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A practical guide to processing and separation solutions, covering the reader
intent, the relationship to processing and separation solutions, 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 process control, the efficiency of processing and separation
solutions depends heavily on the accuracy and reliability of level measurement
instrumentation. Whether dealing with oil-water separation in the energy sector,
chemical reagent dosing, or wastewater clarification, understanding the interface
between different media is critical for maintaining product purity and operational
safety. This article explores the technical principles of level measurement
technologies and their specific roles in separation processes.

| Understanding Level Measurement Principles

Before selecting instrumentation for complex processing and separation solutions,
engineers must understand the physical principles that govern different
measurement technologies. Each method interacts differently with the physical
properties of the media, such as dielectric constant, density, and acoustic
impedance.

|Radar Level Measurement (Non-Contact and Guided)

Radar technology is widely considered the gold standard for high-precision
industrial applications. It operates on the Time-of-Flight (ToF) principle, where
microwave pulses are emitted toward the material surface and reflected back to
the sensor.

Non-Contact Radar (80GHz): These sensors emit high-frequency signals with
narrow beam angles. This is particularly useful in separation tanks with internal
obstructions like agitators or heating coils. The high frequency allows for better
reflection even on low-dielectric liquids.

Guided Wave Radar (GWR): GWR uses a physical probe (cable or rod) to guide the
microwave signal. This technology is exceptionally effective for interface
measurement—a core requirement in separation solutions. When the signal hits
the top layer (e.g., oil), part of the energy is reflected, while the remainder
continues through the upper liquid to reflect off the lower layer (e.g., water).
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| Ultrasonic Level Sensors

Ultrasonic sensors utilize sound waves, typically in the range of 20 kHz to 200 kHz.
The sensor measures the time interval between the emission of the ultrasonic
pulse and the reception of the echo. While cost-effective for water treatment and
open-channel separation, ultrasonic waves are mechanical and require a medium
(air) to travel. Consequently, they are sensitive to temperature fluctuations, heavy
foam, and vacuum conditions, which can attenuate the sound signal.

| Hydrostatic Level Transmitters

Hydrostatic measurement relies on the principle that the pressure at a specific
depth in a static liquid is proportional to the height of the liquid column above it ($P
= \rho \cdot g \cdot h$). In separation tanks where the density ($\rho$) of the liquid
remains constant, hydrostatic sensors provide a highly reliable and simple solution.
However, in multi-phase separation where densities vary, compensation or
dual-sensor configurations are required.

| Magnetic Level Gauges

Magnetic level gauges (MLGs) utilize a float containing a permanent magnet that
moves with the liquid level inside a bypass chamber. This motion is coupled to a
visual indicator or a reed-chain transmitter outside the chamber. MLGs are favored
in high-pressure processing environments because they provide a clear visual
reference while maintaining a robust pressure barrier.

The Role of Instrumentation in Processing and
Separation Solutions

Processing and separation solutions are designed to isolate components of a
mixture based on physical or chemical properties. Level meters act as the "eyes"
of these systems, ensuring that separation boundaries are maintained within
design limits.
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| Oil-Water Separation

In the oil and gas industry, separators divide well fluids into gas, oil, and water.
Accurate interface measurement is vital here. If the oil level is too low, water may
carry over into the oil outlet (water-in-oil); if the water level is too high, oil may be
lost through the water discharge (oil-in-water). Guided Wave Radar is the preferred
choice for these processing and separation solutions due to its ability to track the
interface layer even when an emulsion or "rag layer" is present.

| Chemical Processing and Decanting

Chemical separation often involves decanting, where a clear liquid is drawn off the
top of a settled precipitate. Level switches and continuous transmitters ensure the
decanting arm or valve operates at the precise height to avoid disturbing the
sediment. Radar meters with high chemical resistance (PTFE/PFA coatings) are
essential for these corrosive environments.

| Wastewater Clarification

In water treatment, separation occurs in large clarifiers where solids settle to the
bottom. Ultrasonic sensors are frequently used to monitor the surface level, while
specialized sludge blanket detectors (often based on ultrasonic or optical
principles) monitor the thickness of the separated solids at the bottom of the tank.

