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A practical guide to radar level transmitters, covering the reader intent, the
relationship to radar level transmitters, key evaluation criteria, common risks, and
the information the intended project audience should confirm before taking the
next step.
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In the landscape of industrial automation, radar level transmitters have emerged
as the gold standard for non-contact level measurement. These instruments
provide high-precision data even in the most challenging environments, where
temperature fluctuations, high pressure, and heavy dust or steam render other
technologies ineffective. As a professional manufacturer, Welk specializes in
providing these advanced measurement solutions, ensuring that process
industries—ranging from water treatment to chemical processing—can maintain
operational efficiency and safety.

Understanding the nuances of radar technology is essential for engineers and
procurement professionals. This guide explores the fundamental principles,
selection criteria, and installation best practices for radar level transmitters to
assist in technical decision-making.

| Core Principles of Radar Level Measurement

Radar level measurement relies on the transmission of electromagnetic waves,
typically in the microwave frequency range. Unlike ultrasonic sensors, which use
sound waves and require a medium (air) to travel, radar waves travel at the speed
of light and are largely unaffected by the atmosphere within a vessel. This makes
them ideal for vacuum applications or environments with significant vapor density.

| Time-of-Flight (ToF)

The underlying principle for most radar level transmitters is Time-of-Flight. The
device emits a microwave signal from the antenna toward the surface of the
medium. When the signal hits the medium, a portion of the energy is reflected
back to the transmitter. The instrument measures the time interval between
transmission and reception.

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. Since the distance
from the sensor to the tank bottom (the zero point) is known, the transmitter
subtracts the measured distance to determine the actual level of the material.
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| Pulse Radar vs. FMCW

There are two primary methods for processing these signals in non-contact radar:

1. Pulse Radar: This technology sends out short microwave pulses and measures
the time it takes for the pulse to return. It is known for its energy efficiency and is
often used in battery-powered or loop-powered applications. It is effective for
standard range measurements where extreme precision (sub-millimeter) is not the
primary requirement.

2. Frequency Modulated Continuous Wave (FMCW): Instead of pulses, FMCW
transmitters emit a continuous signal with a constantly changing frequency (a
frequency sweep). The reflected signal is compared to the transmitted signal at
that exact moment. The difference in frequency is directly proportional to the
distance. FMCW is generally more accurate and provides better signal-to-noise
ratios, making it the preferred choice for high-precision custody transfer or
complex tank geometries.

| Guided Wave Radar (GWR)

While non-contact radar transmits signals through the air, Guided Wave Radar
(GWR) uses a physical probe (rod or cable) to direct the microwave signal to the
liquid or solid surface. This technology is based on Time Domain Reflectometry
(TDR). GWR is exceptionally stable because the signal is concentrated along the
probe, making it immune to turbulence, foam, or internal tank obstructions that
might interfere with a free-space radar beam.

| Technical Selection Criteria

Selecting the right radar level transmitter requires a thorough analysis of the
process medium and the vessel environment. The following factors are critical to
ensuring long-term reliability.
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| Dielectric Constant ($er$)

The dielectric constant of the medium is the most significant factor in signal
reflection. Materials with high dielectric constants (e.g., water, $er = 80%) reflect
signals very strongly. Conversely, hydrocarbons and oils often have low dielectric
constants ($er < 2.5%), meaning they reflect very little energy. For low-dielectric
materials, high-sensitivity FMCW radars or Guided Wave Radar are typically
required to ensure a reliable echo.

|Frequency Selection (6GHz, 26GHz, 80GHz)

6GHz Radar: Excellent for applications involving heavy foam or steam, as the
longer wavelength can penetrate these obstacles more effectively. However, it
requires a larger antenna to maintain a narrow beam.

26GHz Radar: The industrial standard for many years. It offers a balance between
beam focus and the ability to handle moderately dusty or steamy environments. It
is widely used in chemical storage and water treatment.

80GHz Radar: The modern benchmark for high precision. The high frequency
allows for an extremely narrow beam angle (often as low as 3°). This is crucial for
avoiding internal obstructions like agitators or heating coils and for measuring in
narrow tanks or standpipes.

| Selection Comparison Table
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Pulse Radar FMCW Radar Guided Wave
(Non-contact) (Non-contact) Radar (GWR)

Accuracy =3mm to £10mm =1lmm to £2mm +2mm to £5mm
Measurement Range Up to 30m Up to 120m Up to 75m (cable)
Pressure Limit Up to 4 MPa Up to 16 MPa Up to 40 MPa
Temperature Limit -40°C to +250°C -40°C to +450°C -200°C to +450°C
Best Use Case Simple liquid storage High-precision, Interface
long-range solids measurement, low
DC

| Installation Considerations and Best Practices

Even the most advanced radar level transmitter will fail if installed incorrectly.
Engineering teams must adhere to specific spatial requirements to ensure signal
integrity.

| Nozzle Geometry and Placement

The transmitter is typically mounted on a nozzle at the top of the tank. The nozzle
should be as short as possible. If the nozzle is too long or narrow, it can create
"ringing" or parasitic reflections that drown out the actual level signal. Ideally, the
antenna should extend slightly past the bottom of the nozzle into the tank.

