WELK | REFERENCE GUIDE

Gas Flowmeters

A practical guide to gas flowmeters, covering the reader intent, the relationship to
gas flowmeters, key evaluation criteria, common risks, and the information the
intended project audience should confirm before taking the next step.

levelmeter.org
Main topic: Main Page
https://www.level-meters.com/

Welk Reference Guide 1



WELK REFERENCE GUIDE Gas Flowmeters

In the landscape of industrial automation and process control, the accurate
measurement of gas is as critical as monitoring liquid levels or pressure. Gas
flowmeters are specialized instruments designed to quantify the movement of
gaseous substances through a closed conduit. Unlike liquids, gases are highly
compressible, meaning their volume changes significantly with variations in
temperature and pressure. Consequently, selecting the right gas flowmeters
requires a deep understanding of fluid dynamics, gas laws, and the specific
requirements of the application environment.

For engineers and facility managers working in water treatment, chemical
processing, and oil and gas sectors, gas flow measurement is essential for process
efficiency, safety, and custody transfer. This guide provides a technical overview of
gas flow measurement principles, selection criteria, and installation best practices
to ensure reliable performance in industrial settings.

| Understanding Gas Flow Measurement Principles

Before selecting an instrument, it is vital to distinguish between volumetric flow
and mass flow. Volumetric flow measures the space the gas occupies, while mass
flow measures the actual number of molecules passing a point. Because gas
density fluctuates, mass flow is often the preferred metric for industrial accounting
and chemical reactions.

| Thermal Mass Flow Measurement

Thermal mass gas flowmeters operate on the principle of thermal dispersion. The
sensor typically consists of two RTDs (Resistance Temperature Detectors). One is a
reference sensor that measures the gas temperature, while the other is a heated
sensor. As gas flows past the heated sensor, it carries heat away. The instrument
either measures the amount of power required to maintain a constant temperature
difference between the two sensors or measures the temperature drop at a
constant power input. This method is highly effective for low-flow applications and
does not require additional pressure or temperature compensation to determine
mass flow.
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| Vortex Shedding

Vortex flowmeters utilize the Karman Vortex Street principle. When a gas flows
past a non-streamlined "bluff body" placed in the flow stream, it creates
alternating vortices (swirls) on either side. The frequency at which these vortices
are shed is directly proportional to the velocity of the gas. These instruments are
robust, have no moving parts, and are suitable for high-velocity gas applications,
though they require a minimum Reynolds number to function accurately.

| Turbine Flow Measurement

Turbine gas flowmeters use the kinetic energy of the moving gas to rotate a
multi-bladed rotor. The angular velocity of the rotor is proportional to the gas
velocity. As the blades pass a magnetic pickup, they generate electrical pulses.
While highly accurate, turbine meters are mechanical and can be subject to wear if
the gas contains particulates or if the flow velocity exceeds design limits.

| Ultrasonic (Transit-Time)

Ultrasonic gas flowmeters use acoustic signals to determine flow velocity.
Transducers send ultrasonic pulses upstream and downstream. The difference in
transit time between the two signals is used to calculate the velocity. This
non-intrusive method is excellent for large-diameter pipes and high-pressure
applications where minimizing pressure drop is a priority.

| Differential Pressure (DP)

Differential pressure meters, such as orifice plates or Venturi tubes, create a
constriction in the flow path. According to Bernoulli’s equation, the pressure drop
across this constriction is proportional to the square of the flow rate. While
traditional, these systems require secondary transmitters for pressure and
temperature to calculate compensated mass flow.
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| Key Evaluation Criteria for Gas Flowmeters

Selecting the appropriate technology involves balancing performance
requirements with the physical properties of the gas and the installation
environment. Engineers should evaluate the following factors:

1. Gas Composition: Is the gas a single component (like Nitrogen) or a mixture (like
Biogas)? Some technologies, such as thermal mass, require specific calibration
based on the gas's thermal conductivity.

2. Flow Range (Turndown Ratio): The ratio between the maximum and minimum
measurable flow. Thermal mass meters often offer high turndown (up to 100:1),
whereas vortex or DP meters may be limited to 10:1 or 20:1.

3. Process Conditions: Maximum and minimum operating pressures and
temperatures. For instance, high-temperature flue gas may require specialized
vortex sensors.

4. Accuracy and Repeatability: Determine if the application is for internal process
monitoring (where repeatability is key) or custody transfer (where high absolute
accuracy is required).

