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Undergraduate Certificate in Advanced Combustion Engineering

High-Pressure Burner Design

Air-Fuel Ratio — mixing parameter. Related terms: stoichiometric ratio, equivalence ratio. The air-fuel ratio
(AFR) is the mass ratio of air to fuel entering the combustion zone. Typical values range from 12:1 (rich) to
18:1 (lean) for natural gas. In high-pressure burners, precise AFR control influences flame stability,
emissions, and thermal efficiency. Challenges include maintaining uniform mixing under turbulent,
high-density conditions and compensating for pressure-induced changes in air density.

Air-Staging — combustion control. Related terms: staged combustion, NOx reduction. Air-staging introduces
a portion of the combustion air downstream of the primary flame, creating a fuel-rich zone followed by a
lean zone. This technique reduces peak flame temperatures, thereby limiting thermal NOx formation.
Practical application: industrial furnaces operating at 10-30 bar. Main challenge: ensuring complete
oxidation in the lean zone without excessive excess air, which can lower efficiency.

Back-Pressure — operating condition. Related terms: pressure drop, system resistance. Back-pressure refers
to the resistance encountered by exhaust gases as they exit the burner and downstream equipment. High
back-pressure can affect flame anchoring and increase the risk of flashback. Designers must size exhaust
ducts and pressure relief devices to keep back-pressure within acceptable limits, typically below 0.5 bar for
most high-pressure burners.

Blow-off Velocity — critical flow speed. Related terms: flame blow-off, extinguishment limit. This is the
minimum gas velocity at which the flame detaches from the burner nozzle. At high pressures, blow-off
velocity increases due to higher density and reduced diffusion rates. Example: a methane burner at 20 bar
may have a blow-off velocity of 70ms™. Designers must ensure that operating flow rates stay above this
threshold to avoid flame extinction.

Burner Nozzle Geometry — design feature. Related terms: conical nozzle, sonic nozzle, expansion ratio. The
shape and size of the nozzle dictate the velocity, pressure, and turbulence of the reactants.
Convergent-divergent (CD) nozzles are common in high-pressure applications to accelerate the mixture to
supersonic speeds before combustion. Challenges include machining tolerances, erosion resistance, and
maintaining uniform flow distribution across the nozzle exit.

Burner Pressure Ratio — design metric. Related terms: inlet pressure, outlet pressure. The pressure ratio is
the ratio of the pressure at the burner inlet to the pressure at the flame zone or exhaust. For high-pressure
burners, typical ratios range from 1.2 to 1.8. A higher ratio can increase flame temperature but also raises
the risk of flashback. Balancing this ratio is critical for safe, efficient operation.

Burner Staging — thermal management. Related terms: primary zone, secondary zone, tertiary zone. Burner
staging divides the combustion process into distinct zones with controlled fuel and air distribution. In a
three-stage high-pressure burner, the primary stage may operate fuel-rich for rapid ignition, the secondary
stage introduces additional air for temperature rise, and the tertiary stage completes oxidation. Effective
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staging reduces NOx and improves fuel utilization, but requires precise flow control and robust
instrumentation.

Combustion Instability — dynamic phenomenon. Related terms: acoustic coupling, thermo-acoustic
oscillations. Instabilities arise when pressure waves interact with the heat release rate, leading to oscillations
that can damage the burner. High-pressure burners are particularly susceptible due to the increased speed
of sound and higher energy release. Mitigation strategies include damping liners, staged combustion, and
active feedback control. Monitoring requires high-frequency pressure transducers and fast data acquisition.

Combustion Efficiency — performance indicator. Related terms: thermal efficiency, heat loss. Defined as the
ratio of the heat actually transferred to the process fluid versus the heat released by fuel combustion. In
high-pressure burners, efficiencies above 95 % are achievable with optimized mixing and minimal excess air.
Losses stem from incomplete combustion, heat carried away by exhaust gases, and radiation from the
flame. Accurate calorimetry and flue gas analysis are essential for assessment.

