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Application of Radar Level
Transmitter

A practical guide to application of radar level transmitter, covering the reader
intent, the relationship to application of 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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In the landscape of industrial automation, the precise measurement of liquid and
solid levels is fundamental to process safety, inventory management, and
operational efficiency. Among the various technologies available, Radar Level
Meters have emerged as a premier choice due to their non-contact nature and
reliability in harsh environments. This guide explores the fundamental principles,
selection criteria, and the diverse application of radar level transmitter technology
across modern industries.

| Understanding Radar Level Measurement Principles

Before selecting a device, it is essential to understand how radar technology
interacts with the process medium. Radar level transmitters operate on the
principle of "Time of Flight" (ToF). The device emits high-frequency
electromagnetic waves—typically in the microwave spectrum—toward the material
surface. These waves travel at the speed of light. When they hit the surface of the
medium, a portion of the energy is reflected back to the sensor.

There are two primary methods used to process these signals:

| 1. Pulse Radar

Pulse radar transmitters emit a series of short microwave pulses. The instrument
measures the time interval between the emission of the pulse and its reception
after reflecting off the product surface. Distance is calculated using the formula:

Distance = (Speed of Light x Time) / 2.

|2. FMCW (Frequency Modulated Continuous Wave)

FMCW radar does not send pulses but rather a continuous signal with a constantly
changing frequency. As the signal travels to the surface and back, the frequency of
the emitted signal changes. The difference between the frequency of the received
signal and the frequency of the signal being emitted at that exact moment is
proportional to the distance. FMCW is generally preferred for high-precision
applications and complex environments because it offers better signal-to-noise
ratios.
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Regardless of the method, the strength of the reflected signal depends heavily on
the dielectric constant (er) of the material. Materials with high dielectric constants,
such as water (er = 80), provide strong reflections, while hydrocarbons or dry
solids with low dielectric constants (er < 2) reflect much less energy, requiring
more sensitive equipment.

| Contact vs. Non-Contact Radar Technologies

When discussing the Radar Level Meters, it is important to distinguish between the
two main hardware configurations: Guided Wave Radar (GWR) and Non-Contact
Radar.

Non-Contact Radar: These units are mounted at the top of a vessel and emit waves
through the air. They are ideal for corrosive, hot, or sterile environments because
no part of the instrument touches the process media. They are highly effective for
liguids and can be used for solids with the correct frequency and antenna design.

Guided Wave Radar (GWR): These are contact-based devices where the
microwave signal travels along a physical probe (rod or cable). This technology is
particularly effective in applications with low dielectric constants, heavy steam, or
turbulent surfaces, as the probe concentrates the energy and guides it directly to
the surface.

The Strategic Application of Radar Level Transmitter
in Industry

The application of radar level transmitter technology is found in almost every
sector where bulk liquids or solids are stored. Below are the most common
industrial scenarios:
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| 1. Water and Wastewater Treatment

In water treatment, radar is used for monitoring levels in reservoirs, lift stations,
and open channels. Because the measurement is non-contact, the sensor is not
affected by debris, grease, or corrosive gases like hydrogen sulfide. Radar is often
preferred over ultrasonic sensors in these applications because it is unaffected by
air temperature fluctuations, wind, or surface foam.

| 2. Chemical and Petrochemical Processing

Chemical plants often deal with aggressive media, high pressures, and extreme
temperatures. Radar transmitters equipped with PTFE (Teflon) or ceramic seals can
withstand corrosive acids and bases. In the petrochemical industry, they are used
to monitor crude oil, refined fuels, and liquefied gases in storage tanks where high
accuracy is required for custody transfer.

| 3. Food and Beverage Industry

Hygiene is paramount in food production. Non-contact radar transmitters with
stainless steel housings and hygienic process connections (such as Tri-Clamp)
allow for level measurement without the risk of contamination. They are
unaffected by the cleaning cycles (CIP/SIP) that involve high-temperature steam
and caustic chemicals.

| 4. Solids and Bulk Material Handling

Measuring the level of cement, grain, or plastic pellets in tall silos is challenging
due to dust and the steep angles of the material surface (angle of repose).
High-frequency radar (80GHz) is particularly effective here, as its narrow beam can
penetrate dust clouds and focus on the material surface even when it is not
perfectly flat.
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| Selection Criteria and Technical Evaluation

Choosing the right instrument requires a detailed analysis of the process
conditions. The following table provides a general comparison to assist in the
selection process:

26GHz Radar 80GHz Radar Guided Wave

Radar (GWR)

