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A practical guide to mass flow meters, covering the reader intent, the relationship
to mass flow meters, 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 precise measurement of material movement is
fundamental to efficiency, safety, and fiscal accountability. While volumetric flow
measurement was once the industry standard, the shift toward mass flow meters
has become more pronounced in sectors such as chemical processing, oil and gas,
and food production. This shift is driven by the fact that mass remains constant
regardless of changes in temperature or pressure, whereas volume can fluctuate
significantly, particularly in gases and compressible fluids.

For engineers and plant managers, understanding the nuances of mass flow
measurement is essential for optimizing process loops. This guide explores the
principles of mass flow technology, selection criteria, and how these instruments
integrate into broader measurement systems, including the level measurement
solutions found on the Main Page of industrial instrumentation providers.

| Measurement Principles of Mass Flow Meters

Unlike volumetric meters that measure the space a fluid occupies, mass flow
meters measure the actual weight or mass of the fluid passing through a point per
unit of time (e.g., kg/h or t/h). There are two primary technologies used in modern
industrial mass flow measurement: Coriolis and Thermal Dispersion.

| Coriolis Mass Flow Meters

The Coriolis meter is often considered the "gold standard" of flow measurement
due to its high accuracy and ability to measure mass directly without the need for
external pressure or temperature compensation.

The Principle: The meter consists of one or more vibrating tubes. When a fluid
(liquid or gas) flows through these tubes, the mass of the fluid causes the tubes to
twist or shift in phase due to the Coriolis effect. Sensors at the inlet and outlet of
the tubes detect this phase shift. The magnitude of the shift is directly proportional
to the mass flow rate.

Because the vibration frequency of the tubes also changes with the density of the
fluid, Coriolis meters can simultaneously provide density and temperature data,
making them highly versatile multi-variable instruments.
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| Thermal Mass Flow Meters

Thermal mass flow meters are primarily used for gas applications. They operate
based on the thermal properties of the fluid, specifically the rate at which heatis
dissipated into the flow stream.

The Principle: The instrument typically features two sensors: a velocity sensor and
a temperature sensor. The velocity sensor is heated to a specific temperature
above the ambient fluid temperature. As gas flows past the sensor, it carries heat
away. The amount of energy required to maintain the temperature differential (or
the drop in temperature if power is constant) is proportional to the mass flow of
the gas.

Thermal meters are particularly valued for their high turndown ratios and
sensitivity to low flow rates, which are often difficult to capture with differential
pressure or volumetric technologies.

|Practica| Selection Criteria

Choosing the right mass flow meter requires a detailed analysis of the process fluid
and the environmental conditions. The following table provides a comparison to
assist in the initial selection process.

m Coriolis Mass Flow Meters Thermal Mass Flow Meters

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

Accuracy 0.1% to 0.5% of rate 1.0% to 2.0% of full scale
Typical Turndown 20:1 to 100:1 10:1 to 100:1

Pressure Drop Moderate to High Very Low

Fluid Density Measures directly Must be known/constant
Maintenance Low (no moving parts) Low (requires clean gas)
Cost High Moderate
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| Key Considerations for Engineers

1. Fluid Composition: Coriolis meters excel with non-conductive liquids and viscous
slurries where other meters fail. However, they can struggle with fluids containing
significant entrained gas (slug flow). Thermal meters require the gas composition
to be known, as different gases have different thermal conductivities.

2. Accuracy Requirements: For custody transfer or high-value chemical dosing, the
precision of a Coriolis meter is usually required. For aeration air in water treatment
or combustion air in boilers, a thermal meter is often more cost-effective.

3. Installation Footprint: Coriolis meters can be bulky and heavy, especially for
large pipe sizes (above 200 mm). Thermal meters are often available in insertion
styles, which are much easier to install in large ducts.

| Installation Considerations and Best Practices

Proper installation is critical to achieving the laboratory-rated accuracy of any
mass flow meter in a field environment.

| Coriolis Installation

Vibration Isolation: Because Coriolis meters rely on tube vibration, they are
sensitive to external mechanical noise. They should be installed using robust
supports and, if possible, flexible couplings to isolate the meter from pump or
compressor vibrations.

