WELK | REFERENCE GUIDE

Best Radar Level Transmitter

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

Welk Reference Guide 1



WELK REFERENCE GUIDE Best Radar Level Transmitter

In the landscape of industrial automation, selecting the best radar level transmitter
is not a matter of finding a universal "one-size-fits-all" device, but rather identifying
the specific technology that aligns with the physical and chemical properties of the
process medium. Radar level measurement has become the industry standard for
non-contact sensing due to its high accuracy and immunity to changes in
temperature, pressure, and vapor space conditions.

As a professional manufacturer, Welk provides a comprehensive range of Radar
Level Meters designed to meet the rigorous demands of water treatment, chemical
processing, and oil and gas operations. This guide explores the measurement
principles, selection criteria, and installation nuances required to determine the
optimal solution for your facility.

| Understanding Radar Measurement Principles

Before evaluating specific hardware, it is essential to understand how radar
technology interprets distance. Radar level transmitters utilize electromagnetic
waves, typically in the microwave spectrum, to detect the surface of a material.
Unlike ultrasonic sensors, which rely on sound waves and are affected by air
density and temperature fluctuations, radar waves travel at the speed of light and
remain stable across varying atmospheric conditions.

| Time of Flight (ToF)

Most radar transmitters operate on the Time of Flight principle. The device emits a
microwave signal from the antenna toward the product surface. The signal is
reflected back to the antenna, and the transmitter measures the time elapsed
between emission and reception. Since the speed of light is constant, the distance
is calculated using the formula:

Distance = (Speed of Light x Time of Flight) / 2

| Pulse Radar vs. FMCW

There are two primary methods for processing these signals:
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1. Pulse Radar: The transmitter sends out short microwave pulses and stays in a
"listening" mode between pulses. This is energy-efficient and suitable for many
standard liquid applications.

2. Frequency Modulated Continuous Wave (FMCW): The transmitter emits a
continuous signal with a constantly changing frequency. The difference in
frequency between the transmitted and received signals is proportional to the
distance. FMCW is often considered the technology behind the best radar level
transmitter for complex environments because it provides a higher signal-to-noise
ratio, allowing for better accuracy in turbulent or low-dielectric applications.

|Non-Contact Radar vs. Guided Wave Radar (GWR)

Radar technology is broadly categorized into two types based on how the signal is
transmitted to the medium.

| Non-Contact Radar

Non-contact radar (NCR) transmitters are mounted at the top of the tank and emit
signals through the air. These are ideal for corrosive materials, high-viscosity
liquids, or applications where hygiene is paramount, as the instrument never
touches the medium. They are highly effective for large storage tanks and agitated
vessels.

| Guided Wave Radar (GWR)

Guided Wave Radar utilizes a physical probe (rod or cable) to guide the microwave
signal directly to the surface. This concentrated path minimizes signal loss. GWR is
often the superior choice for:

Low Dielectric Media: Such as oils or liquefied gases with a dielectric constant
($cr$) below 1.9.

Foaming Surfaces: Where non-contact signals might be absorbed or scattered.

Interface Measurement: Measuring the boundary between two different liquids
(e.g., oil and water).
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| Frequency Selection: 26GHz vs. 80GHz Technology

The frequency of the radar signal significantly impacts the performance and
suitability of the transmitter for specific tank geometries.

26GHz Radar: This frequency has been the workhorse of the industry for decades.
It features a wider beam angle, which is useful in applications where heavy
condensation or buildup on the antenna occurs, as the longer wavelength can "see
through" some contamination.

80GHz Radar: Modern high-frequency transmitters offer a much narrower beam
angle (often as low as 3 degrees). This precision allows the transmitter to be
installed in tall, narrow nozzles or in tanks with internal obstructions like heating
coils and agitators without receiving false echoes from the tank walls.

Key Evaluation Criteria for Selecting the Best Radar
Level Transmitter

To identify the best radar level transmitter for your specific project, engineers
must confirm several critical process parameters. Failure to account for these can
lead to signal loss or measurement drift.

| 1. Dielectric Constant ($&r$)

The dielectric constant of the medium determines how much energy is reflected
back to the sensor. Water has a high $er$ (~80) and is easy to measure.
Hydrocarbons have low $&r$ (1.7 to 2.5), requiring more sensitive electronics or
Guided Wave Radar to ensure a reliable return signal.
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| 2. Process Temperature and Pressure

Standard radar units typically handle temperatures up to 150°C (302°F). However,
for high-temperature applications like steam drums or chemical reactors,
specialized transmitters with ceramic seals and cooling fins are required to
withstand temperatures exceeding 400°C (752°F) and pressures up to 40 MPa (400
Bar).

