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Radar Based Level
Transmitter

A practical guide to radar based level transmitter, covering the reader intent, the
relationship to radar based level transmitter, key evaluation criteria, common
risks, and the information the intended project audience should confirm before
taking the next step.

'1..,
e

level-measurement
Main topic: Radar Level Meters
https://www.level-meters.com/products/radar-level-meters/

Welk Reference Guide 1



WELK REFERENCE GUIDE Radar Based Level Transmitter

In modern industrial automation, the requirement for precise, non-contact, and
reliable liquid and solid level measurement has led to the widespread adoption of
radar technology. A radar based level transmitter serves as a critical component in
process control, offering high accuracy across diverse sectors, including water
treatment, chemical processing, and the oil and gas industry. Unlike mechanical or
hydrostatic methods, radar technology utilizes electromagnetic waves, making it
largely immune to changes in process temperature, pressure, or vapor space
composition.

As a professional manufacturer, Welk provides advanced Radar Level Meters
designed to meet the rigorous demands of global industrial applications. This guide
explores the fundamental principles, selection criteria, and installation best
practices for radar level measurement technology.

| 1. Measurement Principles of Radar Technology

Before selecting a specific instrument, it is essential to understand how a radar
based level transmitter interacts with the process medium. Radar level
measurement is based on the Time of Flight (ToF) principle. The device emits
high-frequency electromagnetic waves (microwaves) toward the product surface.
These waves travel at the speed of light ($c \approx 300,000% km/s). When the
waves hit the surface of the medium, they are reflected back to the sensor’s
antenna. The transmitter then calculates the distance based on the time elapsed
between emission and reception.

There are two primary methods used in industrial radar transmitters to process
these signals:

| 1.1 Pulse Radar (Time of Flight)

Pulse radar transmitters emit short microwave pulses. The device measures the
time it takes for a single pulse to travel to the surface and back. This method is
highly energy-efficient, making it ideal for two-wire, loop-powered installations.
However, because the time intervals are incredibly short (hanoseconds), pulse
radar typically offers slightly lower precision compared to FMCW technology in
complex environments.
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|1.2 FMCW (Frequency Modulated Continuous Wave)

FMCW radar does not send individual pulses but instead emits a continuous signal
with a constantly changing frequency (a frequency sweep). The reflected signal is
compared to the sighal being emitted at that exact moment. The difference in
frequency (the "beat frequency") is directly proportional to the distance. FMCW is
the preferred technology for high-precision applications and long-range
measurements, as it provides a higher signal-to-noise ratio and better signal
processing capabilities.

| 2. Types of Radar Level Transmitters

Radar instruments are generally categorized into two main types based on how the
signal is delivered to the medium: Non-Contact Radar and Guided Wave Radar
(GWR).

| 2.1 Non-Contact Radar

Non-contact radar based level transmitters are mounted at the top of a tank or
vessel and emit signals through the air. This type is ideal for corrosive, hygienic, or
extremely hot materials because the sensor does not physically touch the medium.
These are further classified by their frequency bands:

6GHz (C-Band): Better for applications with heavy foam, steam, or turbulence, as
the longer wavelength can penetrate these obstacles more effectively.

26GHz (K-Band): The industry standard for most liquids and solids. It offers a
smaller beam angle and better accuracy than 6GHz models.

80GHz (W-Band): The latest advancement, offering an extremely narrow beam
angle (as low as 3°). This allows for measurement in narrow tanks with internal
obstructions and provides sub-millimeter accuracy.
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| 2.2 Guided Wave Radar (GWR)

Guided Wave Radar uses a physical probe (rod or cable) to guide the microwave
signal to the surface. This technology is based on Time Domain Reflectometry
(TDR). GWR is particularly effective for low dielectric constant (Dk) fluids, such as
liguefied gases or hydrocarbons, and for measuring interfaces (e.g., the boundary
between oil and water).

| 3. Practical Selection Table

Choosing the right radar based level transmitter requires balancing process
conditions with instrument capabilities. The following table provides a general
comparison for selection purposes.

