WELK | REFERENCE GUIDE

Radar Level Transmitter
Antenna Types

A practical guide to radar level transmitter antenna types, covering the reader
intent, the relationship to radar level transmitter antenna types, 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/

Welk Reference Guide 1



WELK REFERENCE GUIDE Radar Level Transmitter Antenna Types

In industrial process control, the accuracy of level measurement often depends as
much on the hardware interface as it does on the internal signal processing. For
engineers and plant managers utilizing Radar Level Meters, selecting the correct
antenna is a critical decision. The antenna serves as the physical bridge between
the electromagnetic waves generated by the transmitter and the medium being
measured.

Understanding the variety of radar level transmitter antenna types is essential for
overcoming challenges such as narrow tank geometries, corrosive vapors, or
low-dielectric materials. This guide examines the principles of radar measurement,
details the specific characteristics of various antenna designs, and provides a
framework for selection based on real-world process conditions.

|Principles of Radar Level Measurement

Before evaluating antenna hardware, it is necessary to understand how radar
signals interact with the process environment. Most modern industrial radar
meters operate on one of two principles: Pulse Radar or Frequency Modulated
Continuous Wave (FMCW).

| Time of Flight and Signal Propagation

In both methods, the instrument emits electromagnetic pulses or continuous
waves. These waves travel at the speed of light, reflect off the surface of the
product, and return to the sensor. The distance is calculated based on the time it
takes for the signal to complete this round trip.

| The Role of the Antenna

The antenna’s primary function is to focus these electromagnetic waves into a
directed beam. The effectiveness of this focus is measured by the "beam angle." A
narrower beam angle concentrates more energy on the target surface and reduces
the likelihood of "false echoes" caused by internal tank obstructions like agitators,
heating coils, or ladders. The antenna type and the operating frequency (typically
6 GHz, 26 GHz, or 80 GHz) determine the beam's width and strength.
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| Common Radar Level Transmitter Antenna Types

Different applications require different radiation patterns and material
compatibility. Below are the primary antenna configurations used in industrial
automation.

|1. Horn (Conical) Antennas

The horn antenna is the most widely used design in the industry, particularly for 26
GHz radar systems. Its conical shape allows for a relatively focused beam and high
gain.

Applications: Ideal for large storage tanks and vessels with moderate internal
obstructions.

Advantages: Robust, versatile, and capable of handling a wide range of
temperatures and pressures.

Limitations: Can be prone to condensation or material buildup inside the horn,
which may attenuate the signal.

| 2. Parabolic Antennas

Parabolic antennas use a large, dish-shaped reflector to focus the radar signal into
a very narrow beam. These are typically larger in diameter than horn antennas.

Applications: Used for long-range measurements (up to 70 meters or more) and for
measuring materials with low dielectric constants ($er$), such as plastic pellets or
dry powders.

Advantages: Extremely high signal gain and narrow beam angles.

Limitations: Their large size requires a wide mounting flange, making them
unsuitable for small vessels.
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| 3. Rod Antennas

Rod antennas consist of a narrow cylinder, often encased in a fluoropolymer like
PTFE or PEA.

Applications: Best suited for small tanks, narrow nozzles, and highly corrosive
chemical environments.

Advantages: Small diameter allows for installation in 50 mm (2-inch) openings. The
smooth surface is resistant to chemical attack and easy to clean.

Limitations: Lower signal gain compared to horn or parabolic types, making them
less effective for long-range measurements or low-dielectric liquids.

| 4. Lens Antennas

Often associated with high-frequency 80 GHz radar technology, lens antennas use
a specialized polymer lens (often PTFE) to focus the beam. These are usually
flush-mounted with the process connection.

Applications: Small to medium vessels, pharmaceutical processes, and applications
where hygiene or buildup is a concern.

Advantages: The flush design prevents material from accumulating in the antenna.
The 80 GHz frequency allows for an incredibly narrow beam (as small as 3
degrees), even with a small antenna size.

Limitations: Higher cost compared to standard horn antennas.

| 5. Drop or Bubble Antennas

These are a variation of the lens antenna, featuring a curved, convex bottom. They
are designed so that condensation or liquid droplets run off the surface rather than
pooling.

Applications: Outdoor water treatment tanks, humid environments, and
applications where steam is present.
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Advantages: Excellent resistance to condensation-induced signal loss.

