WELK | REFERENCE GUIDE

Radar Level Transmitter
Dead Zone

A practical guide to radar level transmitter dead zone, covering the reader intent,
the relationship to radar level transmitter dead zone, 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 industrial level measurement, precision is not merely about the accuracy of the
sensor's reading but also about understanding the physical limits of the technology
employed. For engineers and plant operators utilizing Radar Level Meters, one of
the most critical parameters to account for during the design and installation
phase is the radar level transmitter dead zone.

Also referred to as the "blind zone" or "near-range limit," the dead zone represents
the area immediately below the sensor's reference point where the instrument
cannot provide a reliable or accurate measurement. Failing to account for this
zone can lead to overfilling, false alarms, and process interruptions. This guide
explores the principles behind the dead zone, how it varies across different radar
technologies, and practical strategies for managing it in industrial applications.

| 1. Understanding the Measurement Principle

To understand why a dead zone exists, one must first look at how radar technology
functions. Most industrial radar level transmitters operate on one of two primary
principles: Pulse Radar (Time of Flight) or Frequency Modulated Continuous Wave
(FMCW).

| Pulse Radar (Time of Flight)

In pulse radar systems, the transmitter emits a short microwave pulse toward the
product surface. The pulse travels at the speed of light, reflects off the surface,
and returns to the antenna. The device calculates the distance based on the time it
takes for the signal to travel the round trip.

However, the electronics within the transmitter require a finite amount of time to
switch from "transmit" mode to "receive" mode. Additionally, the antenna itself
experiences "ringing"—a residual vibration from the high-energy pulse. During this
extremely brief interval, the receiver is effectively blinded. If the liquid surface is
too close to the antenna, the reflected signal returns while the transmitter is still
recovering from the emission. This physical limitation creates the radar level
transmitter dead zone.
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| FMCW Radar

FMCW radar does not send pulses. Instead, it emits a continuous signal with a
constantly changing frequency. The distance is determined by comparing the
frequency of the reflected signal to the frequency of the signal being emitted at
that exact moment. While FMCW radar generally offers a much smaller dead zone
than pulse radar—sometimes as small as 50 mm (approx. 2 inches)—it still
possesses a "near-field" area where the sighal processing may struggle to
distinguish between the emitted frequency and the reflection due to internal
leakage or antenna impedance mismatches.

| 2. Factors Influencing Dead Zone Dimensions

The size of the dead zone is not a fixed constant for all devices; it depends heavily
on the hardware design and the frequency of the radar.

| Frequency and Wavelength

High-Frequency Radar (e.g., 80 GHz): These devices use shorter wavelengths and
smaller antennas. Because the pulses are narrower and the antenna recovery time
is faster, 80 GHz radar level meters typically have very small dead zones, often
ranging from 0 to 100 mm.

Low-Frequency Radar (e.g., 6 GHz or 26 GHz): These require larger antennas to
focus the beam. The internal electronics and larger physical structures often result
in a larger dead zone, sometimes extending from 300 mm to 800 mm (approx. 12
to 31 inches).

| Antenna Type

Horn antennas, rod antennas, and parabolic antennas all interact with the signal
differently. A large horn antenna may have a significant internal volume where
signal interference occurs, effectively increasing the dead zone compared to a
flush-mounted lens antenna found in modern high-frequency units.
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| Dielectric Constant of the Medium

While the dead zone is primarily a hardware limitation, the dielectric constant
($er$) of the material being measured affects signal strength. If a material has a
very low dielectric constant, the reflection is weak. In the near-range area, this
weak reflection can be completely masked by the "noise" of the antenna’s initial
pulse, making the effective dead zone appear larger than it is for high-dielectric
materials like water.

3. Technical Selection Table: Radar Types and Dead
Zones

When selecting Radar Level Meters, engineers should refer to the manufacturer's
technical data sheets. The following table provides a general comparison of typical
dead zone ranges across different radar technologies.

Technology Type Typical Frequency Typical Dead Zone Best Use Case

Range

Pulse Radar 26 GHz 200 mm - 500 mm Large tanks,
non-corrosive liquids

FMCW Radar 80 GHz 0 mm - 100 mm Small vessels, high
precision, narrow
nozzles

Guided Wave Radar ~1 GHz (Pulses) 100 mm - 300 mm Low dielectric
(GWR) liquids, foaming
surfaces

Low-Freq Pulse 6 GHz 400 mm - 800 mm Applications with
heavy steam or
turbulence

Note: Dimensions are indicative; always consult the specific Welk product manual
for exact specifications.
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| 4. Risks of Ignoring the Dead Zone

In a B2B industrial environment, ignoring the radar level transmitter dead zone can
lead to several operational failures:

1. Level "Freezing": When the liquid enters the dead zone, the transmitter may
continue to report the last valid level it recorded before the signal was lost. This is
extremely dangerous in filling operations, as the pump may not shut off, leading to
a tank overflow.

