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Compact Radar Level
Transmitter

A practical guide to compact radar level transmitter, covering the reader intent,
the relationship to compact 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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Main topic: Radar Level Meters
https://www.level-meters.com/products/radar-level-meters/
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In the landscape of industrial automation, the demand for precision and space
efficiency has driven significant innovation in instrumentation. Among these
advancements, the compact radar level transmitter has emerged as a pivotal
solution for liquid and solid level monitoring in constrained environments. Unlike
traditional, bulky radar systems, these compact units leverage high-frequency
technology to provide high-accuracy measurements within a small physical
footprint. This guide explores the underlying principles, selection criteria, and
practical installation considerations for modern Radar Level Meters.

| Understanding Radar Measurement Principles

To effectively implement a compact radar level transmitter, it is essential to
understand how radar technology captures level data. Most modern compact units
utilize one of two primary methods: Pulse Radar or Frequency Modulated
Continuous Wave (FMCW).

| Time of Flight (ToF)

Pulse radar works on the Time of Flight principle. The instrument emits a short
microwave pulse toward the product surface. The pulse is reflected by the surface
and received by the antenna. The transmitter measures the time elapsed between
emission and reception. Since the speed of light is constant, the distance is
calculated as:

Distance = (Speed of Light x Time) / 2

|Frequency Modulated Continuous Wave (FMCW)

FMCW is the preferred technology for high-precision compact radar level
transmitters. Instead of pulses, the device emits a continuous signal with a
constantly changing frequency (a frequency sweep). When the reflected signal is
received, it is compared to the signal currently being emitted. The frequency
difference between the two signals is directly proportional to the distance to the
product surface.
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Compact units often operate at higher frequencies, such as 80 GHz. The higher the
frequency, the shorter the wavelength, which allows for a significantly smaller
antenna while maintaining a narrow beam angle. This narrow beam is critical for
avoiding internal tank obstructions like agitators or heating coils.

| The Advantages of Compact Design

The transition to a compact radar level transmitter offers several distinct
advantages for process engineers and plant managers:

1. Space Efficiency: Small form factors allow for installation in tight spaces where
traditional flanged radar units would not fit. This is particularly useful in chemical
dosing skids and small plastic tanks.

2. Narrow Beam Angle: High-frequency (80 GHz) compact radars typically offer
beam angles as narrow as 3° to 6°. This focuses the energy on the product surface
and minimizes interference from tank walls or internal structures.

3. Cost-Effectiveness: By simplifying the housing and utilizing integrated
electronics, compact transmitters often provide a lower total cost of ownership
compared to heavy-duty process radar systems.

4. Simplified Mounting: Many compact units feature threaded connections (e.g.,
G1" or 1.5" NPT) rather than large, expensive flanges, making them easier to
install on existing vessels.

| Technical Selection Criteria

Choosing the right level measurement technology requires a thorough analysis of
the application environment. The following table compares the typical
specifications of a compact radar level transmitter against standard industrial
radar units.

| Selection Comparison Table
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Compact Radar Standard Industrial Radar
Transmitter

Typical Frequency 80 GHz 6 GHz to 26 GHz
Measurement Range 0.1 m to 15 m (up to 30 m) 0.5 mto 70 m+

Beam Angle Fr— gt 10° - 25°

Process Connection Threaded (G1", 1.5") Flanged (DN50 to DN200)
Housing Material PVDF, Stainless Steel, PBT Aluminum, Stainless Steel
Accuracy +2 mm +1 mmto £5 mm

Dead Zone < 50 mm 100 mm to 300 mm

| Key Evaluation Factors

Dielectric Constant (er): The reflectiveness of the material depends on its dielectric
constant. Liquids with low er (like oils) reflect less energy than water-based liquids.
Modern compact radars are highly sensitive and can often measure materials with
er as low as 1.1.

Process Temperature and Pressure: While compact, these units must still withstand
the process environment. Standard compact models typically handle up to 80°C
and 3 bar, though specialized versions exist for higher requirements.