Guided Wave 26GHz 80GHz

Radar (GWR) Non-Contact Radar Non-Contact Radar
Measurement Range Up to 30m (98 ft) Up to 35m (115 ft) Up to 120m (394 ft)
Accuracy +2mm to £5mm +3mm to £5mm +1mm
Dielectric Constant Low (= 1.4) Medium (= 2.0) Low to High (= 1.2)
(Dk)
Foam Resistance Good (penetrates Moderate Limited (surface

foam) reflection)
Internal Obstructions Not affected (if far Requires clear path High immunity

from probe) (narrow beam)
Typical Applications Interface, low Dk Chemical storage, Narrow silos,

liquids water tanks high-precision tanks

| 4. Key Evaluation Criteria for Engineers

When specifying a radar based level transmitter, engineers must confirm several
technical parameters to ensure long-term reliability.
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| 4.1 Dielectric Constant (Dk)

The dielectric constant of the material is the most critical factor in signal reflection.
Materials with high Dk (e.g., water, $Dk \approx 80%) reflect signals strongly.
Materials with low Dk (e.qg., oil, $Dk \approx 2$) reflect very little energy. If the Dk
is below 1.5, a Guided Wave Radar or a high-frequency 80GHz transmitter with a
large antenna may be required.

| 4.2 Process Temperature and Pressure

Standard radar sensors often handle up to 150°C (302°F) and 40 bar (580 PSI).
However, for extreme applications in oil refining or steam boiler level control,
specialized high-temperature antennas and pressure seals (such as Kalrez O-rings
or ceramic glass seals) are necessary.

| 4.3 Tank Geometry and Obstructions

Internal structures like agitators, heating coils, or ladders can create "false
echoes." While modern software can perform "false echo suppression” to ignore
these signals, selecting a transmitter with a narrow beam angle (like an 80GHz
model) is the best way to avoid these issues entirely.

| 5. Installation Considerations

Proper installation is paramount to the performance of any radar based level
transmitter. Even the most advanced sensor will fail if placed incorrectly.

1. Nozzle Height and Diameter: The antenna should ideally extend slightly below
the mounting nozzle to prevent signal interference from the nozzle edge. If using a
long nozzle, ensure the beam angle does not hit the nozzle walls.

2. Mounting Position: Avoid mounting the transmitter in the exact center of a
domed tank, as this can cause multiple reflections that confuse the sensor. Ideally,
mount the device at 1/4 to 1/6 of the tank diameter from the wall.
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3. Inflow Avoidance: Never install the sensor directly above the filling inlet. The
falling stream of material will interfere with the radar signal and cause erratic
readings.

4. Dead Zone (Blocking Distance): Every radar has a minimum measurable
distance near the antenna (typically 50mm to 300mm). Ensure the maximum
expected liquid level does not enter this zone.

| 6. Limitations and Common Risks

While radar is highly versatile, it is not a universal solution for every scenario.
Engineers should be aware of the following limitations:

Heavy Foam: Dense, thick foam can absorb the radar signal entirely, leading to a
"Loss of Echo" (LOE) error. In these cases, 6GHz radar or Guided Wave Radar is
often more effective than high-frequency models.

Vacuum Conditions: While radar works in a vacuum, the sealing of the transmitter
must be rated for vacuum to prevent air leakage into the process or damage to the
electronics.

Dust and Build-up: In solid applications (silos), heavy dust can attenuate the signal.
Transmitters with air purging connections are recommended to keep the antenna
lens clean.

|7. Frequently Asked Questions (FAQs)

Q: Does the color or transparency of the liquid affect the radar reading?

A: No. Unlike laser or ultrasonic sensors, radar is based on electromagnetic
properties (dielectric constant) and is completely unaffected by the color,
transparency, or optical clarity of the medium.

Q: Can a radar based level transmitter measure through a plastic tank wall?

A: Yes, non-contact radar can often measure through plastic or fiberglass tank tops
(provided they are not metallic-lined). This allows for measurement without cutting
a hole in the tank, which is ideal for chemical IBCs.
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Q: Is calibration required frequently?

A: Radar transmitters are generally "set and forget" devices. Since there are no
moving parts to wear out and the speed of light is constant, they do not suffer from
the drift common in pressure or float-based systems. Periodic verification is usually
sufficient for most industrial standards.

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

A: A 2-wire transmitter uses the same pair of wires for both power and the 4-20mA
signal, which simplifies wiring. A 4-wire transmitter has separate power and signal
wires, allowing it to draw more power for high-intensity signals or built-in heaters
for the display.

| Conclusion

The selection of a radar based level transmitter is a strategic decision that impacts
the safety and efficiency of industrial operations. By understanding the dielectric
properties of the medium, the physical constraints of the vessel, and the specific
strengths of different radar frequencies, engineers can implement a solution that
provides years of maintenance-free service.

Welk continues to innovate in the field of industrial level measurement, providing a
robust portfolio of Radar Level Meters tailored for everything from simple water
storage to complex chemical reactors. For technical support or customized
OEM/ODM services, consulting with a qualified instrumentation specialist is the
recommended next step to ensure the selected technology aligns with your
specific process requirements.
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