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In the field of industrial level measurement, the transition from traditional
contact-based methods to non-contact radar technology has significantly improved
reliability and reduced maintenance overhead. The Vegapuls 11 represents a
specific class of compact radar sensors designed primarily for the water and
wastewater industry, as well as auxiliary processes in various industrial plants. As
an 80 GHz radar sensor, it leverages high-frequency signals to provide precise
measurements in space-constrained environments.

Understanding the technical nuances of 80 GHz frequency-modulated continuous
wave (FMCW) radar is essential for engineers and procurement specialists when
evaluating this sensor against alternatives such as ultrasonic or hydrostatic
transmitters. This guide explores the measurement principles, application
strengths, and installation requirements of the Vegapuls 11, while providing a
broader context for industrial level measurement solutions available on our Main
Page.

| 1. Measurement Principle: 80 GHz FMCW Radar

The Vegapuls 11 operates on the Frequency Modulated Continuous Wave (FMCW)
principle. Unlike pulse-based radar, which measures the time of flight of a single
microwave pulse, FMCW radar emits a continuous sighal with a frequency that
changes linearly over time (a frequency sweep or "chirp").

| How FMCW Works

1. Signal Emission: The sensor transmits a continuous microwave signal. The
frequency of this signal increases over a specific period.

2. Reflection: The signal hits the surface of the medium (liquid or solid) and is
reflected back to the sensor antenna.

3. Frequency Comparison: Because the transmitter is constantly changing its
frequency, by the time the reflection returns, the transmitted frequency has
shifted. The sensor compares the frequency of the received signal with the
frequency being transmitted at that exact moment.
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4. Distance Calculation: The difference between these two frequencies ($Af$) is
directly proportional to the distance the signal traveled. Advanced digital signal
processing then converts this frequency difference into a precise level
measurement.

| The Advantage of 80 GHz

The use of the 80 GHz frequency band is a critical feature of the Vegapuls 11.
Lower frequency radars (e.g., 6 GHz or 26 GHz) require much larger antennas to
achieve a narrow beam. At 80 GHz, the wavelength is significantly shorter,
allowing for a very narrow beam angle (typically around 8°) from a compact sensor
head. This narrow beam is vital for avoiding internal tank obstructions like ladders,
pipes, or agitators, which could otherwise cause false echoes.

| 2. Technical Capabilities and Features

The Vegapuls 11 is engineered as a cost-effective, entry-level radar sensor. It is
designed for simplicity, often replacing ultrasonic sensors in applications where
environmental factors like temperature fluctuations or wind might interfere with
sound waves.

| Key Specifications

Measuring Range: Up to 8 meters (approximately 26.25 feet).
Accuracy: 5 mm (0.2 inches).

Process Temperature: -40 to +60 °C.

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

Output: 4...20 mA or digital protocols like Modbus RTU/ASCII or SDI-12.

Protection Rating: IP66/IP67, making it suitable for outdoor use and wash-down
environments.
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| Wireless Adjustment

One of the defining features of this series is the integration of Bluetooth
communication. This allows operators to configure the sensor via a smartphone or
tablet using an app. In B2B environments where sensors are often mounted in
hard-to-reach locations (such as over open basins or on top of tall plastic tanks),
wireless adjustment significantly improves safety and commissioning speed.

| 3. Practical Applications in Industry

The Vegapuls 11 is optimized for liquid measurement in unpressurized or
low-pressure environments. Its robust design makes it a standard choice for
several key sectors.

| Water and Wastewater Management

In municipal water treatment, the sensor is used for level monitoring in open
channels, pump stations, and rain overflow basins. Unlike ultrasonic sensors, radar
is unaffected by air temperature layers, fog, or wind, which are common in outdoor
water applications.

| Chemical Storage in Small Tanks

For small chemical dosing tanks or IBCs (Intermediate Bulk Containers), the
compact size of the Vegapuls 11 is ideal. It can measure through the plastic roofs
of tanks, allowing for non-invasive level monitoring where the sensor never comes
into contact with corrosive media.

| Industrial Process Auxiliary Units

Many industrial plants require level monitoring in cooling water circuits, neutralized
wastewater pits, or lubricant storage. The maintenance-free nature of radar
technology ensures that these auxiliary systems run without the frequent cleaning
cycles required by contact-based probes.
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| 4. Selection Criteria: Comparing Technologies

Choosing the right level measurement technology requires a balance between
cost, accuracy, and environmental constraints. The following table compares the
Vegapuls 11 (Radar) with other common technologies offered by Welk and detailed

on our Main Page.

