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Free Wave Radar Level
Transmitter

A practical guide to free wave radar level transmitter, covering the reader intent,
the relationship to free wave 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 landscape of industrial automation, precise level measurement is a
cornerstone of operational efficiency, safety, and inventory management. Among
the various technologies available, the free wave radar level transmitter has
emerged as a premier solution for non-contact measurement. Unlike guided wave
radar (GWR), which uses a physical probe to direct electromagnetic pulses, free
wave radar emits sighals through the air or vapor space, reflecting off the material
surface and returning to the sensor.

This article provides a comprehensive technical overview of Radar Level Meters,
exploring their measurement principles, selection criteria, and installation best
practices for B2B engineering applications.

| Measurement Principles of Free Wave Radar

A free wave radar level transmitter operates on the principle of reflecting
electromagnetic waves. The device, typically mounted at the top of a tank or
vessel, transmits a signal toward the medium below. When the signal hits the
surface of the liquid or solid, a portion of the energy is reflected back to the
antenna. By calculating the time it takes for the signal to travel to the surface and
back, the transmitter determines the distance to the product and, consequently,
the level.

There are two primary methods used in modern radar level meters to process
these signals:

| 1. Pulse Radar (Time of Flight)

Pulse radar systems emit short microwave pulses. The transmitter measures the
time interval between the emission of the pulse and the reception of the echo.
Since the speed of light is constant, the distance is calculated as:

Distance = (Speed of Light x Travel Time) / 2.

Pulse radar is often favored for its lower power consumption and suitability for
simple liquid level applications.
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|2. Frequency Modulated Continuous Wave (FMCW)

FMCW technology transmits a continuous signal with a constantly changing
frequency (a frequency sweep). The reflected signal is received and compared with
the frequency being transmitted at that exact moment. The difference between the
transmitted and received frequencies is directly proportional to the distance.
FMCW is widely regarded for its higher accuracy and superior signal-to-noise ratio,
making it the standard for complex industrial environments where turbulence or
vapor might interfere with the signal.

| Frequency Bands: 26GHz vs. 80GHz

The performance of a free wave radar level transmitter is significantly influenced
by its operating frequency. Most industrial units operate in either the K-band
(approx. 26GHz) or the W-band (approx. 80GHz).

26GHz Radar: These are versatile and robust. They are less sensitive to steam and
foam than higher-frequency models, making them ideal for many chemical and
wastewater applications. However, they have a wider beam angle, which requires
careful placement to avoid internal tank obstructions.

80GHz Radar: The 80GHz technology represents the current state-of-the-art. The
higher frequency allows for a much narrower beam angle (often as low as 3
degrees). This narrow focus allows the signal to bypass agitators, heating coils,
and narrow nozzles, providing a much cleaner signal in crowded vessels. It also
offers higher resolution, which is critical for measuring low-dielectric materials.

|Selection Criteria for Industrial Applications

Choosing the correct free wave radar level transmitter requires a detailed analysis
of the process environment. Engineers should evaluate the following factors:
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| Dielectric Constant (er)

The dielectric constant of the medium is the most critical factor in radar
measurement. It determines how much of the radar signal is reflected.

High er (>10): Materials like water and acids reflect signals strongly, making them
easy to measure.

Low €r (<2): Hydrocarbons, oils, and some solids reflect very little energy. In these
cases, high-sensitivity 80GHz transmitters or larger antenna sizes are necessary to
capture a usable echo.

| Process Conditions

Temperature and Pressure: Standard radar units can handle up to 200°C and 40
bar (4 MPa), but specialized versions with cooling fins or ceramic seals are required
for extreme conditions (e.g., 400°C or 160 bar).

Vapor and Dust: Heavy steam or dust can attenuate the signal. While radar is
generally superior to ultrasonic sensors in these conditions, selecting the right
frequency and antenna type is vital.

| Tank Geometry

The presence of agitators, baffles, or ladders can create "false echoes." A free
wave radar level transmitter with advanced software for "echo mapping" (masking
out fixed obstructions) is essential in these scenarios.

| Antenna Types and Materials

The antenna is the interface between the electronics and the process. Common
types include:
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Horn Antenna General liquid/solid Robust, available in various
measurement sizes (e.g., 50mm to
100mm).
Lens/PTFE Drop Antenna Corrosive chemicals, Highly resistant to chemical
hygienic apps attack; prevents

condensation buildup.

