WELK | REFERENCE GUIDE

Radar Level Transmitter

A practical guide to radar level transmitter, covering the reader intent, the
relationship to 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 radar level transmitter has emerged as a
preferred solution for challenging environments. Utilizing electromagnetic waves to
determine the distance to a liquid or solid surface, these instruments provide
non-contact measurement that is largely unaffected by changes in process
temperature, pressure, or the presence of vapors.

As a professional manufacturer, Welk specializes in delivering robust Radar Level
Meters designed for industries ranging from water treatment to high-pressure
chemical processing. This guide explores the fundamental principles, selection
criteria, and installation best practices for radar level transmitters to assist
engineers in making informed technical decisions.

| Measurement Principles of Radar Technology

Radar level transmitters operate by emitting high-frequency electromagnetic
waves (typically in the microwave spectrum) and measuring the signal that reflects
off the surface of the medium. There are two primary methods used to calculate
the distance: Pulse Radar and Frequency Modulated Continuous Wave (FMCW).

| Pulse Radar (Time of Flight)

Pulse radar transmitters emit short microwave pulses toward the product surface.
The signal travels at the speed of light, hits the surface, and reflects back to the
antenna. The instrument measures the time elapsed between emission and
reception, known as the "Time of Flight" (ToF).

The distance ($D$) is calculated using the formula:
$D = (c \times t) / 2%

Where $c$ is the speed of light and $t$ is the measured time. Because the speed
of light is constant, this method is highly reliable, though it requires sophisticated
electronics to resolve the extremely short time intervals involved.
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| Frequency Modulated Continuous Wave (FMCW)

FMCW radar does not send discrete pulses. Instead, it emits a continuous signal
with a frequency that changes (sweeps) linearly over time. When the reflected
signal returns to the transmitter, it is compared with the frequency of the signal
being emitted at that exact moment. The difference in frequency ($Af$) is directly
proportional to the distance to the material surface.

FMCW is generally considered superior for high-precision applications and
environments with significant noise or turbulence. It provides a higher
signal-to-noise ratio, allowing the radar level transmitter to distinguish the true
level from false echoes caused by internal tank structures.

| Contact vs. Non-Contact Radar

While traditional radar is non-contact, Guided Wave Radar (GWR) is a subset of the
technology where the electromagnetic pulse is directed along a physical probe
(rod or cable).

- Non-Contact Radar: Ideal for corrosive media, hygienic applications, and
high-temperature liquids where the sensor should not touch the product.

- Guided Wave Radar: Preferred for liquids with low dielectric constants,
applications with heavy foam, or tanks with extremely narrow geometries where
a free-space beam would interfere with the walls.

|Frequency Selection: 6GHz, 26GHz, and 80GHz

The frequency of a radar level transmitter significantly impacts its performance,
particularly regarding beam angle and the ability to penetrate dust or steam.

1. 6GHz (C-Band): These lower-frequency transmitters are less affected by foam,
heavy vapors, or surface turbulence. However, they require larger antennas to
maintain a focused beam.
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2. 26GHz (K-Band): This is the "all-rounder" for industrial liquid level measurement.
It offers a good balance between antenna size and signal focus, suitable for most
storage tanks and process vessels.

3. 80GHz (W-Band): The current state-of-the-art in radar technology. The high
frequency allows for a very narrow beam angle (often as low as 3 degrees), which
is excellent for avoiding internal obstructions like agitators or ladders. It also
enables the use of very small process connections, such as 3/4" or 1" (20mm or
25mm) threads.

Practical Selection Table for Radar Level
Transmitters

When selecting a radar level transmitter, engineers must match the instrument
specifications to the process conditions. The following table provides a general
framework for selection based on common industrial parameters.

Application Recommended Frequency Max Range Key
Type Technology (Metric/Imperial) Advantage
Large Storage Non-contact 80GHz 120m (393 ft) High precision,
Tanks Radar narrow beam
Agitated FMCW Radar 26GHz/80GHz 30m (98 ft) Filters out
Process Vessels surface
turbulence
Corrosive PTFE-coated 26GHz 20m (65 ft) Chemical
Chemicals Radar resistance
Low Dielectric Guided Wave N/A 6m - 30m Signal focus
Liquids Radar (20-98 ft) along probe
Steam/Vapor Low-frequency 6GHz 35m (115 ft) Penetrates
Heavy Radar heavy vapor
Small 80GHz Radar 80GHz 10m (32 ft) Small antenna
Nozzles/Manholes size
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| Installation Considerations and Best Practices

The accuracy of a radar level transmitter is often dependent on the quality of the
installation. Even the most advanced 80GHz sensor can fail if placed incorrectly.

| 1. Beam Angle and Obstructions

The "beam angle" is the area where the radar energy is concentrated. Any physical
object within this cone—such as cooling coils, ladders, or agitator blades—will
create a reflection.