Combustion Noise — acoustic emission. Related terms: broadband noise, tonal noise. High-pressure burners
generate audible noise due to turbulent mixing and pressure fluctuations. Excessive noise can indicate poor
mixing or impending instability. Noise levels are measured in dB(A) and should be kept below 85dB for
occupational safety. Design solutions include acoustic liners, flow straighteners, and smoother nozzle
contours.

Equivalence Ratio — fuel-richness metric. Related terms: @, stoichiometric mixture. The equivalence ratio (¢)
is the actual fuel-air ratio divided by the stoichiometric ratio. ¢ = 1 denotes stoichiometric combustion; @ 1

is rich. In high-pressure burners, operating at @ = 0.9-1.1 balances low NOx with high efficiency. Controlling
¢ requires precise flow meters and real-time feedback loops.

Flame Temperature — thermal state. Related terms: adiabatic flame temperature, peak temperature. The
flame temperature is the temperature of the reacting gases within the flame front. At 20 bar, the adiabatic
flame temperature for methane can exceed 2100K. Elevated temperatures increase NOx formation and
material stress. Cooling strategies include staged combustion, water injection, and diluent gases such as
CO; or Na.

Flame Speed — propagation rate. Related terms: laminar flame speed, turbulent flame speed. Laminar flame
speed is the speed of a steady planar flame in a quiescent mixture; turbulent flame speed accounts for
turbulence enhancement. High pressure reduces laminar flame speed due to increased density, but
turbulent flame speed can be raised by increasing turbulence intensity. Accurate prediction uses empirical
correlations or detailed chemical kinetics.

Flame Stabilization — anchoring technique. Related terms: pilot flame, recirculation zone. Flame stabilization
ensures the flame remains attached to the burner under varying operating conditions. Common methods
include a pilot flame, a vortex recirculation zone, or a bluff body. In high-pressure burners, recirculation is
often achieved by shaping the nozzle to create a low-pressure wake where the flame can anchor. Improper
stabilization can lead to blow-off or flashback.

Flashback — upstream flame propagation. Related terms: flame lift-off, back-flame. Flashback occurs when
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the flame moves upstream into the premixing region, potentially damaging equipment. High pressure
increases the risk because the flame speed can approach the flow velocity. Mitigation includes using flame
arrestors, limiting the equivalence ratio, and designing the nozzle with sufficient expansion to keep flow
velocity above flame speed.

Fuel-Rich Combustion — partial oxidation. Related terms: incomplete combustion, soot formation. Operating
with a fuel-rich mixture (¢ > 1) reduces peak flame temperature, thereby lowering NOx. However, excess
fuel can lead to soot and carbon monoxide emissions. High-pressure burners may employ a rich primary
zone followed by a lean secondary zone to complete oxidation while controlling emissions.

Fuel-Lean Combustion — low-temperature oxidation. Related terms: lean blow-off, excess air. Lean
combustion (¢ Fuel-Oxidizer Mixing — premixing process. Related terms: swirl, turbulence intensity. Effective
mixing ensures uniform composition and temperature before ignition. Swirl generators, static mixers, and
high-velocity jets are used to enhance mixing at high pressure where diffusion rates are slower. Poor mixing
leads to hotspots, increased NOx, and local flame extinction. Computational Fluid Dynamics (CFD) is
commonly employed to optimize mixer designs.

Flue Gas Recirculation (FGR) — exhaust dilution. Related terms: EGR, dilution ratio. FGR routes a portion of
the exhaust gases back into the combustion zone, lowering flame temperature and reducing NOx. In
high-pressure burners, FGR pressures match the inlet pressure, simplifying integration. Typical recirculation
ratios range from 10% to 30 %. Challenges include maintaining sufficient oxygen for complete combustion
and avoiding excessive CO buildup.

Heat Transfer Coefficient — thermal exchange rate. Related terms: convection coefficient, radiative heat
transfer. The coefficient quantifies how efficiently heat moves from the flame to surrounding surfaces.
High-pressure burners often operate with enhanced convection due to higher gas densities, leading to
coefficients of 150-300W m™2K™". Accurate prediction requires accounting for turbulent flow, flame
geometry, and surface roughness.

