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In the field of industrial level measurement, the transition from traditional
ultrasonic sensors to radar-based technology has significantly improved reliability
in challenging environmental conditions. The Vegapuls C 11 represents a specific
category of compact, 80 GHz radar sensors designed for non-contact level
measurement in simple applications. This article provides a technical overview of
the measurement principles, specifications, and practical engineering
considerations for deploying this type of sensor in B2B environments such as water
management and industrial automation.

| Operating Principles of 80 GHz FMCW Radar

Before evaluating specific hardware like the Vegapuls C 11, it is essential to
understand the underlying Frequency Modulated Continuous Wave (FMCW)
principle. Unlike pulse radar, which measures the time of flight of a single
microwave pulse, FMCW radar transmits a continuous signal with a constantly
changing frequency.

| The Frequency Sweep

The sensor emits a high-frequency signal (starting around 76 GHz and sweeping up
to 81 GHz). This signal travels to the medium surface, is reflected, and returns to
the sensor. By the time the reflected signal reaches the receiver, the transmitter is
already emitting a higher frequency. The difference between the transmitted
frequency and the received frequency (the "beat frequency") is directly
proportional to the distance.

| Advantages of the 80 GHz Band

The use of the 80 GHz frequency band, compared to older 26 GHz or 6 GHz
systems, offers several technical benefits:

1. Narrow Beam Angle: Higher frequencies allow for smaller antenna sizes while
maintaining a narrow beam (typically around 8° for compact units). This minimizes
interference from tank walls, internal structures, or build-up on the sides of a wet
well.

Welk Reference Guide 2



WELK REFERENCE GUIDE Vegapuls C 11

2. Higher Resolution: The wider bandwidth available at 80 GHz allows for more
precise distance resolution, enabling the sensor to distinguish between the actual
liquid level and nearby obstructions.

3. Immunity to Environmental Factors: Radar signals are unaffected by
temperature fluctuations, vacuum, high pressure, or the presence of vapors and
dust, which often cause ultrasonic sensors to fail.

| Technical Specifications and Key Features

The Vegapuls C 11 is engineered as an entry-level, maintenance-free alternative to
ultrasonic sensors. It is particularly suited for applications where basic level
monitoring is required without the need for complex display interfaces on the
sensor itself.

| Core Parameters

Measuring Range: Up to 8 meters (approx. 26.25 feet).
Measurement Accuracy: £5 mm.

Beam Angle: 8°.

Process Temperature: -40 to +60 °C.

Process Pressure: -1 to +3 bar (-100 to +300 kPa).

Frequency Range: W-band (80 GHz technology).
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| Construction and Connectivity

The housing is typically constructed from PVDF (Polyvinylidene fluoride), providing
excellent chemical resistance and an IP66/IP68 (3 bar) protection rating. This
makes the unit suitable for submersion in flood-prone areas. Connectivity is
handled via a fixed cable, and data transmission usually supports standard
industrial protocols including 4...20 mA, Modbus RTU, or SDI-12. For more complex
industrial requirements, engineers often Review product options and application
support to ensure the selected sensor meets specific hazardous area certifications
or higher pressure ratings.

| Application Scenarios and Industry Use Cases

The Vegapuls C 11 is primarily utilized in the water and wastewater industry, as
well as in auxiliary processes across various manufacturing sectors.

| Water and Wastewater Management

In municipal water systems, the sensor is used to monitor levels in open channels,
gauge stations, and rainwater overflow basins. Because the 80 GHz signal
penetrates plastic covers and foam, it provides a more stable reading than
ultrasonic alternatives in sewage lift stations where foam and condensation are
prevalent.

| Small Tank Monitoring

In chemical processing or industrial automation, the narrow beam angle is
advantageous for small storage tanks or IBCs (Intermediate Bulk Containers). The
sensor can measure through the plastic top of an IBC, allowing for level monitoring
without opening the container, which is critical for maintaining the integrity of
high-purity chemicals.
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| Flow Measurement in Open Channels

When combined with a flow calculator or PLC, the sensor provides the level data
necessary to calculate flow rates in flumes and weirs. Its high accuracy (5 mm)
ensures that flow calculations remain within regulatory tolerances.

| Comparison and Selection Criteria
Selecting the correct level transmitter requires a balance between cost, accuracy,

and environmental constraints. The following table compares the compact radar
class (like the Vegapuls C 11) with other common technologies.

