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In the landscape of industrial process control, the demand for precise and reliable
level measurement has led to the widespread adoption of Guided Wave Radar
(GWR) technology. Often referred to by the industry term Levelflex, these
instruments utilize Time Domain Reflectometry (TDR) to provide continuous level
measurement in both liquids and bulk solids. Unlike non-contact radar, which
propagates waves through the air, GWR systems guide electromagnetic pulses
along a physical probe, ensuring a focused energy path that is less susceptible to
environmental interference.

For engineers and plant operators, understanding the nuances of Levelflex
technology is essential for optimizing process efficiency. This guide explores the
fundamental principles, selection criteria, and practical installation strategies for
GWR instruments within various industrial frameworks, including water treatment,
chemical processing, and oil and gas applications.

Measurement Principles: Time Domain Reflectometry
(TDR)

The core functionality of a Levelflex instrument is based on TDR technology.
High-frequency electromagnetic pulses are generated by the sensor's electronics
and coupled onto a probe (the waveguide). These pulses travel down the probe at
the speed of light. When the pulse reaches the surface of the medium being
measured, a portion of the pulse energy is reflected back toward the transmitter.

This reflection occurs due to a change in the dielectric constant ($er$) between the
upper medium (usually air or gas) and the process medium. The transmitter
measures the time-of-flight—the duration between the emission of the pulse and
the reception of the reflected signal. Since the speed of the pulse is constant, the
distance to the product surface is calculated using the formula:

$$D = \frac{c \times t}{2}%$%
Where:

D is the distance to the surface.

c is the speed of light in the medium.

t is the measured time-of-flight.
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The level is then determined by subtracting the distance (D) from the total tank
height (calibration zero). Because the pulse is guided, the signal remains
concentrated, allowing for accurate measurements even in narrow tanks or
vessels with internal obstructions. For more information on various measurement
technologies, you can visit the Main Page of industrial instrumentation resources.

| Probe Selection and Material Compatibility

Selecting the correct probe type is the most critical step in implementing a
Levelflex solution. Probes are generally categorized into three designs:
mono-rod/cable, twin-rod/cable, and coaxial. Each has distinct advantages
depending on the dielectric constant of the medium and the physical constraints of

the vessel.

| Selection Table: GWR Probe Types

Probe Type

Best For

(Typical)

Max Range

Dielectric
Constant

($er$)

Advantages

Single
Rod/Cable

Twin Rod/Cable

Coaxial
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Liquids, viscous Up to 60m
media, solids

Long range in Up to 30m
low dielectric

liquids

Low dielectric Up to 6m
liquids,

turbulent

surfaces

er=1.6

er=1.4

er=1.1

Easy to clean,
resistant to
buildup.

Better
signal-to-noise
ratio than single
rod.

Highest
accuracy,
unaffected by
tank internals.
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| Material Considerations

In chemical and oil & gas applications, the probe material must withstand
corrosive environments. Standard probes are often constructed from 316L
stainless steel, but for aggressive media, coatings such as PTFE
(Polytetrafluoroethylene) or PFA (Perfluoroalkoxy) are applied. These coatings
provide chemical resistance and help prevent medium adhesion, which can lead to
signal attenuation.

| Application Scenarios: Liquids vs. Solids

| Liquid Measurement and Interface

Levelflex instruments are highly effective for measuring liquid levels in pressurized
tanks or vacuum conditions. One of the unique capabilities of GWR is interface
measurement. In a tank containing two immiscible liquids (e.g., oil over water), the
pulse reflects off the upper surface of the oil and continues through the oil to
reflect off the water interface. This allows for the simultaneous measurement of
the total level and the interface level, provided the upper medium has a lower
dielectric constant than the lower medium.

| Bulk Solids Measurement

In silos containing powders, grains, or minerals, Levelflex probes (typically
heavy-duty cables) are subjected to significant tensile forces due to the downward
pull of the material during discharge. It is vital to calculate the pull-down force to
ensure the silo roof and the probe assembly can withstand the mechanical load.
For solids, GWR is preferred over ultrasonic sensors because it is unaffected by the
high dust concentrations often present during filling cycles.
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| Installation Considerations and Best Practices

Proper installation is paramount to the long-term reliability of a Levelflex system.
While GWR is more forgiving than non-contact radar, certain geometric rules must
be followed.

