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In industrial process control, the precision of fluid measurement is a critical factor
in determining product quality, operational safety, and economic efficiency. Unlike
volumetric measurement, which can fluctuate significantly with changes in
temperature and pressure, mass flow measurement provides a direct reading of
the amount of material passing through a system. Achieving high mass flow meter
accuracy is essential for applications ranging from chemical dosing and custody
transfer to gas blending and high-pressure steam monitoring.

Understanding the variables that influence accuracy allows engineers to select the
appropriate technology for their specific environment. This guide explores the
principles of mass flow measurement, the technical parameters defining accuracy,
and the practical considerations for maintaining performance in the field.

Core Measurement Principles and Their Impact on
Accuracy

Before evaluating accuracy specifications, it is necessary to understand the two
primary technologies used in modern industrial mass flow measurement: Coriolis
and Thermal Mass Flow.

| Coriolis Measurement Principle

Coriolis flow meters operate based on the principles of fluid mechanics and the
Coriolis effect. The instrument typically consists of one or two vibrating tubes.
When a fluid (liquid or gas) flows through these tubes, the mass of the fluid causes
a slight distortion or "twist" in the tube's vibration due to inertial forces. Sensors at
the inlet and outlet of the tubes measure the resulting phase shift. This phase shift
is directly proportional to the mass flow rate.

Because Coriolis meters measure mass directly, they are largely unaffected by
changes in fluid density, viscosity, or flow profile. This inherent stability allows for
extremely high mass flow meter accuracy, often reaching $\pm 0.05\%$% to $\pm
0.1\%$ of the flow rate.

Welk Reference Guide 2



WELK REFERENCE GUIDE Mass Flow Meter Accuracy

| Thermal Mass Flow Principle

Thermal mass flow meters utilize the heat-conducting properties of the fluid. These
meters generally feature two sensors: a velocity sensor and a temperature sensor.
The velocity sensor is heated to a specific temperature above the ambient fluid
temperature. As fluid flows past the sensor, it carries heat away. The amount of
power required to maintain the temperature differential is proportional to the mass
flow rate of the gas.

Thermal meters are primarily used for gas applications. Their accuracy is generally
lower than Coriolis meters, typically ranging from $\pm 1\%$ to $\pm 3\%$ of the
reading, but they offer excellent sensitivity at very low flow rates and have no
moving parts.

| Key Factors Defining Mass Flow Meter Accuracy

Accuracy is not a single number; it is a composite of several performance metrics.
When reviewing technical specifications on a Main Page for industrial
instrumentation, engineers must distinguish between the following terms:

| 1. Percentage of Rate vs. Percentage of Full Scale

Percentage of Rate: This indicates the error relative to the actual flow being
measured. If a meter is rated at $\pm 1\%$ of rate, and the flow is 100 kg/h, the
error is $\pm 1% kg/h. If the flow drops to 10 kg/h, the error is $\pm 0.1% kg/h. This
is generally preferred for wide flow ranges.

Percentage of Full Scale (FS): This indicates the error relative to the maximum
capacity of the meter. If a meter has a 100 kg/h capacity and is rated at $\pm
1\%$ FS, the error is always $\pm 1% kg/h, regardless of whether the actual flow is
100 kg/h or 10 kg/h. At low flows, % FS accuracy becomes significantly less
precise.
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| 2. Repeatability

Repeatability refers to the meter's ability to provide the same result under
identical conditions over multiple measurements. A meter can be highly repeatable
even if it is not perfectly accurate (meaning it is consistently wrong by the same
amount). In many batching processes, repeatability is more critical than absolute
accuracy because it ensures batch-to-batch consistency.

| 3. Turndown Ratio (Rangeability)

The turndown ratio is the ratio between the maximum and minimum flow rates

that the meter can measure while maintaining its specified accuracy. For example,
a 100:1 turndown ratio means a meter rated for 1000 kg/h can accurately measure
down to 10 kg/h. Beyond this range, mass flow meter accuracy typically degrades.

| 4. Zero Stability

In Coriolis meters, "zero stability" is a fundamental factor. It represents the
residual signal produced by the meter when there is zero flow. This value is a
constant error that becomes more significant as the flow rate decreases. Total
accuracy is often calculated as the sum of the base accuracy percentage and the
zero stability error.

| Selection Table: Comparing Mass Flow Technologies

Choosing the right instrument requires balancing accuracy requirements with fluid
properties and budget. The following table provides a general comparison of
common industrial mass flow technologies.
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Coriolis Mass Flow
Meter

Thermal Mass Flow
Meter

Mass Flow Meter Accuracy

Differential
Pressure (with

Compensation)

Typical Accuracy

Fluid State

Turndown Ratio

Pressure Drop

Installation

Cost

$\pm 0.05\%$% to
$\pm 0.2\%%$ of rate

Liquids, Slurries,
Gases

10:1 to 100:1

Low to Moderate

Orientation sensitive

High

$\pm 1\%$ to $\pm
3\%%$ of rate

Gases only

10:1 to 1000:1

Very Low

Requires straight
runs

Moderate

$\pm 1\%$ to $\pm
2\%% of FS

Liquids, Gases,
Steam

3:1to 10:1

High

Requires long
straight runs

Low to Moderate

| Factors Influencing Performance in the Field

Even the most precise instrument can suffer from reduced mass flow meter
accuracy if environmental and process factors are not managed.

| Temperature and Pressure Extremes

While Coriolis meters are largely immune to density changes, extreme
temperatures can cause mechanical expansion or contraction of the measuring
tubes. High-quality meters include internal temperature compensation to adjust
the stiffness of the tubes (Young’s Modulus) in real-time. For thermal meters,
pressure changes can affect the heat transfer coefficient of the gas, necessitating
pressure compensation for maximum precision.

