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In industrial process control, the accuracy of mass flow measurement is a critical
factor in ensuring product quality, safety, and economic efficiency. Unlike
volumetric flow measurement, which can be influenced by changes in temperature
and pressure, mass flow measurement provides a direct account of the quantity of
matter passing through a system. To maintain the precision of these instruments,
regular mass flow meter calibration is required. This technical guide explores the
principles of mass flow measurement, the methodologies used for calibration, and
the practical considerations for engineers and plant managers.

| Understanding Mass Flow Measurement Principles

Before addressing calibration procedures, it is essential to understand how mass
flow meters operate. The two most common technologies used in industrial B2B
applications are Coriolis and Thermal Mass Flow meters.

| Coriolis Mass Flow Meters

Coriolis meters operate on the principle of the Coriolis effect. The instrument
contains one or more vibrating tubes. When a fluid (liquid or gas) flows through
these tubes, the mass inertia causes the tubes to twist or shift in phase. Sensors at
the inlet and outlet of the tubes measure this phase shift. The time difference
between the sensors is directly proportional to the mass flow rate. Because this
method measures mass directly, it is highly accurate and independent of fluid
properties like viscosity or density.

| Thermal Mass Flow Meters

Thermal mass flow meters utilize the heat-conducting properties of the fluid. They
typically consist of two sensors: a temperature sensor and a heated flow sensor.
As the fluid moves past the heated sensor, it carries away heat. The meter
measures either the amount of power required to maintain a constant temperature
difference between the two sensors or the temperature drop at a constant power
level. This cooling effect is related to the mass flow rate, specifically the molecular
mass of the gas. This technology is most commonly used for gas applications.

Welk Reference Guide 2



WELK REFERENCE GUIDE Mass Flow Meter Calibration

| Why Mass Flow Meter Calibration is Essential

Calibration is the process of comparing the readings of a device under test (DUT)
against a reference standard of known accuracy. In the context of mass flow,
calibration ensures that the meter’s output aligns with the actual physical mass
passing through the sensor. Over time, factors such as mechanical wear, sensor
coating, or electronic drift can cause "calibration drift."

For industries such as chemical processing, oil and gas, and water treatment, even
a 1% deviation in flow measurement can result in significant financial losses or
compromised chemical reactions. Regular calibration cycles validate that the
instrument remains within its specified accuracy class, typically ranging from
+0.1% to +1.0% of the rate, depending on the technology.

| Primary Methods of Mass Flow Calibration

There are several recognized methods for performing mass flow meter calibration,
each with varying levels of uncertainty and complexity.

|1. Gravimetric Calibration (The Weighing Method)

Gravimetric calibration is considered the "gold standard" or primary calibration
method. It involves diverting the fluid flowing through the meter into a container
on a high-precision scale for a specific duration.

- Process: The weight of the fluid is measured before and after the test interval.
- Calculation: Mass Flow = (Final Weight - Initial Weight) / Time.

- Advantage: This method provides the lowest uncertainty because mass and
time are fundamental physical units that can be traced back to national
standards (NIST or equivalent).
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| 2. Master Meter Calibration

This is a secondary calibration method where the meter under test is placed in
series with a "Master Meter"—a highly stable and recently calibrated flow meter
with a known accuracy at least four times better than the unit being tested.

- Process: The same fluid passes through both meters simultaneously.

- Advantage: This method is faster than gravimetric calibration and can often be
performed in the field (in-situ) without removing the instrument from the
process line.

| 3. Piston Prover Method

Commonly used for gas mass flow meter calibration, a piston prover uses a
precision-bore cylinder and a piston to displace a known volume of gas. By
measuring the time it takes for the piston to travel a specific distance and

accounting for the gas density (via pressure and temperature sensors), the mass
flow rate is calculated.

| Selection Criteria for Calibration Standards

When selecting a calibration approach or a new instrument, engineers must
evaluate several technical parameters. The following table compares the typical

performance of Coriolis and Thermal mass flow technologies in the context of
calibration requirements.
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m Coriolis Mass Flow Meter Thermal Mass Flow Meter

Typical Accuracy +0.1% to £0.2% of rate +1.0% to £2.0% of rate
Repeatability +0.05% *+0.2% to £0.5%
Turndown Ratio 10:1 to 100:1 10:1 to 100:1

Fluid State Liquids, Slurries, Primarily Clean Gases

High-pressure Gas

Calibration Frequency Low (highly stable) Moderate (sensitive to gas
composition)

Primary Calibration Method Gravimetric Piston Prover / Master Meter

Installation Considerations for Maintaining
Calibration Integrity

The accuracy achieved during a laboratory calibration can only be maintained in
the field if the instrument is installed correctly. Poor installation is the leading
cause of "apparent"” calibration error.