Ignition System — initiation device. Related terms: spark plug, pilot igniter, glow plug. The ignition system
provides the energy needed to start combustion. In high-pressure burners, high-energy spark or pilot
flames are common because the elevated pressure raises the ignition energy threshold. Reliability concerns
include electrode erosion, fouling, and the need for redundancy in safety-critical installations.

Laminar Flame Speed — base propagation velocity. Related terms: S_L, temperature dependence. Laminar
flame speed is a fundamental property of a fuel-air mixture, dependent on temperature, pressure, and
composition. At 1bar, methane-air mixtures have S_L ~0.38 ms™"; at 20 bar the speed drops to ~0.20ms™".
Designers use S_L to estimate blow-off limits and to size mixing zones.

Lean Limit — minimum stable equivalence ratio. Related terms: blow-off limit, lean blow-off. The lean limit
defines the lowest ¢ at which a stable flame can be maintained. It is a function of pressure, turbulence, and
burner geometry. For high-pressure methane burners, the lean limit may be ¢ = 0.75. Operating near this
limit maximizes efficiency but demands precise flow control and robust monitoring.

Mass Flow Controller (MFC) — precision regulator. Related terms: flow meter, valve actuator. MFCs provide
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accurate, repeatable control of fuel and air flow rates, essential for maintaining the desired AFR and
equivalence ratio. High-pressure MFCs are rated up to 30 bar and often employ thermal or coriolis
measurement principles. Calibration drift and pressure-induced nonlinearity are common challenges.

NOx Formation — nitrogen oxides production. Related terms: thermal NOx, prompt NOx, fuel-bound NOx.
At high temperatures, atmospheric nitrogen reacts to form NO and NO.. In high-pressure burners, NOx is a
primary pollutant concern. Mitigation methods include staged combustion, flue gas recirculation, water
injection, and low-temperature combustion. Accurate prediction uses the extended Zeldovich mechanism
and detailed kinetic models.

Oxidizer-Enriched Combustion — oxygen-boosted process. Related terms: oxy-fuel combustion, pure
oxygen. Enriching the oxidizer with additional oxygen (or using pure O) raises flame temperature and
reduces CO, volume, facilitating carbon capture. High-pressure burners can handle oxy-fuel streams
because the pressure increase compensates for reduced volumetric flow. Challenges include material
compatibility with high-temperature O, and the need for robust flame control to avoid flashback.

Pilot Flame — stabilizing flame. Related terms: ignition source, flame holder. A small, continuously burning
flame that anchors the main combustion zone. In high-pressure burners, the pilot may be fueled with a
richer mixture to ensure reliable ignition. The pilot flame must be positioned to create a recirculation zone
without causing excessive heat load on the burner body. Failure of the pilot can lead to flame extinction and
safety shutdown.

Pressure Drop — flow resistance loss. Related terms: AP, friction factor. Pressure drop across the burner and
associated components determines required pump capacity and influences flow distribution. At high
pressure, even small relative drops (e.g., 0.2 bar) can affect flame stability. Designers calculate AP using
Darcy-Weisbach or empirical correlations, accounting for turbulence, surface roughness, and geometry.

Pressure Ratio — compressor-to-burner metric. Related terms: inlet pressure, outlet pressure. The pressure
ratio is the ratio of the pressure supplied by the compressor to the pressure at the burner inlet. Ratios
greater than 1.5 are common in industrial high-pressure burners. Higher ratios enable higher flame
temperatures but increase mechanical stress and the risk of flashback. Proper selection ensures optimal
performance while maintaining safety margins.

Premixed Burner — uniform mixture design. Related terms: diffusion burner, staged burner. Premixed
burners combine fuel and oxidizer before ignition, producing a homogeneous mixture. They offer low
emissions and high efficiency but are more prone to flashback at high pressure. Design strategies include
using flame arrestors, limiting the equivalence ratio, and employing rapid mixing devices.

Recirculation Zone — vortex region. Related terms: swirl vortex, flame holder. A low-pressure zone created by
geometry (e.g., backward-facing step) that draws hot combustion products back toward the flame base,
stabilizing it. In high-pressure burners, the recirculation zone is critical for maintaining flame attachment
under varying flow rates. Optimization involves adjusting step height, nozzle shape, and swirl number.