Welk Reference Guide



WELK REFERENCE GUIDE Mass Flow Meter Accuracy

| Entrained Air and Two-Phase Flow

Coriolis meters are designed for single-phase fluids. If a liquid contains air bubbles
(slug flow) or if a gas contains liquid droplets, the vibration of the tubes becomes
erratic. This leads to "stalling" or significant measurement errors. Advanced digital
sighal processing (DSP) in modern meters can mitigate some of these effects, but
for the highest accuracy, two-phase flow should be avoided using air eliminators.

| Vibration and Mechanical Stress

Because Coriolis meters rely on precise tube vibrations, external mechanical
vibrations from pumps or motors can interfere with the sensor signal. Similarly,
pipe stress caused by misalignment during installation can distort the tubes,
shifting the zero point and degrading accuracy.

Installation Guidelines to Preserve Measurement
Integrity

To ensure that the installed mass flow meter accuracy matches the laboratory
calibration, follow these engineering best practices:

1. Mounting Orientation: For liquid applications, Coriolis meters should be installed
with the tubes pointing downward (U-shape) to prevent air entrapment. For gas
applications, they should point upward to prevent condensate accumulation.

2. Stress-Free Piping: Use robust piping supports on both the inlet and outlet sides
of the meter. The meter should not support the weight of the pipe, nor should the
pipe exert twisting forces on the meter body.

3. Straight Run Requirements: Thermal mass flow meters are highly sensitive to
the flow profile. 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 unaffected by flow profiles and require little to
no straight runs.
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4. Grounding: Electronic noise can interfere with the low-voltage signals from the
flow sensors. Ensure the meter is properly grounded according to the
manufacturer’'s specifications to prevent electromagnetic interference (EMI).

Limitations and Challenges in High-Precision
Applications

While mass flow meters are highly versatile, they have specific limitations:

Viscosity Limits: While Coriolis meters can handle high-viscosity fluids (e.g.,
molasses or heavy crude), the pressure drop across the meter increases
significantly. If the pressure drop is too high, it may lead to cavitation, which
destroys measurement accuracy.

Gas Composition Changes: Thermal mass flow meters are calibrated for a specific
gas mixture. If the composition of the gas changes (e.g., a shift in the ratio of
Methane to Ethane in natural gas), the heat transfer properties change, leading to
large errors unless the meter is recalibrated or adjusted via a gas composition
factor.

Economic Constraints: For large pipe diameters (above 300 mm / 12 inches), the

cost and weight of a Coriolis meter become prohibitive. In these cases, engineers
often opt for insertion-style thermal meters or multivariable differential pressure

systems, accepting a lower accuracy in exchange for feasibility.

|Frequent|y Asked Questions (FAQs)

Q: How often should a mass flow meter be recalibrated?

A: The frequency depends on the criticality of the process and the fluid's
abrasiveness. In custody transfer applications, annual calibration is standard. For
stable, non-corrosive fluids, a check every 2 to 3 years may suffice. Many modern
meters offer "on-board verification" to check the health of the sensors without
removing them from the line.

Q: Can a mass flow meter measure steam?
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A: Coriolis meters can measure high-pressure steam, but they are often limited by
temperature ratings. Vortex meters with multivariable compensation are more
common for steam, though they provide "calculated" mass flow rather than the
direct mass measurement found in Coriolis units.

Q: Does pipe diameter affect mass flow meter accuracy?

A: For Coriolis meters, the accuracy is generally independent of pipe size, provided
the flow rate remains within the meter's optimal range. For thermal meters, larger
pipes make it harder to ensure a uniform flow profile, which can increase the
margin of error if straight-run requirements are not met.

Q: What is the difference between mass flow and volumetric flow?

A: Volumetric flow measures the space the fluid occupies ($m~3/h$), which
changes with temperature and pressure. Mass flow measures the actual quantity
of matter ($kg/h$), which remains constant regardless of environmental changes.
This makes mass flow the superior choice for chemical reactions and commercial
transactions.

For engineers seeking to optimize their process control systems, selecting an
instrument with the correct mass flow meter accuracy is a balance of technology,
installation environment, and long-term maintenance strategy. By adhering to the
principles of fluid dynamics and following strict installation protocols, industrial
facilities can achieve reliable, high-precision measurement for even the most
demanding applications.
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