1. Nozzle Dimensions: The diameter and height of the mounting nozzle can
influence the signal. If the nozzle is too narrow or too long, it may create parasitic
reflections (ringing) that mask the true level signal. As a rule of thumb, the nozzle
diameter should be at least 50mm (2 inches), and the probe should extend at least
100mm below the nozzle bottom.

2. Wall Clearance: To prevent interference, the probe should be installed at a
distance from the vessel wall. For a single rod probe, a minimum clearance of
300mm is generally recommended. Coaxial probes are exempt from this
requirement as the signal is contained within the outer tube.

3. Bypass Pipes and Stillwells: In applications with heavy foam or extreme
turbulence, installing the Levelflex probe inside a bypass pipe or stillwell can
stabilize the surface and provide a cleaner signal. This is common in boiler drum
level control and refinery separators.

4. Obstructions: Avoid installing probes near agitators, heating coils, or ladders. If
obstructions are unavoidable, many modern transmitters offer "mapping" or "false
echo suppression" features to ignore these static reflections.

| Limitations and Common Risks

Despite its versatility, Levelflex technology has limitations that must be addressed
during the engineering phase:

Dielectric Minimums: If the dielectric constant of the medium is extremely low (less
than 1.4), the reflected signal may be too weak for the electronics to detect
reliably. In such cases, a coaxial probe or a different technology like a magnetic
level gauge might be required.
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Heavy Buildup: While GWR can handle some coating, excessive buildup of
conductive or moist material on the probe can cause signal loss or inaccurate
readings. Regular maintenance or the use of PTFE-coated probes can mitigate this
risk.

Mechanical Stress in Solids: In tall silos, the lateral and vertical forces on a cable
probe can be immense. Failure to account for these forces can result in the probe
being ripped from the mount or damaging the silo structure.

Bridging: In bulk solids, material may bridge between the probe and the vessel wall
or between the two cables of a twin-cable probe, leading to false high-level
readings.

| Technical Comparison: GWR vs. Non-Contact Radar

m Levelflex (GWR) Non-Contact Radar

Signal Path Guided along a probe Through the air

Foam Handling Excellent (pulse penetrates Limited (foam absorbs signal)
foam)

Turbulence High resistance Moderate resistance

Installation Requires contact with Non-contact
medium

Max Temperature Up to 450°C (special Up to 250°C (typical)
versions)

Dust Sensitivity None Low to Moderate

| Frequently Asked Questions (FAQ)

Q: Can Levelflex be used in high-pressure steam applications?

Welk Reference Guide 6



WELK REFERENCE GUIDE Levelflex

A: Yes. However, at high pressures and temperatures, the dielectric constant of
steam increases, which slows down the radar pulse (gas phase compensation).
Specialized GWR probes with a reference reflection are used to automatically
compensate for this effect to maintain accuracy.

Q: Does the probe need to be grounded?

A: Yes, the instrument must be properly grounded to the vessel to ensure a stable
reference potential for the electromagnetic pulses. This is especially critical in
non-metallic tanks, where a ground plane (such as a metal flange or a special
mounting plate) must be provided.

Q: How do | handle a probe that is too long for my tank?

A: Most Levelflex rod and cable probes can be shortened in the field. After cutting
the probe to the desired length, the transmitter software must be updated with the
new probe length to ensure accurate scaling. Coaxial probes are more difficult to
shorten and should ideally be ordered to the correct length.

Q: Is Levelflex suitable for hygienic applications?

A: Yes, there are specific versions designed with polished stainless steel surfaces
and FDA-approved seals (such as EPDM or Kalrez) for use in the food, beverage,
and pharmaceutical industries. These desighs ensure there are no dead spaces
where bacteria can grow.

| Conclusion

Levelflex technology represents a robust and highly adaptable solution for the
complex level measurement challenges found in modern industrial processes. By
guiding the radar signal, these instruments overcome many of the hurdles that
affect traditional measurement methods, such as vapor, dust, and surface
turbulence. When selecting a GWR system, engineers must carefully evaluate the
dielectric properties of the medium, the mechanical constraints of the vessel, and
the specific chemical compatibility requirements of the application.
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For those seeking reliable, accurate, and cost-effective level measurement
solutions, integrating GWR into a broader automation strategy provides significant
long-term value. Whether managing water treatment facilities or complex
chemical reactors, the precision of guided wave radar ensures operational safety
and process consistency. For further technical specifications and product options,
please refer to the Main Page for comprehensive instrumentation support.
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