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Free Space Radar Level
Transmitter

A practical guide to free space radar level transmitter, covering the reader intent,
the relationship to free space radar level transmitter, key evaluation criteria,
common risks, and the information the intended project audience should confirm
before taking the next step.
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In the landscape of industrial automation, the ability to accurately monitor liquid
and solid levels without physical contact is a critical requirement for safety,
efficiency, and process control. The free space radar level transmitter has
emerged as a premier solution for these challenges, offering high-precision
measurement across diverse sectors including water treatment, chemical
processing, and the oil and gas industry. Unlike contact-based methods, free space
radar systems utilize electromagnetic waves to determine the distance to a
product surface, providing a reliable data stream even in volatile or corrosive
environments.

As a professional manufacturer, Welk specializes in providing advanced Radar
Level Meters designed to meet the rigorous demands of modern industrial
applications. This guide explores the fundamental principles, selection criteria, and
installation considerations essential for engineers and project managers looking to
implement this technology.

Understanding the Measurement Principle of Free
Space Radar

A free space radar level transmitter operates on the principle of "Time of Flight"
(ToF) or Frequency Modulated Continuous Wave (FMCW) technology. Unlike guided
wave radar, which uses a probe to direct the signal, a free space transmitter emits
microwave pulses or a continuous wave signal through the air (the "free space")
toward the material surface.

| Time of Flight (ToF) vs. FMCW

1. Pulse Radar (ToF): The instrument emits a short microwave pulse. This pulse
travels at the speed of light, reflects off the surface of the medium, and returns to
the sensor. The distance is calculated using the formula: $Distance = (Speed of
Light \times Travel Time) / 2%. This method is energy-efficient and suitable for
many standard applications.
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2. FMCW (Frequency Modulated Continuous Wave): The transmitter emits a
continuous signal with a constantly changing frequency. The frequency of the
reflected signal is compared to the frequency of the signal being emitted at that
moment. The difference between these frequencies is directly proportional to the
distance. FMCW is generally preferred for high-precision requirements and
applications with significant surface agitation or low dielectric constants.

Because the speed of electromagnetic waves is largely unaffected by temperature,
pressure, or the presence of vapors, the free space radar level transmitter offers
superior stability compared to ultrasonic sensors, which are sensitive to changes in
the speed of sound within the vapor space.

Key Advantages of Free Space Radar Level
Transmitters

The shift toward non-contact measurement is driven by several operational
advantages that reduce the Total Cost of Ownership (TCO) for industrial facilities:

Zero Maintenance: Since no part of the instrument touches the process media,
there is no risk of corrosion, coating, or mechanical wear on the sensor. This is
particularly valuable in wastewater treatment or chemical storage where
aggressive fluids are common.

High Temperature and Pressure Tolerance: Modern radar sensors can operate in
process temperatures exceeding 400°C and pressures up to 160 bar (16 MPa),
depending on the specific model and flange configuration.

Versatility: These transmitters are effective for both liquids and solids (such as
powders or grains). They can measure through plastic or glass tank walls if the
material dielectric properties allow.

Accuracy: High-frequency radar systems can achieve measurement accuracies
within £1 mm to 2 mm, making them suitable for custody transfer and
high-precision inventory management.
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Frequency Selection: 6GHz, 26GHz, and 80GHz
Compared

The frequency of the radar signal determines the beam angle, the size of the
antenna, and the transmitter's ability to penetrate obstacles or handle surface
turbulence. Choosing the correct frequency is the most critical step in the selection
process.

| 6GHz (C-Band)

Low-frequency radar is characterized by a wide beam angle and a long
wavelength. While it requires larger antennas (often 150mm to 250mm horns), it is
exceptionally robust in the presence of heavy steam, condensation, or thick foam.
The long wavelength can "see through" these surface disturbances more
effectively than higher frequencies.

] 26GHz (K-Band)

This is the industrial workhorse frequency. It offers a balance between a
manageable antenna size and a narrower beam angle (typically around 8° to 12°).
It is suitable for most standard liquid level applications in tanks with internal
obstructions like agitators or heating coils.

| 80GHz (W-Band)

80GHz technology represents the current state-of-the-art for a free space radar
level transmitter. The high frequency allows for a very narrow beam angle (as
small as 3°). This precision enables the radar to avoid internal tank structures and
allows for installation in small nozzles or tall, narrow silos. Furthermore, 80GHz
radar has a much higher dynamic range, allowing it to detect signals from
materials with very low dielectric constants.
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|Technica| Selection Criteria and Application Matrix

When evaluating Radar Level Meters for a specific project, engineers should
consult the following selection matrix to align the technology with process
conditions.

m 6GHz Radar 26GHz Radar 80GHz Radar

Beam Angle Wide (approx. 20°+ Medium (8° - 15°) Narrow (3° -
Antenna Size Large (DN150+) Medium (DN5O - Small (DN20 - DN50)
DN100)
Steam/Dust Excellent Good Moderate
Resistance
Accuracy =5 mmto £10 mm 2 mmto £5 mm +1 mm
Max Range Up to 30m Up to 70m Up to 120m
Best For Heavy foam, steam, General chemical Narrow vessels, low
boiling liquids storage, large tanks dielectric fluids,
solids

| Key Considerations for Selection:

1. Dielectric Constant ($er%): The reflectiveness of the material. Water ($sr = 80%)
is highly reflective, while hydrocarbons like oil or plastic pellets ($er < 2.0%) reflect
very little energy. Low $er$ materials require higher frequency radar or larger
antennas.

