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Contactless Radar Level
Transmitter

A practical guide to contactless radar level transmitter, covering the reader intent,
the relationship to contactless 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 the landscape of industrial automation, the ability to monitor fluid and solid
levels with high precision is critical for process safety, inventory management, and
operational efficiency. Among the various technologies available, the contactless
radar level transmitter has emerged as a preferred solution for challenging
environments. By utilizing electromagnetic waves to measure distance without
physical contact with the medium, these instruments overcome the limitations of
traditional float-based or pressure-based systems.

As a professional manufacturer, Welk specializes in providing advanced Radar
Level Meters designed to meet the rigorous demands of water treatment, chemical
processing, and oil and gas industries. This guide explores the engineering
principles, selection criteria, and installation best practices for contactless radar
technology.

| Measurement Principles of Radar Level Technology

To select the correct instrument, it is essential to understand how radar signals
interact with the process environment. Radar level meters operate on the principle
of Time of Flight (ToF). The device emits a high-frequency electromagnetic signal
toward the material surface, which reflects a portion of that energy back to the
sensor. The transmitter then calculates the distance based on the time interval
between emission and reception.

There are two primary modulation techniques used in modern radar transmitters:

| 1. Pulse Radar

Pulse radar sends out discrete microwave signals in short bursts. The instrument
measures the time it takes for a single pulse to travel to the surface and back.
While effective for simple applications and lower-cost installations, pulse radar can
sometimes struggle with low-dielectric materials or environments with significant
signal noise.
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|2. Frequency Modulated Continuous Wave (FMCW)

FMCW technology is widely considered the gold standard for high-precision
industrial measurement. Instead of pulses, the transmitter emits a continuous
signal with a constantly changing frequency (a linear sweep). The reflected signal
is received and compared to the signal being emitted at that exact moment. The
frequency difference between the two is directly proportional to the distance.
FMCW offers superior signal-to-noise ratios, allowing for much higher accuracy and
better performance in agitated or dusty conditions.

The Significance of the Contactless Radar Level
Transmitter

The term "contactless" refers to the fact that no part of the sensing element
touches the process media. This design provides several distinct advantages over
guided wave radar (GWR) or hydrostatic sensors:

Zero Maintenance: Because there are no moving parts and no contact with
corrosive or abrasive materials, the sensor does not suffer from mechanical wear
or chemical degradation.

Hygiene and Purity: In food, beverage, and pharmaceutical applications,
contactless measurement ensures there is no risk of cross-contamination from a
probe.

Handling Aggressive Media: Contactless radar is ideal for measuring strong acids,
bases, and slurries that would quickly destroy a submerged probe.

Versatility: These transmitters can measure both liquids and bulk solids, including
powders and granules, which often pose challenges for ultrasonic sensors due to
dust attenuation.
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|Frequency Bands and Their Applications

When evaluating Radar Level Meters, the operating frequency is one of the most
important technical specifications. Frequency determines the beam angle and the
instrument’s ability to handle surface turbulence or internal tank obstructions.

6 GHz (C-Band): These lower-frequency radars have a wider beam angle and are
less affected by foam, steam, or heavy turbulence. They are often used in large
outdoor tanks or applications where the surface is extremely agitated.

26 GHz (K-Band): A versatile middle ground, 26 GHz radar offers a narrower beam
than C-band, making it suitable for medium-sized tanks with some internal
obstructions. It provides a good balance between precision and signal penetration.

80 GHz (W-Band): The latest advancement in radar technology. The high frequency
allows for an extremely narrow beam angle (often as low as 3 degrees). This
makes it possible to measure through narrow nozzles and avoid reflections from
agitators, ladders, or heating coils. It also offers the highest precision, often within
*1 mm.

| Practical Selection Table

Choosing the right contactless radar level transmitter requires balancing process
conditions with instrument capabilities. Use the following table as a preliminary
reference:
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Process Condition Recommended Technology

Corrosive Chemicals 80 GHz Contactless Radar Narrow beam avoids tank
walls; PTFE/PVDF housing
resists corrosion.

Bulk Solids (Dusty) 26 GHz or 80 GHz Radar High-frequency signals
penetrate dust better than
ultrasonic waves.