| 3. Tank Geometry and Obstructions

The presence of agitators, ladders, or support struts can create "false echoes."
While software can perform "false echo suppression" to ignore these fixed objects,
choosing an 80GHz transmitter with a narrow beam is often the most effective way
to bypass internal obstructions altogether.

| 4. Surface Conditions
Turbulence, foam, and dust can interfere with the signal. In heavy dust
environments (like cement silos), high-power non-contact radar is preferred. In

heavy foam environments, GWR is typically more reliable as the probe ensures the
signal reaches the liquid level.

| Practical Selection Table for Industrial Applications
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Application Type Recommended Radar Type Key Advantage

Water Storage/Treatment 26GHz Non-Contact Cost-effective, reliable for
high $er$
Corrosive Chemicals PTFE-coated Non-Contact High chemical resistance, no

moving parts

Oil/Hydrocarbon Storage Guided Wave Radar (GWR) Excellent for low %$sr$ and
interface
Narrow Tanks with Agitators 80GHz Non-Contact Narrow beam avoids internal

obstructions

High-Pressure Steam GWR with Ceramic Seal Stable measurement in
high-density vapor

Solid Powders/Grains 80GHz Non-Contact Penetrates dust, handles
steep angles of repose

Installation Best Practices and Geometric
Considerations

Even the best radar level transmitter will fail if installed incorrectly. Follow these
engineering guidelines to ensure long-term accuracy:

Nozzle Height and Diameter: The antenna should ideally extend slightly below the
mounting nozzle to prevent signhal interference from the nozzle edge. If using a
high-frequency 80GHz unit, longer nozzles are more permissible due to the narrow
beam.

Wall Distance: Always install the transmitter at least 200mm (approx. 8 inches)
away from the tank wall. Reflections from the wall can interfere with the primary
signal.

Avoid the Center: Do not mount the transmitter in the exact center of a circular
tank. This can cause "multiple echoes" as the signal bounces off the curved walls
and converges back at the center.

Inlet Interference: Ensure the radar beam does not cross the path of the falling
product from the tank inlet, as this will cause significant measurement errors
during filling.
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| Limitations and Environmental Factors

While radar is highly versatile, it is not invincible. Engineers should be aware of the
following limitations:

1. Extremely Low Dielectrics: Materials with a dielectric constant below 1.4 may
not reflect enough energy for non-contact radar. In these cases, GWR or a bypass
chamber (magnetic level gauge combined with radar) is necessary.

2. Heavy Conductive Foam: Thick, conductive foam can act as a solid surface,
causing the radar to read the top of the foam rather than the liquid level.
Specialized signal processing or GWR is required here.

3. Vacuum Conditions: While radar works in a vacuum, the mechanical seals of the
transmitter must be rated for vacuum service to prevent air ingress or sensor
damage.

| Frequently Asked Questions (FAQ)

Q: Does the color or transparency of the liquid affect radar measurement?

A: No. Radar relies on the electrical properties (dielectric constant) of the material,
not its optical properties. It can measure opaque, clear, or colored liquids with
equal precision.

Q: Can radar measure the level of solids?

A: Yes. High-frequency non-contact radar is excellent for solids. However, the
"angle of repose" (the slope of the material pile) must be considered, as it can
reflect the signal away from the antenna. 80GHz units are preferred for solids due
to their sensitivity.

Q: How often does a radar level transmitter need calibration?

A: Because radar has no moving parts and the speed of electromagnetic waves is
stable, these devices rarely require recalibration after the initial setup, provided
the process conditions remain within the instrument's design specifications.
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Q: What is the "Blind Zone"?

A: The blind zone (or dead zone) is the area immediately below the antenna where
the transmitter cannot accurately measure. This is typically between 50mm and
300mm depending on the model. It is crucial to account for this when calculating
the maximum fill level of a tank.

| Conclusion

Selecting the best radar level transmitter requires a balance between
technological capability and application reality. For most standard liquid
applications, a 26GHz non-contact transmitter offers a cost-effective and reliable
solution. However, as process complexity increases—involving low-dielectric fluids,
internal obstructions, or extreme pressures—transitioning to 80GHz FMCW or
Guided Wave Radar becomes necessary.

Welk continues to innovate in the field of Radar Level Meters, providing the
technical support and customized OEM/ODM services required to integrate these
sensors into modern industrial automation frameworks. By carefully verifying your
dielectric constants, tank geometry, and environmental factors, you can ensure a
measurement solution that provides accuracy and safety for years to come.
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