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Beam Angle Radar Level
Transmitter

A practical guide to beam angle radar level transmitter, covering the reader intent,
the relationship to beam angle 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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Main topic: Radar Level Meters
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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-based measurement has become a standard for non-contact level
detection. However, the performance of these instruments is heavily dependent on
a specific technical parameter: the beam angle. Choosing a beam angle radar level
transmitter requires an understanding of how microwave signals interact with the
vessel environment and the material being measured.

This guide explores the principles of radar level measurement, the significance of
beam angles, and practical considerations for selecting and installing Radar Level
Meters in complex industrial settings.

| Measurement Principles of Radar Level Technology

Radar level transmitters operate on the principle of Time of Flight (ToF). The
device emits high-frequency microwave pulses (or a continuous wave in FMCW
systems) from an antenna toward the material surface. These signals travel at the
speed of light, reflect off the surface of the medium, and return to the sensor. The
transmitter then calculates the distance based on the time elapsed between
emission and reception.

| Pulse Radar vs. FMCW

1. Pulse Radar: Emits short microwave bursts and measures the time delay. It is
generally energy-efficient and suitable for simpler applications.

2. Frequency Modulated Continuous Wave (FMCW): Emits a continuous signal with
a constantly changing frequency. The distance is calculated by the frequency
difference between the transmitted and received signals. FMCW is typically more
accurate and offers better signal-to-noise ratios in challenging environments.

Regardless of the signal type, the microwave energy is not emitted in a perfectly
straight line; instead, it spreads out in a cone-like shape. This spread is defined as
the beam angle.
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| Understanding the Beam Angle

The beam angle of a radar transmitter is defined as the angle at which the power
density of the microwave signal is half of its maximum value (the -3dB point). In
practical terms, it represents the "width" of the radar's vision.

The Relationship Between Frequency and Beam
Angle

The beam angle is inversely proportional to the frequency of the signal and the
diameter of the antenna. The general physical relationship can be expressed as:

$$\theta \approx \frac{k \cdot \lambda}{D}$$

Where:

$\theta$ is the beam angle.

$k$ is a constant related to the antenna type.

$\lambda$ is the wavelength (inversely proportional to frequency).
$D$ is the diameter of the antenna.

For a fixed antenna size, a higher frequency (such as 80GHz) results in a
significantly narrower beam angle compared to a lower frequency (such as 26GHz
or 6GHz). For instance, an 80GHz beam angle radar level transmitter might
achieve a beam angle as narrow as 3°, whereas a 26GHz unit with the same
antenna size might have an angle of 10° to 15°.

| Why Beam Angle Matters in Level Measurement

The width of the radar beam determines how much of the tank's internal volume is
"illuminated" by the signal. This has several practical implications for engineering
and maintenance teams.
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| 1. Avoiding Internal Obstructions

Industrial tanks are rarely empty voids. They often contain heating coils, agitators,
ladders, and support struts. If the radar beam is too wide, it will hit these
obstructions, creating "false echoes" that can confuse the transmitter and lead to
inaccurate level readings. A narrow beam angle allows the signal to pass between
obstructions to reach the material surface.

| 2. Signal Sensitivity and Accuracy

A narrower beam concentrates the energy into a smaller area. This results in a
stronger reflected signal (echo), which is particularly important when measuring
materials with low dielectric constants (low €r), such as hydrocarbons, plastic
pellets, or liquefied gases. A stronger return signal improves the measurement's
reliability and accuracy.

| 3. Installation in Narrow Nozzles

In many retrofit applications, the available mounting nozzle is narrow or tall. A
wide beam angle will reflect off the sides of the nozzle before it even enters the
tank, causing a significant "dead zone" or near-field interference. High-frequency
transmitters with narrow beam angles are ideal for mounting on long, narrow
nozzles.

| Practical Selection Table for Radar Beam Angles

When selecting a radar level meter, engineers must balance the frequency,
antenna type, and the physical constraints of the vessel. The following table
provides a general reference for typical beam angles across different frequencies
and antenna diameters.
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Frequency Antenna Type Antenna Typical Beam Recommended
Diameter Angle Application

(mm)