5. Allowable Pressure Drop: Some meters, like orifice plates, introduce significant
permanent pressure loss, which increases energy costs for compressors or
blowers.

| Technical Selection Table
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Technology Typical
Accuracy
Thermal Mass *+1% of Reading
Vortex *+1% to 1.5%
Turbine *+1%
Ultrasonic +0.5% to 1%
Differential +1% to 3%
Pressure

Turndown

Ratio

100:1

20:4

20:1

50:1

5:1 to 10:1

| Installation Considerations

Gas Flowmeters

Pressure Drop Best Use Case

Very Low Compressed air,
aeration air,
pure gases

Medium Steam,
high-velocity

gas, flare gas

Medium Natural gas
custody
transfer, clean
gases

Negligible Large pipe
diameters,
high-pressure
gas

High General
industrial gas,
legacy systems

Proper installation is the single most important factor in ensuring the long-term
accuracy of gas flowmeters. Even the most expensive sensor will fail to provide
reliable data if the flow profile is disturbed.

Straight Pipe Runs: Most gas flowmeters require a specific length of straight pipe
upstream and downstream of the sensor to eliminate turbulence caused by
elbows, valves, or reducers. A common rule of thumb is 10 diameters (10D)
upstream and 5 diameters (5D) downstream, though some technologies like

ultrasonic may require more.

Gas Moisture and Condensation: In applications like biogas or untreated
compressed air, moisture can accumulate in the pipe. Meters should be installed in
a way that prevents water from pooling on the sensor. For thermal mass meters,
water droplets hitting the heated sensor can cause significant measurement

spikes.
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Orientation: While many gas meters can be installed horizontally or vertically,
vertical installation with upward flow is often preferred to prevent moisture
entrapment. If installed horizontally, sensors should typically be positioned at the
"2 o'clock" or "10 o'clock" position to avoid debris at the bottom and air pockets at
the top.

Flow Conditioners: If the required straight pipe runs cannot be met due to space
constraints, flow conditioners (perforated plates or vane-type) can be used to
stabilize the flow profile.

| Common Risks and Limitations

Engineers must be aware of potential pitfalls that can compromise gas
measurement systems:

Compressibility Errors: Failing to account for changes in pressure and temperature
in volumetric meters can lead to errors exceeding 20%. Always ensure that the
system includes compensation or uses a direct mass flow measurement
technology.

Particulate Contamination: In industries like mining or cement production, gas
streams may carry abrasive dust. This can erode turbine blades or coat the
sensors of thermal mass and ultrasonic meters, leading to drift.

Calibration Drift: Over time, sensors may drift due to environmental exposure or
electronic aging. Regular verification and recalibration are necessary, especially in
regulated industries or for safety-critical applications.

Low Flow Sensitivity: Some technologies, particularly vortex and DP, have a
"cut-off" point below which they cannot measure flow. If the process involves
periods of very low flow, these technologies may not be suitable.

| Frequently Asked Questions (FAQs)

Q: Can | use a liquid flowmeter for gas applications?
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A: Generally, no. Gas and liquid flowmeters are calibrated for different densities
and viscosities. Using a liquid meter for gas will result in extreme inaccuracies and
potential damage to the instrument due to over-speeding (in mechanical meters).

Q: What is the difference between "Standard" and "Actual" flow?

A: "Actual" flow (ACFM or m3/h) is the volume of gas at the current operating
pressure and temperature. "Standard" flow (SCFM or Nm3/h) refers to the volume
the gas would occupy at a standard reference pressure and temperature (e.g.,
1.013 bar and 0°C or 20°C). Standard flow is used to compare gas quantities
regardless of process conditions.

Q: How often should gas flowmeters be calibrated?

A: This depends on the application and the technology. For non-critical process
monitoring, every 2-3 years may suffice. For custody transfer or safety-related
systems, annual calibration is standard practice.

Q: Does pipe vibration affect gas flow measurement?

A: Yes, especially for vortex meters, which rely on frequency detection. Excessive
vibration can be misinterpreted as flow. In such cases, vibration-resistant sensor
designs or alternative technologies like thermal mass should be considered.

| Conclusion

Gas flowmeters are indispensable tools for modern industrial processes. By
understanding the physics of the gas being measured and the strengths of various
measurement technologies, engineers can select a solution that provides
long-term reliability and accuracy. Whether managing aeration in a water
treatment plant or monitoring natural gas consumption in a chemical facility, the
right flowmeter ensures operational efficiency.

For a comprehensive range of industrial measurement instruments, including
radar, ultrasonic, and hydrostatic solutions tailored to your specific process needs,
visit our Main Page to review product options and application support. Welk
provides the technical expertise and high-quality instrumentation required to solve
the most challenging measurement tasks in the global industrial market.
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