Output Signal: Most industrial applications require a 4-20mA signal with HART
protocol, though Modbus RS485 or Bluetooth commissioning are becoming
standard in the compact category.

| Installation Considerations and Best Practices
Proper installation is the most critical factor in ensuring the reliability of a compact

radar level transmitter. Even the most advanced Radar Level Meters will fail if
environmental factors are ignored.
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| 1. Nozzle Height and Diameter

The antenna of the transmitter should ideally extend slightly beyond the bottom of
the mounting nozzle. If the nozzle is too long or narrow, it can create internal
reflections (ringing) that mask the true level signal near the top of the tank.

| 2. Avoiding Obstructions

Although 80 GHz radar has a narrow beam, it is still vital to mount the device away
from the tank wall (typically at least 200 mm) and away from inflow streams. If an
agitator is present, the transmitter should be positioned so the beam does not hit
the blades, or software "false echo suppression” must be used to map out the
interference.

| 3. Orientation
The transmitter should be mounted vertically, perpendicular to the liquid surface.

For solid materials, an adjustable aiming flange may be required to account for the
angle of repose of the material pile.

| 4. The Dead Zone

Every radar has a "dead zone" or "blocking distance" near the antenna where
measurement is not possible. Compact radars have significantly smaller dead
zones (often less than 50 mm) compared to older low-frequency models, allowing
for maximum tank utilization.

| Limitations and Challenges

While highly versatile, the compact radar level transmitter is not a universal
solution. Engineers must be aware of the following limitations:
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Heavy Foam: Dense, thick foam can absorb radar signals rather than reflecting
them. In applications with heavy foam, a hydrostatic pressure transmitter or a
guided wave radar might be more appropriate.

Extreme Turbulence: While radar can handle surface ripples, extreme turbulence
can scatter the signal. Signal averaging and damping settings in the transmitter
software can mitigate this, but it may slow down the response time.

Build-up: While 80 GHz radar is better at "seeing through" thin films of
condensation or dust on the lens, significant material build-up will eventually
attenuate the signal and require cleaning.

| Applications in Industry

Welk provides compact radar solutions across various sectors, ensuring reliable
data for process control and inventory management.

Water and Wastewater: Monitoring levels in lift stations, chemical storage tanks
(PAC, Chlorine), and open channels. The non-contact nature of radar prevents
sensor fouling from sewage or corrosive chemicals.

Chemical Processing: Small-scale blending tanks and reagent storage where space
is at a premium and high chemical resistance (PVDF housing) is required.

Food and Beverage: Level control in buffer tanks and CIP (Clean-in-Place) chemical
tanks. Many compact units are designed with smooth surfaces to meet basic
hygienic requirements.

Mobile Containers: Monitoring levels in IBCs (Intermediate Bulk Containers) or
plastic tanks used in agriculture and construction.

| Frequently Asked Questions (FAQ)

Q: Can a compact radar level transmitter measure through a plastic tank lid?

A: Yes. Since plastic is non-conductive, radar signals can penetrate plastic tank
walls or lids. This allows for measurement without cutting a hole in the tank, which
is ideal for maintaining the integrity of chemical containers.
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Q: Is 80 GHz always better than 26 GHz?

A: For most compact applications, yes. The 80 GHz frequency allows for a smaller
antenna and a narrower beam, which reduces interference. However, 26 GHz may
still be preferred in applications with very heavy steam or dust, as lower
frequencies penetrate these atmospheres more effectively.

Q: How do | calibrate a compact radar transmitter?

A: Most modern units are calibrated via a handheld programmer, a PC-based
software (via HART modem), or increasingly, through a smartphone app via
Bluetooth. You typically only need to input the "Zero" (empty tank) and "Span" (full
tank) distances.

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

A: No. Radar uses electromagnetic waves, which are unaffected by the color,
transparency, or optical properties of the liquid. It only cares about the dielectric
constant and the physical surface.

| Conclusion

The compact radar level transmitter represents a significant leap forward in
making high-end radar technology accessible for everyday industrial applications.
By combining the precision of 80 GHz FMCW measurement with a small,
easy-to-install form factor, these devices provide a reliable alternative to ultrasonic
and pressure-based sensors. When selecting Radar Level Meters, engineers should
carefully consider the dielectric properties of the medium and the physical
constraints of the vessel to ensure optimal performance. With proper installation
and selection, a compact radar unit provides maintenance-free, high-accuracy
level data for years of operation.
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