep-out zone" is defined by the beam angle; the further the distance, the
wider the beam footprint becomes.

3. Vortex and Agitation: In tanks with high-speed mixers, the surface of the liquid
may form a vortex. This can deflect the radar signal away from the receiver. In
such cases, GWR or a stilling well for non-contact radar is recommended.

Welk Reference Guide



WELK REFERENCE GUIDE Different Types of Radar Level Transmitter

4. Mounting Position: Never mount a radar transmitter in the center of a tank, as
this can lead to multiple reflections (parabolic effect) that amplify noise. Ideally,
the sensor should be placed at 1/4 to 1/6 of the tank diameter from the wall.

| Limitations and Common Risks

While radar is highly versatile, it is not a "one-size-fits-all" solution. There are
specific limitations to keep in mind:

Dielectric Constant (Dk): The strength of the reflection depends on the Dk of the
material. Materials with very low Dk (like liquid nitrogen or some dry powders)
reflect very little energy. If the Dk is below 1.4, a standard non-contact radar may
struggle without specialized hardware or GWR.

Heavy Build-up: While radar can ignore some coating, heavy conductive build-up
on a GWR probe or a non-contact antenna lens will eventually attenuate the signal,
leading to measurement errors or loss of signal.

Vacuum Conditions: Radar waves travel perfectly in a vacuum. However, the
physical seals and flanges of the transmitter must be rated for vacuum service to
prevent mechanical failure.

Condensation: Heavy condensation on the antenna of a non-contact radar can
cause signhal scattering. Many modern 80 GHz units use PTFE drop-shaped
antennas to encourage droplets to run off.

| Frequently Asked Questions (FAQs)

Q: Can radar level transmitters measure the interface between two liquids?

A: Yes, Guided Wave Radar is specifically designed for this. It can detect the top of
a low-Dk liquid (like oil) and the interface with a high-Dk liquid (like water)
simultaneously.

Q: Is 80 GHz always better than 26 GHz?
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A: Not necessarily. While 80 GHz offers a narrower beam and better resolution, 26
GHz is often more cost-effective for simple water tank applications where high
precision and narrow beams are not required.

Q: Do radar transmitters require frequent calibration?

A: No. Radar is a solid-state technology with ho moving parts. Once calibrated to
the tank height during commissioning, it typically requires no further adjustment
unless the tank geometry or the mounting position changes.

Q: How does dust affect radar measurement?

A: High-frequency radar (80 GHz) is particularly effective in dusty environments
because the shorter wavelength can penetrate dust clouds more effectively than
ultrasonic waves, which are blocked by solid particles in the air.

| Conclusion

Identifying the different types of radar level transmitter is the first step toward
achieving reliable process automation. Whether you require the non-contact
precision of an 80 GHz FMCW unit for a complex chemical reactor or the rugged
reliability of a Guided Wave Radar for a crude oil separator, Welk provides a range
of industrial-grade solutions tailored to these needs. By matching the
measurement principle and frequency to your specific dielectric properties and
vessel geometry, you can ensure long-term accuracy and minimal maintenance for
your level measurement infrastructure.
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