WELK | REFERENCE GUIDE

Radar Level Transmitter
Blocking Distance

A practical guide to radar level transmitter blocking distance, covering the reader
intent, the relationship to radar level transmitter blocking distance, 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 is the cornerstone of safety and
efficiency. Among the various technologies available for monitoring tank levels,
Radar Level Meters have emerged as a premier choice due to their non-contact
nature and resistance to temperature, pressure, and dust. However, even the most
advanced radar sensors possess a physical limitation known as the radar level
transmitter blocking distance.

Often referred to as the "dead zone" or "blanking distance," this parameter defines
the region directly beneath the sensor antenna where accurate measurement is
either impossible or highly unreliable. For process engineers and system
integrators, understanding and accounting for this distance is critical to preventing
tank overflows, pump cavitation, and signal loss. This guide explores the principles
behind radar measurement, the technical causes of blocking distances, and
practical strategies for sensor selection and installation.

| Measurement Principles of Radar Level Technology

To understand why a blocking distance exists, one must first understand how radar
level transmitters operate. Most industrial radar sensors, such as those
manufactured by Welk, utilize one of two primary methods: Pulse Radar
(Time-of-Flight) or Frequency Modulated Continuous Wave (FMCW).

| Pulse Radar (Time-of-Flight)

Pulse radar sensors emit high-frequency microwave pulses toward the surface of
the material being measured. These pulses travel at the speed of light, reflect off
the surface, and return to the sensor. The transmitter measures the time elapsed
between emission and reception to calculate the distance.

The blocking distance in pulse radar is primarily caused by the time required for
the electronics to switch from "transmit" mode to "receive" mode. Because
microwaves travel so quickly (approximately 300,000 km/s), the sensor cannot
process a return signal that arrives while it is still emitting the pulse or during the
brief recovery period immediately following emission.
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| FMCW Radar

FMCW radar transmits a continuous signal with a constantly changing frequency.
The distance is determined by the frequency difference between the transmitted
signal and the reflected signal received at any given moment. While FMCW
technology generally offers higher accuracy and a smaller dead zone compared to
traditional pulse radar, it still faces a radar level transmitter blocking distance due
to "antenna ringing" and internal signal leakage near the transmitter head.

| What is Radar Level Transmitter Blocking Distance?

The radar level transmitter blocking distance is a fixed zone, typically measured
from the lower edge of the antenna or the reference plane of the process
connection. When the material level rises into this zone, the sensor can no longer
distinguish the reflection from the product surface from the internal noise or the
initial pulse emission.

| Why the Blocking Distance Matters

If the liquid or solid level enters the blocking distance, the transmitter may exhibit
several failure modes:

1. Fixed Output: The sensor may "freeze" at the last known valid reading.

2. Maximum Output: The sensor may jump to its maximum range value or an error
state (e.g., 22mA).

3. Erratic Jumping: The signal may fluctuate wildly as the software attempts to find
a valid return signal amidst the near-field noise.

In critical applications like chemical storage or water treatment, failing to account
for this distance can lead to environmental hazards or equipment damage.
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| Factors Influencing the Size of the Dead Zone

Not all radar level meters are created equal. Several technical factors determine
the magnitude of the radar level transmitter blocking distance.

| 1. Operating Frequency

The frequency of the radar signal is the most significant factor.

6GHz - 26GHz Radar: These lower-frequency sensors typically have larger
antennas and longer pulse widths, resulting in a larger blocking distance, often
ranging from 300mm to 800mm.

80GHz Radar: Modern high-frequency radar sensors use much shorter wavelengths
and narrower beam angles. This allows for significantly smaller blocking distances,
often as low as 50mm to 100mm (approx. 2 to 4 inches).

| 2. Antenna Design

The shape and type of the antenna (horn, parabolic, or rod) affect how the signal is
launched. Horn antennas may have a larger internal volume where signal
interference can occur, whereas flat-array or lens antennas used in high-frequency
models minimize this effect.

| 3. Signal Processing Algorithms

Advanced digital signal processing (DSP) can help "mask" the near-field
interference, allowing the sensor to operate closer to the antenna. However, no
amount of software can completely eliminate the physical limitations of the
hardware.
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| Practical Selection Table for Engineers

When selecting a transmitter, use the following table as a general reference for
typical blocking distances based on technology and frequency.

