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A practical guide to inline process monitoring, covering the reader intent, the
relationship to inline process monitoring, key evaluation criteria, common risks,
and the information the intended project audience should confirm before taking
the next step.
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In modern industrial environments, the transition from manual sampling to
automated, real-time data acquisition is a fundamental requirement for operational
efficiency. Inline process monitoring refers to the continuous measurement of
process variables—most critically, liquid and solid levels—directly within the
production line or storage vessel. For engineers and plant managers, implementing
robust inline monitoring systems is essential for preventing overflows, ensuring
consistent batch quality, and optimizing supply chain logistics.

As a professional manufacturer of industrial level measurement instruments, Welk
provides a range of technologies designed to meet the rigorous demands of inline
process monitoring. This guide explores the core principles of level measurement,
selection criteria for different industrial environments, and the practical
considerations necessary for successful integration.

| Core Measurement Principles for Inline Monitoring

Before selecting an instrument for inline process monitoring, it is vital to
understand the physics behind the measurement. Level measurement
technologies are generally categorized into non-contact and contact methods,
each with distinct advantages depending on the medium and the vessel
environment.

| Radar Level Measurement (Non-Contact)

Radar level meters utilize electromagnetic waves to determine the distance to the
surface of a material. There are two primary types used in inline monitoring:

1. Pulse Radar: The instrument emits a short microwave pulse that travels to the
surface of the medium and reflects back to the sensor. The time-of-flight (ToF) is
measured to calculate the distance.

2. Frequency Modulated Continuous Wave (FMCW): The sensor emits a continuous
signal with a constantly changing frequency. The difference in frequency between
the emitted and received signal is proportional to the distance. FMCW radar,
particularly at higher frequencies like 80GHz, offers superior accuracy and a
narrower beam angle, making it ideal for vessels with internal obstructions.
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|UItrasonic Level Measurement (Non-Contact)

Ultrasonic sensors function by emitting high-frequency sound waves. These waves
reflect off the surface of the liquid or solid and return to the transducer. The sensor
calculates the level based on the time elapsed and the speed of sound. Because
the speed of sound is affected by air temperature, Welk ultrasonic sensors
typically include integrated temperature compensation to maintain accuracy
across varying ambient conditions.

|Hydrostatic Pressure Measurement (Contact)

Hydrostatic level transmitters measure the pressure exerted by a liquid column at
a specific point. The principle follows the formula: $P = \rho \cdot g \cdot h$, where
$P$ is pressure, $\rho$ is the density of the liquid, $g$ is gravity, and $h$ is the
height of the liquid. This method is highly reliable for vented tanks where the liquid
density remains constant. For pressurized vessels, differential pressure
transmitters are required to compensate for the overhead gas pressure.

|Magnetic Level Gauges (Contact/Visual)

For applications requiring both a local visual indicator and a remote signal,
magnetic level gauges are used. A float containing a permanent magnet moves
with the liquid level inside a bypass chamber. This magnet flips external flags for
visual confirmation and can actuate a reed chain transmitter for continuous inline
monitoring via a 4-20mA signal.

| Technical Selection Criteria for Inline Sensors

Selecting the appropriate technology for inline process monitoring requires a
detailed analysis of the process conditions. The following table provides a general
comparison of common technologies based on typical industrial requirements.
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Radar (80GHz) Hydrostatic Magnetic
Gauge
Medium State Liquid, Slurry, Liquid, Slurry Liquid Liquid
Solid
Measurement +2 mm +0.25% of +0.1% to +5 mmto £10
Accuracy range +0.5% mm
Max 250°C (up to 80°C 100°C 400°C
Temperature 450°C)
Max Pressure 4.0 MPa Atmospheric High (Sensor 16.0 MPa
dependent)
Corrosion Excellent (PTFE Good (Plastic Excellent Excellent
Resistance options) probes) (Tantalum/Ceramic)(S5316/PP)
Foam Low High None None
Sensitivity

| Medium Characteristics

The dielectric constant (DC) of the medium is the most critical factor for radar
sensors. Low DC materials (like oils) reflect less energy than high DC materials
(like water). For ultrasonic sensors, the presence of heavy foam or steam can
absorb or scatter sound waves, leading to signal loss. In such cases, radar or
hydrostatic methods are preferred.

| Environmental Constraints

In chemical and oil and gas applications, sensors must often withstand extreme
pressures and temperatures. While ultrasonic sensors are cost-effective for water
treatment, they are limited by their operating temperature (usually below 80°C).
Radar and hydrostatic sensors are better suited for high-temperature inline
monitoring.
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Installation Best Practices and Engineering
Constraints

Proper installation is as important as selecting the right technology. For inline
process monitoring to provide actionable data, the sensor must be positioned to
avoid interference and maintain a clear line of sight to the medium.

