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In industrial process environments, flare systems serve as critical safety
components, designed to dispose of waste gases during routine operations or
emergency depressurization. Measuring the flow of these gases is essential not
only for safety and process control but also for environmental compliance and loss
accounting. Among the various technologies available, the ultrasonic flow meter
for flare gas has emerged as the industry standard due to its ability to handle
extreme velocity ranges and varying gas compositions without obstructing the flow
path.

Accurate flare gas measurement presents unique challenges, including high
turndown requirements, fluctuating pressures, and corrosive gas mixtures. This
guide explores the engineering principles, selection criteria, and installation best
practices for implementing ultrasonic technology in flare systems.

| Measurement Principles of Ultrasonic Flow Meters

To understand why an ultrasonic flow meter for flare gas is effective, it is
necessary to examine the underlying physics of transit-time ultrasonic
measurement. Unlike Doppler-effect meters, which rely on particles or bubbles to
reflect sound, transit-time meters are designed for clean or multi-component gas
streams.

| The Transit-Time Differential

The system utilizes pairs of ultrasonic transducers mounted on opposite sides of
the flare pipe. These transducers act as both transmitters and receivers. The meter
measures the time it takes for an ultrasonic pulse to travel from the upstream
transducer to the downstream transducer ($t{up}$) and compares it to the time
taken for a pulse to travel from the downstream transducer to the upstream
transducer ($t{dn}$).

When gas is flowing, the sound pulse traveling in the direction of the flow moves
faster than the pulse traveling against it. The difference in these travel times
($\Delta t$) is directly proportional to the flow velocity. By calculating this
differential along with the speed of sound in the specific gas medium, the meter
determines the actual volumetric flow rate.
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|Speed of Sound and Gas Composition

A significant advantage of this principle is that the meter also measures the speed
of sound (So0S) within the gas. Because the SoS is influenced by the molecular
weight and temperature of the gas, sophisticated flow computers can use this data
to estimate the average molecular weight of the flare gas. This is particularly
useful in flare applications where the gas composition can shift rapidly from heavy
hydrocarbons to light hydrogen-rich streams.

| Why Ultrasonic Technology is Preferred for Flare Gas

Flare gas measurement is notoriously difficult for traditional flow technologies like
thermal mass meters or orifice plates. The ultrasonic flow meter for flare gas
provides several distinct technical advantages:

1. Extreme Turndown Ratio: Flare systems often experience "base flow" (small
leaks from valves) at very low velocities (less than 0.1 m/s) but must also measure
emergency blowdown events where velocities can exceed 100 m/s. Ultrasonic
meters can achieve turndown ratios of 1000:1 or higher.

2. Zero Pressure Drop: Since the transducers are typically mounted flush with the
pipe wall or in a way that does not obstruct the flow, there is no permanent
pressure loss. This is vital in flare headers where backpressure must be kept to a
minimum.

3. No Moving Parts: The absence of mechanical components reduces the risk of
failure due to debris or paraffin buildup, which is common in waste gas streams.

4, Bi-directional Measurement: These meters can detect and measure flow in both
directions, which is useful for identifying backflow or internal circulation within
complex flare headers.
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| Technical Selection Criteria

Selecting the correct ultrasonic flow meter for flare gas requires a detailed analysis
of the process conditions. Engineers should evaluate the following parameters
before procurement:

| Selection Evaluation Table

Requirement/Range Engineering Consideration

Velocity Range 0.03 m/s to 120 m/s Must cover both leakage and
emergency relief scenarios.

Pipe Diameter 100 mm to 3000 mm Large headers require
multi-path configurations for
accuracy.

Gas Composition Variable (CH4, H2, CO2, H2S) Ensure the flow computer

supports SoS-to-MW
calculations.

Temperature Range -200°C to +250°C High-temperature
transducers may be required
for steam-assisted flares.

Pressure Vacuum to 10 barg Low-pressure sensitivity is
critical for flare applications.

Materials Stainless Steel, Hastelloy, Transducers must resist
Titanium corrosion from $H2S$ and
other sour gases.