Best For General liquid Solids and narrow Low dielectric
storage tanks liquids/Steam

Beam Angle Moderate (approx. Narrow (approx. N/A (Contact)
8-12°) 3-4°)

Dust Penetration Good Excellent Excellent

Foam Resistance Moderate Limited Good

Max Range Up to 30m Up to 120m Up to 75m (cable)

Installation Standard Nozzles Small Nozzles Requires probe

clearance

| Key Factors to Confirm Before Purchase:

1. Dielectric Constant: Is the material reflective enough for non-contact radar, or is
GWR required?

2. Process Temperature and Pressure: Does the flange and seal material meet the
safety requirements of the vessel?

3. Vessel Geometry: Are there internal obstructions like agitators, heating coils, or
ladders that could cause false echoes?

4. Measurement Range: What is the total height of the vessel, and what is the
required "dead zone" (the minimum distance between the sensor and the max
level)?
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| Installation Guidelines for Optimal Performance

Even the most advanced radar level meter will fail if installed incorrectly. To
ensure a successful application of radar level transmitter technology, follow these
engineering best practices:

Nozzle Position: The transmitter should generally be installed at 1/6th of the tank
diameter away from the wall. Installing it too close to the wall will cause
interference from side-wall reflections, while installing it in the exact center can
lead to multiple-path interference in dome-roof tanks.

Avoiding Obstructions: Ensure the radar beam path is clear of internal structures
like pipes, ladders, or agitator blades. If an obstruction is unavoidable, many
modern transmitters offer "False Echo Suppression" software to map out and
ignore these static reflections.

Nozzle Height and Diameter: The nozzle should be as short and wide as possible. If
the nozzle is too long or narrow, the radar signal may reflect off the inside of the
nozzle itself before reaching the process media, creating a large dead zone at the
top of the tank.

Beam Angle Awareness: Higher frequency radars (like 80GHz) have narrower
beam angles, which makes them much easier to install in vessels with internal
clutter or narrow openings.

Orientation: For solid materials, the sensor may need to be mounted on an aiming
flange (swivel mount) to point the beam at the discharge cone or the area of
highest material accumulation.

| Limitations and Operating Boundaries

While radar is highly versatile, it is not a universal solution. Engineers must be
aware of its limitations:

1. Heavy Foam: Dense, thick foam can absorb the radar signal entirely, preventing
a return echo. In cases of heavy foam, Guided Wave Radar or hydrostatic pressure
sensors are often more reliable.
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2. Extremely Low Dielectric Materials: Materials with a dielectric constant below
1.4 (such as certain liquefied gases) may not reflect enough energy for a standard
non-contact radar. A bypass chamber or GWR is usually required in these
instances.

3. Vacuum Conditions: While radar works in a vacuum (unlike ultrasonic sensors),
the mechanical seals of the transmitter must be rated for vacuum service to
prevent air ingress or damage to the electronics.

4. Multiple Interfaces: Non-contact radar typically only measures the top surface. If
you need to measure the interface between two liquids (e.g., oil and water),
Guided Wave Radar is the appropriate choice.

| Frequently Asked Questions

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

A: Yes. Because plastic has a low dielectric constant, microwaves can pass through
it. This allows for "non-intrusive" measurement where the radar is mounted outside
a plastic tank, looking through the top surface. However, this depends on the
thickness and type of plastic.

Q: Is radar affected by heavy dust or steam?

A: Generally, no. Unlike ultrasonic waves, which are mechanical and require a
medium (air) to travel, radar waves are electromagnetic. They are largely
unaffected by the density or temperature of the gas phase in the tank, making
them ideal for steam-filled chemical tanks or dusty grain silos.

Q: What is the maintenance requirement for a radar transmitter?

A: Because non-contact radar has no moving parts and does not touch the media,
maintenance is minimal. Periodic checks of the antenna for heavy buildup (in
extremely sticky applications) and verifying the electronics' calibration are
typically all that is required.

Q: How does 80GHz radar differ from 26GHz radar?
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A: The primary difference is the wavelength. The 80GHz frequency allows for a
much smaller antenna and a narrower beam. This makes it easier to avoid internal
tank obstructions and provides better resolution, particularly in solids or when
measuring through narrow nozzles.

By carefully considering the process environment and following established
installation guidelines, the application of radar level transmitter technology
provides a robust, long-term solution for industrial level monitoring. For specific
technical specifications and model comparisons, engineers should consult detailed
product documentation to match the instrument to their unique process
requirements.

Welk Reference Guide 8