80 GHz Radar
(Vegapuls 11)

Ultrasonic Sensors

Hydrostatic

Transmitters

Measurement Type

Effect of

Vapor/Steam

Effect of Foam

Accuracy

Installation

Maintenance

Cost

Non-contact

Minimal

Moderate (Depends

on density)

High (£5 mm)

Top-mounted

Extremely Low

Mid-range

Non-contact

High (Slows sound
waves)

High (Absorbs sound)

Moderate (+£10-20
mm)

Top-mounted

Moderate (Cleaning
needed)

Low

| When to Choose Radar over Ultrasonic

Contact
(Pressure-based)

None

None

High (Depends on
density)

Bottom or
Submersible

Low to Moderate

Low to Mid-range

If your application involves varying gas compositions, vacuum, or significant
temperature swings, radar is the superior choice. Ultrasonic sensors rely on the
speed of sound, which changes with air density and temperature. Radar uses
electromagnetic waves, which travel at the speed of light and remain constant
regardless of the atmosphere in the vapor space.
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| 5. Installation Guidelines and Best Practices

Correct installation is paramount to ensuring the long-term accuracy of the
Vegapuls 11. While the 80 GHz beam is narrow, certain geometric rules must be
followed.

| Positioning the Sensor

Distance from Wall: The sensor should be mounted at a distance from the tank
wall of at least 200 mm (approx. 8 inches). This prevents the beam from reflecting
off the wall surface or buildup on the wall.

Beam Path: Ensure the path between the sensor and the liquid surface is clear of
obstructions. Even though 80 GHz radar can "see" past small obstacles, a clear
path provides the highest signal-to-noise ratio.

Avoid the Center: In cylindrical tanks with domed tops, do not mount the sensor in
the exact center. The parabolic shape of the roof can focus multiple reflections
back to the sensor, causing signal interference.

| Mounting Methods

Threaded Connection: The Vegapuls 11 typically features a G1%z or 1% NPT thread
for direct mounting into a tank nozzle.

Mounting Brackets: For open basins, stainless steel mounting brackets are used to
suspend the sensor over the liquid.

Through-Plastic Measurement: The sensor can be mounted above a plastic tank
(e.qg., PE or PP) to measure through the tank ceiling. This requires the ceiling to be
relatively thin and free of metal reinforcement.
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| 6. Limitations and Operational Constraints

While the Vegapuls 11 is a versatile tool, it is not a "one-size-fits-all" solution.
Understanding its boundaries prevents application failure.

Heavy Foam: Extremely thick, dense foam (like shaving cream) can absorb the
radar signal rather than reflecting it. In such cases, a guided wave radar or a
hydrostatic level transmitter may be more appropriate.

High Pressure/Temperature: The Vegapuls 11 is limited to 60 °C and 3 bar. For
high-pressure reactors or steam-saturated boilers, heavy-duty radar models with
specialized antenna materials and cooling fins are required.

Low Dielectric Media: Some hydrocarbons and oils have very low dielectric
constants ($er$). While 80 GHz radar is sensitive, very low $&r$ fluids may require
a larger antenna or a different measurement technology to ensure a stable
reflection.

Dead Zone: Like all radar sensors, there is a small "dead zone" (blocking distance)
immediately in front of the antenna (typically 0 to 250 mm) where measurement is
not possible or less accurate.

|7. Frequently Asked Questions (FAQs)

Q: Can the Vegapuls 11 measure solids?

A: It is primarily designed for liquids. While it may work on very small silos with
fine powders, the measuring range and signal strength are optimized for liquid
surfaces. For bulk solids, sensors with higher power and different signal processing
are usually recommended.

Q: Is the Bluetooth connection secure?

A: Yes, the Bluetooth communication used for adjustment is protected by a PIN and
can be deactivated entirely after commissioning to prevent unauthorized access.

Q: Does the sensor require calibration?
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A: Radar sensors are factory-calibrated. In the field, you only need to perform a
"min/max" adjustment (mapping the 4mA and 20mA points to specific distances).
No periodic re-calibration is typically necessary unless required by local regulatory
standards.

Q: How does it handle turbulence?

A: The sensor uses digital filtering to average the signal. While a turbulent surface
reduces the signal strength, the 80 GHz frequency usually maintains a sufficient
echo to provide a stable reading.

| Conclusion

The Vegapuls 11 serves as an excellent entry point into the world of 80 GHz radar
level measurement. By providing a non-contact, maintenance-free alternative to
older technologies, it helps industrial operators improve the accuracy of their
process monitoring. However, successful implementation depends on matching the
sensor's specifications to the specific chemical and physical properties of the
application.

For engineers seeking a wider range of industrial level measurement instruments,
including radar, ultrasonic, and magnetic gauges, we invite you to explore the
comprehensive technical resources and product options available on our Main
Page. Selecting the right instrument is a balance of technical requirements and
cost-effectiveness, and having a diverse portfolio of technologies ensures the
optimal solution for every tank and basin.
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