WELK | REFERENCE GUIDE

Antenna Type Radar Level
Transmitter

A practical guide to antenna type radar level transmitter, covering the reader
intent, the relationship to antenna type 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 industrial process automation, achieving precise inventory management and
process control depends heavily on reliable level measurement. Among the
various technologies available, the antenna type radar level transmitter has
emerged as a primary solution for non-contact measurement in challenging
environments. By utilizing electromagnetic waves to detect the distance to a
product surface, these instruments offer high accuracy without physical contact
with the media, reducing maintenance requirements and extending service life.

Selecting the correct Radar Level Meters requires an understanding of how
different antenna geometries and frequencies interact with specific process
conditions. This guide examines the underlying principles of radar technology, the
functional differences between antenna types, and the practical considerations
necessary for successful deployment in chemical, water treatment, and oil and gas
applications.

| Measurement Principles of Radar Level Technology

Radar level transmitters operate on the principle of "Time of Flight" (ToF). The
instrument's electronic component generates a high-frequency electromagnetic
signal, which the antenna directs toward the target material. When the signal
reaches the surface of the medium, a portion of the energy is reflected back
toward the transmitter.

| Pulse Radar vs. FMCW

There are two primary methods used by an antenna type radar level transmitter to
calculate distance:

1. Pulse Radar: The device emits a series of short microwave pulses. The
transmitter measures the time elapsed between the emission of the pulse and the
reception of the echo. Since the speed of light ($c$) is constant, the distance ($d$)
is calculated as $d = (c imes t) / 2%.
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2. Frequency Modulated Continuous Wave (FMCW): The transmitter emits a
continuous signal with a constantly changing frequency (a frequency sweep). The
reflection is received while the transmitter is still emitting. The difference in
frequency between the emitted and received signal is proportional to the distance.
FMCW is generally preferred for high-accuracy applications and complex
environments due to its superior sighal-to-noise ratio.

| The Role of the Antenna

The antenna serves as the transducer that bridges the electronic circuitry and the
process environment. Its primary functions are to focus the microwave energy into
a narrow beam, minimize internal reflections (ringing), and protect the sensitive
electronics from process temperatures and pressures. The efficiency of signal
transmission and the clarity of the return echo are directly influenced by the
antenna's shape, size, and material.

| Types of Antennas and Their Applications

Choosing the right antenna type radar level transmitter involves matching the
antenna design to the physical properties of the medium and the geometry of the
vessel.

|1. Horn (Conical) Antennas

Horn antennas are the most common choice for liquid level measurement. Their
conical shape provides a well-defined beam angle. They are typically constructed
from stainless steel (e.g., 316L) and can be fitted with PTFE or ceramic covers to
protect against corrosive vapors.

Best for: Storage tanks, buffer tanks, and large vessels containing oil, water, or
chemicals.

Advantages: Robust design, wide range of sizes, and excellent signal gain.
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| 2. Lens Antennas

Lens antennas use a specialized plastic (often PTFE or PEEK) or ceramic lens to
focus the radar beam. These are often flush-mounted, meaning the antenna does
not protrude significantly into the tank. This design is particularly useful in 80GHz
high-frequency systems.

Best for: Hygienic applications, corrosive liquids, and vessels with agitators where
a protruding horn might be struck.

Advantages: Easy to clean, resistant to condensation and buildup, and allows for
very small process connections.

| 3. Parabolic Antennas

Characterized by a large dish-shaped reflector, parabolic antennas offer the
narrowest beam angles and the highest signal gain. They are used when the
distance to the material is very long or when the material has a very low dielectric
constant.

Best for: Large silos containing solids, grains, or powders, and very tall liquid
storage tanks.

Advantages: Capable of measuring distances up to 100 meters (approx. 328 feet)
and effective in dusty environments.

| 4. Rod Antennas

Rod antennas are thin, elongated probes usually encased in PTFE. They are
designed for small tanks or vessels with narrow nozzles.

Best for: Small chemical containers and applications with highly aggressive media.

Advantages: Excellent chemical resistance and fits through small process openings
(e.g., 1.5-inch or 2-inch nozzles).
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|Frequency Considerations: 26GHz vs. 80GHz

The frequency of the radar signal significantly impacts the performance of the

antenna type radar level transmitter.

26GHz (K-Band): This is a versatile frequency suitable for most liquid applications.
It handles turbulence and foam better than lower frequencies and uses moderately

sized antennas.