Safety Relief Valve — over-pressure device. Related terms: pressure relief, burst disc. The valve protects the
burner system from excessive pressure by venting gas when a preset pressure is exceeded. For

Read online: https://certificates.HealthCareCourses.org.uk/glossaries/ HealthCareCourses (An LSIB brand) - 07 Jul 2026
5326632/highpressure-burner-design



Healthg¥e GLOSSARY

high-pressure burners, relief valves are sized according to the maximum expected flow and must be
compatible with the combustion gases to avoid corrosion. Regular testing and maintenance are required to
ensure reliability.

Swirl Number — vorticity metric. Related terms: swirl intensity, vortex strength. Defined as the ratio of
angular momentum to axial momentum of the flow. Swirl numbers between 0.5 and 1.5 are typical for
high-pressure burners to create strong recirculation zones. Excessive swirl can cause flow separation and
increased pressure loss, while insufficient swirl may lead to flame instability.

Thermal NOx — high-temperature nitrogen oxide. Related terms: Zeldovich mechanism, temperature
dependence. Thermal NOx forms when nitrogen and oxygen react at temperatures above ~1800K.
High-pressure burners, due to elevated flame temperatures, are especially susceptible. Controlling peak
temperature through staging, diluents, or water injection is the primary method of reduction.

Thermo-Acoustic Instability — oscillatory coupling. Related terms: acoustic resonance, heat release feedback.
Occurs when pressure oscillations amplify heat release, which in turn reinforces the pressure waves, leading
to destructive vibrations. High-pressure burners with large combustor volumes are prone to this
phenomenon. Mitigation includes acoustic liners, adjusting fuel staging, and active control using
modulators.

Triplet Burner — multiple-zone design. Related terms: multi-stage burner, three-stage combustion. A burner
composed of three discrete combustion zones, each with independent fuel and air control. Used to achieve
ultra-low NOx (Water Injection — temperature moderating technique. Related terms: steam injection, liquid
dilution. Introducing water or steam into the combustion zone absorbs heat, reducing peak flame
temperature and consequently NOx formation. In high-pressure burners, water can be injected at pressures
matching the combustor to avoid flow disruption. Challenges include corrosion, scaling, and ensuring
complete vaporization.

White-Flame — luminescent flame. Related terms: soot-free flame, radiant flame. A white-flame indicates low
soot production, often achieved in well-mixed, lean, high-pressure burners. It is desirable for visual
inspection and low radiative heat loss. However, maintaining a white-flame at high pressures requires
precise control of equivalence ratio and adequate turbulence.

Zeldovich Mechanism — NOx kinetic pathway. Related terms: thermal NOx, reaction rate. The primary set of
reactions describing the formation of NO from N, and O, at high temperatures. The rate is highly
temperature dependent, following an Arrhenius expression with activation energy ~300kJmol™.
Understanding this mechanism guides the design of temperature-limiting strategies such as staged
combustion and diluent addition.

Acoustic Damping Liner — noise reduction feature. Related terms: muffler, liner material. A porous or
perforated lining applied to the combustion chamber walls to absorb acoustic energy, reducing the
amplitude of pressure oscillations that can cause thermo-acoustic instability. Materials include metal-filled
ceramics and high-temperature foams. Effectiveness depends on liner thickness, porosity, and placement
relative to pressure antinodes.
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Adiabatic Flame Temperature — theoretical maximum temperature. Related terms: stoichiometric
combustion, energy balance. Calculated assuming no heat loss, representing the upper limit of flame
temperature for a given fuel-air mixture. For methane at 20 bar, the adiabatic temperature can exceed
2200K. Real burners operate below this value due to heat transfer, radiation, and incomplete combustion.

Air-Fuel Mixing Time — pre-combustion interval. Related terms: residence time, turbulence time scale. The
time required for fuel and air to achieve a homogeneous mixture before ignition. At high pressure, mixing
time increases because diffusion rates are reduced; turbulent mixers are employed to shorten the interval to
a few milliseconds. Insufficient mixing leads to localized rich pockets and higher emissions.

