WELK | REFERENCE GUIDE

Exhaust Gas Flow Meter

A practical guide to exhaust gas flow meter, covering the reader intent, the
relationship to exhaust gas flow meter, key evaluation criteria, common risks, and
the information the intended project audience should confirm before taking the
next step.

levelmeter.org
Main topic: Main Page
https://www.level-meters.com/

Welk Reference Guide 1



WELK REFERENCE GUIDE Exhaust Gas Flow Meter

In industrial process control and environmental monitoring, the accurate
measurement of exhaust gases is a critical requirement. An exhaust gas flow
meter is a specialized instrument designed to quantify the volume or mass flow
rate of gases exiting a combustion process, chemical reaction, or ventilation
system. Unlike standard compressed air or clean gas applications, exhaust gas
measurement presents unique challenges, including high temperatures, corrosive
chemical compositions, high moisture content, and the presence of particulate
matter (soot or ash).

Measuring exhaust flow is essential for calculating total emissions (such as NOx,
SOx, and CO2) to meet regulatory standards, optimizing burner efficiency in boilers
and furnaces, and ensuring the proper operation of air pollution control equipment
like scrubbers and baghouses. This guide examines the primary measurement
principles, selection criteria, and installation requirements for these instruments.

| Measurement Principles for Exhaust Gas

Before selecting a specific technology, it is vital to understand the physics behind
the most common measurement methods used in exhaust applications.

| Thermal Mass Flow Measurement

Thermal mass flow meters operate on the principle of thermal dispersion. The
sensor typically consists of two RTDs (Resistance Temperature Detectors); one is a
reference sensor that measures the gas temperature, and the other is a heated
sensor. As exhaust gas flows past the heated sensor, it carries away heat. The
instrument measures the electrical power required to maintain a constant
temperature differential between the two sensors. Because this cooling effect is
directly related to the number of gas molecules passing the sensor, the device
provides a direct mass flow reading without requiring additional pressure or
temperature compensation.
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|Differentia| Pressure (DP) Measurement

This is a classical method using primary elements like Pitot tubes, Annubars, or
Orifice plates. In an exhaust duct, a Pitot tube measures the difference between
the total pressure (impact pressure) and the static pressure. According to
Bernoulli’s principle, the square root of this differential pressure is proportional to
the gas velocity. When coupled with a differential pressure transmitter, this
method is robust and can handle extremely high temperatures, though it requires
separate temperature and pressure sensors to calculate mass flow.

| Ultrasonic Transit-Time Measurement

Ultrasonic flow meters for exhaust gas use pairs of transducers mounted across
the stack or duct. These transducers send and receive ultrasonic pulses. The time
taken for a pulse to travel "with the flow" is shorter than the time taken to travel
"against the flow." The difference in transit time is directly proportional to the gas
velocity. This non-intrusive method is highly accurate and offers a wide turndown
ratio, making it ideal for large-diameter stacks where pressure drop must be
minimized.

| Vortex Shedding Measurement

Vortex meters utilize a "bluff body" placed in the flow stream. As gas flows past
this body, vortices (eddies) are shed alternately on each side. The frequency of this
vortex shedding is directly proportional to the velocity of the gas. Sensors (often
piezoelectric) detect these pressure fluctuations. Vortex meters are highly reliable
because they have no moving parts, though they may be sensitive to heavy
vibrations in industrial ductwork.

| Technical Selection Criteria

Choosing the right exhaust gas flow meter requires a detailed analysis of the
process conditions. The following table provides a comparative overview of the
most common technologies.
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| Selection Comparison Table

Technology Typical Accuracy Turndown Suitability Pressure
Temp. Limit Ratio for Dirty Drop
Gas
Thermal Up to 450°C +1% of 100:1 Moderate Negligible
Mass (842°F) Reading (requires
cleaning)
Pitot Tube Up to +2% to 5% 4:1 High (if Low
(DP) 1200°C purged)
(2192°F)
Ultrasonic Up to 500°C +1% of 50:1 High None
(932°F) Reading (non-contact)
Vortex Up to 400°C *+1% of 20:1 Low Moderate
(752°F) Reading (clogging
risk)

| Key Evaluation Factors

1. Gas Composition: Exhaust gas is rarely a single component. It often contains
nitrogen, CO2, water vapor, and trace pollutants. Thermal mass meters must be
calibrated for the specific gas mixture to remain accurate.

