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Guided Wave Radar Level
Transmitter Limitations

A practical engineering guide to guided wave 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.

| BE

levelmeter.org
Main topic: Radar Level Meters
https://www.level-meters.com/products/radar-level-meters/

Welk Engineering Guide 1



WELK ENGINEERING GUIDE Guided Wave Radar Level Transmitter Limitations

In the landscape of industrial process control, selecting the appropriate level
measurement technology is critical for operational safety and efficiency. Guided
Wave Radar (GWR) has emerged as a preferred solution for many challenging
applications due to its ability to handle steam, foam, and varying vapor space
conditions. However, like any measurement technology, it is not a universal
solution. Understanding guided wave radar level transmitter limitations is essential
for instrumentation engineers and procurement specialists to ensure long-term
reliability.

Guided Wave Radar belongs to the broader family of Radar Level Meters, but it
differs fundamentally from non-contacting radar by using a physical probe to direct
the microwave signal. While this "guidance" provides distinct advantages, it also
introduces specific physical and chemical constraints that must be managed during
the design and installation phases.

Measurement Principle: Time Domain Reflectometry
(TDR)

Before examining limitations, it is necessary to understand the underlying physics.
GWR transmitters operate on the principle of Time Domain Reflectometry (TDR).
The device generates low-energy electromagnetic pulses that travel down a
metallic probe (the waveguide). When these pulses reach the surface of the
medium being measured, a portion of the pulse energy is reflected back to the
transmitter.

The reflection occurs because of a change in the dielectric constant ($er$)
between the upper medium (usually air or vapor) and the process medium (liquid
or solid). The transmitter measures the time-of-flight between the pulse emission
and the reception of the reflection to calculate the distance. Because the pulses
are guided, the signal is more concentrated and less susceptible to interference
from tank internal structures compared to non-contact radar.
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Core Guided Wave Radar Level Transmitter
Limitations

Despite its robustness, several factors can impede the performance of GWR
systems. These limitations generally fall into three categories: material properties,
physical/mechanical constraints, and installation environment.

| 1. Dielectric Constant Constraints

The dielectric constant ($er$) of the process medium is the most critical factor in
signal reflection.

Low Dielectric Media: Materials with a low dielectric constant (e.g., LPG, hexane, or
dry powders) reflect less energy. If the $&r$ is below 1.4, the reflection may be too
weak for the transmitter to distinguish from background noise. In such cases, a
coaxial probe or a dedicated "low dielectric" software algorithm is required.

Interface Measurement: GWR is excellent for measuring the interface between two
liquids (e.g., oil and water). However, a significant limitation exists: the upper
liquid must have a lower dielectric constant than the lower liquid, and the upper
layer must be thick enough (typically >100 mm) for the transmitter to resolve two
distinct peaks.

| 2. Physical Probe Limitations and Fouling

Since GWR is a contacting technology, the probe is permanently immersed in the
process.

Coating and Buildup: While GWR is more tolerant of coating than ultrasonic
sensors, excessive buildup of conductive or viscous materials on the probe can
attenuate the signal. If a conductive bridge forms between the probe and the tank
wall or nozzle, it can create a "false level" reading.
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Corrosion and Compatibility: The probe material must be chemically compatible
with the process medium. While 316L stainless steel is standard, highly corrosive
environments may require Hastelloy, Monel, or PTFE-coated probes, which
increases the total cost of ownership.

| 3. Mechanical Stress and Turbulence

In many industrial tanks, the physical environment can place significant
mechanical strain on the probe.

Pull Forces in Solids: In silos containing grain, sand, or plastic pellets, the
downward force of the material (pull force) can be immense. If the probe is not
rated for these forces, it may snap or damage the tank roof. Flexible cable probes
are often used, but they must be anchored properly.

