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Radar Level Transmitter
Beam Angle

A practical guide to radar level transmitter beam angle, covering the reader intent,
the relationship to radar level transmitter beam angle, 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 field of industrial process control, selecting the right instrumentation is
critical for operational efficiency and safety. Among the various technologies
available, Radar Level Meters have become a preferred choice for hon-contact
measurement in challenging environments. However, the success of a radar
installation often hinges on a technical parameter that is frequently
misunderstood: the radar level transmitter beam angle.

Understanding the beam angle is not merely a theoretical exercise; it is a practical
necessity for engineers designing systems for narrow silos, tanks with internal
obstructions, or vessels containing complex geometries. This guide explores the
principles of radar beam formation, the factors influencing beam width, and how to
optimize selection for reliable level measurement.

| The Fundamentals of Radar Level Measurement

Before delving into the specifics of beam angles, it is essential to understand how
radar level transmitters function. Most modern industrial radar meters, such as
those manufactured by Welk, utilize either Pulse Radar or Frequency Modulated
Continuous Wave (FMCW) technology.

| Measurement Principles

In both technologies, the instrument emits electromagnetic waves (microwaves)
toward the surface of the medium being measured. These waves travel at the
speed of light. When they reach the surface of the product—whether liquid or
solid—a portion of the energy is reflected back to the sensor. The transmitter then
calculates the distance based on the time-of-flight (the time taken for the signal to
travel to the surface and back).

Pulse Radar: Sends short microwave pulses and measures the time interval
between the transmitted and received pulse.

FMCW Radar: Emits a continuous signal with a constantly changing frequency. The
distance is determined by the frequency difference between the emitted and
received signals at any given moment.
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Regardless of the processing method, the energy is not emitted as a single,
laser-thin line. Instead, it is emitted in a conical shape known as the "beam." The
spread of this cone is what we define as the beam angle.

| Defining the Radar Level Transmitter Beam Angle

The radar level transmitter beam angle is technically defined as the angle at which
the power density of the radar signal is half of its maximum value (the -3dB point).
While some energy exists outside this specified angle, the vast majority of the
signal strength—and therefore the most reliable measurement data—is contained
within this cone.

| Why the 3dB Point Matters

In engineering terms, the 3dB point represents the boundary where the signal
power drops by 50%. Most signal processing algorithms in high-quality radar level
meters are optimized to prioritize reflections returning from within this primary
beam. Reflections originating from outside this angle are typically weaker and are
more easily filtered out as "noise" or false echoes, provided the installation is
correctly managed.

| Calculating the Beam Footprint

To determine if a radar unit will interfere with internal tank structures like
agitators, ladders, or heating coils, engineers must calculate the diameter of the
beam at the maximum measuring distance. The formula for the beam diameter

($D39) is:

$$D = 2 \cdot L \cdot \tan\left(\frac{\alpha}{2}\right)$$
Where:

$D$: Diameter of the beam footprint (meters).

$L$: Distance from the sensor to the surface (meters).

$\alpha$: The beam angle of the transmitter (degrees).
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For example, a radar with a 10° beam angle at a distance of 10 meters will have a
beam footprint of approximately 1.75 meters. If an obstruction falls within this
1.75-meter circle, it may cause a false reflection.

| Factors Influencing Beam Width and Focus

The beam angle is not an arbitrary number; it is a physical result of the
relationship between the radar's operating frequency and the physical dimensions
of its antenna.

| 1. Operating Frequency

Frequency is the most significant factor in modern radar design. As the frequency
increases, the wavelength decreases, allowing for a more focused beam with a
smaller antenna.

6GHz - 26GHz (C-band to K-band): These frequencies typically produce wider beam
angles (often 10° to 25°), requiring larger antennas to achieve focus.

80GHz (W-band): This high-frequency technology allows for extremely narrow
beam angles (as small as 3° to 8°) even with small process connections. This is the
current gold standard for narrow vessels.

| 2. Antenna Type and Size

The antenna acts as the "lens" for the radar signal. Common types include horn
antennas, parabolic antennas, and lens antennas. Generally, for a fixed frequency,
a larger antenna diameter results in a narrower beam angle.
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Beam Angle at 26GHz Beam Angle at 80GHz

40 mm (1.5") ~22° ~8°
50 mm (2") ~18° ~6°
80 mm (3") ~10° ~4°
100 mm (4") ~8° ~3°

| The Impact of Beam Angle on Application Success

Choosing the correct radar level transmitter beam angle is vital for several
reasons, primarily related to signal integrity and the elimination of interference.

| Signal-to-Noise Ratio (SNR)

A narrower beam concentrates more energy onto the target surface. This results in
a stronger return signal (higher amplitude), which improves the signal-to-noise
ratio. In applications with low-dielectric media (like hydrocarbons or plastic pellets)
or turbulent surfaces, a narrow beam is often necessary to ensure the reflected
signal is strong enough to be detected reliably.

| Avoiding Internal Obstructions

Industrial tanks are rarely empty. They contain pipes, baffles, agitator blades, and
reinforced supports. A wide beam angle increases the likelihood that the radar
signal will hit these objects. These "false echoes" can confuse the transmitter,
leading to erratic readings or the device locking onto a static internal structure
instead of the actual liquid level.
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| Measurement in Narrow Silos