Key placement rules:

Avoid the Center: Never mount a radar transmitter in the exact center of a
dome-roof tank. This can cause multiple reflections to converge at the center,
creating a false high-level signal.

Wall Distance: Maintain a minimum distance from the tank wall (usually 1/6th of
the tank diameter) to prevent the beam from reflecting off the wall or weld seams.

Inflow Stream: Ensure the beam does not intersect the path of the falling product
during filling, as this will cause significant signal noise.
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| Beam Angle and Obstructions

Every radar antenna has a beam angle. Any internal structure (ladders, pipes,
agitators) that enters this beam will create a reflection. Modern transmitters like
those found on our Main Page feature "False Echo Suppression" or "Echo Mapping."
This allows the user to record the reflections from static internal structures while
the tank is empty, telling the software to ignore those specific signals during
operation.

| Application-Specific Considerations

| Solids and Powders

Measuring solids (grain, cement, plastic pellets) presents unique challenges. Unlike
liquids, solids do not form a flat surface; they create cones of repose. This can
deflect the radar signal away from the antenna. High-frequency 80GHz radar is
preferred here because its narrow beam can be aimed at a specific area of the
cone, and its high sensitivity can capture the diffuse reflections from uneven
surfaces.

| Corrosive Environments

In chemical processing, the transmitter is often exposed to aggressive vapors. For
these applications, antennas should be encapsulated in PTFE
(Polytetrafluoroethylene) or PFA. These materials provide a seamless,
corrosion-resistant barrier that protects the sensitive electronics while allowing the
microwave signal to pass through with minimal attenuation.

Welk Reference Guide 6



WELK REFERENCE GUIDE Radar Level Transmitters

| Interface Measurement

Guided Wave Radar is the primary choice for interface measurement (e.g., the
boundary between oil and water). When the microwave signal hits the upper layer
(oil), which has a low dielectric constant, part of the signal is reflected. The
remaining signal continues through the oil and reflects off the lower layer (water),
which has a much higher dielectric constant. This allows the transmitter to report
both the total level and the interface level simultaneously.

| Limitations and Risks

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

1. Extremely Low Dielectric Media: Materials with a dielectric constant below 1.4

(such as liquid nitrogen or certain liquefied gases) may not reflect enough energy
for a standard non-contact radar. In these cases, a GWR with a coaxial probe or a
bypass chamber is necessary.

2. Heavy Foam: While low-frequency radar can penetrate some foam, extremely
dense, thick foam (like shaving cream consistency) can absorb the microwave
signal entirely, leading to a "loss of echo" error.

3. Conductive Dust Buildup: If conductive dust or condensation builds up on the
antenna surface, it can short-circuit the signal. While many Welk radar units
feature self-cleaning designs or air purge connections, heavy buildup remains a
maintenance risk.

| Frequently Asked Questions (FAQ)

Q: Does the pressure inside the tank affect radar accuracy?

A: No. Microwave signhals are electromagnetic and do not rely on air density. Radar
operates accurately in full vacuum or at high pressures (e.g., 100 bar), provided
the housing and seals are rated for the environment.

Q: Can radar measure through a plastic tank wall?
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A: Yes. If the tank is made of a non-conductive material like polyethylene or
fiberglass, the radar can be mounted outside the tank and measure through the
top wall. This is a common solution for IBCs (Intermediate Bulk Containers) or
chemical totes.

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. This is usually between 50mm and
300mm depending on the frequency and antenna type. Process levels should be
kept below this zone.

Q: How does temperature affect the sensor?

A: The electronics have a standard operating range (usually -40°C to +80°C).
However, with specialized cooling fins or high-temperature antenna extensions,
radar can measure materials at temperatures exceeding +450°C.

| Conclusion

Radar level transmitters represent a significant investment in process reliability
and accuracy. By eliminating contact with the medium and providing immunity to
most atmospheric conditions, they reduce maintenance costs and prevent process
downtime. Whether utilizing the precision of 80GHz FMCW for narrow vessels or
the stability of Guided Wave Radar for interface applications, selecting the correct
technology is a matter of matching the physics of the instrument to the
requirements of the environment.

For engineers looking to integrate these solutions into their automation systems, it
is vital to confirm the dielectric constant of the medium and the physical
constraints of the vessel. To explore a comprehensive range of industrial level
measurement instruments, including radar, ultrasonic, and hydrostatic options,
Review product options and application support to find the technical specifications
that align with your project requirements.
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