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Radar Level Transmitter
Applications

A practical guide to radar level transmitter applications, covering the reader intent,
the relationship to radar level transmitter applications, key evaluation criteria,
common risks, and the information the intended project audience should confirm
before taking the next step.
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Main topic: Radar Level Meters
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In modern industrial automation, the ability to monitor liquid and solid levels with
high precision is critical for operational safety, inventory management, and
process efficiency. Radar technology has emerged as the gold standard for
non-contact level measurement due to its immunity to varying process conditions
such as pressure, temperature, and vapor. As a professional manufacturer, Welk
provides advanced Radar Level Meters desighed to meet the rigorous demands of
diverse industrial environments.

This guide explores the fundamental principles of radar measurement, detailed
radar level transmitter applications across various sectors, and the technical
criteria necessary for selecting and installing the right instrument for your facility.

Understanding the Principles of Radar Level
Measurement

Before diving into specific radar level transmitter applications, it is essential to
understand how these devices function. Radar level transmitters operate on the
"Time of Flight" (ToF) principle. The device emits electromagnetic waves
(microwaves) from an antenna toward the surface of the medium. These waves
travel at the speed of light, reflect off the surface of the product, and return to the
sensor.

The distance ($D$%) from the sensor to the material surface is calculated using the
formula:

$$D = \frac{c \times t}{2}$%
Where:
$c$: The speed of light.

$t$: The measured time delay between emission and reception.

| Pulse Radar vs. FMCW Radar

There are two primary technologies used in industrial radar level measurement:
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1. Pulse Radar: This method sends short microwave pulses and measures the time
it takes for the pulse to return. It is energy-efficient and suitable for many standard
liquid applications.

2. Frequency Modulated Continuous Wave (FMCW): FMCW radar emits a
continuous signal with a constantly changing frequency. The difference in
frequency between the emitted and received signal is directly proportional to the
distance. FMCW technology generally offers higher accuracy and better
sighal-to-noise ratios, making it ideal for low-dielectric materials or turbulent
surfaces.

| Frequency Considerations

The frequency of the radar signal significantly impacts performance. Common
industrial frequencies include:

6 GHz (C-band): Excellent for applications with heavy steam, foam, or turbulence,
as the longer wavelength can penetrate these obstacles.

26 GHz (K-band): A versatile mid-range frequency suitable for most liquid and solid
storage tanks. It offers a balance between beam focus and signal strength.

80 GHz (W-band): The latest advancement in radar technology. With a very narrow
beam angle (often as low as 3°), it is perfect for small vessels, tanks with internal
obstructions, or measuring through narrow nozzles.

|Key Radar Level Transmitter Applications
Radar technology is utilized in a vast array of industries. The versatility of Radar

Level Meters allows them to handle everything from clean water to corrosive
chemicals and dry bulk solids.

| 1. Chemical and Petrochemical Industry

In chemical processing, radar transmitters are preferred because they are
non-contact. This prevents the sensor from being damaged by aggressive acids,
bases, or solvents.
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Corrosive Liquids: Using PTFE-lined antennas, radar transmitters can measure
levels in tanks containing sulfuric acid or caustic soda without risk of corrosion.

Pressurized Vessels: Radar signals are unaffected by vacuum or high pressure,
making them suitable for liquefied gas storage or reactor vessels.

| 2. water and Wastewater Management

Water treatment facilities rely on radar for its reliability in outdoor and humid
environments.

Open Channel Flow: Radar sensors are used to measure the level in flumes and
weirs to calculate flow rates.

Lift Stations and Sumps: Because radar does not require contact, it is not affected
by the grease, debris, or sludge that often fouls ultrasonic sensors.

Reservoirs and Dams: Large-scale water storage requires long-range
measurement (up to 70 meters or 230 feet), which high-frequency radar provides
with ease.

| 3. Oil and Gas Production

From upstream extraction to downstream refining, radar level transmitter
applications are vital for inventory accuracy.

Storage Terminals: High-accuracy FMCW radar is used for custody transfer, where
even a few millimeters of error can result in significant financial discrepancies.

Drilling Mud Tanks: Radar can accurately track levels in mud pits despite the high
density and agitation of the fluid.

| 4. Food and Beverage Processing

Sanitary requirements are paramount in this sector. Radar transmitters with
hygienic process connections (such as Tri-Clamp) allow for level monitoring
without contaminating the product.
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Silos for Grains and Flour: High-frequency 80 GHz radar can penetrate the heavy
dust generated during filling to provide a continuous level reading.