Back-Mixing — reverse flow phenomenon. Related terms: recirculation, vortex. Occurs when flow patterns
cause a portion of the exhaust gases to re-enter the inlet region, potentially altering the mixture
composition. In high-pressure burners, controlled back-mixing can be beneficial for flame stabilization, but
excessive back-mixing may lead to flashback or increased emissions.

Blow-off Limit — maximum flow velocity before extinction. Related terms: blow-off velocity, flame extinction.
The operational boundary where the flame can no longer remain anchored to the burner and is swept
downstream. Determined by the balance of flame speed and flow velocity. High-pressure burners often
have higher blow-off limits due to increased density, but also require higher fuel flow to sustain the flame.

Burner Head — primary combustion assembly. Related terms: nozzle block, flame holder. The burner head
houses the fuel and air injection ports, mixing devices, and often the pilot flame. Materials must withstand
high temperatures and pressures, commonly using Inconel or high-temperature stainless steels. Design
considerations include thermal expansion, corrosion resistance, and ease of maintenance.

Combustion Chamber — reaction enclosure. Related terms: combustor, furnace. The volume where fuel-air
mixing, ignition, and flame propagation occur. In high-pressure burners, the chamber is designed to
minimize pressure losses while providing sufficient space for flame stabilization and heat exchange. Wall
cooling, refractory lining, and structural reinforcement are critical to handle thermal stresses.

Diffusion Burner — non-premixed design. Related terms: diffusion flame, fuel-rich zone. Fuel and oxidizer are
introduced separately, allowing mixing only by diffusion within the flame zone. Diffusion burners are less
prone to flashback at high pressures but typically produce higher NOx due to higher localized
temperatures. Applications include large-scale industrial furnaces where simplicity outweighs emission
concerns.

Flame Holding Device — anchoring component. Related terms: flame holder, pilot flame. Structures such as
bluff bodies, recirculation plates, or vortex generators that create low-pressure zones to keep the flame
attached. In high-pressure burners, the device must be robust against erosion and capable of withstanding
high thermal loads. Proper sizing ensures flame stability without excessive pressure drop.

Flame Propagation Speed — combined laminar and turbulent rate. Related terms: flame speed, turbulent
enhancement. The effective speed at which the flame front advances through the reactants, accounting for
turbulence. Measured in ms™, values in high-pressure turbulent burners can reach 1-2ms™". Accurate
prediction requires turbulence models such as k-g or LES coupled with flamelet approaches.
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Fuel Flow Rate — mass delivery quantity. Related terms: volumetric flow, standard cubic meters per hour
(SCMH). Determines the heat input and influences AFR. In high-pressure burners, flow rates are often
expressed at operating pressure to avoid large correction factors. Precise metering is essential for
maintaining desired equivalence ratio and preventing lean blow-off.

Heat Release Rate — energy output per unit time. Related terms: power density, combustion intensity.
Calculated as the product of fuel mass flow, lower heating value, and combustion efficiency. High-pressure
burners can achieve heat release rates of several megawatts, necessitating careful design to manage
thermal stresses and avoid hot spots that could trigger flashback.

Ignition Delay — time between fuel injection and flame initiation. Related terms: spark timing, pilot ignition.
At elevated pressures, ignition delay shortens because higher temperatures and densities increase reaction
rates. Typical delays are on the order of milliseconds. Accurate timing is critical for sequential staging
strategies where multiple zones ignite in a controlled sequence.

Laminar Flow — smooth, orderly flow regime. Related terms: Reynolds number, laminar-turbulent transition.
In high-pressure burners, laminar flow may exist in narrow premixing ducts before turbulence is introduced.
Maintaining laminar flow where desired helps achieve uniform mixing, but excessive laminar regions can
reduce turbulence needed for flame stabilization.

Material Creep — time-dependent deformation. Related terms: high-temperature alloy, stress relaxation. At
temperatures above 0.5T_melt, metals such as stainless steel can experience creep, leading to dimensional
changes and potential leakage. High-pressure burners operating at 1200K require materials with low creep
rates, often employing nickel-based superalloys and proper heat treatment.

NOx Reduction Technology — emission control method. Related terms: SCR, SNCR, staged combustion.
Technologies applied to high-pressure burners to meet stringent emission limits. Staged combustion and
flue-gas recirculation are primary design approaches; selective catalytic reduction (SCR) may be added
downstream for further reduction. Each method adds complexity, cost, and maintenance considerations.

