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A practical guide to high accuracy mass flow meter, covering the reader intent, the
relationship to high accuracy mass flow meter, 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 ability to measure the mass of a fluid moving
through a system is often more critical than measuring its volume. While
volumetric flow varies with changes in temperature and pressure, mass remains
constant. A high accuracy mass flow meter provides the precision required for
custody transfer, chemical batching, and high-value gas blending. For engineers
and plant managers, selecting the right instrument requires a deep understanding
of the underlying physics, the specific fluid properties, and the environmental
conditions of the installation site.

This guide examines the primary technologies used to achieve high-precision mass
measurement, provides a framework for selection, and outlines the practical steps
necessary to maintain accuracy over the instrument's lifecycle.

| Measurement Principles of Mass Flow Meters

Before selecting a high accuracy mass flow meter, it is essential to understand
how different technologies derive mass data. The two most prominent
technologies in the industrial sector are Coriolis and Thermal Dispersion.

| Coriolis Mass Flow Principle

Coriolis meters are widely considered the gold standard for accuracy. They
operate based on the Coriolis effect, which is an inertial force generated when a
fluid moves through a vibrating tube.

Inside the meter, one or two measuring tubes are vibrated at their resonant
frequency by an electromagnetic drive coil. When there is no flow, the tubes
vibrate in a uniform, symmetrical manner. As fluid enters the tubes, the mass of
the moving fluid causes a slight twist or phase shift in the vibration. Sensors
located at the inlet and outlet sides of the tubes detect this phase shift. The time
delay between the two signals is directly proportional to the mass flow rate.

Because Coriolis meters measure mass directly, they are unaffected by changes in
fluid density, viscosity, or flow profile. Most modern Coriolis units also measure the
vibration frequency to determine fluid density and include an internal RTD
(Resistance Temperature Detector) to compensate for the effect of temperature on
the tube's rigidity.
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| Thermal Mass Flow Principle

Thermal mass flow meters are primarily used for gas applications. They operate on
the principle of thermal dispersion or heat transfer. The sensor typically consists of
two pins: one is a reference temperature 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 away heat. The amount of energy
required to maintain the temperature differential is directly proportional to the
mass flow rate of the gas. This is because the cooling effect is dependent on the
number of gas molecules (mass) passing the sensor, rather than the volume. While
highly accurate for clean gases, thermal meters are sensitive to changes in the gas
composition, as different gases have different specific heat capacities.

| Key Evaluation Criteria for High Accuracy

When evaluating a high accuracy mass flow meter for a specific project, several
technical parameters must be scrutinized to ensure the device meets the
operational requirements.

| 1. Accuracy and Repeatability

Accuracy is typically expressed as a percentage of the measured value (e.g.,
+0.1% of rate). For high-precision applications, such as pharmaceutical dosing or
oil and gas custody transfer, a Coriolis meter with an accuracy of £0.05% to
+0.1% is often required. Repeatability, or the ability of the meter to provide the
same result under identical conditions, is equally important for process
consistency. High-end meters usually offer repeatability in the range of £0.02%.
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| 2. Turndown Ratio

The turndown ratio (or rangeability) defines the range over which the meter
maintains its specified accuracy. For example, a meter with a maximum flow of
1,000 kg/h and a 100:1 turndown ratio can accurately measure down to 10 kg/h.
High accuracy mass flow meters often provide superior turndown compared to
volumetric meters like vortex or turbine meters.

| 3. Material Compatibility and Pressure Ratings

The wetted parts of the meter must be compatible with the process fluid. Standard
meters often use 316L stainless steel, but for corrosive chemicals, alloys like
Hastelloy C-22 or Tantalum may be necessary. Additionally, the meter must be
rated for the maximum process pressure, often ranging from 16 bar (1.6 MPa) up
to 350 bar (35 MPa) in high-pressure gas applications.

| Selection Table: Coriolis vs. Thermal Mass Flow

m Coriolis Mass Flow Meter Thermal Mass Flow Meter

Primary Media Liquids, Slurries, Clean Gases, Compressed Air
High-Pressure Gases

Typical Accuracy +0.1% to £0.05% of rate +1.0% to £0.5% of rate
Direct Mass Measurement Yes Yes (dependent on gas
properties)

Density Measurement Yes No

Pressure Drop Moderate to High Very Low

Sensitivity to Vibration Moderate (requires rigid Low
mounting)