Mixing Tanks: Radar can ignore the movement of agitator blades through
advanced software filtering (False Signal Suppression).

| Selection Criteria for Radar Level Transmitters

Choosing the correct instrument requires a thorough analysis of the process
environment. Use the following table as a preliminary selection guide:

Application Detail Recommended Preferred Antenna Type
Technology Frequency

Small Tank (< 5m) FMCW 80 GHz Lens Antenna (Flush)
with Agitator

Large Silo FMCW 80 GHz / 26 GHz Parabolic or Horn
(Solids/Dust)

Corrosive Acid Pulsed or FMCW 26 GHz PTFE Encapsulated
Storage

High-Pressure Steam Pulsed 6 GHz Horn with Glass Seal
Custody Transfer FMCW (High 26 GHz / 80 GHz Large Horn or

(Qil) Precision) Stillpipe

| Key Evaluation Factors:

1. Dielectric Constant ($er$): The reflectivity of the material. Materials with low
$er$ (like hydrocarbons) reflect less energy than water-based liquids. If the $&r$ is
below 1.4, a guided wave radar or a high-gain 80 GHz FMCW unit is recommended.

2. Process Temperature and Pressure: Ensure the process connection and seal
materials (FKM, FFKM, or Graphite) are rated for your specific operating range.

3. Measuring Range: Ensure the device is rated for the total height of the vessel,
including the "dead zone" (the area immediately below the sensor where
measurement is not possible).
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| Installation Best Practices

Proper installation is critical to the success of radar level transmitter applications.
Even the most advanced sensor will fail if placed incorrectly.

Avoid the Center: Do not install the radar in the exact center of a domed tank, as
this can concentrate multiple reflections (parabolic effect) and cause signal
interference.

Nozzle Geometry: The antenna should ideally extend slightly beyond the bottom of
the mounting nozzle to prevent "ringing" or internal reflections within the nozzle
itself. If using an 80 GHz unit, longer nozzles are more permissible due to the
narrow beam.

Obstructions: Keep the radar beam path clear of ladders, heating coils, and limit
switches. If obstructions are unavoidable, use the instrument's "map" or "false
signal suppression" feature to program the device to ignore these fixed echoes.

Distance from Wall: Maintain a minimum distance from the tank wall (typically
200mm to 500mm or 8 to 20 inches) to prevent side-wall reflections.

| Limitations and Environmental Considerations

While radar is highly versatile, engineers must be aware of its limitations:

Heavy Foam: Dense, thick foam can absorb the radar signal, resulting in a "loss of
echo." In these cases, a 6 GHz radar or a different technology like a magnetic level
gauge may be required.

Extremely Low Dielectric Solids: Very light powders (like some plastic pellets) may
not reflect enough energy for a standard non-contact radar. Guided wave radar
(GWR) is often a better alternative here.

Condensation: While many radars can handle light condensation, heavy buildup on
the antenna can attenuate the signal. Welk recommends using units with
integrated air purge connections or PTFE drip-off lenses for these environments.
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| Frequently Asked Questions (FAQs)

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

A: Yes. If the tank is made of a non-conductive material like PE, PP, or PVC, and the
wall is not too thick, a radar transmitter can often measure the level from outside
the tank, looking through the top wall. This is ideal for IBC totes or chemical
storage.

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

A: The primary difference is the beam angle. A 26 GHz radar typically has a beam
angle of 10° to 15°, while an 80 GHz radar can be as narrow as 3°. This means the
80 GHz version is much better at avoiding internal tank obstructions and can be
used in taller, narrower vessels.

Q: Is calibration required for radar transmitters?

A: Radar transmitters are factory-calibrated. However, "commissioning" is required
on-site to set the 4mA (empty) and 20mA (full) points relative to the specific height
of your tank. No periodic recalibration is typically needed unless required by local
regulations.

Q: Does the vacuum in a tank affect the radar signal?

A: No. Unlike ultrasonic sensors, which require air to transmit sound, radar uses
electromagnetic waves that travel perfectly through a vacuum. This makes radar
the preferred choice for vacuum distillation columns and similar equipment.

| Conclusion

Radar level transmitter applications offer a robust, low-maintenance solution for
the most challenging industrial environments. By understanding the dielectric
properties of your media and the physical constraints of your vessel, you can
implement a measurement system that provides years of reliable service.
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For more technical specifications and to explore our full range of instrumentation,
visit the Welk Radar Level Meters product page to review options and request
application support for your next project.
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