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Gas Flow Measurement

A practical guide to gas flow measurement, covering the reader intent, the
relationship to gas flow measurement, key evaluation criteria, common risks, and
the information the intended project audience should confirm before taking the
next step.
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Gas flow measurement is a critical component of industrial process control,
environmental monitoring, and custody transfer. Unlike liquid flow, measuring
gases presents unique challenges due to their compressibility and the significant
impact of temperature and pressure variations on volume. In sectors ranging from
water treatment and chemical processing to oil and gas, selecting the correct
instrumentation is essential for operational efficiency, safety, and regulatory
compliance.

For engineers and plant managers, understanding the underlying physics of gas
behavior is the first step toward implementing a reliable measurement system.
This guide explores the primary technologies used in gas flow measurement, the
distinction between volumetric and mass flow, and the practical considerations for
selecting and installing these instruments. For more detailed technical
specifications and product options, you can Review product options and application
support on the Welk Main Page.

| Core Principles of Gas Flow Measurement

Gas flow measurement technologies generally fall into two categories: those that
measure volumetric flow (the space the gas occupies) and those that measure
mass flow (the actual amount of gas molecules). Because gases are highly
compressible, a volume of gas at 1 bar (14.5 psi) will occupy half the space it does
at 0.5 bar, even if the amount of gas remains the same.

|Differentia| Pressure (DP) Measurement

Differential pressure is one of the most established methods for gas flow. It relies
on Bernoulli’s principle, which states that as the speed of a moving fluid increases,
the pressure within the fluid decreases. By placing a restriction in the pipe—such
as an orifice plate, Venturi tube, or Pitot tube—a pressure drop is created. The
square root of this pressure difference is proportional to the flow rate.

Pros: Well-understood, no moving parts, suitable for high temperatures and
pressures.
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Cons: Permanent pressure loss, limited turndown ratio (typically 4:1), requires
secondary sensors for pressure and temperature compensation to calculate mass
flow.

| Thermal Mass Flow Measurement

Thermal mass flow meters operate on the principle of heat transfer. A heated
sensor is placed in the gas stream, and as the gas flows past, it carries heat away.
The amount of energy required to maintain a specific temperature difference
between the heated sensor and the ambient gas temperature is directly
proportional to the mass flow rate.

Pros: Directly measures mass flow without extra compensation, excellent for
low-pressure gases, high sensitivity.

Cons: Sensitive to changes in gas composition, requires the gas to be clean and
dry to prevent sensor coating.

| Vortex Shedding

Vortex meters utilize the Karman Vortex Street effect. When a gas flows past a
non-streamlined "bluff body" placed in the flow stream, alternating vortices are
shed. The frequency of these vortices is directly proportional to the velocity of the
gas.

Pros: Wide turndown ratio, no moving parts, low maintenance.

Cons: Requires a minimum Reynolds number to function, sensitive to pipe
vibration.

| Ultrasonic (Transit-Time)

Ultrasonic flow meters use acoustic signals to determine flow velocity. In the
transit-time method, transducers send ultrasonic pulses upstream and
downstream. The difference in time it takes for the signals to travel between
transducers is used to calculate the gas velocity.
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Pros: Extremely accurate, non-intrusive (no pressure drop), wide rangeability.

Cons: High initial cost, requires advanced signal processing for gas applications
due to low acoustic impedance.

| Actual Flow vs. Standard Flow

In gas flow measurement, it is vital to distinguish between Actual Cubic Meters per
Hour ($m~3/h$) and Standard (or Normal) Cubic Meters per Hour ($Nm~3/h$ or
$Sm~3/h$).

1. Actual Flow (ACFM/Am3/h): This is the volume of gas flowing through the meter
at the current operating pressure and temperature. It is useful for sizing pipes and
valves.

2. Standard/Normal Flow (SCFM/Nm3/h): This represents the volume the gas would
occupy at a defined "standard" condition (typically 0°C or 15°C and 1.013 bar).
Since mass does not change with pressure or temperature, standard flow is
essentially a proxy for mass flow and is used for billing and chemical balancing.