In tall, narrow grain silos or chemical storage tanks, a wide beam may hit the
vessel walls. Reflection from the walls causes signal attenuation and can create
multiple-path interference, where the signal bounces between the wall and the

surface before returning to the sensor. A narrow beam angle allows the radar to
"see" straight to the bottom without interacting with the side walls.

| Practical Selection and Calculation Guide

When selecting Radar Level Meters, engineers should follow a structured
evaluation process.

| Step 1: Map the Tank Geometry

Identify the tallest and widest points of the vessel. Map all internal obstructions
and their horizontal distance from the proposed mounting nozzle.

|Step 2: Determine Required Beam Diameter

Using the maximum distance to the bottom of the tank, calculate the maximum
allowable beam angle that will clear all obstructions by at least 200mm to 300mm.

| Step 3: Frequency vs. Antenna Trade-off

If the tank has a small nozzle (e.g., 2"), but requires a narrow beam, an 80GHz
transmitter is usually mandatory. If the tank is large and has a 10" flange, a lower
frequency radar with a large parabolic antenna might be more cost-effective for
heavy dust applications.

Selection Table: Application vs. Recommended Beam
Angle
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Application Type Typical Challenge Recommended Beam
Angle

Large Storage Tanks Long range, calm surface 8°-15°

Process Vessels with Moving parts, obstructions < 6° (80GHz recommended)
Agitators

Narrow Silos / Standpipes Wall interference < 4°

Open Channels / Sumps Wide area, low height 10° - 20°

Corrosive Chemical Skids Small nozzles, tight space 38

| Installation Best Practices for Narrow Beam Radars

Even the most advanced radar with a 3° beam angle can fail if installed incorrectly.
Consider the following engineering guidelines:

1. Nozzle Height and Diameter: The antenna should ideally extend slightly past the
bottom of the mounting nozzle to prevent the signal from reflecting off the nozzle
edges (ringing). If the nozzle is very long, a radar with a narrower beam is required
to avoid "nozzle interference."

2. Distance from Wall: Always maintain a minimum distance from the tank wall. A
general rule of thumb is to install the radar at 1/4 to 1/3 of the tank diameter from
the wall, ensuring the beam footprint does not touch the wall at the lowest
measurement point.

3. Avoid the Center: Do not mount the radar in the exact center of a domed-roof
tank. Domed roofs can act as a parabolic reflector, focusing unwanted noise
directly back into the sensor.

4. Orientation: For solid materials, the angle of repose must be considered. In
some cases, an adjustable flange is used to aim the radar beam perpendicular to
the slope of the material to maximize signal return.
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| Limitations and Troubleshooting

While narrow beam angles solve many problems, they are not a universal
panacea. There are specific limitations to consider:

Alignment Sensitivity: A radar with a 3° beam requires very precise leveling. A tilt
of just a few degrees can cause the signal to bounce away from the sensor,
especially on flat liquid surfaces.

Surface Turbulence: On extremely turbulent surfaces, a very narrow beam might
occasionally "lose" the signal as the waves tilt the reflecting surface away from the
antenna. In these rare cases, a slightly wider beam or advanced software tracking
may be more robust.

Condensation and Buildup: Small, high-frequency antennas have smaller emitting
surfaces. While lens antennas are designed to shed moisture, heavy buildup of
viscous or crystallizing media can still attenuate the signal. Welk offers specialized
PTFE covers and air purging options for these scenarios.

| Frequently Asked Questions

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

A: Not necessarily. Accuracy is determined by the electronics and frequency
bandwidth. However, a narrower beam provides a "cleaner"” signal with fewer false
echoes, which makes the measurement more reliable in complex environments.

Q: Can | use a radar with a wide beam angle in a bypass pipe or stilling well?

A: Yes. In a bypass pipe, the pipe itself acts as a waveguide. The beam angle
becomes irrelevant because the signal is contained within the metal walls. Lower
frequency radars (6GHz - 26GHz) are often used in these applications.

Q: How do | know the beam angle of my existing radar?

A: The beam angle is typically listed on the manufacturer's data sheet and is
specific to the antenna model and size attached to the transmitter.
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Q: Does the beam angle change with the measurement distance?

A: The angle remains constant, but the diameter of the beam increases linearly
with distance. This is why beam angle is more critical in deep tanks than in shallow
ones.

| Conclusion

The radar level transmitter beam angle is a foundational parameter in the design
of any level measurement system. By selecting the appropriate frequency and
antenna configuration, engineers can navigate the challenges of internal
obstructions and narrow vessel geometries. For modern industrial applications, the
shift toward higher frequencies like 80GHz has simplified this process, offering
narrower beams that provide unprecedented reliability.

When planning your next installation, ensure you calculate the beam footprint at
the maximum depth and consult with technical experts to match the instrument's
capabilities to your specific process conditions. For more information on selecting
the right technology for your facility, Review product options and application
support to find a solution tailored to your requirements.
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