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Radar Level Measurement
Diagram

A practical guide to radar level measurement diagram, covering the reader intent,
the relationship to radar level measurement diagram, 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 process control, the accuracy of level measurement
directly impacts operational safety, inventory management, and product quality.
Among the various technologies available, radar-based systems have emerged as
a premier choice for challenging environments. To successfully implement these
systems, engineers and plant managers must understand the underlying physics
and the spatial requirements of the installation. A radar level measurement
diagram serves as the foundational blueprint for this understanding, illustrating
how electromagnetic waves interact with the process medium and the vessel
geometry.

Welk, a professional manufacturer of industrial level measurement instruments,
provides advanced Radar Level Meters designed for diverse sectors, including
water treatment, chemical processing, and oil and gas. This guide explores the
principles of radar technology, the components of a measurement diagram, and
the critical factors for selecting and installing these instruments.

|Principles of Radar Level Measurement

Before examining a radar level measurement diagram, it is essential to understand
the two primary methods used to calculate distance: Pulse Radar and Frequency
Modulated Continuous Wave (FMCW).

| Pulse Radar (Time-of-Flight)

Pulse radar instruments emit short microwave pulses toward the surface of the
medium. These pulses travel at the speed of light, reflect off the surface, and
return to the sensor's antenna. The instrument measures the time interval
between the emission and the reception. Since the speed of light is constant, the
distance is calculated using the formula:

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

This method is known for its energy efficiency and is often used in battery-powered
or loop-powered applications.

Welk Reference Guide 2



WELK REFERENCE GUIDE Radar Level Measurement Diagram

|FMCW (Frequency Modulated Continuous Wave)

FMCW radar transmits a continuous signal with a frequency that changes linearly
over time (a frequency sweep). When the reflected signal is received, it is
compared to the signal being transmitted at that exact moment. The difference in
frequency (the "beat frequency") is directly proportional to the distance to the
medium. FMCW technology, particularly at higher frequencies like 80GHz, offers
superior resolution and accuracy, making it ideal for complex tanks with internal
obstructions.

Deconstructing the Radar Level Measurement
Diagram

A comprehensive radar level measurement diagram typically illustrates several
key zones and physical parameters that dictate the performance of the sensor.
Understanding these elements is vital for avoiding "false echoes" and ensuring
reliable data.

| 1. The Emission Cone and Beam Angle

Radar waves do not travel in a perfectly straight line like a laser; they spread out
in a cone-shaped pattern. The beam angle is defined as the angle at which the
energy density is half of its maximum value.

- Narrow Beam: High-frequency radar (e.g., 80GHz) produces a narrow beam,
which is easier to direct away from tank walls and internal obstructions like
agitators or ladders.

- Wide Beam: Lower frequency radar (e.g., 6GHz or 26GHz) has a wider beam,
which may be necessary for penetrating heavy foam or steam but requires
more clearance from the vessel sides.
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|2. The Blocking Distance (Dead Zone)

At the very top of the measurement range, immediately below the antenna, there
is a region called the blocking distance or dead zone. In this area, the instrument
cannot accurately process the return sighal because the emission and reception
happen too quickly to be distinguished. A radar level measurement diagram will
clearly mark this zone, and users must ensure the maximum liquid level never
enters this space to prevent measurement failure.

| 3. The Reference Point

The measurement usually starts from the lower edge of the process connection
(the flange or thread). All distance calculations are relative to this reference point.
In a diagram, this is the "Zero" point for the ullage (empty space) measurement.

|4. Reflection and Dielectric Constant (cr)

The strength of the reflected signal depends on the dielectric constant of the
medium. Materials with high dielectric constants (like water, er = 80) reflect
signals strongly. Materials with low dielectric constants (like hydrocarbons or dry
powders, er < 2) reflect very little energy, requiring more sensitive electronics or
Guided Wave Radar (GWR) technology.

|Types of Radar Level Meters

Welk offers two primary categories of radar instruments, each suited to specific
scenarios represented in different measurement diagrams.

| Non-Contact Radar

These instruments are mounted at the top of the tank and do not touch the
medium. They are ideal for corrosive, hygienic, or extremely hot materials. They
are categorized by their frequency:
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- 26GHz Radar: A versatile standard for many industrial liquids and solids.

- 80GHz Radar: The modern standard for high-precision measurement in narrow
tanks or vessels with complex internals.

| Guided Wave Radar (GWR)

In GWR, the radar pulse travels along a physical probe (a rod or cable) rather than
through free space. This concentrates the energy and is highly effective for liquids
with very low dielectric constants or in applications with heavy foam, turbulence,
or dust that might scatter a free-space signal.

| Selection Criteria for Industrial Applications

Choosing the right instrument requires a comparison of process conditions against
the capabilities of the radar meter. The following table provides a general selection
framework:

Guided Wave
Radar (GWR)

Non-Contact Radar
(26GHz)

Criteria Non-Contact Radar

(80GHz)

Measurement Range Up to 120m Up to 30m - 70m Up to 30m (cable)

Accuracy

Dielectric Constant

Process Temp.

