Mass Flow Transmitters

A practical guide to mass flow transmitters, covering the reader intent, the
relationship to mass flow transmitters, key evaluation criteria, common risks, and

the information the intended project audience should confirm before taking the
next step.
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Main topic: Main Page
https://www.level-meters.com/

In industrial process control, the measurement of fluid movement is a fundamental
requirement for safety, efficiency, and billing accuracy. While volumetric flow
measurement was historically the standard, modern engineering increasingly
relies on mass flow transmitters. Unlike volumetric meters, which measure the
space a fluid occupies, mass flow transmitters measure the actual quantity of
matter passing through a system. This distinction is critical because volume
changes with temperature and pressure, whereas mass remains constant.

For engineers and plant managers involved in water treatment, chemical
processing, and oil and gas, understanding the principles and selection criteria for
mass flow transmitters is essential for maintaining process integrity. This guide
explores the underlying technologies, installation best practices, and the critical
role these instruments play alongside level measurement solutions found on our
Main Page.

1. Measurement Principles of Mass Flow
Transmitters

Mass flow transmitters generally fall into two categories: direct and indirect
(compensated) measurement. Direct mass flow measurement is preferred in
high-precision applications because it does not rely on external calculations of
density or temperature.

| Coriolis Mass Flow Principle

The Coriolis meter is the gold standard for direct mass measurement. It operates
on the principle of inertia. The instrument contains one or more vibrating tubes,
usually driven by an electromagnetic coil. When a fluid flows through these
vibrating tubes, it induces a Coriolis force that causes the tubes to twist.
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The degree of twist (phase shift) between the inlet and outlet of the tube is directly
proportional to the mass flow rate. Because this measurement is based on inertia,
it is independent of the fluid's viscosity, density, and temperature. Most Coriolis
transmitters also measure the frequency of the tube vibration, which allows them
to calculate the fluid's density simultaneously, providing a multi-variable output.

| Thermal Mass Flow Principle

Thermal mass flow transmitters are primarily used for gas applications. They
operate based on the convective heat transfer from a heated surface to the
flowing fluid. A typical sensor consists of two RTDs (Resistance Temperature
Detectors). One is a reference sensor that measures the ambient fluid
temperature, and the other is a heated sensor maintained at a constant differential
temperature above the reference.

As gas flows past the heated sensor, it carries away heat. The electrical power
required to maintain the temperature differential is proportional to the mass flow
rate of the gas. This technology is highly sensitive and can detect very low flow
rates, making it ideal for leak detection and aeration control in water treatment
plants.

| Compensated Volumetric Measurement

While not a "direct" mass flow transmitter, some systems use a combination of a
volumetric flow meter (such as a vortex or turbine meter) with pressure and
temperature sensors. By applying the ideal gas law or liquid density tables, a flow
computer calculates the mass flow. However, this method introduces more points
of failure and higher uncertainty compared to direct Coriolis or thermal methods.

| 2. Technical Selection Criteria

Selecting the right mass flow transmitter requires a detailed analysis of the
process conditions. Using the wrong technology can lead to significant
measurement errors or premature equipment failure.
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m Coriolis Mass Flow Thermal Mass Flow

Primary Media Liquids, Slurries, Clean Gases, Air
High-pressure Gases

Accuracy Up to £0.1% of rate +1% to +5% of full scale

Pressure Drop Moderate to High Very Low

Turndown Ratio 100:1 or higher 10:1 to.100:1

Sensitivity to Vibration High Low

Typical Pipe Sizes 1 mm to 300 mm (1/12" to 15 mm to 2000 mm (1/2" to
12%) 80")

Cost High Moderate

| Key Evaluation Factors

1. Fluid Properties: Coriolis meters handle corrosive chemicals and viscous slurries
effectively. Thermal meters require relatively clean gases to prevent fouling of the
heated sensors.

2. Accuracy Requirements: For custody transfer (billing), Coriolis is mandatory. For
process monitoring or aeration control, thermal meters are often sufficient.