80 GHz Compact Ultrasonic Sensor Hydrostatic

Radar Pressure

Measurement Non-contact Non-contact (Sound) Contact (Pressure)

Method (Microwave)

Accuracy +5 mm +10 mm to 0.25% of +0.1% to 0.5% of
range span

Effect of None Significant None

Vapor/Steam

Effect of Density None None Significant

Installation Top-mounted Top-mounted Bottom or

Submerged
Maintenance Very Low Moderate (Cleaning) Moderate (Clogging)

When applications demand higher precision (=1 mm or £2 mm) or longer ranges
(up to 30m or 120m), engineers should consult the Main Page for
professional-grade radar level meters that offer advanced signal processing and
hazardous area approvals (ATEX/IECEX).
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| Installation Guidelines and Best Practices

Proper installation is critical to maximizing the performance of the 80 GHz radar.
Although the narrow beam angle reduces interference, the following engineering
guidelines should be followed:

1. Beam Path Clearance: Ensure the 8° beam path is free from obstructions such
as ladders, pipes, or agitators. Even though the sensor has "False Signal
Suppression" capabilities, a clear path results in a higher signal-to-noise ratio.

2. Nozzle Height: If mounting the sensor in a nozzle, the bottom of the sensor
should ideally extend beyond the nozzle end to prevent internal reflections. If the
sensor must be recessed, the nozzle should be as short and smooth as possible.

3. Positioning: The sensor should be mounted at least 200 mm away from the tank
wall to prevent side-wall reflections. It should be positioned so that the radar beam
hits the liquid surface perpendicularly.

4. Cable Protection: In outdoor installations, use a conduit or UV-resistant shielding
for the fixed cable to prevent degradation over time. Ensure the cable entry points
are sealed to maintain the IP68 rating.

| Limitations and Operational Considerations

While the Vegapuls C 11 is a versatile tool, it has specific limitations that must be
considered during the project design phase:

Dielectric Constant (dk): Radar relies on the reflection of electromagnetic waves.
Liquids with very low dielectric constants (e.g., certain hydrocarbons or liquefied
gases) may reflect a weak signal. While 80 GHz technology is sensitive, media with
a dk < 2.0 may require a guided wave radar or a larger antenna.

Pressure and Temperature: The PVDF housing and encapsulated design limit the
sensor to a maximum of 3 bar and 60 °C. For high-pressure boilers or
high-temperature chemical reactors, stainless steel sensors with specialized seals
are required.
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Range Constraints: The 8-meter limit is strictly defined. If the distance from the
sensor to the bottom of the tank exceeds 8 meters, the signal will be lost at the
bottom of the range, potentially causing errors in empty-tank detection.

|Frequent|y Asked Questions (FAQs)

| Can the Vegapuls C 11 measure solids?

While primarily designed for liquids, it can measure some bulk solids at short
ranges. However, because solids often have an angle of repose that scatters the
radar signal, the effective range is usually reduced. For dedicated solids
measurement, a sensor with a higher dynamic range is recommended.

| Is a display required for setup?
No, the C 11 is typically configured via Bluetooth using a smartphone/tablet app or

through a PC with a USB-Bluetooth adapter. It can also be configured via the signal
output (Modbus or HART if supported by the specific variant).

| How does condensation affect the measurement?
80 GHz radar is highly resistant to condensation. The signal can penetrate small

droplets on the sensor face. Furthermore, the PVDF surface is often designed to be
hydrophobic, causing moisture to bead off and minimizing signal attenuation.

| Can it be used in hazardous areas?

The standard Vegapuls C 11 is often used in non-classified areas. For applications
involving explosive atmospheres (dust or gas), engineers must specify versions
with the appropriate ATEX, FM, or CSA certifications.
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What is the advantage over the Vegapuls C 21 or C
22?

The C 11 is the most compact and cost-effective model in the series, optimized for
basic tasks. The C 21 and C 22 offer higher ranges (up to 15m), different mounting
options, and additional output configurations for more complex integration
requirements.

By understanding these technical parameters and limitations, B2B procurement
and engineering teams can effectively integrate compact radar technology into
their process control systems, ensuring long-term accuracy and reduced
maintenance costs.
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