WELK | REFERENCE GUIDE

Guided Wave Radar Level
Transmitter

A practical guide to guided wave radar level transmitter, covering the reader
intent, the relationship to guided wave 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 automation, accurate level measurementis a
cornerstone of process safety, inventory management, and operational efficiency.
Among the various technologies available, the guided wave radar level transmitter
has emerged as a highly reliable solution for challenging environments. As a
professional manufacturer, Welk provides these instruments to industries ranging
from water treatment to oil and gas, where precision is nhon-negotiable.

This guide explores the engineering principles, selection criteria, and installation
requirements for guided wave radar (GWR) technology, helping engineers and
plant managers determine the most effective configuration for their specific
process needs.

Measurement Principle: Time Domain Reflectometry
(TDR)

To understand the guided wave radar level transmitter, one must first understand
the principle of Time Domain Reflectometry (TDR). Unlike non-contact Radar Level
Meters that broadcast electromagnetic waves through the air, GWR systems guide
a low-energy pulse of high-frequency electromagnetic waves along a physical
probe (a rod or a cable).

| The Reflection Process

When these pulses travel down the probe and encounter a medium with a different
dielectric constant ($er$) than the air or gas above it, a portion of the pulse energy
is reflected back to the transmitter. The dielectric constant is a measure of a
material's ability to store electrical energy. Water, for instance, has a high
dielectric constant (~80), while oils and hydrocarbons have much lower values
{(~1.8 to B).

| Distance Calculation

The transmitter electronics measure the precise time of flight between the
generation of the pulse and the receipt of the reflected signal. Since the speed of
electromagnetic waves is constant, the distance to the product surface is
calculated using the formula:
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Distance = (Speed of Light x Time of Flight) / 2

The level of the medium is then determined by subtracting this distance from the
known tank height (the probe length). Because the signal is physically guided by
the probe, it is less susceptible to signal loss caused by beam divergence, making
GWR exceptionally efficient in narrow tanks or near internal obstructions.

| Key Components and Probe Types

A guided wave radar level transmitter consists of the electronic housing
(transmitter head) and the probe. The choice of probe is critical to the
performance of the instrument.

| 1. Single Rod or Cable Probes

These are the most common and versatile. They are easy to clean and less prone
to material build-up. However, they are more sensitive to the proximity of the tank
wall and internal obstructions. They typically require a minimum distance of 300
mm (approx. 12 inches) from any metal object to prevent signal interference.

| 2. Twin Rod or Cable Probes

Twin probes consist of two parallel conductors. The electromagnetic field is
concentrated between the two rods, making them more efficient for measuring
low-dielectric liquids than single rods. They are, however, susceptible to
"bridging"—where sticky or viscous material gets trapped between the rods,
causing false readings.
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| 3. Coaxial Probes

Coaxial probes consist of a rod inside a perforated outer tube. This design offers
the highest signal-to-noise ratio because the electromagnetic pulse is completely
contained within the tube. Coaxial probes are unaffected by tank internals, foam,
or turbulence and are the preferred choice for very low dielectric liquids ($&r$ as
low as 1.4). Their main limitation is that they cannot be used with liquids that
cause clogging or contain large solids.

| Interface Measurement Capabilities

One of the unique advantages of the guided wave radar level transmitter is its
ability to measure both the total level and the interface level between two
immiscible liquids (e.g., oil over water).

In an interface application, the pulse travels through the upper layer (which must
have a low dielectric constant and be non-conductive). A portion of the pulse
reflects off the upper surface, while the remainder continues through the top liquid
and reflects off the interface of the lower liquid (which must have a higher
dielectric constant). This capability is essential in separator tanks and decanters
used in the petrochemical and water treatment industries.

| Practical Selection Table

Choosing the right configuration depends on the physical properties of the medium
and the vessel geometry.
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Application Criteria | Coaxial Probe Single Rod/Cable Twin Rod/Cable

Minimum Dielectric 1.9 (with stilling well)

(er)

Viscous/Sticky Media Not Recommended Excellent Poor

Foaming Liquids Excellent Good Fair

Turbulent Surfaces Excellent Good Good

Narrow Nozzles Good Excellent Fair

Internal Obstructions Unaffected Sensitive Moderately Sensitive
Max Probe Length Up to 6m (20ft) Up to 75m (246ft) Up to 75m (246ft)

| Installation Considerations

Proper installation is vital for the accuracy of any Radar Level Meters. For GWR
transmitters, several factors must be addressed during the engineering phase:

| Nozzle Dimensions

The mounting nozzle should be as short and wide as possible. If a nozzle is too long
or narrow, it can create parasitic reflections that interfere with the signal near the
top of the tank. For single rod probes, the nozzle diameter should ideally be at
least 50 mm (2 inches).