Rod Antenna Small nozzles, narrow tanks Slim profile; suitable for
aggressive media in small
vessels.

Parabolic Antenna Long-range solids High gain for measuring

measurement distances up to 100 meters.

| Installation Considerations

Proper installation is paramount to ensuring the reliability of Radar Level Meters.
Even the most advanced free wave radar level transmitter will fail if improperly
positioned.

1. Avoid the Center: Never install the transmitter in the exact center of a domed
tank. This can cause multiple reflections to converge at the sensor, leading to
signal interference.

2. Distance from Wall: The sensor should be installed at a distance from the tank
wall, typically 1/6th of the tank diameter, to avoid interference from wall welds or
buildup.

3. Nozzle Height: The antenna should ideally extend slightly below the mounting
nozzle to prevent the nozzle itself from reflecting the signal and creating a "blind
zone."

4. Beam Path: Ensure the signal beam (the "cone") does not intersect with the
inflow stream, agitator blades, or structural supports. If an obstruction is
unavoidable, use the transmitter's software to perform a background noise scan.
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5. Dead Zone (Blocking Distance): Every radar has a minimum measurement
distance (dead zone) near the antenna. Ensure the maximum expected level does
not enter this zone, which is typically between 50mm and 300mm depending on
the model.

| Limitations and Challenges

While highly versatile, free wave radar is not a universal solution. Engineers must
be aware of its limitations:

Heavy Foam: Thick, dense foam can absorb the radar signal entirely, preventing
any echo from returning. In such cases, guided wave radar or hydrostatic
transmitters may be more appropriate.

Extremely Low Dielectric Solids: Very light powders (like some plastics) may not
reflect enough signal for a standard free wave radar. High-power 80GHz units are
often required here.

Vacuum Conditions: While radar works in a vacuum, the seals and flanges must be
specifically rated to maintain the vacuum integrity of the vessel.

| Comparison: Free Wave vs. Guided Wave Radar

m Free Wave Radar Guided Wave Radar (GWR)

Contact Non-contact Contact (Probe)

Maintenance Extremely Low Low (Probe cleaning
required)

Foam Handling Moderate to Poor Good (Signal follows probe)

Installation Easy (Top mount) Requires probe length
matching

Internal Obstacles Sensitive to beam path Not sensitive
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| Frequently Asked Questions (FAQ)

Q: Does the color or density of the liquid affect the measurement?

A: No. Radar is an electromagnetic technology. Unlike ultrasonic sensors, it is not
affected by air density, and unlike optical sensors, it is not affected by color or
transparency. It is primarily dependent on the dielectric constant.

Q: Can a free wave radar level transmitter measure through a plastic tank roof?

A: Yes, provided the plastic is non-conductive (like PE or PP). This allows for
measurement without a nozzle, which is useful for chemical storage tanks.

Q: Is calibration required frequently?

A: Generally, no. Radar transmitters are factory-calibrated and do not suffer from
the drift associated with mechanical or pressure-based systems. Periodic
verification is usually sufficient for most industrial standards.

Q: How do | handle condensation on the antenna?

A: Modern transmitters use PTFE lens antennas or drip-off designs that allow
condensation to form droplets and fall away, minimizing signal attenuation.

| Conclusion

The free wave radar level transmitter stands as a highly reliable, low-maintenance
choice for modern process industries. By understanding the nuances of frequency
selection, antenna design, and the dielectric properties of the medium, engineering
teams can implement measurement solutions that withstand the rigors of chemical
processing, water treatment, and oil and gas operations. For those seeking to
upgrade their current systems or specify new projects, reviewing the latest Radar
Level Meters ensures access to the precision and durability required in today’s
automated environments.
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