Gas Separation System

A practical guide to gas separation system, covering the reader intent, the
relationship to gas separation system, key evaluation criteria, common risks, and
the information the intended project audience should confirm before taking the
next step.
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Gas separation systems are fundamental components in modern industrial
processing, designed to isolate specific gases from a mixture or to remove liquid
contaminants from a gas stream. Whether in the production of high-purity
nitrogen, the processing of natural gas, or the management of industrial emissions,
the efficiency of a gas separation system relies heavily on the precision of its
instrumentation. Among these, level measurement instruments play a critical role
in ensuring process safety, protecting downstream equipment, and maintaining the
purity of the separated phases.

In a typical industrial gas separation system, liquids—such as water, hydrocarbons,
or glycols—must be separated from the gas phase to prevent equipment damage
and process inefficiency. This guide examines the technical requirements for level
measurement within these systems, the principles of the technologies used, and
the practical considerations for selecting the right instrumentation for various
separation environments.

| The Role of Level Measurement in Gas Separation

In a gas separation system, vessels such as knock-out drums, flash tanks, and
scrubbers are used to facilitate the separation of phases. Level measurement is
required to monitor the accumulation of liquids at the bottom of these vessels. If
the liquid level becomes too high, "carryover" occurs, where liquid droplets are
swept into the gas outlet, potentially damaging compressors or fouling
membranes. Conversely, if the level is too low, gas may escape through the liquid
outlet, a phenomenon known as "gas blow-by," which can cause pressure surges
and safety hazards.

Reliable level instrumentation allows the control system to manage discharge
valves effectively, maintaining a stable interface and ensuring that the gas
separation system operates within its design parameters.
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Measurement Principles and Technology
Recommendations

Before selecting an instrument, it is essential to understand the physical principles
governing different level measurement technologies. Each technology offers
distinct advantages depending on the pressure, temperature, and chemical
composition of the gas separation system.

|1. Radar Level Measurement (Time-of-Flight)

Radar level meters, particularly non-contacting frequency modulated continuous
wave (FMCW) types, are often the preferred choice for gas separation vessels.
These devices emit a high-frequency signal (typically 26 GHz or 80 GHz) that
reflects off the liquid surface and returns to the sensor.

Principle: The distance is calculated based on the time-of-flight or frequency shift
of the signal. Because radar waves travel at the speed of light and are largely
unaffected by gas density, pressure, or temperature, they provide highly accurate
readings in volatile environments.

Application: Ideal for high-pressure separators where the gas composition may
change, as the dielectric constant of the gas space has a negligible effect on the
signal speed compared to ultrasonic waves.

| 2. Ultrasonic Level Sensors

Ultrasonic sensors use sound waves to measure the distance to the liquid surface.
They are cost-effective and easy to install for many atmospheric applications.

Principle: The sensor emits an ultrasonic pulse that reflects off the liquid. The time
taken for the echo to return is proportional to the distance.
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Limitation in Gas Separation: In a gas separation system containing heavy gases
(like CO2) or high-pressure vapors, the speed of sound changes significantly. This
requires constant temperature and gas-composition compensation to maintain
accuracy. Therefore, ultrasonic sensors are typically reserved for water-based
separation at near-atmospheric pressures.

| 3. Hydrostatic Level Transmitters

Hydrostatic sensors measure the pressure exerted by the liquid column at the
bottom of the vessel.

Principle: Based on the formula $P = \rho \cdot g \cdot h$ (where $P$ is pressure,
$\rho$ is density, $g$ is gravity, and $h$ is height). In a pressurized gas separation
system, a differential pressure (DP) transmitter is required to subtract the top-side
gas pressure from the total bottom pressure.

Application: Effective for vessels with stable liquid densities. However, if the liquid
density fluctuates due to temperature changes or varying hydrocarbon
compositions, the level reading will require compensation.

| 4. Magnetic Level Gauges

Magnetic level gauges provide both a visual indication and a remote electronic
signal. They consist of a bypass chamber connected to the vessel.

Principle: A float containing a permanent magnet moves with the liquid level inside
the chamber, flipping external magnetic flaps and interacting with a reed-chain
transmitter or a magnetostrictive sensor.

Application: Excellent for high-pressure and high-temperature gas separation
where a clear visual reference is required for onsite operators. Since the liquid is
contained within a sealed chamber, it is a very safe option for hazardous gases.



Gas Separation System

Technical Selection Criteria for Gas Separation
Systems

Selecting the appropriate instrument requires a detailed analysis of the process
conditions. The following table provides a general comparison of technologies
based on common requirements in gas separation.