The Dead Zone (Upper and Lower Blocking
Distances)

Every GWR transmitter has an upper and lower "dead zone" where measurements
are either impossible or inaccurate.

- Upper Dead Zone: Usually ranges from 50 mm to 500 mm (2 to 20 inches)
depending on the probe type and medium dielectric.
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- Lower Dead Zone: Occurs at the tip of the probe. If the probe is resting in a
transition zone or near the tank bottom, the signal may be lost.

Engineers must ensure the expected operating range of the tank falls between
these two zones.

| Probe Anchoring

In tall tanks or vessels with high agitation, cable probes must be anchored to the
bottom to prevent them from swinging and hitting the tank wall or internal
structures. If an anchor is used, it must be non-conductive or accounted for in the
transmitter's software to avoid false "end of probe" reflections.

| Bypass Pipes and Stilling Wells

If the tank has heavy foam or extreme turbulence, installing the guided wave radar
level transmitter inside a bypass pipe or stilling well is recommended. This
provides a calm surface for measurement and can also act like a coaxial probe,
boosting the signal for low-dielectric fluids.

| Limitations and Common Risks

While GWR is robust, it is not a "one-size-fits-all" solution. Practitioners should be
aware of the following risks:

1. Material Build-up: While single rod probes handle coating better than others,
extreme build-up of conductive material can cause signal attenuation or "ghost"
echoes.

2. Mechanical Stress: In solid applications (like grain or powders), the downward
pull (tensile load) on a cable probe can be several tons. The tank roof and the
transmitter's process connection must be engineered to withstand these forces.

3. Dielectric Shifts: If the dielectric constant of the upper medium changes
significantly (e.g., changing from one chemical to another), the velocity of the
pulse changes, which can introduce measurement errors in interface applications.
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4. Electromagnetic Interference: Although the probe guides the signal, high-power
equipment nearby can occasionally induce noise in the electronics if the housing is
not properly grounded.

| Maintenance and Troubleshooting

Guided wave radar transmitters are generally low-maintenance because they have
no moving parts. However, a routine inspection schedule should include:

- Visual Inspection: Check the probe for signs of corrosion, bending, or excessive
coating.

- Echo Curve Analysis: Most modern transmitters allow users to view the "echo
curve" via software. This is a graphical representation of the reflected signals. A
clean curve with a distinct peak at the product surface indicates a healthy
installation. If multiple peaks appear, it may indicate interference from an
internal obstruction or build-up.

- Seal Integrity: In high-pressure or corrosive applications, check the process
seal (O-rings or hermetic seals) to ensure no process fluid is leaking into the
electronic housing.

| Frequently Asked Questions (FAQ)

Q: Can a guided wave radar level transmitter be used in a vacuum?

A: Yes. Since electromagnetic waves do not require a medium to travel (unlike
ultrasonic waves), GWR works perfectly in vacuum conditions.

Q: How does steam affect GWR measurement?

A: High-pressure steam has a high dielectric constant, which can slow down the
radar pulse and cause the level to appear lower than it actually is. For boiler
applications, Welk recommends transmitters with "Steam Compensation" features
that use a reference reflection to correct for this velocity change.

Q: Can | cut the probe if it is too long?
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A: Most cable and rod probes can be shortened in the field. However, the
transmitter's configuration must be updated with the new probe length to maintain
accuracy.

Q: What is the difference between GWR and non-contact radar?

A: Non-contact Radar Level Meters are ideal for corrosive or extremely hot
materials where you don't want anything touching the liquid. GWR is better for
low-dielectric liquids, foaming applications, and tanks with narrow nozzles or
internal obstructions where a non-contact beam would be blocked.

| Conclusion

The guided wave radar level transmitter represents a peak of reliability in contact
level measurement. By guiding the energy pulse directly to the target, it
overcomes many of the environmental factors that challenge other technologies.
Whether managing interface levels in a separator or monitoring water levels in a
treatment plant, selecting the correct probe and following rigorous installation
standards ensures long-term accuracy and safety. For complex applications,
consulting with a manufacturer like Welk during the design phase can prevent
costly measurement errors and equipment downtime.
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