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Radar Level Transmitter
Limitations

A practical engineering guide to radar level transmitter limitations, explaining
operating principles, selection criteria, installation constraints, application risks,
and the information an international buyer should confirm before choosing
equipment for industrial level measurement.
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In the landscape of industrial automation, radar level measurement has emerged
as one of the most reliable technologies for liquid and solid monitoring. By utilizing
electromagnetic waves, these instruments provide non-contact measurement that
is largely unaffected by changes in temperature, pressure, or the presence of dust.
However, no single technology is a universal solution. Understanding radar level
transmitter limitations is essential for process engineers and procurement
specialists to ensure long-term accuracy and avoid costly installation failures.

This guide examines the fundamental operating principles of Radar Level Meters,
details the physical and environmental constraints of the technology, and provides
a framework for selecting the right instrument for challenging industrial
environments.

| Measurement Principles of Radar Technology

Before addressing limitations, it is necessary to understand how radar instruments
function. Industrial radar level transmitters generally operate using one of two
primary methods: Pulse Radar or Frequency Modulated Continuous Wave (FMCW).

| Pulse Radar (Time of Flight)

Pulse radar transmitters emit a series of high-frequency microwave pulses toward
the product surface. These pulses travel at the speed of light, reflect off the
surface, and return to the sensor. The instrument measures the time elapsed
between emission and reception—known as the Time of Flight (ToF). The distance
is calculated using the formula:

Distance = (Speed of Light x Time) / 2

| Frequency Modulated Continuous Wave (FMCW)

FMCW radar, often found in high-precision 80 GHz transmitters, emits a continuous
signal with a constantly changing frequency. The difference between the frequency
of the emitted sighal and the reflected signal is proportional to the distance. FMCW
is generally preferred for its higher signal-to-noise ratio and better resolution in
complex environments.

Welk Engineering Guide 2



WELK ENGINEERING GUIDE Radar Level Transmitter Limitations

| Frequency Bands

6 GHz (C-Band): High penetration power, useful for heavy steam or foam, but
requires large antennas due to wide beam angles.

26 GHz (K-Band): The industrial standard for many years, offering a balance
between antenna size and accuracy.

80 GHz (W-Band): The modern standard for narrow beam angles and high
precision, allowing for easier installation in narrow tanks or through small nozzles.

| Core Radar Level Transmitter Limitations

While radar is highly versatile, several physical and chemical factors can impede
its performance. Recognizing these radar level transmitter limitations during the
design phase prevents operational downtime.

|1. Dielectric Constant ($&r$) of the Medium

Radar waves rely on a change in the dielectric constant at the interface between
the air (or vapor) and the process medium to produce a reflection.

The Constraint: Materials with a low dielectric constant, such as liquefied gases,
oils, or certain solvents, reflect very little energy. If the $&r$ is below 1.4, the
signal may be too weak for a standard non-contact radar to detect reliably.

Engineering Impact: In low-dielectric applications, the signal may pass through the
medium and reflect off the bottom of the tank, leading to a "bottom echo" error.

| 2. Surface Turbulence and Agitation

Radar measurement assumes a relatively flat, perpendicular surface for optimal
signal return.
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The Constraint: In tanks with heavy agitation, splashing, or vortexing, the radar
signal is scattered rather than reflected back to the antenna. This results in signal
loss or erratic readings.

Engineering Impact: Turbulence effectively reduces the maximum measurable
range of the device. While software filtering can mitigate some noise, extreme
turbulence may require a bypass pipe or a stilling well.

| 3. Foam Interference

Foam is one of the most complex challenges for radar technology. Its impact
depends on the foam's density, conductivity, and thickness.

The Constraint: Dry, airy foam may be transparent to radar, causing the sensor to
read the liquid level beneath it. Conversely, thick, wet, or conductive foam can
absorb the radar signal entirely or reflect it prematurely, causing the sensor to
report the top of the foam as the liquid level.

Engineering Impact: If foam is a constant process byproduct, higher-frequency
radars (80 GHz) may struggle more than lower-frequency (6 GHz) units, which have
better penetration capabilities.

| 4. Internal Tank Obstructions

Radar signals spread out in a cone-shaped beam. Any object within this beam will
produce a reflection.

The Constraint: Heating coils, ladders, agitator blades, and structural supports
create "false echoes." If these echoes are stronger than the reflection from the
actual product surface, the transmitter may lock onto the obstruction.

