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Thermal mass flow meters (TMFMs) have become a cornerstone of industrial gas
measurement due to their ability to measure mass flow directly without the need
for additional temperature or pressure compensation. However, the accuracy of
these instruments is intrinsically linked to the thermal properties of the gas being
measured. In many industrial scenarios, a meter calibrated for one gas (typically
air or nitrogen) is used to measure another, or the process gas composition
changes over time. This is where the thermal mass flow meter correction factor
(often referred to as the K-factor) becomes a critical engineering parameter.

Understanding how to apply and calculate these factors is essential for plant
engineers, system integrators, and maintenance professionals who rely on precise
gas flow data for combustion control, leak detection, and process optimization.
This guide examines the underlying physics, the calculation methods for correction
factors, and the practical considerations for implementing them in industrial
environments.

|Principles of Thermal Mass Flow Measurement

Before delving into correction factors, it is necessary to understand how these
instruments interact with the fluid. Thermal mass flow meters operate on the
principle of heat transfer. Most modern industrial TMFMs utilize the "constant
temperature differential" method.

| The Sensor Mechanism

A typical sensor probe consists of two Resistance Temperature Detectors (RTDs).
One RTD acts as a reference, measuring the ambient temperature of the gas. The
second RTD is the heated sensor. An electronic circuit maintains a constant
temperature difference (AT) between the heated sensor and the reference sensor.

As gas molecules flow past the heated sensor, they carry away heat. To maintain
the constant AT, the instrument must increase the electrical power supplied to the
heated sensor. According to King’s Law, the amount of power required is
proportional to the mass flow rate of the gas.
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| Why Thermal Properties Matter

The rate at which heat is dissipated from the sensor depends on several physical
properties of the gas:

1. Specific Heat Capacity (Cp): The amount of heat required to change the
temperature of a unit mass of the gas.

2. Thermal Conductivity (k): The ability of the gas to conduct heat.
3. Density (p): The mass per unit volume.
4. Viscosity (M): The internal friction of the gas.

Because different gases have vastly different thermal conductivities and specific
heats, a meter calibrated for Air will provide an incorrect reading if used for
Hydrogen or Carbon Dioxide unless a correction factor is applied.

Defining the Thermal Mass Flow Meter Correction
Factor

The thermal mass flow meter correction factor is a mathematical multiplier used to
adjust the output signal of a flow meter when the gas being measured differs from
the gas used during the factory calibration.

| The Basic Calculation

In its simplest form, the correction factor (K) is the ratio of the thermal properties
of the actual process gas to the calibration gas. While manufacturers use complex
empirical models, a simplified theoretical K-factor can be expressed as:

$$K = \frac{(Cp \cdot \rho \cdot k){Actual}}{(Cp \cdot \rho \cdot
k){Calibration}}$$

Where:

Actual refers to the gas currently in the pipe.

Welk Reference Guide 3



WELK REFERENCE GUIDE Thermal Mass Flow Meter Correction Factor

Calibration refers to the gas used to set the meter's curve (usually Air).

If the instrument indicates a flow of 100 Nm3/h while calibrated for Air, but the
process gas is Argon (which has a lower heat capacity), the actual flow is
determined by multiplying the indicated flow by the specific thermal mass flow
meter correction factor for Argon.

|Common Gas Correction Factors (Reference Table)

Most industrial TMFMs are calibrated using dry air at standard conditions (0°C and
101.325 kPa). The following table provides approximate correction factors for
common industrial gases relative to Air.

Note: These are theoretical values. For high-precision applications,
manufacturer-specific gas tables should be consulted.

Gas Type Chemical Formula Approximate K-Factor
(Rel. to Air)

Air - 1.00
Nitrogen N2 1.00
Oxygen 02 0.98
Argon Ar 1.45
Carbon Dioxide CO2 0.74
Helium He 0.14
Hydrogen H2 0.13
Methane CHa 0.72
Propane CsHs 0.35
Natural Gas (Mix) 0.70 - 0.75

Welk Reference Guide 4



WELK REFERENCE GUIDE Thermal Mass Flow Meter Correction Factor

| Factors Affecting Correction Factor Accuracy

While theoretical K-factors provide a baseline, several real-world variables can
introduce errors into the mass flow calculation. For professionals looking to
optimize their systems, reviewing technical specifications on the Main Page of the
equipment provider is often the first step in ensuring compatibility.

| 1. Gas Mixtures and Composition Shifts

In many B2B applications, such as biogas production or flare gas monitoring, the
gas is not a pure substance but a mixture. The correction factor for a mixture is
calculated using the weighted average of the individual components' properties.
However, if the ratio of methane to carbon dioxide in a biogas stream fluctuates,
the fixed K-factor will become inaccurate. Advanced flow computers can now
accept live inputs from gas analyzers to update the correction factor in real-time.

