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A practical guide to flow meters for gas, covering the reader intent, the
relationship to flow meters for gas, key evaluation criteria, common risks, and the
information the intended project audience should confirm before taking the next
step.
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In industrial process control, the measurement of gas flow is fundamentally more
complex than liquid measurement due to the inherent compressibility of gases.
Changes in temperature and pressure significantly alter the density and volume of
a gas, necessitating sophisticated instrumentation that can provide accurate mass
or standardized volume readings. Selecting the appropriate flow meters for gas
requires a deep understanding of fluid dynamics, gas composition, and the specific
requirements of the application, whether it involves compressed air, natural gas,
steam, or specialized process gases.

Accurate gas flow data is essential for billing, process efficiency, safety monitoring,
and environmental compliance. This guide examines the primary measurement
principles, selection criteria, and installation best practices for gas flow
instrumentation in B2B environments.

| Core Measurement Principles for Gas Flow

Before selecting a meter, engineers must understand the physical principles used
to derive flow rates. Gas flow meters are generally categorized by whether they
measure actual volume, standardized volume, or mass.

| Thermal Mass Flow Measurement

Thermal mass flow meters operate based on the principle of thermal dispersion.
The sensor typically consists of two RTDs (Resistance Temperature Detectors).
One RTD acts as a reference, measuring the ambient temperature of the gas, while
the second RTD is heated to a constant differential temperature above the
reference. As gas flows past the heated sensor, it carries away heat. The
instrument measures the electrical power required to maintain the temperature
differential, which is directly proportional to the mass flow rate of the gas.

Because this method measures mass directly, it does not require additional
pressure or temperature compensation for most applications. It is particularly
effective for low-flow detection and leak monitoring in compressed air systems.
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| Vortex Shedding Principle

Vortex flow meters 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) downstream. The frequency at which these vortices
are shed is directly proportional to the velocity of the gas. Sensors, such as
piezoelectric crystals, detect these pressure fluctuations.

Vortex meters are highly robust and have no moving parts, making them suitable
for high-temperature and high-pressure applications, including saturated and
superheated steam. However, they require a minimum Reynolds number to
function, meaning they may not be accurate at very low flow velocities.

| Ultrasonic Transit-Time

Ultrasonic flow meters for gas use acoustic transducers to send pulses across the
pipe. The time it takes for a pulse to travel from an upstream transducer to a
downstream one is compared to the time taken for a pulse traveling in the
opposite direction. The difference in transit time is proportional to the gas velocity.
Modern multipath ultrasonic meters are highly accurate and are frequently used
for custody transfer of natural gas due to their high precision and lack of pressure
drop.

| Differential Pressure (DP)

Differential pressure measurement is one of the oldest and most established
methods. It involves placing a primary element, such as an orifice plate, Venturi
tube, or Pitot tube, in the flow path to create a pressure drop. According to
Bernoulli’s equation, the square root of the pressure difference across the
restriction is proportional to the flow rate. To obtain accurate mass flow in gas
applications, DP systems must be paired with pressure and temperature
transmitters for compensation.

Welk Reference Guide 3



WELK REFERENCE GUIDE

Flow Meters for Gas

| Practical Selection Table for Gas Flow Technologies

Choosing the right technology depends on the gas type, required accuracy, and
budget. The following table provides a comparison of common technologies used

in industrial settings.

Technology Primary Advantage m Typical Application

Thermal Mass

Vortex

Ultrasonic

Differential Pressure

Turbine

High sensitivity to
low flows; direct
mass measurement.

Wide
temperature/pressure
range; no moving
parts.

High accuracy; no
pressure drop;
bidirectional.

Low cost for large
pipes;
well-understood
standards.

Good accuracy and
repeatability.

Limited to clean, dry
gases; sensitive to
composition
changes.

Requires high
velocity; sensitive to
vibration.

Higher initial cost;
requires
sophisticated
electronics.

High pressure drop;
narrow turndown
ratio (typically 4:1).

Moving parts subject
to wear; sensitive to
gas density.

Compressed air,
nitrogen blanketing,
flare gas.

Steam
measurement,
high-velocity process
gas.

Natural gas custody
transfer, large
diameter pipes.

General industrial
gas flow, legacy
systems.