Radar Type Typical Frequency Typical Blocking Best Use Case

Distance (mm)

Pulse Radar 6.3 GHz 400 - 1000 mm Large tanks, heavy
foam, turbulent
surfaces

Pulse Radar 26 GHz 200 - 500 mm General purpose,

chemical tanks

FMCW Radar 24 - 26 GHz 100 - 300 mm High precision liquid
level

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

Guided Wave Radar N/A 50 - 150 mm Low dielectric media,

bypass chambers

Note: Always consult the specific datasheet for the Welk model being utilized, as
blocking distances can vary based on the specific process connection and antenna
configuration.

Installation Considerations to Mitigate Blocking
Distance

To ensure reliable performance, the installation must be engineered to prevent the
product level from ever reaching the radar level transmitter blocking distance.
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| Nozzle Height and Standpipes

If the tank must be filled to the absolute top, the radar sensor should be mounted
on a nozzle or a standpipe. By elevating the sensor above the tank roof, the
blocking distance remains within the nozzle, allowing the liquid level to reach the
top of the tank without entering the dead zone.

Caution: When using nozzles, ensure the nozzle diameter is large enough to
prevent "ringing" or internal reflections from the nozzle walls. 80GHz radars are
particularly well-suited for tall, narrow nozzles due to their narrow beam angle.

| High-Level Alarms

Safety protocols should dictate that the high-high level alarm (HH) is set below the
start of the blocking distance. For example, if a sensor has a 300mm blocking
distance, the maximum fill limit should be set at 350mm or 400mm from the
sensor face to provide a safety buffer.

| Orientation and Obstructions

The sensor should be mounted away from the tank wall and away from inflow
pipes. Turbulence or splashing near the antenna can trigger false reflections within
the blocking distance zone, leading to measurement errors.

| Risks and Limitations

While radar technology is robust, it is not immune to environmental factors that
can effectively "extend" the perceived blocking distance:

Condensation and Buildup: Heavy condensation or material buildup on the antenna
can cause signal attenuation and increase near-field noise, making the blocking
distance appear larger than specified.
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Heavy Foam: While radar can penetrate some foam, thick or metallic foam can
reflect the signal prematurely. If the foam enters the blocking distance, the sensor
will fail to track the underlying liquid level.

Low Dielectric Media: For materials with very low dielectric constants (e.g.,
liguefied gases or certain oils), the reflected signal is weak. In these cases, the
sighal-to-noise ratio near the antenna is poor, requiring a larger safety margin
beyond the nominal blocking distance.

| Frequently Asked Questions (FAQ)

Q: Can the radar level transmitter blocking distance be set to zero?

A: Physically, no. There is always a minimum distance required for the electronics
to process the signal. However, some 80GHz FMCW sensors have such a small
dead zone (near 10mm) that they are marketed as having "near-zero" blocking
distance.

Q: What is the difference between "Blocking Distance" and "Full Tank Adjustment"?

A: The blocking distance is a physical limitation of the hardware. "Full tank
adjustment" is a software setting where the user defines what measured distance
corresponds to 100% volume. It is vital that the 100% mark is set below the
blocking distance.

Q: Does the blocking distance change with temperature?

A: Generally, no. The blocking distance is a function of the speed of light and
electronic switching speeds, which are relatively stable. However, extreme
temperature shifts can affect the electronics' sensitivity, potentially slightly
altering the signal-to-noise ratio in the near-field.

Q: If my tank is only 1 meter tall, can | use a radar with a 500mm blocking
distance?

A: It is not recommended. You would only be able to use 50% of your tank's
capacity. In such small vessels, an 80GHz radar or an ultrasonic sensor with a
small dead zone would be more appropriate.
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| Conclusion and Next Steps

Selecting the right Radar Level Meters requires a balance between budget,
accuracy, and the physical constraints of the vessel. The radar level transmitter
blocking distance is not merely a technical specification; it is a fundamental
boundary that dictates how a tank can be safely operated.

Before finalizing your system design, confirm the following with your
instrumentation provider:

1. The exact blocking distance for the specific antenna and frequency selected.
2. The height of the mounting nozzle and how it affects the near-field signal.

3. The dielectric constant of the media, which may necessitate a larger safety
buffer.

By respecting these factual boundaries and utilizing high-frequency technology
where necessary, engineers can ensure accurate, maintenance-free level
measurement across the most demanding industrial applications.
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