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Thermal flow measurement is a critical technology in industrial process control,
primarily utilized for measuring the mass flow of gases. Unlike volumetric flow
meters that require additional pressure and temperature compensation to
calculate mass, thermal flow meters provide direct mass flow data based on the
heat transfer characteristics of the fluid. This guide explores the engineering
principles, selection criteria, and installation requirements for thermal flow
measurement systems, providing a technical foundation for engineers integrating
these instruments into broader automation frameworks.

| Principles of Thermal Flow Measurement

Thermal flow measurement operates on the principle of thermal dispersion. When
a heated object is placed in a flowing fluid stream, the fluid carries heat away from
the object. The rate of heat loss is directly proportional to the mass flow rate of the
fluid. This relationship is often described by King’'s Law, which mathematically links
the heat loss of a wire to the velocity of the fluid moving past it.

In modern industrial thermal mass flow meters, the sensor typically consists of two
Resistance Temperature Detectors (RTDs). These RTDs are usually
platinum-wound sensors protected by a metal sheath (such as 316 stainless steel
or Hastelloy). The two sensors function as follows:

1. Reference Sensor: This RTD measures the actual temperature of the process
gas.

2. Active (Heated) Sensor: This RTD is heated to a specific temperature above the
reference sensor.

There are two primary methods used to translate this heat transfer into a flow
measurement:
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| Constant Temperature Differential

In this configuration, the electronic circuit maintains a constant temperature
difference (AT) between the heated sensor and the reference sensor. As the gas
flow increases, it carries more heat away from the heated sensor. To maintain the
constant AT, the instrument must increase the power supplied to the heated
sensor. This power consumption is directly proportional to the mass flow rate of
the gas.

| Constant Current

In this method, a constant amount of power (current) is supplied to the heated
sensor. As the flow rate increases, the temperature of the heated sensor
decreases due to the cooling effect of the fluid. The resulting temperature
difference between the heated sensor and the reference sensor is measured.
While effective, this method is less common in high-dynamic range applications
compared to the constant temperature differential approach.

| Technical Selection Criteria

Selecting the correct thermal flow meter requires an understanding of the gas
properties and the specific demands of the industrial environment. Because these
meters rely on the thermal properties of the gas (specifically thermal conductivity
and specific heat), the calibration must match the gas composition.

| Gas Composition and Calibration

Thermal flow meters are calibrated for specific gases or known gas mixtures. If the
gas composition changes—for example, a change in the ratio of methane to CO2 in
a biogas application—the accuracy of the measurement will be affected. For
applications involving variable gas mixtures, it is essential to confirm if the
instrument supports field-adjustable gas profiles.
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| Turndown Ratio

One of the primary advantages of thermal flow measurement is its high turndown
ratio, often exceeding 100:1. This allows the meter to measure very low velocities
(leakage detection) and very high velocities (process peaks) with the same
instrument. This is significantly superior to differential pressure (DP) flow meters,
which typically offer turndown ratios of 3:1 or 4:1.

| Pressure Drop

Thermal flow meters, especially insertion styles, offer negligible pressure drop.
This is a critical factor in low-pressure gas systems, such as flare gas headers or
wastewater aeration lines, where maintaining system pressure is vital for
efficiency.

| Selection and Comparison Table

The following table provides a comparison of thermal flow measurement against
other common flow technologies used in industrial automation.

Thermal Mass Flow Differential Vortex Flow Meter

Pressure (Orifice)

Primary Fluid Gases (Clean) Liquids, Gases, Liquids, Gases,
Steam Steam
Measurement Type Direct Mass Flow Volumetric Volumetric

(Calculated Mass)

Turndown Ratio 100:1 or higher 4:1 10:1 to 20:1
Pressure Drop Very Low High Medium
Moving Parts None None None
Sensitivity High (Low flows) Low (Low flows) Medium
Calibration Gas-specific Geometry-based Universal
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| Industrial Applications

Thermal flow measurement is the preferred choice in several specific B2B and
industrial sectors due to its sensitivity and mass-based output.

Compressed Air Management: Monitoring the flow of compressed air (in Nm3/h or
SCFM) to identify leaks and optimize compressor performance. Since compressed
air is a significant utility cost, accurate measurement is essential for energy
management.

Wastewater Treatment (Aeration): Controlling the flow of air into aeration tanks.
Precise control of oxygen levels is necessary for biological processes, and thermal
meters provide the accuracy needed at varying flow rates.