2. Particulate Loading: If the exhaust contains high levels of fly ash or soot, sensors
like vortex meters or unpurged Pitot tubes may clog. Ultrasonic or purged DP
systems are generally preferred for high-particulate environments.

3. Condensation and Moisture: Exhaust gases often reach their dew point as they
move through ducting. Liquid droplets can cause significant errors in thermal mass
and ultrasonic sensors. In these cases, the gas may need to be measured at a
point where it is still above the dew point, or specialized moisture-compensated
sensors must be used.

4. Duct Size and Shape: For large utility stacks (e.g., 5 meters in diameter),
multi-point Pitot arrays or cross-stack ultrasonic meters are necessary to account
for non-uniform flow profiles.
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| Installation Considerations

The accuracy of any exhaust gas flow meter is heavily dependent on how and
where it is installed. Even the most expensive instrument will fail to provide
reliable data if the installation environment is poor.

| Straight Run Requirements

To achieve a stable and predictable flow profile, flow meters require a certain
length of straight pipe or duct both upstream and downstream of the sensor. A
common rule of thumb is 10 to 20 diameters of straight run upstream and 5
diameters downstream. If the installation site has elbows, fans, or dampers close
to the measurement point, flow conditioners may be required to eliminate
turbulence and swirl.

| Orientation and Access

For exhaust ducts carrying moisture, the sensor should be installed in a position
where condensate cannot pool on the sensing elements. For horizontal runs,
side-mounting is often preferred over top-mounting. Furthermore, since exhaust
sensors require periodic inspection and cleaning (especially in dirty processes), the
installation should include accessible platforms and "hot tap" mounting hardware
that allows the sensor to be removed without shutting down the entire process.

|Temperature and Pressure Compensation

Unless using a thermal mass flow meter, the system must include a temperature
transmitter (typically a PT100 RTD) and a static pressure transmitter. These inputs
are fed into a flow computer to convert the "actual" cubic meters per hour (Am3/h)
to "normal" or "standard" cubic meters per hour (Nm3/h or Sm3/h), which is the
standard format for regulatory reporting.
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| Limitations and Common Risks

While modern exhaust gas flow meters are highly advanced, engineers must be
aware of specific limitations:

Corrosion: Exhaust from chemical plants or coal-fired power plants can contain
sulfuric or hydrochloric acid. Sensor wetted parts must be constructed from
corrosion-resistant materials such as Hastelloy C, Monel, or 316L Stainless Steel
with specialized coatings.

Velocity Extremes: Some exhaust systems have very low flow during startup and
extremely high flow during peak production. If the meter's turndown ratio is
insufficient, it will fail to capture data during these transitions.

Vibration: In many industrial settings, large exhaust fans create significant
mechanical vibration. This can interfere with the frequency detection in vortex
meters or cause mechanical fatigue in long insertion probes.

|Frequent|y Asked Questions (FAQs)

Q: Can | use a standard anemometer for industrial exhaust gas?

A: Generally, no. Standard HVAC anemometers are not desighed to withstand the
high temperatures, corrosive gases, and particulate matter found in industrial
exhaust stacks. They lack the necessary industrial ratings and material durability.

Q: How often should an exhaust gas flow meter be calibrated?

A: This depends on the application and local environmental regulations. For most
CEMS (Continuous Emissions Monitoring Systems), annual or semi-annual
calibration checks are required. In clean applications, every two years may be
sufficient.

Q: What is the impact of "wet" vs. "dry" gas measurement?
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A: Most environmental regulations require emissions to be reported on a "dry"
basis. If your flow meter measures "wet" gas (including water vapor), you must
also measure the moisture content to mathematically subtract the water volume
from the total flow.

| Conclusion

Selecting an exhaust gas flow meter requires a balance between technological
capability and the harsh realities of the industrial environment. By understanding
the measurement principles—whether it be the mass-sensing capabilities of
thermal meters or the ruggedness of differential pressure systems—engineers can
ensure long-term accuracy and regulatory compliance. For organizations managing
complex fluid systems, integrating these flow measurements with comprehensive
level and pressure instrumentation is essential for holistic process control. For
more information on professional-grade industrial measurement instruments,
including radar and ultrasonic solutions, visit the Main Page of Welk's technical
resource center.

Properly specified and installed, an exhaust gas flow meter becomes more than
just a compliance tool; it becomes a window into the efficiency and health of the
entire industrial process.

Welk Reference Guide 7