Heavy Foam 6 GHz Radar or Guided Wave Lower frequencies are less
likely to be absorbed by
foam layers.

Small Vessels/Narrow 80 GHz Contactless Radar Narrow beam prevents "false
Nozzles echoes" from nozzle edges.
High-Temperature Steam 6 GHz or 26 GHz Radar Lower frequencies are more

stable in high-density vapor
environments.

| Installation Considerations

Even the most advanced contactless radar level transmitter will fail to provide
accurate data if installed incorrectly. Engineers should adhere to the following
guidelines during the design and installation phase:

| 1. Beam Path Obstructions

The "keep-out zone" is the conical area where the radar signal travels. Any internal
structure—such as pipes, agitator blades, or ladders—that enters this zone will
create a false reflection. If obstructions are unavoidable, many Welk radar units
feature "false echo suppression" software to map out and ignore these static
reflections.
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| 2. Nozzle Geometry

The nozzle height and diameter must be compatible with the radar's beam angle. If
a nozzle is too long or too narrow, the signal may reflect off the internal walls of
the nozzle before it even enters the tank, leading to a large "dead zone" at the top
of the measurement range.

| 3. Surface Conditions

Radar signals rely on the dielectric constant (Dk) of the material. Materials with a
high Dk (like water, Dk = 80) reflect signals strongly. Materials with a low Dk (like
oils or plastic pellets, Dk < 2) reflect very little energy. In low Dk applications, a
high-sensitivity FMCW transmitter is required to ensure a reliable return signal.

| 4. Mounting Position

Never mount a radar transmitter in the center of a tank (which can cause multiple
reflections) or too close to the tank wall (which causes signal attenuation). Ideally,
the sensor should be placed at 1/4 to 1/6 of the tank diameter from the side wall.

| Limitations and Common Challenges

While highly versatile, contactless radar is not a universal solution for every
problem. Understanding its limitations prevents costly misapplications:

Vacuum Conditions: While radar waves travel through a vacuum, the mechanical
seals and flanges of the transmitter must be specifically rated for vacuum service
to prevent air ingress or sensor damage.

Extremely Thick Foam: While some radar frequencies can penetrate light foam,
very dense, thick foam (like that found in some fermentation processes) can
absorb the radar signal entirely, leading to a loss of signal.
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Dielectric Minimums: If a material has a dielectric constant below 1.4, a standard
contactless radar may struggle to detect the surface. In these cases, a guided
wave radar or a specialized stilling well may be necessary.

| Frequently Asked Questions (FAQ)

Q: Can a contactless radar level transmitter measure through a plastic tank lid?

A: Yes. Because plastic is non-conductive, radar signals can penetrate plastic or
fiberglass tank tops. This allows for measurement without even cutting a hole in
the tank, provided the material is not too thick and does not contain carbon
reinforcement.

Q: How does radar compare to ultrasonic level sensors?

A: Ultrasonic sensors use sound waves, which require a medium (air) to travel and
are affected by temperature, pressure, and dust. Radar uses electromagnetic
waves, which travel at the speed of light and are largely unaffected by air
temperature or pressure changes, making radar more accurate in complex process
conditions.

Q: Is 80 GHz always better than 26 GHz?

A: Not necessarily. While 80 GHz offers a narrower beam and better precision, 26
GHz or 6 GHz may be more robust in applications with heavy foam or where the
signal needs to penetrate through significant buildup on the sensor face.

Q: What maintenance is required for a contactless radar?

A: Under normal conditions, very little. If the process involves heavy splashing or
condensation that could coat the antenna, periodic cleaning of the lens or the use
of a purging (air blow-down) system may be required to maintain signal strength.
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| Conclusion

The transition toward contactless radar level transmitter technology represents a
significant step forward in industrial reliability. By eliminating physical contact with
the media, these devices reduce long-term maintenance costs and provide stable,
high-precision data in environments that would compromise other sensors.

For engineers and project managers, the key to success lies in matching the
frequency and modulation type to the specific dielectric and physical properties of
the media. Whether managing water treatment facilities or complex chemical
reactors, Welk provides the technical expertise and high-quality Radar Level
Meters needed to ensure precise measurement. By following standard installation
practices and considering the dielectric properties of the target material, facilities
can achieve years of maintenance-free operation.
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