WELK | REFERENCE GUIDE

Cone Antenna Radar Level
Transmitter

A practical guide to cone antenna radar level transmitter, covering the reader
intent, the relationship to cone antenna radar level transmitter, 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 process automation, the ability to accurately measure
liquid and solid levels is fundamental to operational safety and efficiency. Among
the various technologies available, the cone antenna radar level transmitter stands
out as one of the most versatile and widely deployed instruments. As a specific
configuration of Radar Level Meters, these devices utilize microwave pulses to
provide non-contact measurement in environments ranging from simple water
storage to complex chemical reactors.

This guide examines the technical principles, selection criteria, and installation
best practices for cone antenna radar transmitters, providing engineers and
procurement specialists with the factual framework required for successful
integration.

| Understanding the Measurement Principle

Radar level measurement is based on the principle of "Time of Flight" (ToF) or
Frequency Modulated Continuous Wave (FMCW) technology. In both instances, the
instrument emits high-frequency electromagnetic waves toward the surface of the
medium. These waves travel at the speed of light, reflect off the surface of the
material, and return to the sensor.

| Time of Flight (ToF)

In pulse-based radar, the transmitter sends a short microwave pulse. The
electronics measure the time interval between the emission and the reception of
the reflected signal. Since the speed of light is constant, the distance ($D%) is
calculated as:

$$D = \frac{c \times t}{2}%$%

Where $c$ is the speed of light and $t$ is the measured time. The level is then
derived by subtracting the distance from the known height of the vessel.
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| FMCW Radar

Frequency Modulated Continuous Wave (FMCW) radar emits a continuous signal
with a frequency that changes linearly over time. The difference in frequency
between the emitted sighal and the reflected signal is proportional to the distance.
This method often provides higher precision and a better signal-to-noise ratio in
challenging environments.

| The Role of the Cone Antenna

The antenna serves as the interface between the instrument's electronics and the
process environment. The cone shape, often referred to as a "horn antenna," is
designed to focus the microwave energy into a narrow beam. This focusing is
critical for minimizing reflections from tank walls, internal obstructions (such as
agitators or ladders), and the vessel's nozzle.

| Key Evaluation Criteria for Cone Antenna Selection

Selecting the correct cone antenna radar level transmitter requires a detailed
analysis of the process conditions and the physical properties of the medium.

| 1. Operating Frequency

The frequency of the radar signal significantly impacts the performance of the
cone antenna:

6 GHz (C-Band): Historically used for applications with heavy foam or steam. The
longer wavelength can penetrate certain vapors more effectively but requires a
much larger cone diameter to achieve a narrow beam.

26 GHz (K-Band): The industry standard for most liquid applications. It offers a
balance between a manageable antenna size and a focused beam (typically 8° to
20° depending on cone diameter).
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80 GHz (W-Band): While many 80 GHz units use lens antennas, cone configurations
exist for specific high-temperature or high-pressure applications. These offer
extremely narrow beams and high precision.

| 2. Dielectric Constant ($&r$)

The dielectric constant of the medium determines how much energy is reflected
back to the sensor. High dielectric materials (e.g., water-based liquids, $er > 10%)
reflect signals strongly. Low dielectric materials (e.g., hydrocarbons, $er < 2%)
absorb or transmit more energy, requiring a more sensitive receiver and a
well-focused cone antenna to capture the weak return signal.

| 3. Process Temperature and Pressure

Cone antennas are typically constructed from 316L stainless steel, but the internal
sealing (the "window" through which the radar passes) is usually made of PTFE or
PEEK. It is essential to verify that these materials can withstand the process
temperature (often up to 250°C or higher in specialized models) and pressure (up
to 40 bar or more).

| Practical Selection Table

50mm (2") 80mm (3") 100mm (4") 150mm (6")
Cone Cone Cone Cone

Beam Angle ~18° ~10°

(26GHz)

