WELK | REFERENCE GUIDE

Radar Level Transmitter
Antenna
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risks, and the information the intended project audience should confirm before
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In industrial process control, the accuracy of a radar level measurement system
depends as much on the physical interface as it does on the internal signal
processing. The radar level transmitter antenna serves as the critical bridge
between the electronic circuitry of the instrument and the process medium inside a
tank or silo. It is responsible for shaping the electromagnetic waves, directing them
toward the target, and capturing the reflected echoes for analysis.

Choosing the correct antenna configuration is essential for overcoming common
process challenges such as foam, turbulence, internal obstructions, and corrosive
vapors. This guide explores the principles of radar emission, the technical
characteristics of various antenna designs, and the practical selection criteria used
in modern engineering applications.

| Measurement Principles and the Role of the Antenna

To understand why antenna design varies so significantly, one must first
understand how Radar Level Meters operate. Most industrial radar sensors utilize
one of two primary measurement principles: Time of Flight (ToF) or Frequency
Modulated Continuous Wave (FMCW).

| Time of Flight (Pulse Radar)

In pulse radar systems, the transmitter sends out a short microwave pulse. The
antenna emits this pulse, which travels at the speed of light, hits the surface of the
medium, and returns to the antenna. The sensor measures the time elapsed
between transmission and reception to calculate the distance. Here, the antenna
must be capable of rapid switching between transmitting and receiving modes.

|Frequency Modulated Continuous Wave (FMCW)

FMCW radar transmits a continuous signal with a constantly changing frequency.
The difference between the transmitted frequency and the received frequency at
any given moment is proportional to the distance. FMCW is generally preferred for
high-precision applications. The antenna in an FMCW system must maintain a
stable beam pattern across the entire frequency sweep to ensure signal linearity.
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| The Importance of Beam Angle

The antenna’s primary job is to focus electromagnetic energy into a beam. The
"beam angle" is defined as the point where the energy density is half of its
maximum value (-3dB). A narrower beam angle reduces the likelihood of the signal
hitting tank walls, agitators, or ladders, which can create "false echoes." Generally,
higher frequencies (such as 80 GHz) allow for much smaller antennas with
narrower beam angles compared to lower frequencies (6 GHz or 26 GHz).

|Types of Radar Level Transmitter Antennas

Different process environments require specific antenna geometries. Welk
provides a range of antenna types designed to handle everything from clean water
to aggressive chemical slurries.

| 1. Horn (Bell) Antennas

The horn antenna is the most widely used design in the industry. Its flared shape
provides a good balance between gain and beam width.

- Applications: Large storage tanks, basins, and open-air measurements.

- Advantages: Robust, handles high temperatures and pressures well, and is
available in various diameters to suit different nozzle sizes.

- Limitations: Can be susceptible to condensation or material buildup inside the
horn if the medium is prone to vaporizing or splashing.

| 2. Rod Antennas

Rod antennas consist of a narrow rod, typically made of or clad in a dielectric
material like PTFE (Polytetrafluoroethylene) or PFA.

- Applications: Small-diameter nozzles, corrosive liquids, and pharmaceutical
applications.

Welk Reference Guide 3



WELK REFERENCE GUIDE Radar Level Transmitter Antenna

- Advantages: The smooth surface is resistant to buildup and easy to clean. The
narrow profile allows installation in nozzles as small as 40 mm (1.5 inches).

- Limitations: Generally lower gain than horn antennas, making them less
suitable for very long-range measurements or low-dielectric solids.

| 3. Parabolic Antennas

Resembling a satellite dish, parabolic antennas use a curved reflector to focus the
radar signal into a very tight, high-power beam.

- Applications: Solid materials (grain, coal, ore) and very long-range liquid
measurements (up to 70-100 meters).

- Advantages: Excellent signal strength and the ability to penetrate dusty
environments.

- Limitations: Large physical footprint; requires a large tank opening for
installation.

|4. Lens (Planar) Antennas

Modern high-frequency radar units (80 GHz) often use lens antennas. These are
flush-mounted designs where the antenna is protected by a flat or slightly curved
plastic lens.

- Applications: Food and beverage (hygienic), chemical tanks with aggressive
vapors, and applications where the sensor must be isolated from the process.

- Advantages: Flush mounting prevents material buildup and allows the sensor
to be installed behind a plastic window (process isolation).

- Limitations: Frequency-dependent; primarily effective at higher microwave
frequencies.
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| Technical Selection Table

When selecting a radar level transmitter antenna, engineers must match the
antenna type to the process conditions. The following table provides a general
reference for Welk level measurement solutions.

Antenna Type Typical Max Range Beam Angle Best For...
Frequency (m) (Approx.)

