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Flare Knockout Drum

A practical guide to flare knockout drum, covering the reader intent, the
relationship to flare knockout drum, key evaluation criteria, common risks, and the
information the intended project audience should confirm before taking the next
step.
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In the petrochemical, oil and gas, and chemical processing industries, safety
systems are designed to handle emergency releases of pressurized gases. Central
to these systems is the flare knockout drum (KO drum), a specialized pressure
vessel positioned upstream of the flare stack. Its primary role is to separate liquid
hydrocarbons and water from the gas stream before it reaches the flare tip. This
separation is critical; liquid carryover into a flare can result in "burning rain,"
where ignited liquid droplets fall from the stack, posing a catastrophic risk to
personnel and infrastructure.

Accurate level measurement within a flare knockout drum is not merely a process
requirement but a fundamental safety mandate. Because these drums often
remain empty or at low levels during normal operations but can fill rapidly during a
process upset, the instrumentation must be reliable under extreme conditions. This
guide examines the engineering principles of flare knockout drum level
measurement, technology selection, and installation best practices.

Measurement Principles for Flare Knockout Drum
Applications

Before selecting an instrument, it is essential to understand the physical principles
governing level detection in a separator environment. Flare knockout drums
typically deal with multi-phase fluids, including hydrocarbon gases, condensate,
and occasionally water or process chemicals.

|Radar Level Measurement (GWR and Non-Contact)

Radar technology is the industry standard for flare systems due to its lack of
moving parts and resistance to changes in pressure and temperature.

Guided Wave Radar (GWR): This technology utilizes Time Domain Reflectometry
(TDR). A high-frequency electromagnetic pulse is guided down a probe (rod or
cable). When the pulse hits the liquid surface, the change in dielectric constant
causes a reflection. The instrument measures the time-of-flight to calculate the
distance. GWR is highly effective in knockout drums because the probe
concentrates the signal, making it less susceptible to the internal obstructions or
foam often found during high-velocity gas releases.
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Non-Contact Radar: Using Frequency Modulated Continuous Wave (FMCW)
technology, these sensors emit a signal through the air. This is ideal for corrosive
environments where minimal contact with the medium is preferred. However, in a
flare knockout drum, high-pressure vapors can sometimes attenuate the signal,
requiring high-frequency (80GHz) transmitters for better focus.

| Magnetic Level Gauges (MLG)

An MLG consists of a bypass chamber mounted to the side of the flare knockout
drum. Inside the chamber, a float containing a high-intensity magnet moves with
the liquid level. Outside the chamber, a series of magnetic flags or a follower
indicates the level. This provides a clear visual indication for field operators and
can be equipped with reed switches or transmitters for remote monitoring. The
principle relies on buoyancy and magnetism, making it independent of the fluid's
dielectric properties.

| Ultrasonic Level Sensors

Ultrasonic sensors emit sound waves that reflect off the liquid surface. While
cost-effective, their use in flare knockout drums is generally limited to
low-pressure or atmospheric applications. Since the speed of sound changes with
gas composition and temperature—both of which fluctuate wildly during a flare
event—ultrasonic sensors are rarely used as the primary safety instrument in
high-pressure flare systems.

| Hydrostatic Pressure

This method measures the head pressure exerted by the liquid column. While
simple, it is highly dependent on the density of the liquid. In a flare knockout drum,
the liquid composition is often unknown and variable (a mix of different
hydrocarbons), which can lead to significant measurement errors unless the
system is constantly compensated for density changes.
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| Selecting Level Instrumentation for Flare Systems

Choosing the right instrument requires a balance between accuracy, reliability, and
maintenance requirements. For professional-grade hardware, engineers often visit
the Main Page to review product options and application support from specialized
manufacturers like Welk.

| Comparison Table: Level Technologies for KO Drums

e foam
Foam

Guided Wave =2 mm (0.08") 400 bar (5800 High

Radar psi)

Magnetic Level =5 mm (0.2") 250 bar (3600 Moderate Medium
Gauge psi)

Non-Contact +1 mm (0.04") 160 bar (2320 Moderate Low
Radar psi)

Hydrostatic +0.1% FS 600+ bar Low Medium

| Key Evaluation Criteria

1. Vapor Space Composition: Flare gases can contain high concentrations of heavy
hydrocarbons or H2S. Instrumentation must be rated for hazardous areas (Ex d or
Ex i) and resistant to chemical corrosion.