Fuel gas monitoring,
industrial burners.

|Key Evaluation Criteria for Industrial Applications

When evaluating flow meters for gas, several technical parameters must be
confirmed to ensure long-term reliability and accuracy.
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| 1. Gas Composition and Moisture Content

The chemical makeup of the gas is critical. For example, thermal mass meters are
calibrated for specific gas mixtures; if the ratio of gases changes (e.g., a shift in
CO2 vs. CH4 in biogas), the reading will become inaccurate. Furthermore, the
presence of moisture or "wet gas" can cause significant errors in many meters.
Thermal sensors may interpret a water droplet hitting the sensor as a massive flow
surge, while vortex meters may experience signhal noise.

| 2. Turndown Ratio

The turndown ratio is the range from the maximum measurable flow to the
minimum measurable flow. In many industrial processes, gas consumption
fluctuates wildly between peak production and idle states. A meter with a 10:1
turndown ratio that is sized for a peak of 1000 m3/h will only be accurate down to
100 m3/h. If the idle flow is 50 m3/h, a meter with a higher turndown ratio, such as
a thermal mass meter (often 100:1), would be required.

| 3. Pressure Drop

Energy efficiency is a major concern in B2B operations. Instruments that restrict
the flow path, like orifice plates, create a permanent pressure drop. This forces
compressors to work harder to maintain downstream pressure, leading to
increased energy costs. Ultrasonic and thermal mass meters offer negligible
pressure drops, which can lead to significant ROI in high-volume systems.

| 4. Process Conditions

Engineers must specify the operating pressure and temperature, as well as the
maximum design limits. For high-pressure natural gas or high-temperature steam,
the material of the meter body and the seals must be compatible. Standard
industrial units often handle up to 40 bar (approx. 580 psi), but specialized
applications may require ratings exceeding 100 bar.
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| Installation Considerations and Best Practices

Even the most expensive flow meter will fail to provide accurate data if installed
incorrectly. Gas flow profiles must be fully developed and stable for accurate
measurement.

Straight Pipe Runs: Most gas flow meters require a specific length of straight pipe
upstream and downstream of the installation point to eliminate turbulence caused
by elbows, valves, or reducers. A common rule of thumb is 10 to 20 pipe diameters
upstream and 5 diameters downstream, though this varies by technology.

Orientation: For gases, horizontal installation is preferred. If moisture is present,
the meter should be installed in a way that allows liquid to drain away from the
sensor. In vertical pipes, the flow should generally be upward to ensure a
consistent profile.

Flow Conditioners: If the physical footprint does not allow for long straight runs,
flow conditioners (perforated plates or vane-type) can be used to artificially
stabilize the flow profile, though they introduce a slight pressure drop.

Vibration and Noise: Vortex meters are particularly sensitive to pipe vibration.
Ensure the piping is well-supported and that the meter is not placed immediately
adjacent to heavy machinery or vibrating valves.

| Limitations and Common Risks

One of the primary risks in gas flow measurement is the "standard vs. actual"
volume confusion. Actual Cubic Meters (ACm) refers to the volume at the operating
pressure and temperature. Standard Cubic Meters (SCm) refers to the volume the
gas would occupy at standard conditions (typically 0°C or 15°C and 1.013 bar).
Most B2B transactions and efficiency calculations are based on standard units. If a
meter does not have integrated pressure and temperature compensation, the user
must perform these calculations manually or via a separate flow computer.

Another risk involves safety certifications. Many industrial gases are flammable or
are used in hazardous environments. It is essential to verify that the instrument
carries the necessary ATEX, IECEx, or UL certifications for the specific zone in
which it will be installed.
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| Integration with Level Measurement Systems

In many industrial facilities, gas flow measurement is used in conjunction with level
measurement to manage inventory and safety. For example, in chemical storage
tanks, a level meter monitors the liquid volume while a gas flow meter monitors
the nitrogen blanketing gas used to prevent explosions. Understanding the
relationship between these two data points is vital for comprehensive plant
automation. For a wider look at how these instruments integrate into industrial
automation, you can Review product options and application support on our Main
Page.

| Frequently Asked Questions (FAQ)

Q: Can | use a liquid flow meter for gas?

A: Generally, no. Gas is compressible and has much lower density than liquid. Most
liquid meters, like electromagnetic flow meters, rely on the conductivity of the
fluid, which gases do not possess. Others, like standard turbines, are calibrated for
the momentum of a liquid and would over-spin and fail in gas service.

Q: How often should gas flow meters be calibrated?

A: Calibration frequency depends on the criticality of the data and the cleanliness
of the gas. For custody transfer, annual calibration is often required. For general
process monitoring of clean air, every 2 to 3 years may be sufficient.

Q: What is the impact of "dirty" gas on measurement?

A: Particulates can erode turbine blades, clog orifice plates, and coat thermal
sensors. If the gas is not clean, filtration is required upstream, or a non-contact
technology like ultrasonic should be considered.

Q: Does pipe size affect the choice of meter?

A: Yes. For very large ducts (e.g., chimney stacks), insertion-type thermal or Pitot
tube meters are more cost-effective than full-bore inline meters. For small pipes
(under 25mm), inline thermal or DP meters are more common.

Welk Reference Guide 7



WELK REFERENCE GUIDE Flow Meters for Gas

By carefully matching the measurement principle to the specific gas properties and
installation environment, industrial operators can ensure accurate, repeatable data
that supports both operational efficiency and safety goals.
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