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Inline Process

A practical guide to inline process, covering the reader intent, the relationship to
inline process, key evaluation criteria, common risks, and the information the
intended project audience should confirm before taking the next step.
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In the landscape of modern industrial automation, the term "inline process" refers
to the continuous monitoring and management of production parameters directly
within the flow or storage vessel, without the need for manual sampling or external
laboratory analysis. For level measurement, an inline process approach ensures
that data is captured in real-time, allowing for immediate feedback loops in
chemical processing, water treatment, and oil and gas operations. As a
professional manufacturer, Welk provides a range of instruments designed to
integrate seamlessly into these environments, ensuring accuracy and reliability
under diverse conditions.

| Understanding Inline Process Level Measurement

Integrating level sensors into an inline process requires a deep understanding of
both the physical properties of the medium and the mechanical constraints of the
system. Unlike batch processing where measurements might be taken at intervals,
inline systems demand high durability and rapid response times. The primary goal
is to maintain optimal tank levels, prevent overflows, and ensure that downstream
equipment, such as pumps and valves, operates within their designed parameters.

Effective inline monitoring reduces waste, improves safety, and enhances the
overall efficiency of the facility. By selecting the correct technology—whether it be
radar, ultrasonic, or hydrostatic—engineers can achieve a level of precision that
supports complex automation strategies.

| Core Measurement Principles for Inline Integration

Before selecting a specific instrument for an inline process, it is essential to
understand the underlying physics of the most common measurement
technologies. Each method interacts differently with the process environment.

#### Radar Level Measurement (Time of Flight)
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Radar sensors, particularly non-contact variants, emit high-frequency
electromagnetic waves (typically in the 26GHz or 80GHz range). These waves
travel at the speed of light, reflect off the surface of the medium, and return to the
sensor. The device calculates the distance based on the time elapsed. Because
electromagnetic waves do not require a medium for travel, radar is largely
unaffected by vacuum, high pressure, or temperature fluctuations, making it ideal
for volatile inline processes.

#### Ultrasonic Level Measurement

Ultrasonic sensors function similarly to radar but use sound waves instead of
electromagnetic pulses. The sensor emits a high-frequency sound pulse that
reflects off the liquid surface. The time taken for the echo to return is proportional
to the distance. While cost-effective, ultrasonic measurement is sensitive to the
composition of the air space above the liquid. Factors such as heavy foam, steam,
or significant temperature gradients can attenuate the sound signal, requiring
careful consideration during the design phase of an inline process.

#### Hydrostatic Level Measurement

Hydrostatic transmitters measure the pressure exerted by a liquid column at a
specific point. According to Pascal's law, the pressure at the bottom of a vessel is
directly proportional to the height of the liquid and its density ($P = \rho \cdot g
\cdot h$). In an inline process, these sensors are often flange-mounted or
submerged. They are highly reliable for liquids with constant density but require
recalibration if the fluid composition changes significantly.

| Selection Criteria for Inline Process Sensors

Choosing the right instrument involves evaluating the specific demands of the
application. Engineers must look beyond simple range requirements and consider
the following factors:

1. Chemical Compatibility: The wetted parts of the sensor (e.g., SS316L, PTFE, or
Hastelloy) must be resistant to the process media to prevent corrosion and
premature failure.
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2. Process Pressure and Temperature: Inline processes often operate under high
pressure (up to 40 bar or more) and extreme temperatures. Ensure the sensor
housing and seals are rated for these conditions.

3. Medium Characteristics: Is the liquid viscous, corrosive, or prone to foaming?
Does it contain solids? For example, non-contact radar is often preferred for
corrosive acids to avoid direct contact with the sensor hardware.

4. Accuracy Requirements: High-value liquids in the pharmaceutical or food
industries may require sub-millimeter accuracy, whereas wastewater applications
might tolerate a margin of £5mm to £10mm.

| Technical Comparison of Inline Level Technologies

The following table provides a general comparison of the technologies commonly
deployed in an inline process environment.