Radar (FMCW) Hydrostatic Magnetic
(DP) Gauge

Pressure Range Up to 160 bar+ Up to 3 bar Up to 400 bar Up to 250 bar
Temp. Range -40°C to -40°C to +80°C -40°C to -196°C to

+450°C +120°C +400°C
Accuracy +2 mm +0.25% of +0.1% of span =5 mm

range
Gas Sensitivity Low High Medium Low
(Density)

Maintenance Very Low Low Medium Medium

| Impact of Gas Composition

In a gas separation system, the "gas blanket" above the liquid can vary in density.
For example, in a hydrogen separation unit, the gas is very light, whereas in a CO2
recovery unit, the gas is dense. High-frequency radar (80 GHz) is generally the
most robust against these variations because its narrow beam angle (often as low
as 3°) minimizes interference from vessel internals and its signal is not dependent
on the gas medium for transmission.

| Installation Considerations and Best Practices

Proper installation is as critical as technology selection. Poorly placed sensors can
lead to false readings or premature failure.
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1. Nozzle Geometry: For radar and ultrasonic sensors, the nozzle should be as
short as possible. If a long nozzle is necessary, the sensor must be capable of
"masking" the nozzle reflections. For 80 GHz radar, the narrow beam allows for
installation in nozzles as small as 40 mm (1.5 inches).

2. Stilling Wells and Bypass Chambers: In gas separation vessels where turbulence
or foam is present, installing the level sensor inside a stilling well or an external
bypass chamber can stabilize the liquid surface and provide a cleaner signal.

3. Condensation Management: Gas separation often involves saturated vapors.
Condensation on the sensor face can attenuate the signal. Selecting a sensor with
a PTFE or PEEK lens antenna, which has "self-cleaning" properties, helps prevent
droplet buildup.

4. Pressure Ratings: Ensure all wetted parts and flanges meet the Pressure
Equipment Directive (PED) or equivalent local standards, especially in
high-pressure natural gas separation.

| Common Risks and Limitations

Engineers must account for several risks when designing the level control portion
of a gas separation system:

Foaming: In amine gas treating or glycol dehydration, foaming is a common issue.
Foam can absorb ultrasonic and radar signals. In these cases, a magnetic level
gauge or a guided wave radar (GWR) might be more reliable, as the physical float
or probe penetrates the foam to reach the liquid interface.

Interface Measurement: Sometimes the goal is not just to measure the liquid level,
but the interface between two liquids (e.g., oil and water) at the bottom of a gas
separator. This requires specific technologies like Guided Wave Radar or
specialized Hydrostatic DP setups that can distinguish between different liquid
densities.

Vessel Internals: Many gas separation vessels contain mist eliminators, baffles, or
inlet diverters. Non-contact sensors must be positioned to avoid these
obstructions. Utilizing a Main Page for technical reference can help identify the
best mounting positions for specific vessel geometries.
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| Frequently Asked Questions (FAQ)

Q: Can | use an ultrasonic sensor in a high-pressure nitrogen separation system?

A: It is not recommended. As pressure increases, the speed of sound changes, and
the density of the nitrogen can significantly attenuate the ultrasonic signal. Radar
or hydrostatic transmitters are much more reliable in high-pressure gas
environments.

Q: How do | handle level measurement in cryogenic gas separation (e.g., Liquid
Nitrogen or Oxygen)?

A: Cryogenic applications require specialized magnetic level gauges or differential
pressure transmitters with extended capillary seals to keep the electronics at
ambient temperatures while the wetted parts handle the extreme cold (-196°C).

Q: What is the benefit of 80 GHz radar over 26 GHz radar in these systems?

A: The 80 GHz radar has a much narrower beam and a higher dynamic range. This
means it can better distinguish the liquid surface from internal vessel structures
and is less affected by condensation on the antenna.

Q: Is maintenance frequent for level sensors in gas separation?

A: Non-contact radar sensors require very little maintenance as they have no
moving parts. However, hydrostatic and magnetic gauges should be checked
periodically for sediment buildup or float scaling, especially if the separated liquid
is dirty or corrosive.
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| Conclusion for Process Engineers

A gas separation system is only as reliable as the data feeding its control loops. By
understanding the measurement principles of radar, ultrasonic, and hydrostatic
technologies, engineers can select the most robust solution for their specific
application. For those seeking to optimize their separation processes, it is
advisable to Review product options and application support to ensure that the
chosen instrumentation aligns with the chemical compatibility and pressure
requirements of the project. Accurate level control not only protects expensive
downstream equipment like compressors and membranes but also ensures the
overall safety and efficiency of the industrial facility.