Cost High Moderate

Common Applications Chemical Batching, Custody Nitrogen Blanketing, Leak
Transfer Detection
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| Installation Considerations for Maximum Precision

Even the most advanced high accuracy mass flow meter will fail to perform if
installed incorrectly. Proper mechanical and electrical integration is vital for
maintaining the manufacturer's stated accuracy.

| Mounting and Orientation

For Coriolis meters, orientation depends on the fluid type. For liquid applications,
the tubes should ideally point downward (in a "U" configuration) to prevent gas
bubbles from becoming trapped. For gas applications, the tubes should point
upward to prevent condensate or liquids from collecting in the sensor. The meter
must be supported by rigid piping or dedicated mounting brackets to prevent
external mechanical vibrations from interfering with the tube's resonant frequency.

| Straight Run Requirements

One of the significant advantages of Coriolis meters is that they are generally
insensitive to flow profile distortions, meaning they require little to no straight pipe
runs before or after the meter. In contrast, thermal mass flow meters are highly
sensitive to flow profiles. They typically require 10 to 20 diameters of straight pipe
upstream to ensure a fully developed laminar flow, or the use of flow conditioners
in tight spaces.

| Zero Calibration

Upon installation and under full process pressure, a "zero-point calibration" must
be performed. This involves filling the meter with the process fluid, ensuring there
is absolutely zero flow (using isolation valves), and then triggering the meter's
zeroing function. This compensates for any stresses imposed on the sensor by the
piping or the specific installation environment.
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| Limitations and Common Risks

While highly capable, mass flow meters have specific limitations that can introduce
measurement errors.

Entrained Gas (Slug Flow): Coriolis meters can struggle when gas bubbles are
present in a liquid stream. This "two-phase flow" can dampen the tube vibration,
leading to a loss of sighal or significant inaccuracies. Advanced digital signal
processing (DSP) in modern meters helps mitigate this, but it remains a risk.

Moisture in Gas: For thermal mass flow meters, the presence of water droplets in a
gas stream can cause significant measurement spikes. As the heated sensor
evaporates a droplet, it experiences a massive cooling effect that the meter
interprets as a high flow rate.

Pressure Drop: Coriolis meters, particularly those with curved tubes, can introduce
a significant pressure drop into the system. Engineers must ensure that the pump
or supply pressure is sufficient to overcome this resistance at maximum flow rates.

| Integration with Level Measurement Systems

In many industrial automation scenarios, mass flow data is used in conjunction
with level measurement to provide a complete picture of inventory and process
efficiency. For instance, while a radar level sensor provides the volume of liquid in
a tank, a high accuracy mass flow meter tracks the exact mass of product entering
or leaving the facility.

This cross-referencing is essential for mass balance calculations, which are used to
detect leaks, monitor chemical reactions, or manage bulk storage. For professional
engineering references on choosing the right instrumentation for these integrated
systems, you can Review product options and application support to see how
different measurement technologies complement one another in industrial
environments.
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| Frequently Asked Questions (FAQ)

Q: Does a Coriolis meter need to be recalibrated if the fluid changes?

A: Generally, no. Because Coriolis meters measure the inertial force of the mass,
they are independent of fluid properties like viscosity and density. However, if the
new fluid is corrosive and changes the wall thickness of the tubes, accuracy will be
affected over time.

Q: Can a thermal mass flow meter be used for steam?

A: It is not recommended. The high moisture content and varying quality of steam
make thermal dispersion unreliable. Vortex or differential pressure meters are
typically preferred for steam applications.

Q: What is the impact of ambient temperature on mass flow accuracy?

A: High-quality mass flow meters include internal temperature compensation.
However, extreme ambient temperatures can affect the electronics. In such cases,
remote-mounted transmitters or sunshades are recommended to protect the
sensitive components.

Q: How often should a high accuracy mass flow meter be calibrated?

A: This depends on the industry and the criticality of the measurement. For
custody transfer, annual calibration against a certified master meter or weigh
scale is common. For general process control, a check every 2 to 3 years may
suffice if the meter's internal diagnostics indicate healthy sensor performance.

By following these technical guidelines and understanding the physical principles
of mass measurement, process engineers can ensure they select a high accuracy
mass flow meter that provides reliable data, reduces waste, and optimizes
industrial performance.
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