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In industrial process control, the measurement of fluid quantity is a fundamental
requirement for billing, chemical dosing, and inventory management. While
volumetric measurement is common, it is often insufficient for high-precision
applications because volume changes with temperature and pressure. A mass
meter provides a direct measurement of the mass of a fluid passing through a
system, offering a value that remains constant regardless of environmental
fluctuations. For engineers managing complex systems, understanding the
principles and selection criteria for mass meters is essential for ensuring process
stability and economic efficiency.

| Understanding Mass Flow Measurement

Mass flow measurement is the determination of the amount of matter (mass)
traveling through a pipe per unit of time, typically expressed in kilograms per hour
(kg/h) or pounds per hour (lb/h). Unlike volumetric flow meters, which measure the
space the fluid occupies (m3/h or GPM), a mass meter accounts for the density of
the fluid.

In many industrial processes, the mass of the ingredients is what dictates the
quality of the final product. For example, in a chemical reaction, the stoichiometry
is based on the number of molecules (mass), not the volume. If a process relies on
volumetric measurement and the temperature increases, the fluid expands, and
the volumetric meter will report a higher flow rate even though the actual amount
of matter remains the same. This discrepancy can lead to improper mixing, wasted
raw materials, and inconsistent product quality.

There are two primary technologies used for direct mass measurement: Coriolis
mass meters and thermal mass meters. Each operates on distinct physical
principles and is suited for different industrial applications.
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| Coriolis Mass Meter Principles

The Coriolis mass meter is widely considered the most versatile and accurate type
of mass meter available. It operates based on the Coriolis effect, which is the
inertial force exerted on an object moving within a rotating frame of reference.

| The Operating Mechanism

A Coriolis meter consists of one or more vibrating tubes, usually made of stainless
steel or high-strength alloys. An internal drive coil causes the tubes to vibrate at
their natural resonant frequency in an energized state. When there is no flow, the
tubes vibrate uniformly.

As fluid enters the meter and moves through the vibrating tubes, it is forced to
take on the vertical momentum of the vibrating tube. As the tube moves upward
during half of its vibration cycle, the fluid resisting this upward motion pushes
down on the tube. As the fluid leaves the tube, it resists having its vertical motion
decreased, pushing up on the tube. This creates a twisting effect, or phase shift,
between the inlet and outlet sides of the tube.

Sensors (pick-off coils) located on the inlet and outlet sections of the tube measure
this phase shift. The time delay ($At$) between the two points is directly
proportional to the mass flow rate ($m$). The governing equation is generally
expressed as:

$$m = FC - (At - At0)$$

Where:

$ms$ is the mass flow rate.

$FC$ is a calibration factor specific to the meter's geometry.
$At$ is the measured time delay.

$At0$ is the time delay at zero flow.
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| Density and Temperature Measurement

One significant advantage of Coriolis meters is their ability to measure fluid density
simultaneously. The resonant frequency of the tube vibration depends on the total
mass of the tube and the fluid inside it. Since the volume of the tube is fixed, the
frequency can be used to calculate the fluid density. Most Coriolis meters also
include an internal Resistance Temperature Detector (RTD) to monitor the tube
temperature, allowing the electronics to compensate for changes in the tube's
elasticity and provide a highly accurate temperature output.

| Thermal Mass Flow Measurement

Thermal mass meters are primarily used for measuring the mass flow of gases.
They operate on the principle of heat transfer, specifically how a flowing fluid
removes heat from a heated surface.

| Thermal Dispersion Technology

A typical thermal mass meter utilizes two sensing elements: a velocity sensor and
a temperature sensor. The velocity sensor is heated to a specific temperature
above the ambient fluid temperature (the differential is often maintained at a
constant $AT$). The temperature sensor measures the actual temperature of the
process gas.

As gas flows past the heated sensor, molecules carry heat away from the surface.
The amount of heat lost is directly related to the number of molecules passing
by—which is the mass of the gas. To maintain the constant temperature
differential, the meter's electronics must increase the power to the heated sensor.
This electrical power requirement is proportional to the mass flow rate.

Thermal meters are highly sensitive to low flow rates and do not require separate
pressure or temperature compensation to provide a mass flow reading for gases,
making them a cost-effective solution for compressed air, nitrogen, and natural
gas monitoring.
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| Comparative Analysis and Selection Criteria

Choosing between a Coriolis meter, a thermal meter, or a compensated volumetric
system depends on the fluid type, required accuracy, and budget. While Coriolis
meters offer the highest performance, they represent a significant capital
investment.

| Selection Table: Mass Meter Comparison

Coriolis Mass Thermal Mass Volumetric Meter
Meter Meter with Compensation
Primary Fluid Type Liquids, Slurries, Clean Gases, Liquids, Steam,
High-pressure Gases Compressed Air Gases
Accuracy (Typical) +0.1% to £0.5% of +1% to £2% of full +1% to £5%
rate scale (System dependent)
Turndown Ratio 100:1 or higher 100:1 10:1 to 30:1
Pressure Drop Moderate to High Very Low Low to High
Installation Rigid support; no Requires long Requires straight
straight run required straight pipe runs runs
Capital Cost High Medium Low to Medium
Maintenance Low (no moving Low (requires clean Moderate (moving
parts) gas) parts or clogging)

| Key Evaluation Factors

1. Fluid Properties: Coriolis meters handle high-viscosity fluids and slurries
effectively. Thermal meters are generally restricted to clean, dry gases, as
moisture or droplets on the sensor can cause significant measurement errors.