| 2. Moisture and Condensation

Thermal mass flow meters are designed for dry gases. The presence of water
droplets or high humidity significantly alters the heat transfer characteristics.
Water has a much higher heat capacity than most gases; therefore, if a droplet hits
the heated sensor, the meter will perceive a massive, momentary spike in flow.
This is not a correction factor issue but a physical limitation of the technology.
Proper knockout pots and insulation are required to ensure the gas remains in the
vapor phase.

| 3. Temperature and Pressure Extremes

Although TMFMs are inherently compensated for standard temperature and
pressure, the physical properties of certain gases (like specific heat) change
non-linearly at very high temperatures or extreme pressures. If the process
operates far outside the calibration range, the linear K-factor may no longer apply,
requiring a polynomial correction curve.
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| Selection and Implementation Criteria

When selecting a thermal mass flow meter and determining the appropriate
correction factor, engineers should evaluate the following criteria to ensure
long-term reliability.

| Calibration Gas Selection

Whenever possible, the meter should be calibrated on the actual gas or a gas with
very similar thermal properties. For example, if measuring Natural Gas, calibrating
on Methane is preferable to calibrating on Air. This minimizes the "distance" the
correction factor must cover, reducing the potential for mathematical error.

| Turndown Ratio and Sensitivity

TMFMs are prized for their high turndown ratios (often 100:1 or better) and low-end
sensitivity. However, the correction factor's accuracy may degrade at the extreme
low end of the flow range where the signal-to-noise ratio is lower. Users should
confirm that the K-factor remains valid across the entire expected flow profile.

| Installation Considerations

Even with a perfect correction factor, poor installation will lead to inaccurate data.

Straight Run Requirements: TMFMs require a fully developed flow profile. Typically,
20 diameters upstream and 10 diameters downstream are recommended.

Insertion Depth: For insertion-style meters, the sensor must be located at the point
of average velocity (usually the center of the pipe for turbulent flow).

Orientation: In wet gas applications, horizontal installation with the probe inserted
from the side is preferred to prevent moisture from pooling on the sensor tips.
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| Limitations of the K-Factor Approach

While the thermal mass flow meter correction factor is a powerful tool, it is not a
universal solution. There are specific scenarios where it may fail to provide the
required accuracy:

1. Unknown Gas Mixtures: If the composition of the gas is unknown or changes

unpredictably, a thermal meter cannot accurately calculate mass flow. In such

cases, a Coriolis flow meter may be a more appropriate, albeit more expensive,
choice.

2. High-Velocity Applications: At very high velocities, the relationship between heat
transfer and mass flow can become non-linear in a way that simple K-factors
cannot correct.

3. Corrosive Gases: The K-factor does not account for the physical degradation of
the sensor. If the gas corrodes the RTD cladding, the heat transfer characteristics
will change permanently, leading to drift.

| Frequently Asked Questions (FAQ)

Q: Can | use a meter calibrated for Air to measure Hydrogen by just changing the
K-factor?

A: While theoretically possible, it is not recommended for high-accuracy
applications. Hydrogen has a significantly higher thermal conductivity and lower
density than air. The electronics and sensor design for a Hydrogen meter are often
optimized differently than those for an Air meter. Always consult the manufacturer
before switching between gases with vastly different properties.

Q: How often should | verify the correction factor?

A: The factor itself is a constant based on physics. However, you should verify your
gas composition periodically. If the process gas changes (e.g., a different supplier
for a chemical feed), the K-factor must be updated in the transmitter settings.

Q: Does the correction factor change with pipe size?
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A: No, the K-factor is a property of the gas. However, the flow scaling (converting
velocity to volume or mass per hour) is dependent on the pipe's internal diameter.
Ensure both the pipe area and the gas correction factor are correctly programmed
into the device.

| Conclusion

The application of a thermal mass flow meter correction factor is a fundamental
requirement for the versatile use of thermal dispersion technology in industrial gas
measurement. By understanding the relationship between gas thermal properties
and heat dissipation, engineers can successfully adapt standard instruments to
complex process environments.

For those involved in broader industrial automation and level measurement,
selecting the right instrumentation requires a balance of technical knowledge and
high-quality hardware. Reliable measurement solutions, ranging from flow to level
sensors, are essential for maintaining the safety and efficiency of modern process
plants. To explore a comprehensive range of industrial measurement instruments
and technical support, visit the Main Page for detailed product specifications and
application guidance.

Welk Reference Guide 8