Max 10m - 20m 30m - 35m 70m+ 70m+
Measurement

Range

Ideal Small tanks, Standard Tall silos, low Long-range
Application bypass pipes process vessels $er$ liquids solids/liquids
Mounting DN50 DN80 DN100 DN150

Nozzle Size

Welk Reference Guide 4



WELK REFERENCE GUIDE Cone Antenna Radar Level Transmitter

| Installation Considerations and Best Practices

Correct installation is the most significant factor in the long-term reliability of a
cone antenna radar level transmitter. Engineers should adhere to the following
guidelines:

| Nozzle Geometry

The cone antenna should ideally extend beyond the mounting nozzle. If the cone is
recessed deep within a narrow nozzle, the radar signal will reflect off the nozzle
walls, creating a "ringing" effect or a large "dead zone" (near-blanking distance) at
the top of the tank. If a long nozzle is unavoidable, a cone extension or a larger
diameter cone should be used.

| Positioning in the Vessel

Wall Distance: The transmitter should be mounted at a distance from the vessel
wall equivalent to approximately 1/6th of the tank diameter. Mounting too close to
the wall causes signal interference, while mounting in the exact center can lead to
multiple reflection errors in domed-roof tanks.

Obstructions: Ensure the signal beam path is clear of agitators, heating coils, and
inflow streams. If an obstruction is unavoidable, most modern Radar Level Meters
feature "false signal suppression"” or "echo mapping" software to ignore these
static reflections.

| Environmental Protection

In applications with heavy condensation or dust, the cone antenna can become
coated. While radar can penetrate thin films of non-conductive buildup, heavy or
conductive buildup (like metallic dust or wet sludge) will attenuate the signal. In
these cases, consider an antenna with a purging connection (using compressed air
or nitrogen) to keep the cone interior clean.
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| Limitations of Cone Antenna Technology

While highly effective, the cone antenna radar level transmitter is not a universal
solution. Limitations include:

1. Heavy Foam: Extremely thick, dense foam (like shaving cream) can absorb the
radar signal entirely, leading to signhal loss. In these specific cases, hydrostatic or
guided wave radar may be more appropriate.

2. Internal Obstructions: In very small tanks crowded with internal hardware, even
a narrow 8° beam may struggle to find a clear path to the liquid surface.

3. Extremely Low Dielectric Solids: For materials with $er < 1.4$ (like some plastic
pellets), the reflected sighal may be too weak for standard non-contact radar,
necessitating guided wave radar (GWR).

| Frequently Asked Questions (FAQ)

Q: Can a cone antenna radar be used for solids measurement?

A: Yes, but with considerations. Solids often have an angle of repose that reflects
the signal away from the sensor. A larger cone antenna with a narrower beam and
a swiveling flange (to aim the sensor perpendicular to the material slope) is usually
required.

Q: What is the "Dead Zone"?

A: The dead zone (or blocking distance) is the area immediately below the antenna
where the device cannot measure accurately. For most cone antenna radars, this
is typically between 200mm and 500mm from the bottom of the cone.

Q: How does the cone size affect the signhal?

A: A larger cone diameter acts like a larger lens; it focuses the energy into a
tighter beam. This increases the signal strength (gain) and reduces the risk of
hitting obstacles near the beam path.

Q: Is maintenance required for the cone?
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A: Under normal conditions, radar is maintenance-free. However, if the process
involves splashing or heavy vapors that crystallize, periodic inspection and
cleaning of the cone's internal emitter may be necessary to maintain signal
integrity.

| Conclusion

The cone antenna radar level transmitter remains a cornerstone of industrial level
measurement due to its non-contact nature, lack of moving parts, and adaptability
to various process connections. By understanding the relationship between
antenna size, frequency, and beam angle, engineers can specify a solution that
provides reliable data even in high-temperature or volatile environments. When
selecting your next instrument, always verify the dielectric properties of your
medium and ensure the installation site provides a clear line of sight for the radar
beam to achieve optimal performance.
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