WELK | REFERENCE GUIDE

Advantages of Radar Level
Transmitter

A practical guide to advantages of radar level transmitter, covering the reader
intent, the relationship to advantages of 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 process control, selecting the correct instrumentation
is critical for operational efficiency, safety, and cost-management. Among the
various technologies available for monitoring tank levels, Radar Level Meters have
emerged as the preferred solution for challenging environments. This guide
explores the fundamental principles of radar technology and details the specific
advantages of radar level transmitter systems in modern industrial applications.

| Understanding Radar Level Measurement Principles

Before evaluating the benefits, it is essential to understand how these instruments
function. Radar level transmitters use electromagnetic waves, typically in the
microwave frequency range (from 6 GHz to 80 GHz), to measure the distance to a
product surface.

| Time of Flight (ToF)

The most basic principle is Time of Flight. The transmitter emits a high-frequency
radar pulse that travels at the speed of light. When the pulse hits the surface of the
medium (liquid or solid), a portion of the energy is reflected back to the sensor.
The instrument measures the time elapsed between emission and reception. Since
the speed of light is constant, the distance is calculated as:

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

| FMCW vs. Pulse Radar

Modern industrial radar systems generally fall into two categories:

1. Pulse Radar: Sends discrete bursts of energy and measures the return time. It is
energy-efficient and suitable for many standard applications.

2. FMCW (Frequency Modulated Continuous Wave): The transmitter emits a
continuous signal with a constantly changing frequency. The difference in
frequency between the emitted and received signal is proportional to the distance.
FMCW radar, particularly at higher frequencies like 80 GHz, offers significantly
higher accuracy and better signal-to-noise ratios.
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|Non-Contact vs. Guided Wave Radar (GWR)

Radar transmitters are available in non-contact designs (where the signal travels
through the air/gas space) and Guided Wave Radar (where the signal travels along
a physical probe or cable). While GWR is excellent for low dielectric constants or
turbulent surfaces, non-contact radar is often preferred for its maintenance-free
nature.

| Key Advantages of Radar Level Transmitter Systems

When comparing radar to legacy technologies like ultrasonic sensors, hydrostatic
pressure transmitters, or float switches, several distinct advantages of radar level
transmitter technology become apparent.

| 1. Non-Contact Measurement

Because non-contact radar does not touch the process media, the sensor is not
subject to corrosion, coating, or wear from abrasive materials. This is a significant
advantage in chemical processing or wastewater treatment where aggressive
acids or slurries would quickly degrade contact-based sensors.

| 2. Immunity to Process Conditions

Unlike ultrasonic sensors, which rely on sound waves that require a medium (air)
to travel, radar uses electromagnetic waves. This leads to several specific benefits:

Temperature and Pressure: Radar signals are unaffected by changes in tank
temperature or pressure. They operate reliably from cryogenic levels up to +450°C
and from vacuum to high-pressure environments (up to 160 bar / 2320 psi).

Vapor and Gas Layers: Radar waves penetrate heavy vapors, steam, and nitrogen
blankets that would otherwise deflect or absorb ultrasonic signals.

Dust and Turbulence: High-frequency radar (80 GHz) can penetrate heavy dust in
silos or ighore surface turbulence in agitated tanks.
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| 3. High Precision and Repeatability

Modern radar transmitters provide millimeter-level accuracy (often 1 mm or +2
mm). This precision is vital for inventory management and custody transfer
applications where small measurement errors can result in significant financial
discrepancies.

| 4. Versatility Across Media

Radar technology is effective for both liquids and solids. Whether measuring the
level of water, crude oil, corrosive chemicals, or plastic pellets in a silo, a correctly
configured radar meter can handle the task. The primary constraint is the
Dielectric Constant (er) of the material; however, even materials with low
reflectivity can be measured using Guided Wave Radar or high-sensitivity FMCW
units.

| 5. Reduced Maintenance and Long Life Cycle
With no moving parts and no contact with the medium, radar transmitters require
very little maintenance. Once calibrated, they often run for years without

intervention, reducing the Total Cost of Ownership (TCO) compared to mechanical
systems like float gauges or bubblers.