1. Nozzle Height and Diameter: For radar and ultrasonic sensors, the nozzle should
be as short as possible. If the nozzle is too long or narrow, the signal may reflect
off the nozzle walls (ringing), creating a false high-level reading. For 80GHz radar,
the narrow beam angle allows for installation in smaller nozzles than 26GHz
models.

2. Dead Zones (Blocking Distance): Every non-contact sensor has a "dead zone"
directly beneath the transducer where measurement is impossible. For example,
an ultrasonic sensor might have a 0.3m dead zone. The sensor must be mounted
high enough that the maximum liquid level never enters this zone.

3. Turbulence and Agitators: In tanks with agitators or high inflow rates, the
surface of the liquid may be turbulent. This can cause signal scattering. Using a
stilling well or a bypass pipe can stabilize the surface for the sensor, ensuring a
consistent inline reading.

4. Orientation: Hydrostatic sensors should be installed at the lowest point of the
vessel to measure the full range. If the medium contains solids that might settle,
the sensor should be mounted slightly above the bottom or use a flush-diaphragm
design to prevent clogging.

| Limitations and Mitigation Strategies

No single technology is a universal solution for inline process monitoring.
Recognizing the limitations of each method allows engineers to implement
secondary measures or alternative technologies.

Vapor and Dust: High concentrations of dust (in silos) or heavy steam (in boilers)
can attenuate ultrasonic signals. Radar, which uses electromagnetic waves, is
largely unaffected by these conditions.
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Density Fluctuations: Hydrostatic measurement assumes a constant density. If the
process involves mixing liquids of different densities or significant temperature
swings that change the density, the level reading will drift. In these scenarios,
radar is a more stable choice for inline monitoring.

Build-up and Coating: In sticky or viscous media, material can build up on the
sensor face. Welk radar sensors often feature flat-face antennas or PTFE covers
that resist build-up, but periodic cleaning or the use of air purging may still be
required for extreme applications.

| Industry-Specific Applications

| Water and Wastewater Treatment

Inline monitoring in water treatment often involves open channels, sumps, and
large storage tanks. Ultrasonic sensors are the standard choice here due to their
cost-effectiveness and ability to handle the relatively stable conditions of water
processing. For chemical dosing tanks within the same facility, radar sensors are
used to handle corrosive vapors.

| Chemical Processing

The chemical industry requires high precision and resistance to aggressive media.
Inline process monitoring in this sector frequently utilizes radar level meters with
PTFE-lined flanges. These instruments provide the necessary isolation from
hazardous chemicals while maintaining millimeter-level accuracy.

| Oil and Gas

In the oil and gas sector, high pressure and the presence of explosive atmospheres
are the primary concerns. Instruments must be explosion-proof (Ex d or Ex i) and
capable of operating in high-pressure separators. Magnetic level gauges with
integrated transmitters provide both a mechanical safety backup and a digital feed
for the control system.
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| Frequently Asked Questions (FAQ)

Q: How does the frequency of a radar sensor affect inline monitoring?

A: Higher frequencies (e.g., 80GHz) result in a narrower beam angle and better
signal focus. This is beneficial for avoiding internal tank structures like ladders or
pipes and provides better performance in vessels with complex geometries.

Q: Can | use an ultrasonic sensor for solids level monitoring?

A: Yes, but with limitations. Solids often have an uneven surface and can be highly
absorbent of sound waves. Radar is generally more reliable for solids, especially in
dusty environments like grain silos or cement plants.

Q: What is the maintenance requirement for inline level sensors?

A: Non-contact sensors generally require very little maintenance. Contact sensors,
such as hydrostatic transmitters or magnetic floats, may require periodic cleaning
if the medium is prone to scaling or build-up.

| Conclusion

Effective inline process monitoring is the backbone of industrial automation. By
understanding the measurement principles of radar, ultrasonic, and hydrostatic
technologies, engineers can select the most reliable solution for their specific
application. Factors such as medium density, dielectric constant, and vessel
geometry must be carefully weighed against the capabilities of each instrument.

For more detailed technical specifications and to explore our full range of industrial
measurement solutions, please visit our Main Page. Welk continues to provide
advanced, cost-effective level measurement instruments tailored to the needs of
the global process industry, ensuring that your inline monitoring systems deliver
accuracy and reliability every day.
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