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Limitations of Radar Level
Transmitter

A practical engineering guide to limitations of radar level transmitter, 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 process control, radar technology is often regarded
as the gold standard for liquid and solid level measurement. Known for its
non-contact nature and ability to operate in extreme temperatures and pressures,
it has largely superseded older technologies like ultrasonic or float-based systems
in complex applications. However, no single technology is a universal solution.
Understanding the limitations of radar level transmitter systems is critical for
instrumentation engineers to avoid costly measurement errors, equipment failure,
and safety risks.

At Welk, we emphasize that while Radar Level Meters offer high precision, their
performance is governed by the laws of electromagnetics. This article provides a
deep dive into the measurement principles, selection constraints, and physical
limitations that must be considered before deployment.

| Measurement Principles of Radar Level Meters

To understand the limitations, one must first understand how these devices
function. Radar level transmitters generally fall into two categories: Non-contact
(Air-coupled) and Guided Wave Radar (GWR).

| Time of Flight (ToF) and Pulse Radar

Pulse radar transmitters emit a high-frequency electromagnetic pulse toward the
product surface. The pulse reflects off the surface and returns to the sensor. The
device measures the time it takes for the pulse to travel to the surface and back.
Since the speed of light ($c$) is constant, the distance ($D$%$) is calculated as:

$D = (c \times t) / 2%

| Frequency Modulated Continuous Wave (FMCW)

Modern high-precision radar units, particularly those operating at 80GHz, often use
FMCW. Instead of a single pulse, the transmitter emits a continuous signal with a
constantly varying frequency. The difference in frequency between the emitted
signal and the reflected signal is proportional to the distance. FMCW offers better
signal-to-noise ratios and higher resolution than traditional pulse radar.
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| Guided Wave Radar (GWR)

GWR utilizes Time Domain Reflectometry (TDR). The electromagnetic pulse is
guided along a physical probe (rod or cable) rather than traveling through the air.
This concentrates the energy and reduces signal loss, making it more effective for
low-dielectric materials, though it introduces the limitation of being a
contact-based technology.

| Core Limitations of Radar Level Transmitters

Despite their versatility, several physical and environmental factors can
compromise the accuracy of radar level measurement.

| 1. Dielectric Constant ($&r$) Constraints

The most significant limitation of any radar-based system is the dielectric constant
of the medium being measured. The dielectric constant is a measure of a
material's ability to reflect electromagnetic energy.

High Dielectric Materials: Water ($er = 80%) and aqueous solutions reflect radar
signals very well.

Low Dielectric Materials: Hydrocarbons, oils, and certain solids (like plastic pellets)
have low dielectric constants (often $sr < 2.0%).

If the dielectric constant is too low, the signal passes through the material rather
than reflecting off the surface. In such cases, the radar may detect the bottom of
the tank instead of the liquid level. While GWR can handle lower dielectrics than

non-contact radar, there is still a physical floor (typically $er > 1.4%) below which
measurement becomes unreliable without specialized software or coaxial probes.

| 2. The Impact of Foam and Turbulence

Foam is the "arch-nemesis" of non-contact radar. Depending on its density,
thickness, and conductivity, foam can behave in three ways:
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Transparent: The radar signal passes through the foam and reflects off the liquid
(Ideal).

Absorptive: The foam absorbs the radar energy, resulting in no return signal
(Signal Loss).

Reflective: The radar reflects off the top of the foam, providing a false high
reading.

Heavy, dense foam (like that found in chemical reactors or beer fermentation)
often absorbs 26GHz signals entirely. While 80GHz radar has better penetration, it
is not immune. Turbulence and surface waves also scatter the signal, reducing the
amplitude of the return echo and potentially causing "hunting" where the output
fluctuates rapidly.

| 3. Internal Tank Obstructions and False Echoes

Radar signals propagate in a cone-shaped beam. Any physical object within this
beam—such as agitators, heating coils, ladders, or even weld seams—will create a
reflection.

While modern transmitters feature "False Echo Suppression" (where the software
is taught to ignore static reflections), these obstructions still limit the effective
range and sensitivity of the device. If an agitator blade is large enough, it may
completely mask the signal from the actual product surface when the level is low.

| 4. Antenna Buildup and Condensation

In many industrial processes, vapors condense on the antenna, or sticky products
create a film (buildup).

Condensation: Water droplets on a horn antenna can refract the signal, leading to
measurement drift.

