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Radar Level Sensor Beam
Angle

A practical guide to radar level sensor beam angle, covering the reader intent, the
relationship to radar level sensor beam angle, 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 field of industrial automation, selecting the correct instrumentation is critical
for maintaining process safety and efficiency. Among the various technologies
available, Radar Level Meters have become the preferred choice for non-contact
measurement in challenging environments. However, the performance of these
devices is heavily dependent on a specific technical parameter: the radar level
sensor beam angle.

This guide provides a comprehensive technical analysis of beam angles, explaining
the underlying physics, selection criteria, and installation best practices to ensure
reliable level measurement in tanks, silos, and open-channel applications.

1. Measurement Principles and Beam Angle
Definition

Radar level measurement operates on the Time-of-Flight (ToF) principle. The
sensor emits high-frequency electromagnetic pulses (or a continuous wave in
FMCW systems) that travel at the speed of light. When these waves encounter a
medium with a different dielectric constant than the air or vapor space, a portion
of the energy is reflected back to the sensor. By measuring the time elapsed
between emission and reception, the device calculates the distance to the material
surface.

| What is the Beam Angle?

The radar level sensor beam angle is defined as the angle at which the power
density of the radar signal drops to half of its maximum value (-3dB point). While
radar energy is emitted in a conical shape, the "beam angle" specifically refers to
this concentrated core where the majority of the signal energy is located.

Mathematically, the beam angle ($ heta$) is inversely proportional to the
frequency of the radar signal ($f$) and the diameter of the antenna ($D$). This
relationship is roughly expressed as:

$$\theta \approx \frac{c}{f \cdot D}$$

Where $c$ is the speed of light. Consequently, there are two primary ways to
achieve a narrower beam:
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1. Increase the Frequency: Moving from 6 GHz or 26 GHz to 80 GHz technology.

2. Increase the Antenna Size: Using a larger horn or parabolic dish antenna.

| 2. Calculating the Beam Footprint

Understanding the beam angle is only the first step; an engineer must calculate
the actual "footprint" or diameter of the beam at the maximum measuring
distance. If the beam footprint is too wide, it will intersect with tank walls,
agitators, or ladders, creating false echoes that interfere with the true level signal.

To calculate the beam diameter ($W$) at a specific distance ($H$), use the
following formula:

$$W = 2 \cdot H \cdot \tan\left(\frac{\theta}{2}\right)$$

|Beam Diameter Reference Table (Metric)

Beam Angle m At 10 Meters At 20 Meters At 30 Meters
(°)

3° (High-freq 0.26 m 0.52 m 1.05m 1.57m
Lens)

8° (Standard 0.70 m 1.40 m 2.80m 4,20 m
Horn)

10° (Small 0.87 m 1.75m 3.50'm 5 25'm
Horn)

20° (Rod 1.76 m 3.53m 7.05 m 10.58 m
Antenna)

| 3. Factors Influencing Beam Angle Selection

Choosing the right radar level sensor beam angle requires balancing the physical
constraints of the vessel with the properties of the material being measured.
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| Frequency Considerations

80 GHz Radar: These devices typically offer very narrow beam angles (as low as
3°). They are ideal for tall, narrow tanks or vessels with internal obstructions. The
high frequency also allows for smaller process connections.

26 GHz Radar: A versatile mid-range frequency often used for liquids and solids.
Beam angles typically range from 8° to 12°. They offer a good balance between
signal strength and focus.

6 GHz Radar: Lower frequency radars have wider beam angles (up to 20° or more).
While less focused, they are highly resistant to heavy steam, foam, and dust,
making them suitable for extreme process conditions where signal penetration is
more important than precision focusing.

| Antenna Types

Lens Antenna: Often used with 80 GHz electronics, these provide the narrowest
beams and are flush-mounted, making them resistant to buildup.

Horn Antenna: The standard for many industrial applications. The larger the horn,
the narrower the beam.

Rod Antenna: Typically used in small chemical tanks. These have wider beam
angles and are often encapsulated in PTFE for corrosion resistance.

Parabolic Antenna: Used for long-range measurement in large silos, providing a
highly focused beam for solids.

| 4. Practical Selection and Application Table
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Application Recommended Preferred Rationale

Beam Angle Frequency
Narrow Chemical 3°-6° 80 GHz Avoids narrow tank
Tanks walls and internal

heating coils.

Large Water 8°-10° 26 GHz Provides stable
Reservoirs signal over long
distances;

cost-effective.