Standard Horn 26 GHz 30 -70m 8° - 20° General
purpose liquids,
oils

PTFE Rod 26 GHz 20m 15%- 25° Corrosive
chemicals,

small nozzles

Parabolic 26 GHz / 80 100m 3% - " Solids, powders,
GHz long distances
Lens / Flush 80 GHz 30-120m 3°-8° Hygienic,
high-precision,
buildup
Drop Antenna 26 GHz 70m 8°-12° Condensation-heavy

environments

| Installation Considerations for Signal Integrity

Even the most advanced antenna will fail to provide accurate data if installed
incorrectly. Proper placement is essential to minimize interference.

| Nozzle Geometry

The antenna should ideally extend slightly beyond the bottom of the mounting
nozzle. If the antenna is recessed deep within a narrow nozzle, the radar signal
may reflect off the nozzle walls, creating a "ringing" effect that masks the true
level at the top of the tank (the dead zone).
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| Obstruction Clearance

The "keep-out zone" is the conical area defined by the beam angle. No metallic
objects (pipes, ladders, agitator blades) should enter this cone. If an obstruction is
unavoidable, many Welk Radar Level Meters feature "false echo suppression”
software, allowing the user to map out and ignore static reflections.

| Positioning on the Tank

- Avoid the Center: Never mount the sensor in the exact center of a domed-roof
tank, as this can cause multiple reflections to converge at the antenna, creating
a false signal.

- Distance from Wall: A common rule of thumb is to mount the sensor at a
distance from the tank wall equal to 1/6th of the tank diameter.

- Inlet Streams: Ensure the antenna beam does not intersect with the path of the
incoming material, as the sensor will measure the falling stream rather than the
liquid level.

| Limitations and Environmental Challenges

While radar is one of the most versatile level measurement technologies, specific
antenna-related challenges must be addressed:

1. Condensation and Buildup: In high-humidity applications, water droplets can
form on the antenna lens or inside the horn. This attenuates the signal. Using a
PTFE-coated "drop" antenna or a flush-mounted lens antenna helps droplets shed
more easily.

2. Foam: Heavy, dense foam can absorb radar signals. In these cases, a lower
frequency (6 GHz) or a specialized horn antenna with higher gain may be required
to penetrate the foam layer.
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3. Dielectric Constant (er): The strength of the reflected echo depends on the
dielectric constant of the medium. Low er materials (like liquid nitrogen or dry
powders) reflect less energy. High-gain parabolic or large horn antennas are
necessary for these low-reflectivity targets.

| Maintenance and Purging Systems

In environments with heavy dust or crystallizing vapors, antennas may require
periodic cleaning. Welk offers antennas equipped with purging connections. These
allow compressed air or a cleaning fluid to be injected into the antenna housing to
blow away dust or wash off deposits without removing the sensor from the
process.

For extremely aggressive environments, a "process seal" or "antenna window" can
be used. This involves placing a microwave-transparent barrier (like a PTFE or
ceramic disc) between the antenna and the process. This protects the sensitive
electronic components while allowing the radar signal to pass through with
minimal loss.

| Frequently Asked Questions (FAQ)

Q: Can | use a radar level transmitter antenna on a plastic tank?

A: Yes. Radar signals can pass through plastic. In some cases, the sensor can be
mounted outside the tank, looking through the plastic roof, provided the plastic is
not carbon-filled or metallic-lined.

Q: How does frequency affect antenna size?

A: Higher frequencies have shorter wavelengths. This allows for smaller antenna
structures to achieve the same or better beam focusing. For example, an 80 GHz
sensor can achieve a 3° beam with a 75mm antenna, whereas a 26 GHz sensor
would need a much larger dish to achieve the same focus.

Q: What material should the antenna be made of for sulfuric acid?
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A: For highly corrosive acids, a rod antenna fully encapsulated in PTFE or a horn
antenna with a PFA flat-seal is recommended to prevent the acid from attacking
the stainless steel housing.

Q: Does the antenna need to be leveled?

A: Yes. For liquid applications, the antenna must be mounted perpendicular to the
liguid surface. Even a few degrees of tilt can cause the signal to reflect away from
the antenna, resulting in signal loss.

| Conclusion

The radar level transmitter antenna is the frontline component of any level
measurement strategy. By understanding the relationship between frequency,
beam angle, and antenna geometry, engineering teams can specify instruments
that provide reliable data even in the most demanding industrial conditions.
Whether dealing with the extreme distances of a mining silo or the strict hygiene
requirements of a pharmaceutical vat, selecting the right antenna is the first step
toward process optimization.

For detailed specifications on antenna materials and beam patterns for your
specific application, Review product options and application support to ensure your
instrumentation meets the necessary operational standards.
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