Technology Typical Max Range Key Common
Accuracy Advantages Limitations
80GHz Radar =1 mm 120 m High precision, Higher initial
small beam cost.
angle, ignores
foam.
26GHz Radar =3 mm 70m Reliable in Larger beam
steam and dust; angle than
versatile 80GH:z.
mounting.
Ultrasonic +0.25% of 15 m Non-contact, Sensitive to
range cost-effective foam and heavy
for water. vapor.
Hydrostatic +0.1% to 0.5% 200 m Simple Dependent on
installation, fluid density.
independent of
foam.
Magnetic Gauge =5 mm 6 m Visual indication = Moving parts;
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For a comprehensive look at specific models and technical data sheets,
professionals can visit the Main Page to review product options and application
support.

| Installation Best Practices for Inline Systems

Proper installation is as critical as the choice of technology. Even the most
advanced sensor will provide inaccurate data if it is poorly positioned within the
inline process.

Nozzle Geometry: For radar and ultrasonic sensors, the nozzle height and diameter
must be considered. If the nozzle is too long or narrow, it can cause internal
reflections (ringing) that interfere with the signal. Standard practice suggests that
the sensor face should extend slightly beyond the nozzle or be positioned to avoid
"seeing" the nozzle walls.

Obstruction Clearance: Sensors should be mounted away from internal tank
structures such as agitators, heating coils, or ladders. If obstructions are
unavoidable, many modern radar units feature "false echo suppression" software
to map out and ignore these static reflections.

Turbulence and Inflow: Avoid mounting sensors directly above the fill pipe. The
turbulence and bubbles created by the inflowing liquid can cause signal scattering.
If the process involves high-speed agitation, a stilling well or bypass pipe may be
necessary to provide a calm surface for measurement.

Dead Zones: Every non-contact sensor has a "blocking distance" or dead zone near
the sensor face where measurement is impossible. Ensure the maximum expected
liquid level does not enter this zone to avoid signal loss.

| Limitations and Mitigation Strategies

While inline process instrumentation has advanced significantly, certain
environmental factors still pose challenges. Identifying these early allows for the
implementation of mitigation strategies.
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Foam Accumulation: Heavy, dense foam can absorb ultrasonic and radar signals.
In such cases, 80GHz radar is often the best choice due to its high frequency and
signal processing capabilities. Alternatively, a hydrostatic transmitter can be used
as it measures pressure at the bottom and is unaffected by surface foam.

Build-up and Scaling: In wastewater or mining slurries, material can build up on the
sensor face. Using PTFE-coated antennas or sensors with self-cleaning
flush-mounted diaphragms can reduce maintenance requirements.

Vapor and Condensation: Condensation on the sensor face can attenuate signals.
Welk offers radar antennas with specialized "drip-off" designs that prevent water
droplets from accumulating, ensuring consistent signal transmission in
high-humidity inline processes.

|Frequent|y Asked Questions (FAQs)

Q: Can radar level meters be used in vacuum conditions?

A: Yes. Since radar uses electromagnetic waves, it does not require a medium for
propagation, making it perfectly suited for vacuum tanks common in many
chemical inline processes.

Q: How does temperature affect hydrostatic level sensors?

A: Temperature can change the density of the liquid. If the temperature fluctuates
significantly, the transmitter must be paired with a temperature sensor to provide
compensated density calculations, or a differential pressure setup may be
required.

Q: What is the advantage of 80GHz over 26GHz radar?

A: The primary advantage is the narrower beam angle. An 80GHz radar has a
much smaller footprint, which allows it to be installed in smaller nozzles and avoids
reflections from tank walls or internal obstructions more effectively than 26GHz
models.

Q: Is maintenance required for non-contact sensors?
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A: Generally, non-contact sensors are low-maintenance because they do not touch
the media. However, periodic checks for heavy build-up on the antenna or
checking the integrity of cable entries are recommended to ensure long-term
reliability in an inline process.

| Conclusion

Implementing a robust inline process for level measurement requires a balance of
theoretical knowledge and practical engineering. By understanding the
measurement principles of radar, ultrasonic, and hydrostatic technologies, and by
adhering to strict installation guidelines, industrial operators can ensure their
systems remain accurate and safe. Welk continues to support global industries
with high-performance instruments tailored for these demanding environments.
For detailed specifications and to find the right solution for your specific
application, please refer to the Main Page for further technical resources and
product selection tools.
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