Mass Flowmeters

A practical guide to mass flowmeters, covering the reader intent, the relationship
to mass flowmeters, 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 fluid movement is a fundamental
requirement for efficiency, safety, and billing. While volumetric flow measurement
is common, many critical applications in chemical processing, oil and gas, and food
production require a more precise metric: mass. Mass flowmeters provide a direct
measurement of the actual mass passing through a system, independent of
changes in temperature, pressure, or viscosity. This article explores the
engineering principles, selection criteria, and installation best practices for mass
flowmeters in professional industrial environments.

| Measurement Principles of Mass Flowmeters

Unlike volumetric meters that measure the space a fluid occupies, mass
flowmeters determine the quantity of matter. The two primary technologies used
for direct mass measurement are Coriolis and Thermal Dispersion.

| Coriolis Principle

Coriolis mass flowmeters operate based on the Coriolis effect. The instrument
typically consists of one or more vibrating tubes. When a fluid (liquid or gas) flows
through these tubes, the mass of the moving fluid induces a Coriolis force that
causes the tubes to twist or shift in phase.

Sensors located at the inlet and outlet of the tubes detect this phase shift. The
time delay between the two points is directly proportional to the mass flow rate.
Because this measurement relies on inertia and motion, it is unaffected by the
fluid's density or viscosity. Most Coriolis meters also measure the frequency of the
tube vibration, which allows them to calculate the fluid's density simultaneously,
providing a multi-variable output.
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|Therma| Dispersion Principle

Thermal mass flowmeters are primarily used for gas applications. They operate on
the principle of heat transfer. The meter features two sensors: one is a reference
sensor that measures the ambient temperature of the gas, and the other is a
heated sensor maintained at a specific temperature differential above the
reference.

As gas flows past the heated sensor, it carries heat away. The amount of power
required to maintain the temperature differential, or the degree of cooling
observed, is directly proportional to the mass flow rate of the gas. This method is
highly effective for low-pressure gas systems where volumetric measurement
would be highly inaccurate due to compressibility.

| Types of Mass Flowmeters and Their Applications

Selecting the right technology depends heavily on the state of the fluid and the
required precision. While Coriolis and Thermal are the "direct" methods, some
systems utilize compensated differential pressure (DP) for mass calculation.

1. Coriolis Mass Flowmeters: These are the gold standard for accuracy. They are
used in custody transfer, high-value chemical dosing, and applications where fluid
properties change frequently. They can handle liquids, slurries, and high-pressure
gases.

2. Thermal Mass Flowmeters: Ideal for compressed air monitoring, stack gas
measurement, and aeration processes in water treatment. They offer excellent
low-flow sensitivity and have no moving parts, which reduces maintenance in
gas-only streams.

3. Compensated Volumetric Meters: In some legacy systems, a volumetric meter

(like a vortex or turbine) is paired with temperature and pressure sensors. A flow

computer then calculates the mass. While technically an indirect measurement, it
is often referred to as a mass flow system in steam applications.
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For engineers managing complex tank farms or chemical processing units,
integrating these flow data points with reliable level measurement is essential. For
more information on coordinating these instruments, you can review product
options and application support on our Main Page.

| Key Evaluation and Selection Criteria

When specifying mass flowmeters for a project, engineers must evaluate several
technical parameters to ensure long-term reliability and accuracy.

| Accuracy and Turndown Ratio

Coriolis meters typically offer accuracies of £0.1% to +£0.05% of the flow rate.
Thermal meters usually range from +1% to +2%. The turndown ratio—the range
from maximum to minimum measurable flow—is also critical. Coriolis meters often
provide 100:1 turndown, while thermal meters can reach 1000:1 in specific gas
applications.

| Material Compatibility

The wetted parts of the meter must be compatible with the process fluid. For
corrosive chemicals, stainless steel 316L is standard, but specialized alloys like
Hastelloy or Tantalum may be required for aggressive acids. In the food and
beverage industry, hygienic connections (Tri-Clamp) and polished internal surfaces
are mandatory.

| Pressure Drop

Every flowmeter introduces some resistance to the flow. Coriolis meters,
particularly those with bent tubes, can cause a significant pressure drop. If the
system has low head pressure, a straight-tube Coriolis design or a thermal meter
(which has minimal protrusion into the pipe) may be necessary.

