Process Gas Systems

A practical guide to process gas systems, covering the reader intent, the
relationship to process gas systems, key evaluation criteria, common risks, and the

information the intended project audience should confirm before taking the next
step.
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Process gas systems are fundamental components in modern industrial
infrastructure, facilitating the transport, storage, and processing of various gases
ranging from nitrogen and oxygen to complex hydrocarbons and corrosive
chemical vapors. In these systems, precise level measurement is not merely a
matter of inventory management; it is a critical safety and process control
requirement. Whether managing liquefied gases under cryogenic conditions or
monitoring condensate recovery in high-pressure gas lines, selecting the
appropriate instrumentation requires a deep understanding of both the physical
properties of the gas and the mechanical constraints of the system.

Reliable level monitoring ensures that process gas systems operate within their
design limits, preventing hazardous overfill conditions or equipment damage due
to dry running. This article provides a technical overview of level measurement
technologies suitable for gas-related applications, selection criteria for engineering
teams, and practical installation guidance.

| Measurement Principles for Gas System Applications

In the context of level measurement, we are typically measuring the liquid phase
of a gas (such as LPG, LNG, or liquid ammonia) or the accumulation of liquid
byproducts (condensate) within a gas-dominated environment. Several
technologies are employed, each relying on different physical principles.

|Radar Level Measurement (FMCW and Pulse)

Radar technology is widely considered the gold standard for process gas systems,
particularly when dealing with high pressures and fluctuating temperatures. Radar
meters emit electromagnetic pulses or continuous waves that reflect off the
surface of the liquid.
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Non-contact Radar: Using high-frequency signals (often 26GHz or 80GHz), these
devices measure the time-of-flight from the antenna to the product surface. 80GHz
radar is particularly effective in gas systems because its narrow beam angle (as
small as 3 degrees) allows it to avoid internal vessel obstructions like heating coils
or agitators.

Guided Wave Radar (GWR): This technology utilizes a physical probe (rod or cable)
to guide the microwave signal. GWR is highly effective for low-dielectric liquids,
such as liquefied gases, because the probe concentrates the energy, ensuring a
reliable return signal even when the surface reflectivity is low.

In high-pressure gas environments, the "vapor space" can become dense enough
to affect the speed of the radar signal. Advanced radar units include compensation
algorithms to account for the refractive index of the gas, ensuring accuracy
remains within =1 mm to £5 mm.

| Ultrasonic Level Sensors

Ultrasonic sensors operate by emitting high-frequency sound waves. The sensor
measures the time it takes for the sound to travel to the surface and back. While
cost-effective, ultrasonic technology has limitations in process gas systems:

Gas Composition: The speed of sound varies significantly depending on the gas
medium (e.g., sound travels faster in helium than in air). If the gas composition
changes, the level reading will drift unless constant recalibration or specialized
compensation is used.

Pressure Limits: Ultrasonic transducers typically cannot operate in high-pressure
environments (usually limited to 3 bar / 43.5 psi) because the acoustic impedance
mismatch between the transducer and the dense gas prevents effective signal
transmission.
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| Hydrostatic Level Transmitters

Hydrostatic measurement determines the level by sensing the pressure exerted by
the liquid column. In pressurized process gas systems, a differential pressure (DP)
approach is required. One sensor measures the pressure at the bottom of the tank
(liguid + gas head pressure), and a second sensor measures the gas pressure at
the top. The system subtracts the head pressure to calculate the liquid level based
on the known density of the fluid.

| Magnetic Level Gauges

Magnetic level gauges provide a high-visibility mechanical solution. A float
containing a permanent magnet moves with the liquid level inside a bypass
chamber. This magnet flips external flags or rollers to show the level. For process
gas systems, these are often paired with reed chain transmitters or
magnetostrictive sensors to provide a 4-20mA signal to the control room. They are
excellent for high-pressure applications where a clear visual redundant check is
required.

Practical Selection Table for Gas System
Instrumentation

The following table outlines the suitability of different technologies based on
common process parameters found in gas handling.
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Technology

80GHz Radar

Guided Wave

Radar

Ultrasonic

Magnetic Gauge

Level Switch

Typical

Accuracy

+1 mm

+2 mm

P50 ES

+5 mm

=1 mm

Max Pressure

160 bar (2320
psi)

400 bar (5800
psi)

3 bar (43.5 psi)

320 bar (4640
psi)

64 bar (928 psi)

Temp Range

-40 to 250°C

-196 to 450°C

-40 to 80°C

-196 to 450°C

-50/ 1ol 150°C

Best

Application

High-pressure
storage, narrow
tanks

Low dielectric
liquids, LPG,
LNG

Atmospheric
water/waste
tanks

Bypass
indication,
redundant
safety

Overfill
protection,
pump control

| Key Evaluation Criteria for Process Gas Systems

When specifying level instruments for process gas systems, engineers must look
beyond basic range and accuracy. The following factors are critical for long-term

reliability:

| 1. Dielectric Constant (&r)