Natural Gas Monitoring: Used for sub-metering natural gas to boilers and furnaces
for internal cost allocation and efficiency monitoring.

Flare Gas Measurement: In oil and gas applications, measuring flare gas is difficult
due to low velocities and low pressures. Thermal meters are often used here,
though the presence of moisture or changing gas compositions requires
specialized designs.

| Installation and Maintenance Guidelines

To ensure the accuracy of thermal flow measurement, proper installation is
mandatory. Because the sensor measures flow at a specific point (or across a
small area), it is sensitive to the flow profile within the pipe.

|Straight Pipe Requirements

To achieve a fully developed laminar flow profile, thermal flow meters require
specific lengths of straight pipe upstream and downstream of the sensor.

Upstream: Typically 10 to 20 pipe diameters (D).

Downstream: Typically 5 pipe diameters (D).
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If these distances cannot be met due to space constraints, flow conditioners (vane
or perforated plate types) must be installed to eliminate turbulence and swirl.

| Orientation and Positioning

For gas applications, the sensor should ideally be installed in the side of a
horizontal pipe (at the 3 o'clock or 9 o'clock position). This prevents moisture or
condensate from pooling on the sensor tips (bottom installation) or being affected
by air pockets (top installation).

| Moisture Considerations

Thermal flow measurement is highly sensitive to droplets in the gas stream. If a
water droplet hits the heated RTD, it causes a sudden spike in heat loss, which the
transmitter interprets as a massive surge in flow. In applications where moisture is
present, such as digester gas, it is recommended to use moisture-shrugging sensor
designs or install the meter after a moisture trap.

| Limitations and Common Risks

While highly versatile, thermal flow measurement is not suitable for every
application. Engineers should be aware of the following limitations:

1. Liquid Applications: While thermal meters can measure liquid flow, they are
generally limited to very low flow rates or specialized cooling water applications.
High-velocity liquids carry away heat too efficiently for standard thermal dispersion
sensors to maintain a measurable AT.

2. Coating and Fouling: If the process gas contains oils, tars, or particulates that
coat the sensor, the heat transfer rate will be insulated. This leads to a gradual
drift in accuracy. Regular cleaning or the use of retractable "hot-tap" mounting
hardware is required in dirty gas environments.
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3. Composition Sensitivity: As mentioned, a change in gas type without
recalibration will result in significant errors. If the process involves a variable
mixture of hydrogen and nitrogen, for example, a standard thermal meter
calibrated for pure nitrogen will provide incorrect data.

| Integrating Flow and Level Measurement

In comprehensive industrial automation, flow measurement rarely exists in
isolation. For instance, in chemical storage or water treatment, flow data is often
reconciled with level measurement data to ensure mass balance and inventory
accuracy. While thermal flow meters monitor the movement of gas or air,
instruments such as radar or ultrasonic sensors are used to monitor the liquid
levels in the tanks those gases may be pressurizing or aerating.

For engineers designing these integrated systems, selecting reliable
instrumentation across the board is vital. You can Review product options and
application support to see how various measurement technologies, including
high-precision level sensors, complement flow monitoring in complex process
environments. The Main Page provides detailed specifications on radar,
hydrostatic, and ultrasonic instruments that often work in tandem with flow
systems to provide a complete picture of process health.

|Frequent|y Asked Questions (FAQs)

Q: Does thermal flow measurement require pressure compensation?

A: No. Thermal flow meters measure mass flow directly. Unlike volumetric meters
(like Vortex or Turbine), they do not require separate pressure or temperature
transmitters to calculate the mass of the gas.

Q: Can | use a thermal flow meter for steam?

A: Generally, no. Steam is typically too hot and carries too much moisture
(saturated steam) for standard thermal dispersion sensors. Vortex or Differential
Pressure meters are better suited for steam applications.

Q: What is the typical accuracy of a thermal mass flow meter?
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A: Most industrial-grade thermal flow meters offer an accuracy of +1% of reading
plus £0.5% of full scale. However, this is dependent on the gas being clean and the
flow profile being fully developed.

Q: How often should the sensor be cleaned?

A: This depends entirely on the gas cleanliness. In clean dry air (CDA) applications,
sensors may never need cleaning. In flare gas or untreated biogas, monthly
inspections may be necessary until a maintenance trend is established.

By adhering to these engineering principles and installation standards, B2B
stakeholders can ensure that their thermal flow measurement systems provide
reliable, long-term data for process optimization and energy management.
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