2. Pressure Surges: During a relief event, the flare knockout drum may experience
rapid pressure increases. The level transmitter must be able to withstand these
surges without losing calibration.

3. Liquid Density: If the liquid density is inconsistent, avoid buoyancy-based or
hydrostatic methods unless they are secondary backups.
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| Installation and Engineering Considerations

The performance of a level meter in a flare knockout drum is often determined by
its installation. Proper engineering ensures that the instrument remains functional
when it is needed most.

| External Chambers and Stilling Wells

Because flare knockout drums are subject to high-velocity gas entry, the liquid
surface can be extremely turbulent.

Stilling Wells: For internal radar installations, a stilling well (a perforated pipe)
protects the probe from turbulence and eliminates signal interference from vessel
internals like ladders or baffles.

Bypass Chambers: Mounting the instrument in an external cage allows for
maintenance and calibration without de-pressurizing the main vessel. This is the
preferred method for Magnetic Level Gauges and many Guided Wave Radar
applications.

| Redundancy and Safety Integrity Levels (SIL)

Given the safety-critical nature of the flare knockout drum, many facilities
implement a 2003 (two-out-of-three) voting logic. This involves installing three
independent level transmitters. If two of the three detect a high-high level, the
system triggers an emergency shutdown (ESD) or starts automated pump-out
procedures. Welk provides SIL2 and SIL3 capable instruments specifically for these
high-reliability environments.

| Nozzle Placement

Nozzles should be located away from the gas inlet to avoid the direct impact of the
incoming stream. If the drum is horizontal, the level instruments are typically
placed at the end furthest from the inlet to allow the liquid time to settle.
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| Limitations and Operational Risks

While modern instrumentation is robust, several factors can compromise the
accuracy of level measurement in a flare knockout drum:

Foaming: During rapid depressurization, hydrocarbons can foam. Radar (especially
GWR) is generally the best at penetrating foam, but excessive foam can still cause
"false high" readings or signal loss.

Paraffin and Wax Buildup: In cold climates or with heavy crudes, wax can build up
on radar probes or inside magnetic gauge chambers. Heat tracing or insulation of
the instrument and its bypass chamber is often required to maintain fluid mobility.

Interface Layers: Occasionally, a knockout drum will contain both water and oil. If
the operator needs to know the level of both, a dual-interface Guided Wave Radar
is required, which can detect the top of the oil and the oil-water interface
simultaneously.

| Maintenance and Calibration Best Practices

Maintenance for flare knockout drum instrumentation should be proactive rather
than reactive. Because the drum may sit empty for months, the instruments must
be tested regularly to ensure they will work during an upset.

1. Proof Testing: Periodically simulate a high-level condition to verify that the
alarms and ESD logic are functioning correctly.

2. Cleaning: For Magnetic Level Gauges, the chamber should be flushed
periodically to remove sediment that could pin the float.

3. Signal Diagnostics: Modern digital radar transmitters provide signal-to-noise
ratios. A degrading signal often indicates buildup on the probe, allowing for
scheduled cleaning before a failure occurs.

|Frequent|y Asked Questions (FAQs)

Q: Why can't | use a simple float switch in a flare knockout drum?
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A: While float switches are inexpensive, they provide only point-level detection. In
a flare knockout drum, continuous level monitoring is preferred to track the rate of
liquid accumulation, allowing operators to start pumps before a high-level alarm is
reached. Furthermore, mechanical switches are prone to sticking in the presence
of heavy oils.

Q: How does high pressure affect radar level measurement?

A: In very high-pressure gas phases (especially with high-dielectric gases), the
speed of the radar signhal can slow down slightly, leading to a "propagation delay"
that makes the level appear lower than it actually is. High-end radar units include
vapor compensation features to correct for this.

Q: What is the typical size of a flare knockout drum?

A: Sizes vary significantly based on the plant's total relief load. They can range
from small vertical vessels 1 meter (3.3 ft) in diameter to massive horizontal
vessels over 4 meters (13 ft) in diameter and 15 meters (49 ft) in length.

Q: Should | use a horizontal or vertical knockout drum?

A: Vertical drums are used when gas flow rates are lower and plot space is limited.
Horizontal drums are preferred for large liquid surge capacities and high gas flow
rates, as they provide a larger surface area for liquid-gas separation.

For technical specifications on radar, ultrasonic, and magnetic level solutions
suitable for flare systems, engineers can refer to the Main Page for detailed
product documentation and selection guides.
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