2. Accuracy Requirements: For custody transfer (buying or selling product), the
high accuracy of a Coriolis meter is usually required. For process monitoring where
trend data is more important than absolute precision, a thermal meter may suffice.
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3. Flow Range (Turndown): If the process has wide variations in flow (e.g., a burner
that ranges from pilot to full capacity), a mass meter with a high turndown ratio is
necessary to maintain accuracy at both extremes.

4. Pressure and Temperature Limits: Coriolis meters are often limited by the
pressure rating of their vibrating tubes. Conversely, thermal meters are excellent
for low-pressure gas applications where other meters might cause too much
pressure drop.

For more detailed technical specifications and to explore how these instruments
integrate with broader level and flow control systems, engineers should consult the
Main Page for comprehensive product data.

| Installation and Engineering Best Practices

Proper installation is critical for the performance of any mass meter. Even the most
expensive Coriolis meter will provide inaccurate data if it is subjected to
mechanical stress or improper fluid conditions.

| Coriolis Meter Installation

Vibration Isolation: Because Coriolis meters rely on the vibration of internal tubes,
external mechanical vibration from pumps or motors can interfere with the
measurement. Use flexible couplings or rigid supports to isolate the meter.

Orientation: For liquid applications, the tubes should point downward (in a "U"
shape) to prevent gas bubbles from becoming trapped. For gas applications, the
tubes should point upward to prevent condensate from collecting in the tubes.

Zero Calibration: After installation and under full process pressure and
temperature, the meter must be "zeroed" with the flow completely stopped. This
accounts for any stresses imposed on the meter by the piping.
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| Thermal Meter Installation

Straight Pipe Runs: Thermal meters are highly sensitive to the flow profile. They
typically require 20 diameters of straight pipe upstream and 10 diameters
downstream to ensure a fully developed, non-turbulent flow profile.

Gas Composition: Since thermal meters rely on the specific heat capacity of the
gas, the meter must be calibrated for the specific gas mixture being measured. If
the gas composition changes (e.g., a change in the ratio of methane to ethane in
natural gas), the meter must be reconfigured.

Probe Depth: For insertion-style thermal meters, the sensor must be placed at the
precise point in the pipe (usually the center) where the average velocity can be
accurately represented.

| Limitations and Application Risks

While mass meters solve many problems associated with volumetric
measurement, they are not universal solutions.

Coriolis Limitations:

Size and Weight: High-capacity Coriolis meters (for pipes larger than 250 mm or 10
inches) are extremely heavy and expensive.

Entrained Gas: While modern digital signal processing has improved performance,
large amounts of entrained gas in a liquid stream can dampen the tube vibration,
leading to a "stalling" of the meter.

Thermal Limitations:

Moisture Sensitivity: If water droplets hit the heated sensor, they evaporate and
absorb a large amount of energy, which the meter interprets as a massive spike in
flow rate.

Specific Heat Dependency: They cannot be used for fluids with unknown or rapidly
changing compaositions without constant recalibration.
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| Frequently Asked Questions

Q: Can a mass meter measure volume?

Yes. Since Coriolis meters measure both mass and density, the onboard electronics
can calculate the volumetric flow rate ($V = m / p$). This is often more accurate
than a dedicated volumetric meter because it is compensated for density changes
in real-time.

Q: How does a mass meter relate to level measurement in a tank?

In inventory management, mass flow meters are used to track the "inflow" and
"outflow" of a vessel. This data is compared against level sensors (such as radar or
ultrasonic transmitters) to perform a mass balance. If the level sensor shows a
decrease in volume but the mass meter shows no outflow, it can indicate a leak or
a sensor malfunction.

Q: Do mass meters require frequent recalibration?

Because they have no moving parts to wear out, mass meters are very stable.
Coriolis meters generally do not require recalibration unless the tubes are eroded
or corroded by the process fluid. Thermal meters may require periodic cleaning if
the gas is dirty or contains oils.

Q: Are mass meters suitable for steam?

Coriolis meters are rarely used for steam due to the high velocities and relatively
low density of steam, which can cause excessive pressure drop and vibration
issues. Vortex meters with integrated temperature and pressure compensation
(multivariable meters) are more common for steam mass flow applications.

By selecting the appropriate mass meter technology and adhering to strict
installation guidelines, industrial facilities can achieve the high-precision
measurement required for modern automated processes. These instruments
provide the data necessary to optimize raw material usage, ensure safety, and
maintain high standards of product consistency.