Silos with Agitators < 4° 80 GHz Minimizes
interference from
moving blades.

Asphalt/Heavy Oil 102 =157 26 GHz Balances beam focus
with the need to
penetrate potential
vapors.

Stilling Wells N/A (Guided) 6 GHz / 26 GHz The pipe guides the
signal, making beam
angle less critical.

5. Installation Considerations and Obstruction
Management

The most common cause of failure in radar level applications is improper
installation relative to the beam angle. To ensure a clean signal, follow these
engineering guidelines:

| The Interference-Free Zone

Always ensure that the calculated beam footprint at the bottom of the tank is free
from obstructions. If a ladder or pipe enters the beam path, the radar will detect it.
While modern Radar Level Meters feature "False Echo Suppression" software to
ignore static objects, it is always better to avoid them physically to maintain a high
signal-to-noise ratio.
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| Nozzle Geometry

The mounting nozzle should be as short as possible. If the nozzle is longer than the
antenna, the radar signal will reflect off the inside of the nozzle, creating a
"ringing" effect that masks the signal near the top of the tank (the Dead Band). For
narrow beam sensors, the nozzle diameter must be large enough to ensure the
beam does not clip the bottom edge of the nozzle.

| wall Distance

A general rule of thumb is to install the sensor at a distance from the tank wall that
is at least 1/10th of the tank height. However, with narrow 3° beams, sensors can
be mounted much closer to the wall than traditional 10° horn antennas without
receiving wall interference.

| Avoiding the Center

In vessels with a torispherical or conical top, avoid mounting the radar in the exact
center. The curved geometry can act as a parabolic reflector, concentrating
multiple reflections back to the sensor and causing signal instability.

| 6. Limitations and Risks

While narrow beam angles solve many interference problems, they are not a
universal solution. Engineers should be aware of the following risks:

Alignment Sensitivity: A 3° beam is highly focused. If the sensor is mounted even
slightly tilted, the signal may reflect away from the sensor rather than back to it,
especially on flat liquid surfaces. Aiming flanges or swivel holders are often
required.

Material Angle of Repose: In solids applications, the material forms a cone (angle
of repose). A very narrow beam might hit a sloped surface and reflect the energy
toward the tank wall instead of back to the antenna. In these cases, a slightly
wider beam or a gimbal mount is necessary to catch the reflected signal.
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Condensation and Buildup: Small, high-frequency lens antennas can be sensitive to
heavy condensation. While many are designed with convex dripped-lens shapes,
extreme buildup can still attenuate the signal.

| 7. Frequently Asked Questions (FAQ)

Q: Does a narrower beam angle mean the radar is more accurate?

A: Not necessarily. Accuracy is determined by the electronics and signal
processing. However, a narrower beam provides a higher signal-to-noise ratio by
avoiding false echoes, which makes the measurement more reliable in complex
environments.

Q: Can | use a wide-beam radar in a tall, narrow pipe?

A: No. A wide beam will reflect off the pipe walls immediately. For pipe
installations, you should use a Guided Wave Radar (GWR) or a very narrow-beam
non-contact radar if the pipe is perfectly vertical and smooth.

Q: How does the dielectric constant (DK) affect beam angle choice?

A: For materials with a low DK (like hydrocarbons), the reflected signal is weak. A
narrower beam angle concentrates the emitted energy, which can help in getting a
stronger return signal from the low-reflectivity surface.

Q: Is the beam angle adjustable?

A: No, the beam angle is a fixed physical property of the antenna design and the
operating frequency. It cannot be changed via software. You must select the
correct hardware at the time of purchase.

| 8. Conclusion and Selection Checklist

Selecting the appropriate radar level sensor beam angle is a critical step in
process instrumentation design. By matching the beam width to the vessel
geometry, engineers can eliminate false echoes and ensure long-term
maintenance-free operation.
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Before finalizing your selection, confirm the following project details:

1. Vessel Height and Diameter: Calculate the beam footprint at the maximum
distance.

2. Internal Obstructions: Map the location of agitators, baffles, and ladders relative
to the beam path.

3. Nozzle Dimensions: Ensure the nozzle height does not interfere with the signal
launch.

4. Material Properties: Determine if the dielectric constant or angle of repose
requires a specific frequency or mounting orientation.

5. Process Conditions: Check if steam, dust, or foam requires the penetration
power of a lower frequency despite the wider beam.

For technical assistance in mapping your tank geometry to the ideal instrument,
explore the range of professional Radar Level Meters and consult with application
engineers to verify signal compatibility.
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