3. Installation Footprint: Coriolis meters are heavy and bulky, whereas thermal
meters (especially insertion types) can be installed in large ducts with minimal
modification.

| 3. Installation Considerations and Best Practices

Correct installation is the most significant factor in ensuring the longevity and
accuracy of mass flow transmitters. Even the most expensive Coriolis meter will
provide inaccurate data if installed incorrectly.
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| Orientation and Fluid State

For liquid applications, mass flow transmitters should be installed in a position
where they remain completely full of the medium. In vertical pipes, the flow should
be upward to ensure air bubbles do not get trapped in the sensor. For gas
applications, the sensors should be oriented to allow any condensed moisture to
drain away from the measurement elements.

| Straight Pipe Runs

Thermal mass flow transmitters are highly sensitive to flow profiles. They typically
require 10 to 20 diameters of straight pipe upstream and 5 diameters downstream
to ensure a fully developed laminar flow. Coriolis meters, conversely, are generally
immune to flow profile disturbances and do not require specific straight runs,
though they must be isolated from mechanical stress.

| Vibration and Mechanical Stress

Coriolis meters operate on high-frequency vibration. If they are installed near
pumps or vibrating machinery, the external noise can interfere with the sensor's
frequency, leading to "zero drift." It is standard practice to use flexible couplings or
robust pipe supports to decouple the meter from plant vibration.

| Grounding and Electrical Noise
Industrial environments are rife with electromagnetic interference (EMI). Mass flow

transmitters must be properly grounded to the pipe and the electrical system to
prevent noise from corrupting the low-voltage signals generated by the sensors.

| 4. Limitations and Common Risks

While mass flow transmitters are advanced, they are not infallible. Engineers
should be aware of the following risks:
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Entrained Gas (Two-Phase Flow): In Coriolis meters, air bubbles in a liquid can
cause the tubes to vibrate erratically, leading to a "slug flow" error. Advanced
digital signal processing (DSP) can mitigate this, but it remains a challenge for
high-precision measurement.

Cavitation: If the pressure drop across the meter is too high, the liquid may flash
into vapor (cavitation), damaging the internal components and causing
measurement failure.

Sensor Fouling: In thermal mass flow measurement, the buildup of oil, moisture, or
dust on the probe acts as an insulator, slowing the heat transfer and causing the
meter to under-read the flow rate.

Zero Stability: All mass flow transmitters require a "zero calibration" at process
temperature and pressure. Failure to perform a zero-check during commissioning
can result in a constant offset in the data.

| 5. Integrating Flow and Level Measurement

In industrial automation, mass flow transmitters and level measurement
instruments are often used in tandem to achieve a "Mass Balance." While the mass
flow transmitter monitors the rate of material entering or leaving a vessel, level
meters—such as the radar or ultrasonic sensors provided by Welk—monitor the
actual inventory within the tank.

For example, in a chemical reactor, a Coriolis mass flow transmitter ensures the
precise ratio of reactants is added by weight. Simultaneously, a high-accuracy
radar level meter provides a redundant check to ensure the tank does not overfill.
If the mass flow data and the level data do not correlate, it can alert operators to a
potential leak or a change in fluid density that requires investigation.

For more information on selecting level measurement instruments to complement
your flow systems, you can review product options and application support on our
Main Page.

|6. Frequently Asked Questions (FAQs)

Q: Can a mass flow transmitter measure volume?
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A: Yes. Since Coriolis meters measure both mass and density, the transmitter can
calculate volume in real-time (Volume = Mass / Density). However, the primary
measurement remains mass.

Q: Why choose mass flow over volumetric flow for gases?

A: Gases are highly compressible. A volumetric flow of 100 m3/h at 1 bar (14.5 psi)
contains much less product than 100 m3/h at 10 bar (145 psi). Mass flow provides a
consistent measurement regardless of these pressure fluctuations.

Q: How often should mass flow transmitters be calibrated?

A: For non-critical process monitoring, every 2 to 3 years is standard. For custody
transfer or highly regulated industries (pharmaceutical/food), annual calibration is
typically required. Many modern transmitters offer "self-verification" diagnostics
that can extend these intervals.

Q: Are Coriolis meters suitable for high-temperature applications?

A: Yes, specialized Coriolis meters can handle temperatures up to 350°C (662°F),
though the electronics must be remotely mounted to prevent heat damage to the
transmitter head.

| Conclusion

Mass flow transmitters are essential components in the modern industrial toolkit,
offering unparalleled accuracy for complex fluids and gases. By selecting the
appropriate technology—whether Coriolis for high-precision liquids or Thermal for
gas management—and adhering to strict installation guidelines, facilities can
significantly improve their process efficiency. When combined with reliable level
measurement technology, these instruments provide the comprehensive data
necessary for optimized industrial automation and inventory control.