| Selection Table: Technology Comparison
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m Coriolis Mass Flowmeter Thermal Mass Flowmeter

Primary Fluid State Liquids, Slurries, Gases Only
High-Pressure Gas

Typical Accuracy +0.1% of rate +1.0% of full scale

Pressure Loss Moderate to High Very Low

Moving Parts None (Vibrating tubes) None

Direct Density Output Yes No

Standard Pipe Sizes 1 mm to 300 mm 15 mm to 6000 mm
(Insertion)

Relative Cost High Medium

| Installation Considerations

Proper installation is the most significant factor in preventing measurement drift
and premature failure.

| Piping and Straight Runs

Thermal mass flowmeters are highly sensitive to the flow profile. They generally
require a minimum of 10D (ten times the pipe diameter) of straight pipe upstream
and 5D downstream to ensure a laminar flow profile. In contrast, Coriolis meters
are generally immune to flow profile disturbances and do not require specific
straight runs, though they must be installed in a way that prevents air entrapment.

| Orientation

Liquid Service: The meter should be installed in a vertical pipe with upward flow to
ensure the tubes remain full and to allow air bubbles to escape.

Gas Service: For Coriolis meters in gas service, the tubes should point upward (flag
position) to prevent liquids from collecting in the sensor.
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Thermal Insertion: Must be aligned precisely with the flow direction arrow marked
on the sensor head.

| Vibration and Support

Coriolis meters operate on high-frequency vibration. If the meter is installed near
heavy pumps or vibrating machinery, it can interfere with the sensor signal. Robust
piping supports should be placed on both sides of the meter to isolate it from
external mechanical noise.

| Limitations and Common Risks

While mass flowmeters are highly capable, they are not universal solutions.

Entrained Gas in Liquids: In Coriolis meters, bubbles in a liquid stream can cause
"slug flow," which disrupts the tube vibration and leads to significant measurement
errors or the meter "stalling."

Moisture in Gas: Thermal mass flowmeters are designed for dry gases. If water
droplets hit the heated sensor, they cause a localized cooling effect that the meter
interprets as a massive spike in flow rate.

Cost vs. Benefit: For simple water transfer where density is constant, a mass
flowmeter may be an unnecessary expense compared to a standard
electromagnetic or ultrasonic level/flow solution.

| Integration with Level Measurement Systems

In many B2B industrial scenarios, mass flowmeters work in tandem with level
sensors to provide a complete mass balance for a facility. For example, in a
chemical reactor, a Coriolis meter measures the mass of catalysts being added,
while a high-precision radar level meter monitors the total volume in the vessel. By
comparing the mass added to the change in level (and knowing the fluid density),
operators can detect leaks, verify reaction completion, or identify build-up on tank
walls. For a comprehensive overview of how these technologies integrate into a
single control architecture, visit the Main Page.
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| Frequently Asked Questions (FAQs)

Q: Can mass flowmeters measure steam?

A: Coriolis meters can measure high-pressure steam, but they are often
cost-prohibitive for large steam lines. Thermal meters are generally not used for
steam due to the moisture content. Most industrial steam mass measurement is
done via Vortex meters with integrated temperature and pressure compensation.

Q: Do mass flowmeters require frequent recalibration?

A: Coriolis meters are known for their long-term stability because they have no
moving parts that wear out. However, in abrasive slurry applications, the internal
walls of the tubes can thin over time, which changes the tube's stiffness and
necessitates recalibration.

Q: How do | handle high-viscosity fluids?

A: Coriolis meters are excellent for high-viscosity fluids like resins or syrups. Unlike
volumetric meters where viscosity changes affect the Reynolds number and
accuracy, Coriolis meters remain accurate as long as the pump can overcome the
pressure drop through the meter.

Q: What is the maximum temperature for these meters?

A: Standard Coriolis meters can handle up to 200°C, while specialized
high-temperature versions with remote electronics can reach up to 350°C. Thermal
meters are typically limited to around 200°C to 250°C depending on the sensor
insulation.

By understanding these principles and constraints, engineering teams can select
the most effective mass flowmeters to optimize their process efficiency and ensure
accurate data across their industrial automation networks.