1. Straight Run Requirements: While Coriolis meters are generally immune to flow
profile distortions, Thermal mass flow meters require significant straight pipe runs
(typically 20 diameters upstream and 10 diameters downstream) to ensure a fully
developed laminar flow profile.

2. Vibration Isolation: Coriolis meters are sensitive to external mechanical
vibrations that match the frequency of the sensor tubes. Proper mounting and the
use of flexible connectors can prevent frequency interference.

3. Zero Calibration: For Coriolis meters, a "field zero" must be performed during
installation. This involves filling the meter with the process fluid, ensuring there is
zero flow (using isolation valves), and then triggering the meter’s zeroing function
to account for installation stresses.

4. Orientation: In liquid applications, meters should be installed so that they remain
full of fluid. In gas applications, they should be oriented to prevent condensate
from pooling in the sensor tubes.
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For those seeking integrated solutions for industrial automation, including both
level and flow instrumentation, you can Review product options and application
support to ensure your system meets specific accuracy requirements.

| Common Challenges and Limitations

Despite the advanced technology in modern mass flow meters, certain factors can
introduce errors that calibration alone may not solve if the application is
fundamentally mismatched.

- Fluid Composition Changes: Thermal mass flow meters are calibrated for a
specific gas or gas mixture. If the composition of the gas changes (e.g., a
change in the percentage of Methane in a biogas application), the calibration
becomes invalid because the thermal conductivity and specific heat capacity of
the fluid have changed.

- Two-Phase Flow: Most mass flow meters struggle with two-phase flow (e.g.,
gas bubbles in a liquid or liquid droplets in a gas). In Coriolis meters, this can
cause "slugging," leading to erratic readings and high uncertainty.

- Ambient Temperature Extremes: While the sensors are often
temperature-compensated, extreme ambient temperatures can affect the
transmitter electronics. Calibration should ideally be performed at temperatures
close to the actual operating environment.

| Calibration Frequency and Regulatory Compliance

How often should a mass flow meter be calibrated? There is no universal answer,

as the interval depends on the criticality of the process and the stability of the
environment.

- Critical Custody Transfer: May require monthly or quarterly verification.
- General Process Monitoring: Annual calibration is often sufficient.

- Regulatory Requirements: In industries like pharmaceuticals or food and

beverage, ISO standards or FDA regulations may dictate specific calibration
intervals.
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Engineers should maintain a calibration log for every instrument. If an instrument

consistently requires significant adjustment during its annual check, the frequency
should be increased. Conversely, if the meter shows zero drift over several years,

the interval may be extended.

| Frequently Asked Questions (FAQ)

Q: Can | calibrate a mass flow meter using water if it will be used for oil?

A: For Coriolis meters, yes, because they measure mass directly and are largely
independent of viscosity. However, a small correction factor may be applied for
density. For thermal meters, this is not possible; they must be calibrated with the
specific gas they will measure.

Q: What is the difference between calibration and validation?

A: Calibration involves comparing the meter to a standard and adjusting it if
necessary. Validation (or verification) is the process of checking the meter's
performance against a standard to ensure it is still within tolerance, without
necessarily making adjustments.

Q: Does a mass flow meter need straight pipe runs?

A: It depends on the technology. Coriolis meters typically do not require straight
runs. Thermal mass flow meters require them to ensure an accurate flow profile
across the heated sensor.

Q: What is 'Turndown Ratio' in calibration?

A: The turndown ratio is the range over which the meter can maintain its rated
accuracy. For example, a meter with a 100 kg/h maximum flow and a 10:1
turndown ratio is accurate down to 10 kg/h. Calibration should cover multiple
points across this entire range.

Welk Reference Guide 7



WELK REFERENCE GUIDE Mass Flow Meter Calibration

| Conclusion

Mass flow meter calibration is a fundamental requirement for maintaining the
reliability of industrial processes. By understanding the underlying measurement
principles—whether Coriolis or Thermal—and adhering to rigorous calibration
standards like the gravimetric or master meter methods, organizations can ensure
long-term accuracy. Proper installation and an awareness of fluid properties
remain the best defense against measurement drift. For professional-grade
measurement instruments and technical guidance on selecting the right
technology for your application, visiting the Main Page provides access to a wide
range of industrial solutions tailored for water treatment, chemical, and oil and gas
sectors.

Welk Reference Guide 8



