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Difference Between Radar
and Guided Wave Radar
Level Transmitter

A practical guide to difference between radar and guided wave radar level
transmitter, covering the reader intent, the relationship to difference between
radar and guided wave radar level transmitter, key evaluation criteria, common
risks, and the information the intended project audience should confirm before

level-measurement
Main topic: Radar Level Meters
https://www.level-meters.com/products/radar-level-meters/
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In the field of industrial automation, selecting the most effective level
measurement technology is a critical decision for process engineers. Among the
most reliable technologies available today are Radar Level Meters, which utilize
microwave signals to determine the distance to a product surface. However, radar
technology is split into two distinct categories: non-contact (free-space) radar and
contact-based Guided Wave Radar (GWR).

Understanding the fundamental difference between radar and guided wave radar
level transmitter systems is essential for ensuring accuracy, reducing maintenance
costs, and maintaining safety in water treatment, chemical processing, and oil and
gas applications. This guide provides a detailed technical comparison of these two
technologies, their operating principles, and practical selection criteria.

| 1. Measurement Principles

Before comparing the two, it is necessary to understand how each technology
interacts with the process media.

|Non-Contact Radar (Free-Space Radar)

Non-contact radar level transmitters operate by emitting high-frequency
electromagnetic waves (microwaves) from an antenna toward the material
surface. These waves travel through the air or vapor space at the speed of light.
When the signal hits a medium with a different dielectric constant (er) than the air,
a portion of the energy is reflected back to the transmitter.

The transmitter measures the "time of flight"—the time it takes for the signal to
travel to the surface and back. Modern systems often use Frequency Modulated
Continuous Wave (FMCW) technology. In FMCW, the transmitter sends a
continuous signal with a constantly changing frequency. The difference in
frequency between the emitted and received signal is directly proportional to the
distance, allowing for extremely high precision, even over long distances.
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| Guided Wave Radar (GWR)

Guided Wave Radar is based on the principle of Time Domain Reflectometry (TDR).
Instead of broadcasting microwaves through open space, GWR transmitters send a
low-energy microwave pulse down a physical probe (a metal rod, coaxial pipe, or
flexible cable).

When the pulse reaches the surface of the medium, the change in the dielectric
constant causes a reflection. The pulse travels back up the probe to the
electronics, which calculate the level based on the travel time. Because the signal
is contained and guided by the probe, the energy remains concentrated, making it
highly efficient for measuring materials with low dielectric constants or in
environments with significant surface turbulence.

2. Key Difference Between Radar and Guided Wave
Radar Level Transmitter

While both technologies use microwaves, the method of signal propagation creates
several operational differences.

| Signal Propagation and Energy Concentration

The primary difference between radar and guided wave radar level transmitter
units is how the signal is delivered. Non-contact radar spreads its signal in a beam
(the width of which depends on the antenna frequency and size). As the signal
travels, it naturally loses strength. In contrast, GWR guides the signal along a
probe, preventing signal dispersion. This makes GWR inherently more effective for
liquids with low reflectivity (low dielectric constants).
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| Media and Surface Conditions

Non-contact radar is highly sensitive to surface conditions. If a liquid is boiling,
highly turbulent, or covered in thick foam, the microwave signal may scatter or be
absorbed, leading to signal loss. GWR is significantly more robust in these
scenarios because the probe acts as a stable path for the signal, allowing it to
penetrate through foam or remain stable despite surface agitation.

| Physical Contact

As the names suggest, non-contact radar never touches the process media. This
makes it ideal for corrosive, sticky, or highly hygienic applications where probe
buildup or contamination is a concern. GWR requires a probe to be submerged in
the media. This means the probe material must be chemically compatible with the
process fluid, and the probe may require periodic cleaning if the media is prone to
heavy coating or crystallization.

| 3. Practical Selection Table

To assist in the engineering selection process, the following table summarizes the
performance of each technology across common industrial variables.
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Measurement Type

Dielectric Constant (er)

Surface Turbulence

Foam Presence

Internal Obstructions

Vapor/Dust

Probe Buildup

Measurement Range

Installation Ease

Difference Between Radar and Guided Wave Radar Level Transmitter

m Non-Contact Radar Guided Wave Radar (GWR)

Non-contact

Best for er > 1.9 (80GHz can
do lower)

Sensitive to heavy
ripples/boiling

Can be absorbed or reflected
by foam

Requires clear "line of sight"

Generally unaffected (except

high-frequency)

No risk

Up to 100m+

Very easy (top mount)

| 4. Installation Considerations

Contact (Probe-based)

Excellent forer = 1.4

Highly resistant

Penetrates foam to measure
liquid level

Can be used near
walls/obstructions

Unaffected

Risk of signal attenuation if
coated

Typically up to 30m (cable)
or 6m (rod)

Requires probe length
management

Successful deployment of Radar Level Meters depends heavily on proper

installation geometry.

| Non-Contact Radar Installation

Nozzle Interference: The radar beam must not hit the edges of the mounting
nozzle. Higher frequency radars (e.g., 80GHz) have narrower beam angles,
allowing for installation on smaller nozzles.