- The 1/6 Rule: For many standard radar units, it is recommended to install the
sensor at a distance from the tank wall equal to approximately 1/6 of the tank
diameter to avoid interference from wall reflections.

- Agitators: If an agitator is present, the radar should be positioned so the beam
does not hit the blades. If this is impossible, modern transmitters offer "false
echo suppression" software to ignore these static reflections.

| 2. Nozzle Design

The mounting nozzle should be as short as possible. If the nozzle is too long or
narrow, the radar signal may reflect off the inside of the nozzle itself, creating a
"ringing" effect that obscures the signal from the actual product level. For 26GHz
units, the antenna should ideally extend slightly past the bottom of the nozzle.

|3. The Dead Zone (Blocking Distance)

Every radar level transmitter has a minimum measurable distance, often called the
"dead zone" or "upper blocking distance."” This is the area immediately below the
antenna where the sensor cannot accurately process reflections. Typically, this
ranges from 50mm to 500mm (2" to 20"), depending on the frequency and antenna
type. Ensure the maximum fill level of the tank does not enter this zone.
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| 4. Orientation

For liquid applications, the transmitter should be mounted vertically (perpendicular
to the liquid surface). For solid applications (silos), an adjustable flange or aiming
device is often required to point the radar at the angle of repose of the material
(the slope of the pile).

| Limitations and Challenges

While highly versatile, radar technology is not universal. Understanding its
limitations prevents costly measurement errors.

Dielectric Constant (er): The strength of the reflected signal depends on the
dielectric constant of the medium. Water has a high er (~80) and reflects radar
very well. Hydrocarbons like oil or solvents have low er values (1.4 to 2.5),
resulting in weaker reflections. If the er is below 1.4, a standard non-contact radar
may struggle, and a guided wave radar or a stilling well should be used.

Heavy Foam: Dense, thick foam can absorb or scatter the radar signal, leading to a
"loss of echo." In these cases, low-frequency radar (6GHz) or guided wave radar is
more effective.

Vacuum Conditions: While radar works in a vacuum, the physical seal of the
transmitter must be rated for vacuum service to prevent air ingress or damage to
the electronics.

| Maintenance and Troubleshooting

One of the primary benefits of a non-contact radar level transmitter is the lack of
moving parts, which significantly reduces maintenance requirements. However,
certain conditions may require attention:
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Antenna Buildup: In applications with sticky liquids or heavy condensation,
material may accumulate on the antenna. While many modern radars can "see
through" thin layers of buildup, heavy coating will eventually attenuate the signal.
Welk offers models with purging connections to clean the antenna with
compressed air or water without removing the unit.

Signal Loss: If the transmitter reports a "Loss of Echo," check for excessive foam,
extreme turbulence, or if the material's dielectric constant has changed. Increasing
the sensitivity (gain) or using a larger antenna can often resolve this.

| Frequently Asked Questions (FAQs)

Q: Can radar level transmitters measure through plastic tank walls?

A: Yes. Because plastic is non-conductive, microwaves can pass through the top of
a plastic tank. This allows for "non-invasive" measurement where the sensor is
mounted outside the tank, provided the plastic is not too thick or carbon-filled.

Q: How does temperature affect radar measurement?

A: Unlike ultrasonic sensors, which depend on the speed of sound (which changes
with air density/temperature), radar uses electromagnetic waves. The speed of
light is constant regardless of air temperature, making radar much more accurate
in high-temperature processes.

Q: What is the difference between 2-wire and 4-wire transmitters?

A: A 2-wire transmitter is loop-powered, meaning the 4-20mA signal and the power
supply share the same pair of wires. A 4-wire transmitter has separate wires for
power (often 24VDC or 110/220VAC) and the signal, which is usually required for
high-power FMCW units or those with integrated displays and heaters.

| Conclusion
The radar level transmitter is a sophisticated tool that solves many of the most
difficult level measurement challenges in modern industry. By understanding the

nuances of frequency, dielectric constants, and installation geometry, engineers
can implement solutions that provide years of maintenance-free service.
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For those seeking reliable and cost-effective instrumentation, Welk provides a
comprehensive range of Radar Level Meters tailored to specific process needs.
Whether dealing with corrosive chemicals, high-temperature steam, or simple
water storage, selecting the right radar technology is the first step toward
optimized process control.
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