80GHz (W-Band): High-frequency radar allows for much smaller antenna sizes
while achieving extremely narrow beam angles (as low as 3 degrees). This
precision makes it possible to measure in narrow tanks with internal obstructions
(ladders, pipes) and provides better performance on solids by reducing the

"footprint" of the signal on the uneven surface.

| Practical Selection Table

Antenna Type Typical Beam
Frequency

Small Horn

Large Horn

Lens (Flush)

Parabolic

Rod
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26 GHz

26 GHz

80 GHz

26 GHz

26 GHz

80

St

L

158

Angle Max Range Ideal Media
(Typical)
- 20°

- 122

80

60

- 25°

70m

120m

100m

20m

Clean liquids,
oils

Large liquid
tanks

Corrosives,
hygienic, solids

Grains,
powders, coal

Acids, small
vessels
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| Installation Considerations

Correct installation is critical to ensure the antenna type radar level transmitter
provides accurate data. Even the most advanced Radar Level Meters will fail if
positioned incorrectly.

| Mounting Position

Avoid the Center: Never mount the transmitter in the exact center of a circular
tank. This can lead to multiple reflections (parabolic effect) that confuse the
sensor.

Distance from Wall: Maintain a minimum distance from the tank wall (typically
1/6th of the tank diameter) to prevent interference from wall seams or weld beads.

Clear Path: Ensure the signal beam path is free of obstructions such as limit
switches, heating coils, or agitator blades. If obstructions are unavoidable, many
modern transmitters offer "False Echo Suppression" to map out and ignore these
static reflections.

| Nozzle Geometry

The nozzle height and diameter must be compatible with the antenna. The antenna
should ideally extend slightly beyond the bottom of the nozzle to prevent the signal
from reflecting off the nozzle walls (ringing). If using a flush-mounted lens antenna,
ensure the nozzle is short enough that it does not truncate the beam.

| Orientation
For liguid applications, the antenna should be mounted perpendicular to the liquid

surface. For solids, an adjustable flange (swivel mount) is often used to aim the
antenna at the angle of repose of the material, maximizing the return signal.
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| Limitations and Challenges

While highly versatile, radar technology has specific boundaries:

Dielectric Constant (er): Radar relies on the difference in dielectric constant
between the air and the medium. Materials with very low dielectric constants (e.qg.,
liquid nitrogen or certain dry powders) reflect very little energy. In these cases,
high-gain parabolic antennas or guided wave radar may be required.

Heavy Foam: Dense, thick foam can absorb the radar signal entirely, leading to
signal loss. While 26GHz radar can sometimes penetrate light foam, heavy foam
remains a challenge for non-contact radar.

Condensation and Buildup: While lens antennas handle condensation well, heavy
coating or crystallization on the antenna face can attenuate the signal. Integrated
air purge systems are often used in dusty or high-vapor applications to keep the
antenna face clean.

| Maintenance and Troubleshooting

One of the primary benefits of an antenna type radar level transmitter is the lack
of moving parts, which minimizes routine maintenance. However, periodic checks
are recommended:

1. Visual Inspection: Check the antenna face for material buildup or signs of
chemical corrosion.

2. Signal Strength Monitoring: Most digital transmitters provide a "Signal-to-Noise"
ratio or "Echo Amplitude." A steady decline in these values often indicates cleaning
is required.

3. Verification: Periodically verify the radar reading against a manual dip-tape
measurement to ensure calibration remains accurate.

| Frequently Asked Questions (FAQ)

Q: Can a radar level transmitter measure through a plastic tank lid?
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A: Yes. If the tank is made of a non-conductive material like polyethylene or
fiberglass, the radar signal can pass through the top of the tank. This allows for
measurement without cutting a hole in the vessel, provided the material is not too
thick or reinforced with metal.

Q: How does temperature affect the measurement?

A: Unlike ultrasonic sensors, radar waves are not significantly affected by air
temperature, pressure, or gas composition. This makes radar much more accurate
in processes where the vapor space temperature fluctuates.

Q: What is the minimum "Dead Zone" for these transmitters?

A: The dead zone (or blocking distance) is the area immediately below the antenna
where measurement is not possible. For most antenna type radar level
transmitters, this ranges from 50mm to 300mm (approx. 2 to 12 inches),
depending on the frequency and antenna design.

Q: Is 80GHz always better than 26GHz?

A: Not necessarily. While 80GHz offers better focus and smaller antennas, 26GHz is
often more robust in applications with heavy foam or steam, as the longer
wavelength is less likely to be scattered by small droplets.

By carefully evaluating the process media, vessel geometry, and environmental
factors, engineers can select an antenna type radar level transmitter that provides
reliable, long-term service. For more detailed specifications on various
configurations, professionals can Review product options and application support
to find the optimal match for their specific industrial requirements.
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