Internal Obstacles

Foam/Turbulence
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+1mm to £2mm

er> 1.4

-40°C to +200°C+

Excellent resistance

Moderate resistance

+3mm to £5mm

er>19

-40°C to +150°C

Moderate resistance

Low resistance

+2mm

er> 1.2

-50°C to +400°C

Not affected (if probe
clears)

High resistance
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| Installation Considerations and Best Practices

A radar level measurement diagram is only effective if the physical installation
mirrors the planned geometry. Failure to follow installation guidelines is the most
common cause of measurement error.

| Nozzle Geometry

The nozzle (the pipe extending from the tank top where the sensor is mounted)
should be as short and wide as possible. If the nozzle is too long or narrow, the
radar signal can reflect off the nozzle walls, creating a "ringing" effect that masks
the true level of the medium. For 80GHz sensors, the narrow beam allows for
longer nozzles than 26GHz models.

| Positioning and Orientation

- Distance from Wall: The sensor should generally be installed at a distance of
1/4 to 1/6 of the tank diameter from the wall. Mounting too close to the wall
causes interference; mounting in the exact center can lead to multiple
reflections (echoes) in domed-roof tanks.

- Avoiding Obstructions: Ensure the emission cone is clear of ladders, heating
coils, and agitator blades. If an obstruction is unavoidable, many Welk Radar

Level Meters feature "false echo suppression" software to map out and ignore
these static reflections.

- Inlet Interference: Never install the sensor directly above the tank inlet. The
turbulence and falling material will cause erratic readings.

| Polarization

Radar waves are polarized. Rotating the sensor in its mounting can sometimes
help minimize reflections from tank walls or specific internal structures. The
orientation of the sensor head should follow the manufacturer’s markings relative
to the tank wall.
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| Limitations and Common Risks

While radar is a robust technology, it is not universal. Engineers must be aware of
specific limitations:

1. Vacuum and Pressure: While radar works well in a vacuum (unlike ultrasonic
sensors), extreme pressures can affect the mechanical integrity of the antenna
seal. Always check the pressure rating of the flange.

2. Condensation and Buildup: Heavy buildup of conductive material on the antenna
can attenuate the signal. In these cases, using a PTFE-faced antenna or an
integrated air purge system to clean the lens is recommended.

3. Extremely Low Dielectric Media: For materials like Liquefied Natural Gas (LNG)
or certain refrigerants, the reflection may be too weak for non-contact radar. In
these instances, a bypass pipe or a GWR probe is often the preferred solution.

4. Heavy Foam: Some types of foam absorb radar signals entirely, while others
reflect them. If the foam is thick and dense, the radar may measure the top of the
foam instead of the liquid, or lose the signal entirely.

| Frequently Asked Questions (FAQ)

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

A: Yes, non-conductive materials like plastic (PE, PP, PVC) or glass are transparent
to radar waves. This allows for "non-invasive" measurement where the sensor is
mounted outside the tank, looking through a plastic window or the tank roof itself.

Q: What is the difference between 26GHz and 80GHz radar?

A: The primary difference is the beam angle. An 80GHz radar has a much narrower
beam, allowing it to be used in smaller tanks, through smaller nozzles, and in
vessels with more internal obstructions without interference.

Q: Does temperature or pressure affect the speed of the radar signal?
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A: No. Unlike ultrasonic waves, which depend on air density, radar waves are
electromagnetic and travel at the speed of light. Their speed is virtually unaffected
by changes in temperature, pressure, or the composition of the gas vapor space.

Q: How do | maintain a radar level meter?

A: Radar meters are generally maintenance-free because they have no moving
parts. The primary maintenance task is ensuring the antenna remains clean if the
process involves heavy splashing or crystallization.

| Conclusion

Understanding the radar level measurement diagram is the first step toward
achieving precise and reliable level control in industrial environments. By
accounting for the emission cone, dielectric properties, and potential obstructions,
engineers can select the optimal technology for their specific needs.

Welk continues to lead the industry by providing robust Radar Level Meters and
technical support to ensure successful integration. Whether dealing with corrosive
chemicals, wastewater, or high-pressure oil storage, the correct application of
radar technology ensures operational efficiency and long-term reliability. For
customized OEM/ODM services or specific application engineering, consulting with
a professional manufacturer is recommended to verify that the chosen instrument
aligns with the unique geometry and process conditions of your facility.

Welk Reference Guide 8