| Technology Selection Table

Choosing the right radar frequency and type depends on the specific application
requirements. Use the table below as a general reference for selection.
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26 GHz 80 GHz FMCW Guided Wave
Non-Contact Radar HELETY Radar (GWR)
Best Application General liquid Small nozzles, solids, Foam, low dielectric
storage, large tanks high precision liquids, bypass
chambers
Accuracy =3 mmto £5 mm =1 mm =2 mm
Beam Angle Wide (approx. Narrow (approx. N/A (signal follows
10°-20°) 3°-8°) probe)
Max Range Up to 30m (98 ft) Up to 120m (393 ft) Up to 75m (246 ft)
Obstruction Handling Moderate Excellent (narrow Excellent (ignores
beam) internals)
Cost Profile Economical Premium Moderate

|Practica| Installation Considerations

To fully realize the advantages of radar level transmitter technology, proper
installation is mandatory. Engineering teams should consider the following:

Beam Path and Obstructions: For non-contact radar, the "beam" spreads as it
travels. Ensure the path is clear of agitators, heating coils, or ladders. 80 GHz units
are advantageous here because their narrow beam can avoid these obstacles
more easily.

Nozzle Height and Diameter: The nozzle should be as short as possible to prevent
signal interference within the mounting neck. If a long nozzle is required, a radar
with a horn antenna or a specific waveguide may be necessary.

Dead Zone (Blocking Distance): Every radar has a minimum detection distance
near the antenna (typically 50 mm to 200 mm). Ensure the maximum fill level of
the tank does not enter this zone to avoid signal loss.

Mounting Position: Avoid mounting the transmitter in the exact center of a domed
tank, as this can cause "multiple echoes" that confuse the sensor. Ideally, mount
the unit at 1/3 the radius of the tank.
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| Limitations and Constraints

While radar is highly versatile, it is not a universal solution for every problem.
Engineers must be aware of its limitations:

Dielectric Constant (er): Materials with very low dielectric constants (like liquid
nitrogen or certain dry powders) reflect very little energy. In these cases, Guided
Wave Radar is often required to concentrate the signal.

Heavy Foam: While radar can penetrate some foam, extremely dense, thick foam
(like shaving cream consistency) may absorb the radar signal entirely or reflect it
prematurely, leading to false readings.

Cost: Radar transmitters generally have a higher initial purchase price than
ultrasonic or hydrostatic sensors, though this is often offset by lower maintenance
costs.

|Frequent|y Asked Questions (FAQs)

Q: Can radar level meters be used in vacuum tanks?

A: Yes. Since radar waves do not require a medium for propagation, they are ideal
for vacuum applications where ultrasonic sensors would fail.

Q: How does the dielectric constant affect the measurement?

A: The dielectric constant determines how much energy is reflected. A high er (like
water, er = 80) reflects a strong signal. A low er (like oil, er = 2) reflects a weak
signal. Modern Radar Level Meters use advanced algorithms to amplify these weak
signals.

Q: Is radar safe for use with flammable materials?

A: Yes, most industrial radar transmitters are available with ATEX, IECEXx, or FM
certifications for use in hazardous (Ex) zones. Their non-contact nature also
reduces the risk of leaks compared to traditional mechanical seals.

Q: Does the color or transparency of the liquid matter?
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A: No. Radar is completely unaffected by the optical properties of the medium. It
works equally well on clear water, opaque crude oil, or reflective molten metals.

| Conclusion

The advantages of radar level transmitter technology—ranging from its
non-contact nature and high precision to its resilience against extreme
temperatures and pressures—make it an essential tool for modern industrial
automation. By understanding the principles of ToF and FMCW and selecting the
appropriate frequency for the application, facilities can achieve reliable, long-term
level monitoring with minimal maintenance requirements. When designing a new
system or upgrading legacy instrumentation, radar should be considered the
primary option for any application where accuracy and uptime are paramount.
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