Turbulence and Bending: In high-viscosity liquids or tanks with heavy agitation, a
rigid rod probe may bend or vibrate excessively. This can lead to fatigue failure or
the probe hitting the tank wall, causing signal interference.

|4. The "Dead Zone" (Blocking Distance)

Every GWR transmitter has an upper and lower dead zone. The upper dead zone is
the area near the mounting flange where the pulse is launched; reflections in this
area are often obscured by the "ringing" of the initial pulse. The lower dead zone
occurs at the end of the probe where the signal may behave unpredictably.
Typically, level measurement is not possible within the top 50 mm to 200 mm of
the probe, depending on the model and probe type.

| Comparison of GWR Probe Types

Selecting the right probe configuration is the primary method for mitigating known
limitations. The following table summarizes the suitability of different probe
designs.
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Single Rod/Cable Viscous liquids,
solids, fouling

applications.

Twin Rod/Cable Long-range liquid
measurement, low

dielectric liquids.

Coaxial Low dielectric liquids
($ers > 1.4),

turbulent surfaces.

30m (Cable) / 6m
(Rod)

Sensitive to nearby
tank internals;
requires larger
nozzles.

Prone to 20m
bridging/clogging

between rods;

difficult to clean.

Cannot be used with 6m
viscous or "sticky"
liquids; prone to

clogging.

| Engineering Considerations for Installation

To avoid the common guided wave radar level transmitter limitations, engineers
must adhere to strict installation guidelines:

1. Nozzle Dimensions: The diameter and height of the mounting nozzle significantly
affect the signal. A nozzle that is too narrow or too tall can create parasitic
reflections. For single-rod probes, a nozzle diameter of at least 50 mm (2 inches) is
generally recommended.

2. Proximity to Walls: Single-rod probes must maintain a minimum distance from
the tank wall (usually >300 mm) to avoid signal interference. If the tank is small or
has many internals, a coaxial probe is a better choice as the signal is contained
within the outer tube.

3. Obstructions: Avoid installing the probe near ladders, agitators, or heating coils.
Even though the signal is guided, the electromagnetic field extends slightly beyond
the probe surface.

4. Bypass Chambers: For applications with extreme turbulence or boiling surfaces,
installing the GWR in a bypass chamber (bridle) or a stilling well can eliminate
surface agitation issues, though it introduces the risk of clogging in the chamber

pipes.
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|App|ication Risks and Mitigation

When specifying Radar Level Meters for international projects, buyers should
confirm the following process parameters to mitigate risks:

Vapor Phase Influence: In high-pressure steam applications (e.g., boiler drum
level), the high dielectric constant of the steam can slow down the microwave
pulse, leading to a measurement error (the level appears lower than it is).
Specialized GWR units with "Gas Phase Compensation" use a reference reflector to
correct this error in real-time.

Solid Particle Size: In solids measurement, the particle size and moisture content
affect the dielectric constant. If the material is extremely fine and dry, the signal
may penetrate deep into the pile rather than reflecting off the surface.

| Frequently Asked Questions (FAQ)

| Can GWR measure the level of a vacuum?

Yes. Since electromagnetic pulses do not require a medium for travel (unlike
ultrasonic waves), GWR works perfectly in a vacuum. However, ensure the flange
seals are rated for vacuum service.

| How does foam affect GWR performance?

GWR is generally superior to non-contact radar in foaming applications. Because
the signal is guided, it can often penetrate through light, airy foam to reach the
liquid surface. However, dense, conductive foam may be detected as the primary
level.
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|What happens if the probe touches the tank bottom?

If a probe touches the metal bottom of a tank, it will create a strong reflection that
the transmitter may interpret as the liquid level. Most transmitters allow for a
"bottom logic" setting to ignore this, or the probe should be cut 50-100 mm shorter
than the tank height.

| Is GWR suitable for hygienic applications?

Yes, but with limitations. Single-rod probes with polished surfaces and Tri-Clamp
fittings are available. However, coaxial probes are generally avoided in food and
beverage applications because they are difficult to Clean-In-Place (CIP).

| Summary

Guided Wave Radar is a highly versatile technology, but its success depends on a
thorough understanding of the guided wave radar level transmitter limitations. By
accounting for dielectric constants, physical obstructions, and mechanical stresses
during the selection process, engineers can deploy GWR systems that provide
accurate, maintenance-free level measurement for years. For complex
applications involving low dielectric constants or extreme pressures, consulting
with a specialized manufacturer like Welk ensures that the probe configuration and
transmitter electronics are optimized for the specific process environment.
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