6 GHz Horn 200 mm 2P WhE Large outdoor
sumps, calm
surfaces, no
obstructions.

26 GHz Horn 100 mm 8°-10° Standard
process tanks,
chemical
storage with
minor
obstructions.

26 GHz Horn 50 mm 18° - 20° Small tanks,
limited
mounting
space.

80 GHz Lens 80 mm 3 Tall silos,
narrow vessels,
tanks with
complex
internals.

80 GHz Lens 40 mm 7°-8° Small process
vessels,
corrosive media
(PTFE lens).

| Installation Considerations and Best Practices
Proper installation is just as important as selecting the correct beam angle. Even

the most advanced beam angle radar level transmitter will fail if positioned
incorrectly.

| Distance from the Tank Wall

To avoid interference from the tank wall, the transmitter should be installed at a
specific distance. A common rule of thumb is to ensure the edge of the radar beam
(at the maximum depth) does not touch the tank wall.
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Formula: $Distance = \tan(\theta/2) \times Height$

Example: If a tank is 10 meters deep and the beam angle is 10°, the center of the
transmitter should be at least $0.87$% meters ($870%$ mm) away from the wall.

| Avoiding the Center of the Tank

In cylindrical tanks with domed or conical tops, avoid mounting the radar in the
exact center. The curved top can act as a parabolic reflector, concentrating
multiple reflections at the center and causing signal interference.

| Nozzle Design

The antenna should ideally extend slightly beyond the bottom of the mounting
nozzle to ensure the beam can spread freely without reflecting off the nozzle walls.
If the nozzle is very long, a higher frequency (narrower beam) transmitter is
mandatory.

| Agitators and Turbulence

If the tank has an agitator, the radar should be mounted in a position where the
beam does not hit the blades. If turbulence is high, a stilling well or bypass pipe
may be required to provide a calm surface for measurement, though this changes
the beam angle requirements as the signal is contained within the pipe.

| Limitations of Radar Level Measurement

While radar technology is highly versatile, it is not a universal solution. Engineers
should be aware of the following limitations:

1. Dielectric Constant (er): Materials with a dielectric constant below $1.4% are
difficult to measure with non-contact radar because they reflect very little energy.
In these cases, guided wave radar (GWR) may be a better choice.
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2. Heavy Foam: Extremely dense or thick foam can absorb the radar signal
entirely, preventing a return echo. While some frequencies penetrate light foam
better than others, heavy foam remains a challenge.

3. Extreme Dust: In solid applications (silos), extremely high dust concentrations
can attenuate the signal. High-frequency (80GHz) radar is generally better at
penetrating dust than lower frequencies due to its higher energy density.

|Frequent|y Asked Questions (FAQs)

Q: Can | use a wide beam angle in a small tank?

A: It is generally not recommended. In small tanks, a wide beam is more likely to
hit the walls or internal fittings, leading to unstable readings. A narrower beam is
almost always preferable for small or complex vessels.

Q: Does the beam angle change if | change the material being measured?

A: No, the beam angle is a property of the transmitter's hardware (frequency and
antenna). However, the effectiveness of that beam changes. A material with a high
dielectric constant (like water) will return a much stronger signal within that beam
than a material with a low dielectric constant (like oil).

Q: How do | calculate the beam diameter at the bottom of my tank?

A: You can use the formula: $W = 2 \times D \times \tan(\theta/2)$%$, where $W% is
the beam diameter, $D$ is the distance from the sensor, and $\theta$ is the beam
angle. For a 10° beam at 5 meters, the diameter is approximately $0.87$ meters.

Q: Is 80GHz always better than 26GHz?

A: While 80GHz offers a narrower beam and better precision, 26GHz is often more
cost-effective for standard applications and can be more robust in certain types of
heavy condensation or specific foam conditions where the shorter wavelength of
80GHz might be more easily scattered.
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| Conclusion

Selecting the appropriate beam angle radar level transmitter is a balance of
physics and practical site constraints. By understanding the relationship between
frequency, antenna size, and beam spread, engineers can ensure reliable level
measurement even in the most challenging industrial environments. For projects
involving complex tank geometries or low-dielectric materials, prioritizing a narrow

beam angle through high-frequency technology is often the most effective path to
long-term operational success.

Welk Reference Guide 8



