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Dead Zone in Radar Level
Transmitter

A practical guide to dead zone in radar level transmitter, covering the reader
intent, the relationship to dead zone in 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 field of industrial automation, precision and reliability are the cornerstones
of process safety and efficiency. Among the various technologies available for
monitoring liquid and solid levels, Radar Level Meters have emerged as a preferred
solution due to their non-contact nature and ability to withstand harsh
environments. However, every measurement technology has physical limitations.
One of the most critical parameters for engineers and plant operators to
understand is the dead zone in radar level transmitter.

Often referred to as the "blind zone" or "blocking distance," the dead zone defines
the area immediately adjacent to the sensor where measurement is either
impossible or highly inaccurate. Understanding why this zone exists, how it varies
between different radar frequencies, and how to account for it during installation is
essential for preventing tank overfills and ensuring continuous process control.

| Measurement Principles of Radar Level Meters

Before diving into the specifics of the dead zone, it is necessary to understand how
radar instruments calculate distance. Modern industrial radar transmitters
primarily utilize two measurement principles: Pulse Radar and Frequency
Modulated Continuous Wave (FMCW).

| 1. Pulse Radar (Time of Flight)

Pulse radar instruments emit a short microwave signal toward the medium. This
pulse travels at the speed of light, reflects off the surface of the material, and
returns to the sensor. The transmitter measures the time it takes for the pulse to
complete this round trip (Time of Flight). Since the speed of light is constant, the
distance is calculated as:

Distance = (Speed of Light x Travel Time) / 2
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|2. Frequency Modulated Continuous Wave (FMCW)

FMCW radar does not send discrete pulses. Instead, it emits a continuous signal
with a frequency that changes linearly over time (a frequency sweep). When the
reflected signal is received, it is compared to the signal currently being emitted.
The difference in frequency between the transmitted and received signals is
directly proportional to the distance. This method generally offers higher accuracy
and better signal-to-noise ratios than pulse radar.

| What is the Dead Zone in Radar Level Transmitter?

The dead zone is the region starting from the reference point of the sensor (usually
the bottom of the flange or the antenna tip) extending downward, within which the
device cannot reliably detect the product surface.

If the liquid level rises into this zone, the transmitter may display an error code,
hold the last valid measurement, or jump to a maximum value. In a B2B context,
failing to account for the dead zone in radar level transmitter can lead to
catastrophic failures, such as chemical spills in storage tanks or dry-running pumps
in water treatment facilities.

| Why Does the Dead Zone Exist?

The existence of the dead zone is rooted in the physics of the sensor's operation:

Switching Time (Pulse Radar): In pulse-based systems, the same antenna is often
used for both transmitting and receiving. The electronics require a finite amount of
time to switch from "transmit mode" to "receive mode." During this micro-interval,
any returning echoes are ignored. If the surface is too close, the echo returns
before the receiver is ready.

Near-Field Interference: At very close ranges, the electromagnetic field is highly
complex. Internal reflections within the antenna or the mounting nozzle can create
"noise" that masks the true reflection from the product surface.
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Signal Processing Limits (FMCW): In FMCW systems, the frequency difference
between the transmitted and received signal becomes extremely small as the
distance approaches zero. If this difference is smaller than the resolution of the
signal processor, the measurement fails.

| Technical Comparison: Dead Zone by Radar Type

The size of the dead zone is not universal; it depends heavily on the frequency of
the radar and the design of the antenna. High-frequency Radar Level Meters (such
as 80GHz) typically offer much smaller dead zones compared to lower-frequency
versions (6GHz or 26GHz).

Radar Technology Typical Frequency Typical Dead Zone Primary

Application
Low Frequency 6 GHz 400 mm - 600 mm Large tanks with
Radar heavy foam or
turbulence.
Standard Industrial 26 GHz 200 mm - 400 mm General purpose
Radar chemical and oil
storage.
High-Frequency 80 GHz 50 mm - 100 mm Small vessels,
Radar precision dosing, and

pharmaceutical.

Guided Wave Radar ~1 GHz 100 mm - 300 mm Low dielectric

(GWR) liquids, bypass
chambers, and
interface.

| Factors Influencing the Dead Zone

While the manufacturer specifies a nominal dead zone, real-world conditions can
influence how a dead zone in radar level transmitter behaves in the field.