2. False High Alarms: Some transmitters are programmed to output a maximum
signal (e.g., 22mA) when the signal is lost in the near range. While this is a safety
feature, it can trigger unnecessary emergency shutdowns if the process normally
operates near the top of the tank.

3. Erratic Jumpiness: If the signal is partially captured within the dead zone, the
output may jump rapidly between the actual level and a fixed distance (like the
bottom of the nozzle), causing havoc for PID control loops.

5. Installation Considerations and Mitigation
Strategies

If your process requires measuring the level up to the very top of the vessel, there
are several engineering methods to mitigate the impact of the dead zone.

| Use of Nozzles and Standoff Pipes

One of the most common ways to "move" the dead zone out of the active process
area is to install the radar meter on a nozzle or a standoff pipe. By raising the
reference point of the antenna above the tank roof, the dead zone remains inside
the pipe, allowing the sensor to measure the liquid level all the way up to the top
of the tank shell.

Guideline: Ensure the nozzle diameter is large enough to prevent "ringing" from
the nozzle walls. For 26 GHz radars, a 50 mm to 100 mm nozzle is standard. For 80
GHz radars, even narrower nozzles can be used due to the tighter beam angle.
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| Bypass Chambers (Bridles)

For liquids that foam or have turbulent surfaces, installing the radar in a bypass
chamber mounted to the side of the tank is an effective solution. This not only
calms the surface but allows the dead zone to be positioned above the highest
possible liquid entry point into the chamber.

|Programming and Blocking Distances

Most modern Radar Level Meters allow the user to program a "blocking distance."
This is a software setting that tells the transmitter to ignore any signals within a
certain range of the antenna. While this doesn't eliminate the dead zone, it
prevents the transmitter from hunting for a signal in the noise-heavy near-range,
ensuring a more stable (though limited) output.

| 6. Practical Selection Checklist

Before purchasing a radar level transmitter, confirm the following details with your
engineering team:

Maximum Operating Level: What is the highest the liquid will ever reach? Compare
this to the tank height and the transmitter’s dead zone.

Tank Geometry: Is there a mounting nozzle? What is its height and diameter?

Agitators and Obstructions: Are there internal structures near the top of the tank
that could create interference within the near-range?

Safety Requirements: Does the application require SIL (Safety Integrity Level)
certification? High-level overfill protection often requires specific dead zone
management.

|7. Frequently Asked Questions (FAQs)

Q: Does the dead zone change over time?
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A: No, the dead zone is a result of the physical properties of the antenna and the
speed of the electronics. However, heavy buildup or condensation on the antenna
can mimic a signal in the dead zone, causing measurement errors.

Q: Can | use a Guided Wave Radar (GWR) to eliminate the dead zone?

A: GWR also has a dead zone (often called the Upper Transition Zone). While it
functions differently than non-contact radar, there is still a region at the top of the
probe where the signal is non-linear. It is usually smaller than low-frequency pulse
radar but larger than 80 GHz FMCW radar.

Q: What happens if the liquid enters the dead zone?

A: Most devices will either hold the last known value, drop to a "lost signal" error
state, or jump to a maximum value. It is critical to configure the "fail-safe"
behavior of the transmitter to match your plant's safety protocols.

Q: Is the dead zone measured from the flange or the antenna tip?

A: This depends on the manufacturer. For Welk instruments, the reference point is
typically the lower edge of the process connection (the flange or thread), but
always verify with the specific model's dimensional drawing.

| Conclusion

The radar level transmitter dead zone is an inherent characteristic of
microwave-based measurement. While it cannot be entirely eliminated, it can be
successfully managed through informed technology selection and proper
installation. By choosing high-frequency 80 GHz Radar Level Meters for tight
spaces or utilizing standoff nozzles for larger vessels, process engineers can
ensure continuous, accurate level monitoring even at the highest points of their
process tanks.

For specific application advice or to review the dead zone specifications for your
particular tank geometry, consult with a technical specialist to ensure your level
measurement solution is both reliable and safe.
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