Many liquefied gases (like butane or propane) have low dielectric constants (er <
2.0). Radar signals reflect poorly off these surfaces. In such cases, Guided Wave
Radar or high-sensitivity non-contact radar is necessary to ensure the signal is not

lost in the background noise.
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|2. Vapor Space Conditions

In process gas systems, the space above the liquid is rarely just "air." It may
contain heavy vapors, steam, or gas at high pressure. These conditions can
attenuate ultrasonic signhals or change the propagation speed of radar waves. For
high-pressure steam or specialized gases, instruments with vapor compensation or
reference reflections are preferred.

| 3. Material Compatibility

Process gases can be highly corrosive (e.g., sour gas containing H2S) or extremely
cold (cryogenics). Wetted parts must be selected carefully. Common materials
include 316L Stainless Steel, Hastelloy C-276, and Monel. For seals, PTFE or Kalrez
are often used to prevent chemical degradation.

| 4. Hazardous Area Certification

Since many process gases are flammable, instruments must carry appropriate
certifications such as ATEX, IECEX, or UL/CSA for Class I, Div 1 environments. This
ensures the device will not act as an ignition source in the event of a gas leak.

| Installation and Engineering Considerations

Proper installation is as important as instrument selection. For process gas
systems, consider the following engineering guidelines:

Nozzle Geometry: For radar installations, the nozzle height and diameter should be
optimized to prevent signal interference. A taller, narrower nozzle can cause
"ringing" or false echoes if the radar beam is too wide.

Stilling Wells: In vessels with high turbulence or boiling liquids (common in
liquefied gas storage), installing a radar unit inside a stilling well or bypass pipe
can provide a stable surface for measurement.
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Bypass Chambers: For magnetic level gauges, the bypass chamber must be
designed to the same pressure vessel codes (e.g., ASME B31.3 or PED) as the main
tank. It should also include vent and drain valves to allow for safe maintenance
without shutting down the entire process gas system.

Mounting Position: Sensors should be mounted away from the gas inlet to avoid
the direct impact of incoming gas flows, which can cause surface turbulence or
physical damage to the probe.

For a comprehensive overview of available instrumentation and technical
specifications, engineers can refer to the Main Page to review product options and
application support.

| Limitations and Common Risks

Despite advances in technology, certain risks remain prevalent in process gas level
measurement:

Condensation on Transducers: In gas systems, temperature differentials often lead
to condensation on the sensor face. While 80GHz radar is somewhat resistant to
this, heavy buildup can still cause signal loss. Sensors with PTFE drip covers or air
purging systems are recommended for these environments.

Gas Stratification: In large storage spheres, different gas densities can lead to
stratification. While this affects temperature more than level, it can impact
hydrostatic calculations if the density profile is not uniform.

Foaming: Some process gases, when depressurized or agitated, can create foam.
Foam absorbs radar and ultrasonic signals, leading to false "tank empty" readings.
In these scenarios, Guided Wave Radar is generally the most robust solution as it
can track the interface or the top of the foam depending on the frequency and
settings.

|Frequent|y Asked Questions (FAQs)

Q: Can | use an ultrasonic sensor for liquid nitrogen level?
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A: Generally, no. The extreme cold (-196°C) exceeds the operating range of
standard ultrasonic transducers, and the nitrogen vapor constantly boiling off the
surface will interfere with the sound waves. Guided Wave Radar or hydrostatic DP
transmitters are the standard choices for cryogenics.

Q: How does pressure affect radar accuracy?

A: At high pressures (e.g., >50 bar), the density of the gas in the vapor space
increases, which slightly slows down the radar signal. This makes the tank appear
fuller than it actually is. High-end radar units allow you to input the gas type and
pressure to automatically compensate for this error.

Q: What is the benefit of a magnetic level gauge over a transmitter?

A: The primary benefit is that it requires no power to provide a local reading. In the
event of a total plant power failure, operators can still manually check the gas
levels. It is common practice to use a magnetic gauge for local visibility and a
radar transmitter for remote SCADA integration.

Q: Is 80GHz radar always better than 26GHz?

A: Not necessarily. While 80GHz offers a narrower beam and better resolution,
26GHz radar is often more robust in applications with heavy dust or very thick
steam, as the longer wavelength can penetrate these obstacles more effectively.

| Conclusion

Efficient management of process gas systems depends on the selection of level
measurement technologies that can withstand the rigors of high pressure, variable
temperatures, and complex chemical environments. By understanding the
measurement principles—from the electromagnetic reflections of radar to the
buoyancy of magnetic floats—engineering teams can design systems that are both
safe and highly accurate.

When planning a new installation or upgrading an existing gas handling facility, it is
essential to confirm the chemical compatibility, dielectric properties of the fluid,
and the specific hazardous area requirements of the site. These steps ensure that
the chosen instrumentation provides reliable data for the entire lifecycle of the
process gas system.