Engineering Impact: Modern Radar Level Meters utilize "false echo suppression"
software to map out these static reflections, but this requires careful
commissioning and does not solve the problem of moving agitators.
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| 5. Nozzle Design and Mounting Constraints

The geometry of the mounting nozzle can significantly impact signal quality.

The Constraint: If a nozzle is too long or too narrow, the radar signal will reflect off
the nozzle walls before even entering the tank. This creates a large "dead zone" or
"blocking distance" at the top of the tank where measurement is impossible.

Engineering Impact: The antenna should ideally extend slightly past the bottom of
the nozzle to prevent internal reflections.

| Comparison Table: Radar Technology Selection

26 GHz Radar 80 GHz Radar Guided Wave
Radar (GWR)

Beam Angle Moderate ( Narrow (3° - 6°) N/A (Contact)

Dielectric Sensitivity Moderate High Excellent (Low $er$
support)

Foam Performance Good Moderate Poor (Foam coats
probe)

Dust/Vapor High Excellent High

Resistance

Internal Obstructions Sensitive Less Sensitive Immune (if clear of
probe)

Ideal Application General liquid Narrow tanks, solids Hydrocarbons, small

storage vessels

| Installation Considerations to Mitigate Limitations

To overcome the inherent radar level transmitter limitations, engineers must
adhere to strict installation protocols. Proper placement ensures that the signal
path remains clear and the return signal remains strong.
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1. Beam Path Clearance: Ensure the radar beam does not intersect the path of the
filling stream. Falling material (liquid or solid) will cause significant interference
and false readings.

2. Distance from Walls: To avoid multipath reflections, the transmitter should
typically be installed at a distance from the tank wall equal to at least 1/6th of the
tank diameter.

3. Nozzle Height: For 80 GHz units, nozzle height is less critical due to the narrow
beam, but for 26 GHz units, the nozzle should be kept as short as possible. If a long
nozzle is unavoidable, a waveguide or an antenna extension must be used.

4. Orientation: The antenna should be mounted perpendicular to the product
surface. In solids applications, an adjustable flange (swivel mount) is often required
to aim the radar at the angle of repose to maximize signal return.

| Environmental and Process Constraints

Beyond the physical tank geometry, the process environment itself imposes
limitations:

Condensation and Buildup: While radar is non-contact, heavy condensation or
material buildup on the antenna lens can attenuate the signal. In these cases,
antennas with PTFE covers or air purging systems are necessary.

Pressure and Temperature: Standard radar housings are robust, but extreme
temperatures (above 200°C) or high pressures (above 40 bar) require specialized
ceramic seals and cooling elements to protect the electronics.

Vacuum Conditions: Radar works well in a vacuum because electromagnetic waves
do not require a medium for travel (unlike ultrasonic waves). However, the seal
integrity of the transmitter becomes a critical failure point.

| Frequently Asked Questions (FAQ)

Q: Can radar level transmitters measure the level of solids like sand or grain?
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A: Yes, but with limitations. Solids reflect signals unevenly due to the angle of
repose. High-frequency 80 GHz radar is typically preferred for solids because its
narrow beam can target specific areas of the pile and handle the lower reflectivity
of many bulk solids.

Q: How does a Guided Wave Radar (GWR) differ in terms of limitations?

A: GWR is a contact technology where the signal travels along a probe. It
overcomes limitations related to turbulence and low dielectric constants but is
limited by the risk of material wrapping around the probe or mechanical stress
from heavy solids pulling on the cable.

Q: What is the "Dead Zone" in radar measurement?

A: The dead zone (or blocking distance) is the area immediately below the antenna
where the device cannot accurately process a reflection. This is typically between
50mm and 500mm, depending on the frequency and antenna design.

Q: Is radar affected by heavy dust in a silo?

A: Unlike ultrasonic sensors, radar is largely unaffected by dust because the
wavelength of the microwave signal is much larger than the dust particles,
allowing the signal to pass through the cloud with minimal attenuation.

| Conclusion

Radar level transmitters are powerful tools for industrial process control, offering
high accuracy and low maintenance. However, successful implementation requires
a deep understanding of radar level transmitter limitations. By accounting for the
dielectric constant of the medium, managing tank internal geometries, and
selecting the appropriate frequency and mounting position, engineers can ensure
reliable performance even in the most demanding B2B industrial applications.

When specifying equipment, it is vital to consult with a professional manufacturer
like Welk to match the instrument specifications to the specific chemical and
physical properties of the process. For more detailed technical specifications and
product comparisons, you can Review product options and application support to
find the optimal solution for your facility's requirements.
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