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In the landscape of industrial process automation, the demand for precision and
reliability in level measurement has led to the rapid adoption of advanced radar
technologies. Among these, high-resolution radar systems, often categorized under
the umbrella of MHR radar (Multi-frequency High-Resolution radar) technology,
have become essential for managing complex liquid and solid inventories. These
instruments leverage electromagnetic waves to provide non-contact, highly
accurate measurements even in the most challenging environmental conditions,
such as high pressure, extreme temperatures, and corrosive atmospheres.

For engineers and procurement professionals, understanding the underlying
principles of MHR radar is the first step toward optimizing process efficiency.
Whether managing water treatment facilities, chemical processing plants, or oil
and gas storage, the selection of the right radar frequency and signal processing
method determines the longevity and accuracy of the instrumentation. This guide
explores the technical foundations, selection criteria, and practical application of
high-resolution radar level measurement.

Understanding the Measurement Principles of MHR
Radar

Radar level measurement operates on the principle of Time of Flight (ToF). The
device emits an electromagnetic signal from its antenna, which travels to the
surface of the medium, reflects, and returns to the receiver. The distance is
calculated based on the time interval between emission and reception. However,
MHR radar typically utilizes Frequency Modulated Continuous Wave (FMCW)
technology rather than simple pulse radar to achieve its high-resolution
capabilities.

| FMCW vs. Pulse Radar

In standard pulse radar, the instrument sends a short microwave pulse and
measures the time it takes to return. While effective for simple applications, it can
struggle with signal noise and lower accuracy.
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Conversely, FMCW radar (the backbone of MHR radar systems) emits a continuous
signal with a constantly changing frequency. As the signal travels to the product
surface and back, the frequency of the emitted signal continues to change. By the
time the reflection reaches the antenna, there is a frequency difference between
the emitted and received signals. This frequency shift is directly proportional to the
distance. Because the frequency difference can be measured with extreme
precision using digital signal processing, FMCW systems offer significantly higher
resolution and better signal-to-noise ratios than pulse-based systems.

| The Role of Frequency (26GHz vs. 80GHz)

The "Multi-frequency"” aspect of MHR radar refers to the ability of modern
manufacturers like Welk to offer different frequency bands tailored to specific
needs.

1. 26GHz Radar: Often used for liquids and large-scale storage. It has a wider
beam angle, which can be beneficial in some applications but requires careful
installation to avoid internal tank obstructions.

2. 80GHz Radar: Represents the pinnacle of high-resolution measurement. With a
much higher frequency, the beam angle is significantly narrower (often as low as 3
degrees). This allows the radar to avoid obstacles like agitators, ladders, and
heating coils, providing a much cleaner signal in cluttered vessels.

| Key Evaluation Criteria for MHR Radar Selection

Selecting an MHR radar system requires a deep dive into the physical properties of
the medium and the mechanical constraints of the vessel. Engineers should
evaluate the following factors before finalizing a specification.

| Dielectric Constant (er)

The dielectric constant of the material being measured is perhaps the most critical
factor in radar performance. Radar waves reflect off the surface of a material
because of the change in dielectric constant between the air (er = 1) and the
medium.
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High Dielectric Materials (er > 10): Materials like water or aqueous solutions reflect
radar signals very well, making them easy to measure even with lower-power
systems.

Low Dielectric Materials (er < 3): Materials like hydrocarbons, oils, and certain dry
powders reflect only a small portion of the signal. In these cases, a high-resolution
MHR radar with advanced sensitivity is required to distinguish the weak reflection
from background noise.

| Process Conditions: Temperature and Pressure

Industrial environments often subject level meters to extreme conditions. MHR
radar units are designed with various seal materials (such as PTFE, PEEK, or
Ceramics) to withstand temperatures ranging from -40°C to +250°C (-40°F to
+482°F) and pressures from vacuum up to 4 MPa (40 bar). For high-temperature
applications, cooling fins or remote electronics may be necessary to protect the
sensitive radar circuitry.

| Selection Table for Radar Level Meters

26GHz FMCW 80GHz MHR Radar Guided Wave
Radar Radar (GWR)

Measurement Range Up to 30m (98ft) Up to 120m (393ft) Up to 75m (246ft)

Accuracy =3mm to £5mm =1lmm to £2mm *2mm

Beam Angle 8° to 20° 3° to 8° N/A (Contacting)

Best For Large liquid tanks Small vessels, solids, Low dielectric
bypass pipes liquids, foam

Obstacle Immunity Moderate High Excellent (Guided)

Cost Economical Premium Moderate
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| Installation Considerations and Best Practices

Even the most advanced MHR radar will fail to provide accurate data if installed
incorrectly. Proper positioning is vital to ensure the radar beam has a clear path to
the product surface.