Obstructions: Avoid installing the transmitter directly above agitators, ladders, or
heating coils. If obstructions are unavoidable, most modern transmitters offer
"false echo suppression" to ignore these signals.
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Positioning: The transmitter should generally be placed 1/6th to 1/4th of the tank
diameter away from the tank wall to avoid interference from wall reflections.

| Guided Wave Radar Installation

Probe Clearance: While GWR is less affected by tank internals than free-space
radar, the probe should still maintain a minimum distance (typically 100mm to
300mm) from the tank wall and internal structures to prevent signal interference.

Nozzle Height: The "dead zone" or blocking distance at the top of the probe is a
critical factor. Ensure the nozzle height does not force the maximum level into the
upper dead zone where measurement is impossible.

Cable Anchoring: In tall tanks using flexible cable probes, the bottom of the cable
should be anchored if there is significant flow or agitation to prevent the probe
from hitting the tank wall or internals.

| 5. Limitations and Risks

No single technology is a universal solution. Engineers must be aware of the
following limitations:

| Non-Contact Radar Limitations

Low Dielectric Materials: Hydrocarbons and solvents with very low dielectric
constants reflect very little energy. While high-frequency 80GHz radar has
improved this, GWR remains the safer choice for extremely low er fluids.

Heavy Foam: Thick, dense foam (like shaving cream) can completely absorb a
microwave signal, resulting in a "lost echo" error.
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| Guided Wave Radar Limitations

Mechanical Stress: In tall silos or tanks with high-viscosity fluids, the pull-down
force on a GWR cable can be several tons. This requires heavy-duty mounting and
structural reinforcement of the tank roof.

Coating and Bridging: If the media is highly viscous or sticky, it can create a
"bridge" between the probe and the nozzle or the tank wall. This creates a false
high-level signal that is difficult to filter out.

| 6. Application Examples

| Case A: Corrosive Chemical Storage

Recommended: Non-Contact Radar. Since the media is corrosive, avoiding contact
is the priority. A hon-contact radar with a PTFE-faced antenna provides excellent
chemical resistance and requires zero maintenance because no part of the
instrument is submerged.

| Case B: Small Buffer Tank with Agitator

Recommended: Guided Wave Radar. Small tanks often have limited space and
multiple obstructions like agitator blades. A coaxial GWR probe acts as its own
"stillpipe," containing the signal within the probe and ignoring all external
interference from the agitator.

| Case C: High-Pressure Steam Drum

Recommended: Guided Wave Radar. Steam can change the speed of microwave
propagation in free space, leading to measurement errors in non-contact systems.
GWR with end-of-probe shift compensation can automatically correct for the
effects of high-pressure saturated steam.
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| 7. Frequently Asked Questions (FAQ)

Q: Can | use a radar level meter for solids?

A: Yes. Non-contact radar is excellent for large silos of grain, plastic pellets, or
minerals. GWR can also be used, but the mechanical pull-forces on the probe must
be calculated carefully.

Q: Does temperature or pressure affect the measurement?

A: Microwaves are generally unaffected by temperature and pressure variations.
However, the mechanical seals and electronics of the transmitter must be rated for
the specific process conditions. Extreme high-pressure steam is one of the few
cases where the gas phase density affects the sighal speed, requiring
compensation.

Q: What is the "Dead Zone"?

A: The dead zone (or blocking distance) is the area directly below the transmitter
flange where the device cannot accurately measure. For non-contact radar, this is
usually 50mm to 200mm. For GWR, there is a top dead zone and a bottom dead
zone (where the probe is anchored).

| Conclusion

The primary difference between radar and guided wave radar level transmitter
technology lies in the signal delivery method. Non-contact radar offers the
advantage of zero maintenance and suitability for corrosive media, while Guided
Wave Radar provides superior stability in turbulent, foaming, or low-dielectric
applications. By evaluating the dielectric constant of the media, the presence of
foam or turbulence, and the physical constraints of the vessel, engineers can
select the Radar Level Meters that provide the highest reliability for their specific
industrial process.
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