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Cone Type Radar Level
Transmitter

A practical guide to cone type radar level transmitter, covering the reader intent,
the relationship to cone type 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 automation, precise level measurement is a cornerstone of
operational efficiency, safety, and inventory management. Among the various
technologies available, Radar Level Meters have emerged as a preferred solution
for non-contact measurement. Within this category, the cone type radar level
transmitter—often referred to as a horn antenna radar—is one of the most
versatile and widely deployed instruments.

This guide explores the underlying principles, selection criteria, and practical
installation requirements for cone type radar level transmitters, providing
engineering professionals with the technical context needed to optimize their
measurement systems.

| Understanding Radar Level Measurement Principles

Radar level measurement relies on the propagation of electromagnetic waves,
specifically microwaves, to determine the distance between the sensor and the
surface of the medium. Unlike ultrasonic sensors, which use sound waves and are
affected by air temperature and pressure, radar waves travel at the speed of light
and are largely independent of the gas phase properties in the tank.

| Time-of-Flight (ToF) vs. FMCW

Most modern radar level meters utilize one of two primary modulation techniques:

1. Pulse Radar (ToF): The instrument emits a short microwave pulse and measures
the time it takes for the pulse to travel to the surface and return. The distance is
calculated as $Distance = (Speed of Light \times Time) / 2$.

2. Frequency Modulated Continuous Wave (FMCW): The transmitter emits a
continuous signal with a constantly changing frequency. The reflection from the
product surface is received and compared to the emitted signal. The frequency
difference between the transmitted and received signals is directly proportional to
the distance.
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Regardless of the modulation, the efficiency of the measurement depends on the
dielectric constant ($er$) of the material. Materials with higher dielectric constants
reflect more energy, providing a stronger signal return. The cone type radar level
transmitter is specifically designed to focus these signals, making it effective even
for materials with lower reflectivity.

| The Role of the Cone Type Radar Level Transmitter

The antenna is the interface between the transmitter electronics and the process
environment. The "cone" or "horn" shape serves a critical function: it acts as a
waveguide transition that shapes the electromagnetic beam.

| Why Use a Cone Antenna?

Beam Focusing: The flared shape of the cone narrows the microwave beam. A
narrower beam reduces the likelihood of the signal hitting internal tank
obstructions like agitators, ladders, or heating coils.

Signal Gain: The cone design increases the antenna gain, allowing the transmitter
to detect weaker reflections from low-dielectric liquids or turbulent surfaces.

Condensation Management: While not immune to buildup, the open structure of a
cone antenna is often easier to clean or protect with a PTFE
(Polytetrafluoroethylene) dropper or shield compared to complex rod designs.

In the Welk product lineup, the cone type radar level transmitter is typically
utilized in applications involving large ranges (up to 30 meters or more) or where
the process media might generate steam or dust that could attenuate weaker
signals.

| Key Selection Criteria for Industrial Applications

Selecting the right cone type radar level transmitter requires a detailed
understanding of the process conditions. Engineers must balance frequency,
antenna size, and material compatibility.
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| Frequency: 26GHz vs. 80GHz

The frequency of the radar signal significantly impacts the beam angle and the
instrument's ability to handle dust or condensation.

Beam Angle Wider (typically 8° to 20°) Narrow (typically 3° to 6°)

Dust Penetration Excellent; longer wavelength Moderate; can be affected by
passes through particles heavy dust

Accuracy +3mm to £5mm +1mm to £2mm

Antenna Size Larger cones required for Small cones achieve very
narrow beams narrow beams

Application Large silos, heavy steam, Small tanks, narrow nozzles,
turbulent liquids high precision

| Materials of Construction

For standard industrial use, Stainless Steel (SS316L) is the default material for the
cone. However, in corrosive environments—such as those found in chemical
processing or water treatment—the cone may be lined with or constructed entirely
from fluoroplastics like PTFE or PFA. These materials provide chemical resistance
and a non-stick surface to minimize medium buildup.

| Installation Best Practices for Cone Antennas

The performance of a cone type radar level transmitter is heavily dependent on
correct installation. Even the most advanced electronics cannot compensate for a
poorly positioned antenna.
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| 1. Nozzle Dimensions

The cone antenna should ideally extend beyond the mounting nozzle. If the cone is
recessed inside a long, narrow nozzle, the radar signal will reflect off the nozzle
walls, creating "ringing" or a large dead zone at the top of the tank. If a long nozzle
is unavoidable, a transmitter with a nozzle extension or a specific "long-horn"
design must be used.

| 2. Positioning and Clearance

Wall Distance: The transmitter should be installed at a distance from the tank wall,
typically 1/6th of the tank diameter. This prevents the beam from reflecting off the
wall and causing signal interference.