1. Nozzle Height and Diameter: The antenna should ideally extend slightly beyond
the mounting nozzle to prevent "ringing" or internal reflections within the nozzle
itself. If using a high-frequency 80GHz unit, the narrow beam allows for longer and
narrower nozzles than traditional 26GHz units.

2. Obstruction Clearance: The "keep-out zone" of the radar beam must be free of
internal structures. For a 26GHz radar with a 10-degree beam angle, the beam
spreads roughly 1.7 meters for every 10 meters of depth. Engineers must calculate
this spread to ensure the beam does not hit agitator blades or reinforcements.

3. Mounting Position: Radar units should never be mounted in the center of a tank
(to avoid multiple reflections from the tank walls) or too close to the wall (to avoid
signal interference). A position approximately 1/4 to 1/6 of the tank diameter from
the wall is generally recommended.

4. Avoiding the Inflow: The radar should be positioned away from the material
inlet. Falling liquid or solids can create significant turbulence and false echoes that
may confuse the signal processing algorithms.

| Common Risks and Limitations

While MHR radar is a robust technology, it is not a universal solution for every
process challenge. Users must be aware of specific limitations:

Heavy Foam: Thick, dense foam can absorb radar signals, leading to a loss of
echo. In applications with heavy foaming, guided wave radar or ultrasonic sensors
might be more appropriate, though some high-power FMCW radars can penetrate
light foam.

Condensation and Buildup: While MHR radars are designed to ighore some buildup,
heavy coating on the antenna (especially conductive material) can attenuate the
signal. Using a PTFE-encapsulated antenna or a lens antenna can mitigate this risk.
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Dust and Vapor: Extremely high concentrations of dust or heavy steam can
interfere with the signal. In these instances, selecting a lower frequency (which
penetrates dust better) or utilizing a purging system to keep the antenna face
clean is necessary.

| Information Confirmation for Project Planning

Before proceeding with an order or a site upgrade, the project team should confirm
the following technical details to ensure the MHR radar system meets the
application requirements:

1. Confirm the Vessel Drawing: Review the internal geometry of the tank, including
the location of all baffles, pipes, and agitators.

2. Verify Chemical Compatibility: Ensure the wetted parts of the radar (flanges,
seals, and antennas) are compatible with the process medium to prevent
corrosion.

3. Signal Output Requirements: Determine if the system requires a standard
4-20mA HART output, Modbus R5485, or Profibus for integration into the existing
PLC/DCS.

4, Certification Needs: Check if the installation area is classified as hazardous,
requiring ATEX, IECEX, or Ex-proof certifications.

For those looking to explore specific hardware configurations or request a
technical consultation, it is advisable to Review product options and application
support to match the radar specifications with the operational environment.

|Frequent|y Asked Questions (FAQs)

Q: Can MHR radar measure solids like grain or cement?

A: Yes. High-resolution radar is particularly effective for solids. The 80GHz
frequency is often preferred for solids because it can better handle the uneven
surfaces and low dielectric properties of bulk materials.

Q: Does the pressure inside the tank affect the speed of the radar signal?
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A: Unlike ultrasonic sensors, which are affected by air density and temperature,
radar signals are electromagnetic and are virtually unaffected by pressure or
temperature changes in the vapor space.

Q: What is the "Dead Zone" in radar measurement?

A: The dead zone (or blocking distance) is the area immediately below the antenna
where the device cannot accurately measure. For most MHR radars, this is
typically between 50mm and 200mm. It is important to account for this when
setting high-level alarms.

Q: Is MHR radar difficult to calibrate?

A: Most modern units are "plug-and-play." By entering the tank height and the
desired measurement range, the unit's internal algorithms handle the signal
processing. Advanced software also allows for "false echo suppression," where the
user can tell the radar to ignore reflections from known fixed obstructions.

| Conclusion

The integration of MHR radar into industrial processes represents a significant step
forward in measurement reliability. By utilizing FMCW principles and
high-frequency signal processing, these instruments provide the data precision
necessary for modern inventory management and safety protocols. When
selecting a system, focusing on the dielectric properties of the medium, the
internal tank environment, and proper installation geometry will ensure a
successful implementation. For comprehensive technical data and specific model
comparisons, visiting the Main Page of a dedicated manufacturer like Welk
provides the necessary resources for informed engineering decisions.
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