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In the field of industrial process control, the term "endessus"—derived from the
French for "above" or "on top of"—frequently refers to the positioning and
orientation of level measurement instrumentation. Top-mounted level sensors are
the industry standard for a wide variety of applications, ranging from volatile
chemical storage to municipal water treatment. Measuring from above the medium
provides several operational advantages, including reduced risk of leakage, ease
of maintenance, and the ability to use non-contact technologies that are not
subject to the corrosive or abrasive nature of the stored material.

Selecting the correct instrumentation for top-down measurement requires a deep
understanding of the physics governing signal propagation through the headspace
(the area endessus the liquid or solid) and the reflective properties of the target
surface. This guide explores the principles of top-mounted level measurement,
compares the leading technologies, and provides engineering benchmarks for
successful implementation.

|Principles of Top-Mounted Level Measurement

Most top-mounted instruments operate on the Time-of-Flight (ToF) principle. The
sensor, located at the top of the vessel, emits a signal (either electromagnetic or
acoustic) toward the surface of the material. The signal reflects off the surface and
returns to the sensor. By measuring the time elapsed between emission and
reception, and knowing the speed of the signal in the specific medium (usually air
or a specific gas), the distance to the material can be calculated.

|Radar Level Measurement (Electromagnetic Waves)

Radar level meters use high-frequency microwave signals. These signals travel at
the speed of light and are largely unaffected by temperature fluctuations, pressure
changes, or the presence of dust and vapors in the headspace.

1. FMCW (Frequency Modulated Continuous Wave): The sensor emits a continuous
signal with a constantly changing frequency. The difference between the emitted
frequency and the reflected frequency at any given moment is proportional to the
distance. This method offers extremely high accuracy (up to =1 mm).
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2. Pulse Radar: The sensor sends out short microwave pulses and measures the
time it takes for them to return. While slightly less precise than FMCW in some
scenarios, pulse radar is highly energy-efficient and suitable for many standard
industrial tanks.

|Ultrasonic Level Measurement (Sound Waves)

Ultrasonic sensors emit high-frequency sound pulses. Unlike radar, the speed of
sound is heavily dependent on the temperature and composition of the gas in the
headspace. Consequently, ultrasonic sensors usually include an integrated
temperature sensor to compensate for these changes. They are cost-effective
solutions for atmospheric tanks and open-channel flow measurement but are
limited by vacuum conditions (where sound cannot travel) and high-pressure
environments.

| Key Evaluation Criteria for Sensor Selection

When evaluating a top-mounted solution, engineers must look beyond the basic
range of the sensor. The conditions endessus the product—the environment
between the sensor and the material—often dictate the success of the installation.

| Dielectric Constant ($&r$)

For radar sensors, the dielectric constant of the material is the most critical factor.
Materials with a high $&r$ (like water, $er = 80%) reflect signals very strongly.
Materials with a low $&r$ (like hydrocarbons or dry powders, $er < 2$) allow most
of the signal to pass through, resulting in a weak reflection. In such cases,
high-sensitivity radar or guided wave radar may be required.

| Surface Conditions

Turbulence, foam, and agitation significantly impact signal return.

Turbulence: Ripples on the surface can scatter the signal. Software algorithms
(False Signal Suppression) are used to filter this noise.
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Foam: Dense foam can absorb ultrasonic signals and attenuate radar signals. If
foam is a constant factor, hydrostatic or contact-based measurements might be
more reliable, though specific high-power radar frequencies can sometimes

penetrate light foam.

| Vessel Geometry and Internals

Internal structures such as agitators, ladders, heating coils, and structural struts
can create "false echoes." When a sensor is mounted endessus a vessel with
complex internals, the beam angle of the sensor must be narrow enough to avoid
these obstructions. Modern instruments allow for "echo mapping," where the
sensor is taught to ignore reflections from fixed internal objects.

| Technology Comparison Table

The following table provides a general comparison of the most common
top-mounted measurement technologies utilized in industrial automation.

Radar

(Non-Contact)

Ultrasonic
(Non-Contact)

Guided Wave
Radar (GWR)

Measurement

Principle

Accuracy

Pressure Range

Temperature Range

Effect of Vapors

Effect of Foam

Cost
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Microwave
pulses/FMCW

High (£1mm to
+5mm)

Vacuum to 160+ bar

-40°C to +450°C

Negligible

May penetrate light
foam

Higher

Acoustic pulses

Moderate (£0.25% of
range)

Atmospheric
(typically < 3 bar)

-40°C to +80°C

Significant (requires
comp.)