Limitations: Generally limited to specific frequency ranges.

|Selection Criteria: Matching Antenna to Application

When choosing between radar level transmitter antenna types, engineers must
evaluate several technical factors to ensure long-term reliability.

| Beam Angle and Tank Geometry

In narrow tanks or vessels with many internal structures, a narrow beam angle is
mandatory. If the beam is too wide, it will hit the tank walls or internal pipes,
creating interference. Generally, higher frequency radars (80 GHz) with lens
antennas offer the narrowest beams.

| Dielectric Constant ($&r$)

The dielectric constant of the medium determines how much signal is reflected.
Water has a high $er$ (~80) and is easy to measure. Hydrocarbons and dry solids
have low $er$ values (1.5 to 3.0), requiring high-gain antennas like parabolic or
large horn types to capture the weak reflection.

| Process Conditions

Temperature and Pressure: High-pressure reactors require heavy-duty horn
antennas with specialized seals (e.g., Viton or Kalrez).

Corrosion: For acids or bases, rod antennas or PTFE-coated horn antennas are
necessary to prevent hardware failure.

Buildup/Foam: If the medium is prone to splashing or creating foam, flush-mounted
lens antennas or drop antennas are preferred to minimize maintenance.
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| Practical Selection Table

Antenna Type Typical
Frequency

Horn 26 GHz

Rod 6 GHz / 26 GHz

Parabolic 26 GHz

Lens (Flush) 80 GHz

Drop 26 GHz / 80
GHz

Max Range Best For

30m - 70m General
purpose
liquids/solids

20m Corrosive
liquids, small
nozzles

70m+ Low dielectric
solids, long
range

30m - 100m Narrow tanks,
hygienic use

30m High humidity,

condensation

| Installation Considerations

Limitation

Buildup inside
horn

Lower signal
gain

Large mounting
footprint

Higher initial
cost

Frequency
specific

Correct installation is as vital as antenna selection. Even the most advanced Radar
Level Meters will fail if positioned incorrectly.

1. Nozzle Height and Diameter: The antenna should ideally extend slightly beyond
the mounting nozzle to prevent the nozzle edge from creating a false reflection. If
using a long nozzle, a horn antenna with an extension or a high-frequency lens

antenna is recommended.

2. Avoid the Center: Never mount a radar sensor in the exact center of a circular
tank, as this can cause multiple reflections to converge, amplifying noise.

3. Obstruction Clearance: Ensure the "keep-out zone" (the path of the beam) is
clear of agitators or fill streams. If an obstruction is unavoidable, use a radar with a
narrower beam or software-based false-echo suppression.
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4. Orientation: For solid materials, an adjustable flange may be required to aim the
antenna at the "angle of repose" of the material pile to maximize signal return.

| Limitations and Challenges

While radar is a highly robust technology, certain conditions can limit the
effectiveness of specific antenna types:

Heavy Foam: Thick, dense foam can absorb radar signals entirely. In these cases,
a low-frequency (6 GHz) radar with a large horn antenna may be needed to
penetrate the foam, or a different technology like a magnetic level gauge might be
required.

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

Extreme Buildup: If a material coats the antenna surface completely (e.g., thick
mud or crystallized salt), the signal will eventually fail. Automated air purging
systems can be integrated with horn antennas to mitigate this.

| Frequently Asked Questions (FAQs)

Q: Can | use a rod antenna for measuring dry solids?

A: It is generally not recommended. Solids often have low dielectric constants and
uneven surfaces, requiring the higher gain provided by horn or parabolic antennas.

Q: Why is 80 GHz becoming the standard for lens antennas?

A: The 80 GHz frequency allows for a much smaller antenna to produce a very
narrow beam. This makes it possible to use flush-mounted lens designs that fit into
small process connections while still providing superior accuracy.

Q: How do | clean a horn antenna if it gets clogged?
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A: Many Welk horn antennas can be equipped with a purging port. This allows the
operator to blow compressed air or a cleaning solvent through the horn without
removing the instrument from the vessel.

Q: Does the antenna material affect the measurement?

A: The material affects durability and chemical resistance, but the shape and size
affect the measurement signal. However, if using a rod or lens antenna, the
dielectric properties of the PTFE/PFA cover are factored into the factory calibration.

| Conclusion

Selecting from the various radar level transmitter antenna types requires a
balance of process chemistry, vessel geometry, and budget. For standard liquid
applications, the horn antenna remains a reliable workhorse. However, as
processes become more complex and vessels more compact, the precision of 80
GHz lens antennas and the chemical resilience of rod antennas are becoming
indispensable. By matching the antenna's physical and electromagnetic
characteristics to the specific needs of the application, Welk provides users with a
level measurement solution that is both accurate and low-maintenance.

For those evaluating new installations or upgrading existing systems, confirming
the dielectric constant of the medium and the internal dimensions of the tank is
the first step toward choosing the right radar configuration.
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