Oxygen Enrichment Ratio — O, concentration increase. Related terms: O,-enriched air, oxy-fuel. Defined as
the ratio of enriched oxygen concentration to that of ambient air (=21 %). Ratios of 1.2-1.5 are common in
high-pressure burners to boost flame temperature while reducing CO, volume. Requires sealed systems and
careful control to avoid over-temperature conditions.

Pressure Transducer — measurement sensor. Related terms: pressure gauge, strain gauge. Devices that
convert pressure into an electrical signal for monitoring and control. High-pressure transducers must
withstand the operating range (up to 30bar) and provide high accuracy (+0.5 %). Calibration drift due to
temperature fluctuations is a common issue.

Recirculation Ratio — flue-gas reuse proportion. Related terms: FGR ratio, dilution factor. The fraction of
exhaust gas returned to the combustion zone. Ratios of 0.1-0.3 are typical for NOx control in high-pressure
burners. Higher ratios increase flame stability but may reduce overall efficiency due to lower oxygen
availability.

Read online: https://certificates.HealthCareCourses.org.uk/glossaries/ HealthCareCourses (An LSIB brand) - 07 Jul 2026
5326632/highpressure-burner-design



Healthg¥e GLOSSARY

Safety Interlock — protective control logic. Related terms: shutdown circuit, fail-safe. A system that monitors
critical parameters (pressure, temperature, flame presence) and initiates a safe shutdown if limits are
exceeded. In high-pressure burners, interlocks are mandatory to prevent catastrophic failure, and they often
incorporate redundant sensors and self-diagnostic features.

Swirl Generator — vorticity inducer. Related terms: vanes, tangential inlet. Devices that impart angular
momentum to the flow, creating a vortex that enhances mixing and stabilizes the flame. Swirl generators
can be integral to the nozzle or separate blade assemblies. Design parameters include vane angle, number
of blades, and inlet diameter, all of which affect the swirl number.

Thermal Stress — temperature-induced strain. Related terms: expansion coefficient, fatigue. Differential
heating of burner components leads to stress concentrations that can cause cracking or deformation.
High-pressure burners experience rapid temperature changes during start-up and shut-down, necessitating
careful material selection and gradual ramp rates to mitigate stress.

Transient Response — dynamic system behavior. Related terms: step change, time constant. The time it takes
for a burner to adjust to changes in set-point (e.g., fuel flow increase). High-pressure burners often exhibit
slower transients due to the inertia of dense gases. Controllers use predictive algorithms to minimize
overshoot and maintain stability during load changes.

Ultra-Low NOx Burner — advanced emission design. Related terms: catalytic burner, staged combustion.
Burners engineered to achieve NOx emissions below 10 ppm at 3% O,. They combine multiple stages,
precise AFR control, and often employ catalytic surfaces to promote low-temperature oxidation. Cost and
complexity are higher, but they are essential for processes with strict environmental regulations.

Vapor-Phase Fuel — gaseous hydrocarbon. Related terms: methane, LPG, natural gas. In high-pressure
burners, vapor-phase fuels are preferred for their ease of mixing and predictable combustion characteristics.
Liquid fuels require vaporization systems, adding complexity and potential for uneven distribution.
Vapor-phase fuels also enable more accurate flow measurement with MFCs.

Water-Cooled Burner — heat extraction method. Related terms: cooling jacket, annular coolant flow.
Incorporates channels for water circulation around the burner head to remove heat and protect
components. Essential for burners operating above 1500 K. Cooling water must be supplied at sufficient
pressure to overcome the high internal pressure of the combustion system.

Zero-Emissions Combustion — ideal combustion goal. Related terms: carbon capture, oxy-fuel. Refers to
combustion processes that produce no measurable pollutants (NOx, CO, unburned hydrocarbons). Achieved
through a combination of oxygen enrichment, precise staging, and post-combustion treatment. While
theoretically possible, practical implementation in high-pressure burners requires advanced control,
high-grade materials, and often integration with carbon capture technologies.
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