Crystallization/Buildup: If a layer of conductive material dries on the antenna, it
can create a "short circuit" for the signal, leading to a "high-level" false alarm or
total signal loss.
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To mitigate this, engineers often specify PTFE-faced antennas or air purging
systems, but these add cost and complexity.

| Technical Selection Table: Radar Types

Choosing the right frequency and technology is the primary way to overcome the
limitations of radar level transmitter installations.

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

Beam Angle Wide (8° - 20°) Narrow (3° - 4°) N/A (Focused on
probe)

Best For Large storage tanks Small vessels, Low dielectric, foam

agitators

Dust Resistance Moderate High Excellent

Min. Dielectric ($er$) 1.9 > 1.4 > 1.2 (Coaxial)

Installation Non-contact Non-contact Contact (Probe in
tank)

Max Range Up to 30m Up to 120m Up to 75m

| Installation Considerations and Constraints

Even the best Radar Level Meters will fail if installed incorrectly. Engineers must
account for the following spatial limitations:

|The Dead Zone (Blocking Distance)

Every radar transmitter has a "dead zone" directly beneath the antenna (typically
50mm to 300mm). In this zone, the device cannot distinguish between the emitted
pulse and the reflection. If the tank is overfilled into this zone, the reading will be
lost or frozen at the maximum value.
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| Nozzle Geometry

The mounting nozzle acts as a waveguide. If the nozzle is too narrow or too long, it
creates internal reflections (ringing) that interfere with the near-range
measurement. A general rule of thumb is that the antenna should extend at least
10mm (approx. 0.4 inches) below the bottom of the nozzle.

| Beam Angle and Wall Interference

The radar beam must not touch the tank walls. If the beam hits a wall, the signal is
scattered, and the return echo is weakened. For a 26GHz radar with a 10° beam
angle, the distance from the wall must be calculated based on the total height of
the tank. 80GHz systems are much more forgiving due to their narrow 3° beam,
allowing for installation closer to walls or in vessels with internal structures.

| Application Risks: When Radar is Not the Answer

While radar is robust, there are specific scenarios where alternative technologies
like hydrostatic pressure or magnetic level gauges are superior:

1. Extremely Low Dielectric Liquefied Gases: In some cryogenic applications where
the dielectric constant is near 1.0, radar signals simply will not reflect.

2. Interface Measurement with Emulsion Layers: While GWR can measure the
interface between oil and water, it struggles if a thick emulsion (rag) layer exists
between the two liquids. The radar signal gets "lost" in the emulsion.

3. Vacuum Applications with Boiling: In a vacuum, liquids can boil at low
temperatures. The resulting heavy vapor and surface turbulence can scatter radar
signals more aggressively than at atmospheric pressure.

|Frequent|y Asked Questions (FAQs)

Q: Can radar level transmitters measure through plastic tank walls?
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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 non-contact radar can measure the level from outside the
tank. However, this is dependent on the dielectric of the product inside being
significantly higher than the plastic.

Q: Does pressure affect the accuracy of a radar level meter?

A: Unlike ultrasonic sensors, which depend on air density to transmit sound, radar
uses electromagnetic waves. Therefore, pressure changes (even a vacuum) do not
affect the speed of the signal. However, extremely high pressure may require
specialized high-pressure lens antennas to ensure the mechanical integrity of the
seal.

Q: How do | handle heavy dust in a silo?

A: For solids, 80GHz radar is preferred. Its high frequency and narrow beam can
penetrate dust clouds more effectively than lower-frequency units. Additionally, an
aiming flange (swivel mount) is often required to point the radar at the angle of
repose of the material.

Q: What is the maintenance requirement for these devices?

A: Radar units are generally low-maintenance because they have no moving parts.
The primary maintenance task is checking for buildup on the antenna and ensuring
the cable entries remain sealed against moisture.

| Conclusion

Understanding the limitations of radar level transmitter technology is not about
highlighting flaws, but about ensuring engineering success. By accounting for
dielectric constants, managing foam and turbulence, and adhering to strict
installation geometries, radar remains the most reliable method for modern
industrial level automation.

When selecting a system, always provide the manufacturer with a complete
chemical profile of the medium and a detailed drawing of the tank internals. At
Welk, we provide tailored OEM/ODM solutions to help bridge the gap between
theoretical performance and real-world application constraints, ensuring your
process remains accurate and safe.
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