2. Process Connection: Ensure the flange or thread size matches the tank nozzle.
Note that the nozzle height should not interfere with the radar beam spread.

3. Measuring Range: Define the maximum distance from the sensor face to the
bottom of the tank (typically 0.1m to 120m).
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Installation Best Practices for Optimal Signal
Integrity

Proper installation is paramount to ensuring the free space radar level transmitter
provides a clean, reliable signal. Even the most advanced sensor will fail if placed
incorrectly.

| 1. Mounting Position

Do not mount the transmitter in the center of a tank, especially in cylindrical
vessels. This can lead to multiple echoes reflecting off the walls and converging at
the center, causing signal interference. Conversely, do not mount the sensor too
close to the tank wall; a minimum distance of 200mm to 500mm (depending on the
beam angle and tank height) is recommended to prevent wall-drag and parasitic
reflections.

| 2. Nozzle Geometry

The radar antenna should ideally extend slightly below the bottom of the mounting
nozzle. If the antenna is recessed deep within a narrow nozzle, the "ringing" effect
of the sighal bouncing inside the pipe can create a large dead zone (blocking
distance) at the top of the tank. For 80GHz units, this is less of a concern due to
the narrow beam, but for 26GHz units, nozzle height-to-diameter ratios should be
kept low.

| 3. Avoiding Obstructions

Identify the "keep-out zone" defined by the radar's beam angle. Any internal
structures—such as ladders, pipes, or agitator blades—that enter this cone will
reflect energy back to the sensor. If obstructions are unavoidable, many modern
transmitters offer "False Echo Suppression" software, allowing the user to map out
and ignore these static reflections.
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| 4. Orientation

For liquid applications, the sensor should be mounted perfectly vertical
(perpendicular to the liquid surface). For solids, an adjustable aiming flange may
be required to point the radar at the angle of repose of the material to maximize
the reflected signal.

Managing Limitations: Dielectric Constants, Foam,
and Turbulence

While highly versatile, a free space radar level transmitter does have physical
limitations that must be managed during the engineering phase.

Dielectric Constant Constraints: If the $&r$ is below 1.4, the reflection may be too
weak for a standard free space radar. In these instances, a guided wave radar
(GWR) or a high-gain 80GHz free space unit with a large antenna is necessary.

Foam Mitigation: Heavy, dense foam can absorb the radar signal entirely. While
6GHz radar is better at penetrating foam, in cases of extremely thick chemical
foam, a contact-based measurement like a magnetic level gauge or a hydrostatic
transmitter might be more reliable.

Turbulence and Agitation: Rapidly moving liquid surfaces can scatter the radar
signal. This is mitigated by using FMCW technology, which has better signal
processing capabilities, or by installing the radar inside a "stilling well" (a vertical
pipe that acts as a wave-breaker).

|Frequent|y Asked Questions (FAQs)

Q: Can a free space radar level transmitter measure through a closed tank lid?

A: Yes, if the lid is made of a non-conductive material like plastic (PE, PP, PVC) or
fiberglass. The radar waves pass through these materials. It cannot measure
through metal lids.

Q: What is the "Dead Zone" or "Blocking Distance"?
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A: This is the area immediately below the sensor where it cannot accurately
measure. For most radar meters, this ranges from 50mm to 300mm. The tank
should never be filled into this zone.

Q: How does dust affect the measurement in solid silos?

A: Unlike ultrasonic sensors, radar waves are not significantly attenuated by dust.
However, heavy dust buildup on the antenna lens can eventually degrade the
signal. Units with integrated air-purge connections are recommended for
extremely dusty environments.

Q: Is calibration required for radar level meters?

A: Radar meters are generally factory-calibrated. On-site configuration involves
setting the 4mA (empty) and 20mA (full) points relative to the tank height. They do
not require periodic re-calibration like pressure transmitters because the speed of
light is a constant.

| Conclusion

The implementation of a free space radar level transmitter offers a robust,
low-maintenance solution for complex industrial level measurement tasks. By
understanding the relationship between frequency, beam angle, and the dielectric
properties of the media, engineers can select a system that provides years of
accurate service.

For those seeking reliable, cost-effective measurement solutions, Welk provides a
comprehensive range of Radar Level Meters tailored for water treatment,
chemical, and industrial automation applications. Ensuring the correct match
between technology and application is the foundation of process safety and
operational excellence.
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