To convert actual flow to standard flow, the Ideal Gas Law is applied:

$$V{standard} = V{actual} \times \frac{P{actual}}{P{standard}} \times
\frac{T{standard}}{T{actual}} \times \frac{1}{Z}%$$

Where $Z$% is the compressibility factor, accounting for the deviation of real gases
from ideal behavior.

| Technology Selection Table

Choosing the right technology requires balancing accuracy requirements against
the physical properties of the gas and the installation environment.
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Technology Typical
Accuracy

Orifice Plate +2% to £4%

(DP)

Thermal Mass +1%

Vortex +1%

Ultrasonic +0.5% to 1%

Coriolis +0.5%

Turndown

Ratio

4:1

100:1

20:1

50:1

100:1

| Installation Considerations

Gas Flow Measurement

Pressure Drop Best For

High Constant flow,
high-pressure
steam/gas

Very Low Nitrogen,
compressed air,
C0O2, low flow

Medium Saturated
steam,
high-velocity
gas pipes

Negligible Natural gas
custody
transfer, large

pipes

Medium High-value
gases, complex
mixtures

The performance of any gas flow meter is heavily dependent on the installation
environment. Even the most accurate sensor will provide erroneous data if the flow

profile is disturbed.

| Straight Pipe Runs

Most gas meters require a fully developed, symmetrical flow profile. Turbulence
caused by elbows, valves, or reducers can lead to significant errors.

Upstream: Typically requires 10 to 20 pipe diameters (D) of straight pipe.

Downstream: Typically requires 5D of straight pipe.

If these distances cannot be met, flow conditioners or honeycombs must be

installed to straighten the flow.
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| Orientation and Moisture

For gases that may contain moisture (wet gas), the meter should be installed in a
way that prevents liquid from pooling around the sensor. In horizontal pipes,
sensors are often mounted at the top (12 o'clock position) to avoid condensate. In
vertical pipes, flow should ideally be upward to ensure any entrained liquid is
carried through the meter rather than falling back onto the sensor.

| Pressure and Temperature Taps

If using a volumetric meter (like DP or Vortex) to calculate mass flow, the pressure
and temperature sensors must be placed correctly. The temperature sensor should
be installed downstream of the flow meter to ensure it does not create turbulence
at the measurement point, while the pressure tap should be located according to
the manufacturer’s specific requirements for that meter type.

| Common Risks and Limitations

Gas Composition Changes: Thermal mass meters are calibrated for a specific gas.
If a meter calibrated for Nitrogen is used for Carbon Dioxide, the readings will be
significantly off because the thermal conductivity of the gases differs.

Pulsating Flow: Reciprocating compressors can create pressure pulses in the line.
Many flow meters, especially DP and Vortex, struggle to provide accurate readings
under pulsating conditions.

Contamination: Dust, oil, or moisture can coat sensors. In thermal meters, this acts
as an insulator, leading to low flow readings. In vortex meters, buildup on the bluff
body can change its geometry and shedding frequency.

Low Flow Sensitivity: Some technologies, like Vortex, have a "low-flow cutoff." If
the gas velocity is too low to shed vortices, the meter will read zero, even if gas is
moving.
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| Frequently Asked Questions (FAQs)

Q: Why can't | use a liquid flow meter for gas?

A: Gases have much lower densities and higher velocities than liquids. Most liquid
meters (like electromagnetic meters) rely on properties like conductivity that
gases do not possess. Furthermore, gas meters must be designed to handle the
expansion and contraction of the fluid.

Q: How often should gas flow meters be calibrated?

A: This depends on the application. For custody transfer (buying/selling gas),
annual calibration is often required. For process monitoring, a check every 2-3
years may suffice, provided the gas is clean and non-corrosive.

Q: Does pipe material affect gas flow measurement?

A: Indirectly, yes. The internal roughness of the pipe affects the flow profile
(friction factor). Most meters are calibrated assuming standard commercial steel or
plastic piping. If the pipe is heavily scaled or corroded, the resulting turbulence will
decrease accuracy.

Q: Can | measure gas flow in a vacuum?

A: It is difficult. Thermal mass meters can work in low-pressure environments, but
as the vacuum increases, there are fewer molecules to carry heat away, making
measurement increasingly difficult. DP and Vortex meters generally require a
minimum density (pressure) to function.
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| Conclusion

Successful gas flow measurement requires a holistic approach that considers the
physical properties of the gas, the dynamics of the piping system, and the specific
needs of the application. By selecting the appropriate technology—whether it be
the robustness of a vortex meter or the precision of a thermal mass sensor—and
adhering to strict installation guidelines, operators can ensure long-term reliability.
For assistance in choosing the right level and flow instrumentation for your specific
industrial environment, visit the Main Page for expert guidance and technical
support.
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