Welk Reference Guide 4



WELK REFERENCE GUIDE Dead Zone in Radar Level Transmitter

| 1. Antenna Design

Horn antennas generally have larger dead zones because the signal must clear the
physical structure of the horn before a clean reflection can be processed. In
contrast, lens antennas used in 80GHz radar are often flush-mounted and designed
to minimize internal reflections, allowing for a much shorter dead zone.

| 2. Dielectric Constant (er)

The strength of the reflected signal depends on the dielectric constant of the
medium. Materials with a high dielectric constant (like water, er = 80) produce a
very strong echo. Materials with low dielectric constants (like oils or plastic pellets,
er < 2) produce weak echoes. If the signal is weak, the transmitter may struggle to
distinguish the surface echo from the "noise" in the near-field, effectively
expanding the functional dead zone.

| 3. Mounting Nozzle Geometry

If a radar is mounted on a tall, narrow nozzle, the nozzle itself can create parasitic
reflections. These reflections can interfere with the sensor's ability to see the
product surface near the top of the tank. This is often managed through a setting
called "Near-Range Suppression" or "Blanking Distance," which manually extends
the dead zone to ignore nozzle interference.

| Installation Considerations to Manage the Dead Zone

To ensure the reliability of Radar Level Meters, proper installation is paramount.
Engineers should follow these guidelines to mitigate the risks associated with the
dead zone:

1. Calculate Maximum Fill Level: The maximum liquid level in the tank should
always be at least 50 mm to 100 mm below the specified dead zone of the
transmitter. For example, if a 26GHz radar has a 300 mm dead zone, the high-level
alarm should be set no higher than 400 mm below the flange.
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2. Use Nozzle Extensions Wisely: If the process requires the tank to be filled to the
very top, consider using a nozzle that allows the radar to be mounted higher than
the tank roof. However, ensure the radar beam can clear the nozzle without
excessive interference.

3. Opt for High Frequency in Small Tanks: In small process vessels where every
millimeter of volume counts, 80GHz radar is the superior choice. Its narrow beam
angle and small dead zone allow for measurement almost up to the sensor face.

4. Guided Wave Radar for Tight Spaces: In instances where the dead zone at the
top of the tank is a major constraint, Guided Wave Radar (GWR) can sometimes be
used with a "top-of-probe" calibration, though GWR also has an upper dead zone
where the signal transitions from the coaxial/twin-lead cable to the probe.

| Limitations and Risks

Ignoring the dead zone in radar level transmitter specifications leads to several
operational risks:

False High Readings: The transmitter may lock onto a reflection from the mounting
flange and report a "Full" status when the tank is actually only partially full.

Loss of Signal (EO14/Error Codes): Most modern instruments will output an error
signal (e.g., 22mA or 3.6mA) when the level enters the dead zone, which can
trigger emergency shutdowns unnecessarily if not calibrated correctly.

Physical Damage: If the liquid level reaches the antenna, it can coat the lens or
horn with residue. Depending on the chemical nature of the product (e.qg.,
corrosive acids or sticky resins), this can lead to permanent damage or the need
for frequent maintenance and cleaning.

| Frequently Asked Questions (FAQs)

Q: Can | reduce the dead zone by changing the software settings?

A: No. The dead zone is a physical limitation based on the antenna design and
electronics. You can increase the dead zone (blanking distance) to ignore
interference, but you cannot decrease it below the manufacturer’s physical limit.
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Q: Does the dead zone exist at the bottom of the tank too?

A: Technically, no. The area at the bottom of the tank is often called the "Bottom
Transition Zone." In this area, the radar signal may pass through the remaining
liquid and reflect off the tank bottom, leading to inaccuracies. This is separate from
the dead zone at the top of the transmitter.

Q: How does foam affect the dead zone?

A: Foam can absorb the radar signal or create a false surface. If foam enters the
dead zone, it can cause significant signal scattering, making it impossible for the
transmitter to provide a reliable reading.

Q: Is 80GHz always better for minimizing the dead zone?

A: Generally, yes. 80GHz technology uses shorter wavelengths and more
sophisticated signal processing, which significantly reduces the time required for
the electronics to stabilize after a pulse, resulting in a much smaller dead zone
(often as small as 50 mm).

| Conclusion

Selecting the right Radar Level Meters requires a thorough understanding of the
application's physical constraints. The dead zone in radar level transmitter is a
fundamental characteristic that dictates how close the material can get to the
sensor before measurement integrity is lost. By choosing the appropriate
frequency, understanding the impact of antenna design, and following strict
installation protocols, industrial operators can ensure accurate level monitoring
even in the most demanding process environments.

For complex applications involving low-dielectric materials or agitated surfaces,
consulting with a technical specialist is recommended to confirm that the chosen
instrument's dead zone and beam angle are compatible with the vessel geometry.
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