| Technical Selection Criteria

Selecting the right instrument requires a detailed analysis of the process
conditions. The following table provides a general comparison for engineering
reference.
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Technology Typical Media Max Pressure Primary
Accuracy Suitability Temperature| Limit Advantage
80GHz *+1 mm to Liquids, +250°C Up to 160 Non-contact,
Radar +2 mm Solids, bar high
Slurries precision
Guided =2 mm Interface, +450°C Up to 400 Excellent for
Wave Radar Low bar interface
Dielectric
Ultrasonic +0.25% of Water-based +80°C Up to 3 bar Cost-effective,
range liquids simple
Hydrostatic +0.1% to Clean +100°C N/A Simple
+0.5% liquids, (Submersible) installation
Pastes
Magnetic +5 mm Clean liquids +400°C Up to 320 Visual +
Gauge bar Electronic
output

For a detailed look at specific models and technical datasheets, engineers should
review product options and application support on the Main Page of the Welk
instrumentation catalog.

| Installation Considerations for Separation Tanks

Proper installation is as critical as technology selection. Incorrect placement can
lead to false echoes or inaccurate readings, compromising the integrity of the
processing and separation solutions.

1. Nozzle Dimensions: For radar and ultrasonic sensors, the nozzle height and
diameter must be optimized to prevent the sighal from reflecting off the nozzle
edges. A common rule is that the sensor antenna should extend slightly beyond
the nozzle bottom.

2. Obstruction Avoidance: Instruments should be installed away from inlet pipes,
agitators, and baffles. If obstructions are unavoidable, many modern radar meters
offer "false echo suppression" software to map out and ignore these static
reflections.
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3. Stilling Wells and Bypass Chambers: In separation tanks with high turbulence or
heavy foam, installing the sensor inside a stilling well or an external bypass
chamber can provide a calm surface for more accurate measurement.

4. Venting: For hydrostatic sensors in closed tanks, the transmitter must be vented
to the atmosphere or use a differential pressure (DP) configuration to account for
the headspace pressure above the liquid.

| Limitations and Risk Mitigation

While advanced level meters are highly capable, they are not without limitations.
Understanding these risks is essential for robust system design.

Dielectric Constant (DK) Limits: Non-contact radar requires a minimum DK
(typically >1.4) to receive a usable reflection. For very low DK fluids like liquefied
gases, GWR or magnetic gauges are more reliable.

Foam Interference: Heavy, dense foam can absorb ultrasonic and radar signals. In
such cases, mechanical floats or hydrostatic sensors may be necessary, as they
are unaffected by surface foam.

Density Variations: Hydrostatic sensors assume a constant density. If the
temperature of the liquid in a separation process changes significantly, the density
will shift, leading to a linear error in level calculation. Temperature-compensated
transmitters can mitigate this risk.

Build-up and Coating: In separation processes involving sticky media (e.g., bitumen
or heavy resins), material build-up on probes can cause "ghost" signals. Using
non-contact radar or sensors with "active shield" technology helps prevent these
errors.

| Frequently Asked Questions (FAQs)

Q: How do | measure the interface in a separator if there is a thick emulsion layer?
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A: A thick emulsion layer (rag layer) can be challenging. Guided Wave Radar is
usually the best solution, as it can often detect the top of the emulsion and the
"clean" water interface below it. However, if the emulsion is very thick and
conductive, a magnetic level gauge with a float weighted specifically for the
interface density may be required.

Q: Can ultrasonic sensors be used in pressurized separation tanks?

A: Generally, no. Ultrasonic sensors rely on the speed of sound, which changes
with gas density and pressure. Furthermore, most ultrasonic transducers are not
designed to withstand high pressures. Radar or magnetic gauges are better suited
for pressurized vessels.

Q: What maintenance is required for level meters in separation applications?

A: Non-contact radar requires very little maintenance. For contact-based systems
like GWR or magnetic gauges, periodic inspection for material build-up or float
scaling is recommended, especially in chemical processing and separation
solutions involving crystallization or polymerization.

| Conclusion

Effective processing and separation solutions rely on the seamless integration of
mechanical design and precision instrumentation. By selecting the appropriate
measurement principle—whether it be the high-frequency precision of radar or the
rugged reliability of magnetic gauges—industrial operators can optimize their
separation efficiency, reduce waste, and ensure environmental compliance. As a
professional manufacturer, Welk provides a comprehensive range of instruments
tailored to these demanding environments. For further technical guidance and to
explore our full range of level measurement hardware, visit our Main Page.