When evaluating hardware, it is recommended to Review product options and
application support to ensure the selected instrument matches the specific
hazardous area classifications (e.g., ATEX, IECEx) required for the site.
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| Installation Guidelines and Best Practices

The accuracy of an ultrasonic flow meter for flare gas is heavily dependent on the

flow profile. Non-uniform flow, turbulence, and swirl can introduce significant
measurement errors.

| Straight Run Requirements

To ensure a fully developed laminar or stable turbulent flow profile, ultrasonic

meters require a specific amount of straight pipe upstream and downstream of the
installation point.

- Upstream: Generally, 20 diameters (20D) of straight pipe are required after a
single elbow. If the upstream piping includes multiple elbows in different planes
or a pressure reduction valve, up to 40D or 50D may be necessary.

- Downstream: Typically, 5 to 10 diameters (5D-10D) are sufficient to prevent
back-propagation of turbulence.

| Transducer Mounting

Transducers are usually installed using a "hot tap" or "spool piece" method. For
flare gas, a diagonal path (single-path) or a cross-path (multi-path) configuration is
used. Multi-path meters (2, 3, or 4 paths) offer higher accuracy by averaging the
velocity across different sections of the pipe cross-section, which compensates for
flow profile distortions.

| Orientation

In flare lines where liquid condensation (condensate) is possible, transducers
should be mounted in the horizontal plane (3 o'clock and 9 o'clock positions).
Mounting them at the top or bottom of the pipe can lead to signal loss due to gas
pockets or liquid accumulation on the transducer faces.
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| Limitations and Mitigation Strategies

While ultrasonic meters are highly versatile, they are not without limitations.
Understanding these constraints is essential for reliable long-term operation.

Acoustic Noise: High-frequency noise generated by control valves or steam
injection can interfere with the ultrasonic signal. Modern meters use digital signal
processing (DSP) and advanced filtering to distinguish the flow signal from
background noise. In extreme cases, acoustic insulation or noise attenuators may
be required.

Liquid Carryover: While these meters can handle some moisture, heavy liquid slugs
or thick foam can block the ultrasonic pulse entirely. Ensuring proper knockout
drum operation upstream of the meter is the primary mitigation strategy.

Transducer Fouling: In "dirty" gas applications, polymers or soot can deposit on the
transducer faces. Using retractable "hot-tap" transducers allows for maintenance
and cleaning without shutting down the flare system.

| Frequently Asked Questions (FAQs)

Q: Can an ultrasonic flow meter for flare gas measure pure hydrogen?

A: Yes, but hydrogen presents a challenge because of its very high speed of sound
and low density. The meter must be specifically calibrated or designed with
high-frequency transducers to handle the acoustic properties of hydrogen-rich
streams.

Q: How often does an ultrasonic flare meter need calibration?

A: Because there are no moving parts to wear out, the physical calibration of the
meter body rarely changes. However, regulatory bodies often require an annual
"zero-check" or electronic verification of the signal integrity and timing circuits.

Q: What is the impact of CO2 on measurement?

Welk Reference Guide 6



WELK REFERENCE GUIDE Ultrasonic Flow Meter for Flare Gas

A: High concentrations of $C0O2$ can absorb ultrasonic energy (acoustic
attenuation), particularly at higher frequencies. For high-$C02$ applications,
lower-frequency transducers are typically employed to ensure signal penetration
across the pipe diameter.

Q: Is it possible to install these meters on existing flare lines?

A: Yes, using hot-tapping technology, the mounting bosses can be welded and the
pipe drilled while the flare is in service (provided safety protocols are followed),
allowing for the installation of transducers without a plant turnaround.

| Conclusion

The implementation of an ultrasonic flow meter for flare gas is a strategic
investment for any facility requiring precise, wide-range gas measurement. By
utilizing the transit-time principle, these instruments provide the necessary data
for environmental reporting and process optimization while maintaining the safety
and integrity of the flare system. When selecting a system, engineers must
prioritize turndown capability, material compatibility, and proper installation
geometry to ensure long-term reliability in harsh industrial environments.
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