Orientation: For liquid service, the tubes should point downward (U-tube design) to
prevent gas bubbles from being trapped. For gas service, the tubes should point
upward to prevent condensate from accumulating.

Zero Calibration: Every Coriolis meter must be "zeroed" in-situ. This involves filling
the meter with the process fluid, ensuring there is zero flow, and then performing
the zero-calibration routine to account for the specific piping stresses of the
installation.
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| Thermal Installation

Straight Pipe Runs: Thermal meters are sensitive to the flow profile. Generally, 10
to 20 diameters of straight pipe upstream and 5 diameters downstream are
required to ensure a fully developed laminar flow profile. Flow conditioners can be
used if space is limited.

Gas Moisture: Thermal meters can be affected by water droplets. If the gas is wet,
the meter should be installed in a vertical pipe with upward flow, or at an angle
that allows moisture to drain away from the sensor tips.

| Limitations and Common Risks

While mass flow meters are advanced, they are not universal solutions.

Coriolis Limitations: The primary limitation is the initial capital cost. Additionally,
high-pressure drops can occur in high-viscosity applications. In large-diameter
pipes (e.g., >300 mm), Coriolis meters become prohibitively expensive and heavy.

Thermal Limitations: These meters are generally restricted to gas. If the gas
composition changes unexpectedly (e.g., a change in the ratio of CH4 to CO2 in
biogas), the calibration will be off. They are also susceptible to coating; if the
sensor becomes fouled with oil or particulates, the heat transfer rate changes,
leading to measurement errors.

| Integration with Industrial Systems

In modern industrial automation, mass flow meters do not operate in isolation.
They are part of a comprehensive measurement strategy that often includes level
measurement. For example, in a chemical reactor, a mass flow meter may control
the feed rate of a reactant, while a radar level meter monitors the total volume in
the vessel to prevent overfills.
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As a professional manufacturer of industrial level measurement instruments, Welk
provides the necessary hardware to complement flow systems. Reliable level data
from ultrasonic or radar sensors ensures that the overall mass balance of a plant is
maintained. To explore how these technologies work together, you can review
product options and application support on the Main Page.

| Frequently Asked Questions (FAQs)

Q: Can mass flow meters measure steam?

A: Coriolis meters can measure high-pressure steam, but the cost is often high.
Thermal mass flow meters are generally not recommended for saturated steam
due to the presence of water droplets. Vortex meters with multivariable outputs
(pressure and temperature compensation) are more common for steam mass flow.

Q: Do mass flow meters require frequent recalibration?

A: One of the benefits of Coriolis meters is their stability. Because there are no
moving parts to wear out, they rarely require recalibration unless the sensor is
damaged by corrosion or erosion. Thermal meters should be checked periodically
to ensure the sensors are clean.

Q: How do mass flow meters handle pulsating flow?

A: Coriolis meters can handle moderate pulsation, though it may increase the
uncertainty of the measurement. Thermal meters are generally too slow to react
to high-frequency pulsations and may provide an averaged reading that does not
accurately reflect the peak flows.

Q: What is the maximum temperature for these meters?

A: Standard Coriolis meters can handle up to 200°C (392°F), with specialized
high-temperature versions reaching 350°C (662°F). Thermal meters are typically
limited to around 175°C (347°F) to 250°C (482°F) depending on the sensor
electronics.
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| Summary for Project Planning

Before finalizing a mass flow meter specification, project teams should confirm the
following:

1. Fluid Properties: Is the fluid a liquid, gas, or slurry? What is the viscosity and the
presence of solids?

2. Process Conditions: What are the minimum, normal, and maximum flow rates,
pressures, and temperatures?

3. Accuracy Needs: Is this for internal process monitoring or for high-accuracy
billing/custody transfer?

4. Connectivity: Does the facility require HART, Modbus, or Profibus communication
for integration into the DCS/PLC?

By addressing these factors and understanding the underlying physics of Coriolis
and thermal technologies, engineers can ensure long-term reliability and accuracy
in their flow measurement applications.
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