Avoiding the Center: Do not install the radar in the exact center of a tank with a
domed roof. The curved roof can act as a parabolic reflector, focusing unwanted
noise back to the sensor. Additionally, the center is often where a vortex forms in
agitated tanks, which can deflect the signal.

Obstructions: Ensure the beam path is clear of internal structures. If an obstruction
is unavoidable, many Welk radar level meters feature "False Echo Suppression”
software, which allows the user to map out and ignore static reflections from fixed
objects.

| 3. Orientation

The cone should be mounted perpendicular to the product surface. For bulk solids
where the material forms a cone or heap, an adjustable flange (aiming kit) may be
necessary to tilt the transmitter so the beam is perpendicular to the slope of the
material, maximizing the reflected signal.
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Comparative Analysis: Cone vs. Other Antenna
Designs

While the cone type is a versatile choice, other antenna geometries exist for
specific niches. Understanding these differences helps in selecting the most
cost-effective solution.

Rod Antenna: Typically made of PTFE or PP, these are used in small vessels and for
highly corrosive liquids. They have a wider beam angle than cones and are more
susceptible to buildup.

Parabolic Antenna: Used for very long-range measurements (up to 70-100 meters)
or for materials with extremely low dielectric constants. The large surface area of
the parabola provides the highest gain but requires a large mounting opening.

Lens Antenna (Flat): Often found in high-frequency 80GHz units. The lens is flush
with the process connection, making it ideal for applications where the sensor
must not protrude into the tank or where a sanitary, easy-to-clean surface is
required.

| Limitations and Maintenance Requirements

Despite their robustness, cone type radar level transmitters have limitations that
must be addressed during the engineering phase.

| Dielectric Constant Limits

Radar technology struggles with materials that have a dielectric constant below
1.4 (such as certain liquefied gases). In these cases, a guided wave radar (GWR) or
a high-gain parabolic radar may be more appropriate.
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| Condensation and Buildup

In processes involving high humidity or temperature shifts, condensation can form
inside the cone. While 26GHz radars are relatively tolerant of thin films, heavy
buildup of conductive or viscous media can attenuate the signal. Maintenance
involves periodic inspection and cleaning of the internal cone surface. If buildup is
a recurring issue, air purging systems can be integrated into the cone assembly to
keep the antenna clear.

| Pressure and Temperature

The mechanical seal between the antenna and the transmitter electronics is the
primary point of failure under extreme conditions. Ensure the selected transmitter
is rated for the maximum process pressure (e.g., 40 bar) and temperature (e.g.,
+250°C) of the application.

| Frequently Asked Questions (FAQ)

Q: Can a cone type radar level transmitter measure through a plastic tank roof?

A: Yes. Because plastic is non-conductive and has a low dielectric constant,
microwaves can pass through it. This allows for "tank-side" measurement where
the sensor is mounted above a plastic IBC or storage tank without a process
penetration.

Q: How does foam affect the measurement?

A: The effect of foam depends on its density and conductivity. Dry, light foam may
be transparent to radar, while dense, wet foam can absorb or reflect the signal
prematurely. In heavy foam applications, lower frequency radars (6GHz or 26GHz)
generally perform better than high-frequency 80GHz units.

Q: Is it possible to use a cone radar in a vacuum?

A: Yes. Since radar waves do not require a medium for propagation (unlike
ultrasonic waves), they function perfectly in a vacuum. The primary concern is
ensuring the process seal of the transmitter is rated for vacuum service.
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Q: What is the minimum distance a cone radar can measure?

A: This is known as the "Dead Zone" or "Blocking Distance." For most cone type
transmitters, this is between 200mm and 500mm from the bottom of the antenna.
Measurement in this zone is unreliable.

| Conclusion

The cone type radar level transmitter remains a staple of industrial level
measurement due to its balance of performance, durability, and adaptability. By
understanding the beam dynamics and following strict installation protocols,
facilities can achieve highly accurate, non-contact measurement in even the most
challenging environments. For specific application support or to explore
high-frequency options, engineers should consult technical documentation for
Radar Level Meters to ensure the selected hardware aligns with the dielectric and
physical properties of the target medium.
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