Usually
blocked/absorbed

Lower

Microwaves along a
probe

Very High (£2mm)

Vacuum to 400 bar

-200°C to +450°C

Negligible

Can measure
through foam

Moderate to High
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| Installation Considerations and Best Practices

Proper installation is paramount to ensuring the accuracy of any instrument
mounted endessus the process media. Failure to follow geometric constraints often
leads to signal loss or erratic readings.

| Nozzle Design

The mounting nozzle should be as short and wide as possible. If a nozzle is too long
or narrow, the signhal may reflect off the internal walls of the nozzle before even
entering the tank, creating a large "dead zone" at the top of the measurement
range. For radar, the antenna should ideally extend slightly past the bottom of the
nozzle.

| Position and Orientation

Avoid the Center: In cylindrical tanks with domed tops, mounting the sensor in the
exact center can lead to multiple reflections (parabolic effect) that confuse the
sensor. It is generally recommended to mount the sensor at 1/3 the radius of the
tank.

Avoid the Inflow: Never mount a sensor directly above the point where the tank is
filled. The falling stream of liquid or solids will interfere with the signal and provide
false high-level readings.

Perpendicularity: The sensor must be mounted perpendicular to the product
surface. Even a few degrees of tilt can cause the reflected signal to miss the
receiver entirely, especially on flat surfaces like calm liquids.

The Dead Zone (Blocking Distance): Every ToF sensor has a minimum distance it
cannot measure (the time required for the electronics to switch from transmit to
receive mode). Ensure the maximum fill level of the tank does not enter this dead
zone.
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| Limitations of Top-Mounted Systems

While highly versatile, measuring from endessus the media has inherent
limitations:

1. Heavy Dust: In solid silo applications, extreme dust during filling can attenuate
ultrasonic signals completely. High-frequency radar (76-81 GHz) is typically
preferred here as it can penetrate dust clouds.

2. Vacuum Conditions: Ultrasonic sensors cannot function in a vacuum because
sound requires a medium to travel. Radar is the only non-contact option for
vacuum vessels.

3. Internal Obstructions: If a tank is filled with complex piping and there is no clear
"line of sight" to the liquid, top-mounted non-contact sensors may be unusable. In
these cases, a bypass chamber or a magnetic level gauge may be required.

For a comprehensive look at the various hardware options available for these
applications, you may Review product options and application support on our Main
Page.

| Frequently Asked Questions (FAQ)

Q: Can | use an ultrasonic sensor if there is a layer of nitrogen endessus the liquid?

A: Yes, but with caution. The speed of sound in nitrogen is different than in air. You
must calibrate the sensor for the specific gas constant of nitrogen, or the distance
calculation will be inaccurate. Radar is generally a better choice for
nitrogen-blanketed tanks as it is unaffected by gas composition.

Q: How do | handle heavy agitation or boiling liquids?

A: For radar, use a stilling well (a vertical pipe installed inside the tank). The stilling
well provides a calm surface for the measurement while allowing the liquid level to
equalize with the rest of the tank. For ultrasonic, a stilling well can also be used,
but it must be vented to ensure the gas composition inside the pipe matches the
headspace.
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Q: What is the benefit of 80GHz radar over 26GHz radar for top-mounting?

A: 80GHz radar has a much narrower beam angle (often as small as 3 degrees).
This allows the sensor to avoid internal obstructions and makes it easier to install
in small nozzles or tanks with narrow profiles. It also provides better performance
on materials with low dielectric constants.

Q: Is maintenance required for sensors mounted endessus the process?

A: Non-contact sensors require very little maintenance. However, in applications
with heavy condensation or material buildup (like wastewater or sticky chemicals),
the sensor face may need occasional cleaning. Many Welk radar units feature "air
purge" connections or PTFE droplet antennas designed to shed condensation
automatically.

| Conclusion

Understanding the environment endessus the target medium is as important as
understanding the medium itself. By selecting the appropriate
technology—whether it be the robust versatility of radar or the cost-effectiveness
of ultrasonic—and adhering to strict installation guidelines regarding nozzle
placement and beam angles, engineers can ensure reliable, long-term level
monitoring. For specific technical drawings and customized OEM/ODM level
measurement solutions, consulting a professional manufacturer like Welk ensures
that the selected instrument is optimized for the unique challenges of your
industrial application.

Welk Reference Guide 7



