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Closing the Sub4 um Gap in Jet
Fuel

Summary

Ultra-fine contamination, especially <4 um and sub-micron in size,
routinely bypass El-qualified barrier microfilters in aviation fuel systems
for both vertical and horizontal aviation applications, and drive the most
damaging wear in pumps, servos, and injectors. Instaling a BPS
magnetic separator upstream of existing filters removes this wear-
active fraction, reduces downstream filter loading, extends

component- life, and lowers operating costs - without changing QA
practices. Field results and controlled testing indicate meaningful
savings and reliability gains, including an ~11 month payback in a
Nashville- airport deployment.

Why Sub-4 ym Contamination Matters

1. Passes through conventional filtration: nano wear particles
below ~4 um slip past EI-1590—qualified microfilters.

2. Accelerates wear: In micron-scale clearances, these particles act as third-body abrasives that
blunt metering edges, enlarge leakage paths, and erode surfaces, degrading hydraulic efficiency
and shifting injector flow numbers.

3. Impairs combustion & stability: Even minor injector erosion can increase the droplet size
distribution and prolong the combustion duration, which may lead to a measurable increase in
specific fuel consumption. In addition, metallic contamination can catalyze fuel oxidation, thereby
increasing thermal-oxidative deposition propensity and can contribute to corrosion and
microbiologically influenced corrosion (MIC).

4. Residual risk despite compliance: Routine QA (e.g., D5452 gravimetric, D4176 appearance)
trends overall solids and clarity but does not guarantee capture of the most wear-active
submicron fraction.

5. Hot-section wear: Sub-micron contamination can erode combustor liner cooling features (e.g.,
fins/ribs) and swirler vanes, increasing surface roughness, aerodynamic losses, and heat
loading. Such wear and associated asymmetric deposition can also generate circumferential
non-uniformities in the combustor - turbine flow path, contributing to engine/rotor balance
disturbances that manifest as elevated vibration and increased dynamic loading on downstream
rotating components.

6. Operational impact: efficiency loss and wear increase fuel burn and maintenance burden over
time.
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Frontier Example

High-fidelity turbine simulations by the University of Melbourne, GE Aerospace, and Oak Ridge National
Laboratory, run on the Frontier supercomputer examined how microscopic surface degradation changes
high-pressure turbine (HPT) performance. Frontier enabled unprecedented 10-20 billion grid-point
simulations showing that roughness can trigger earlier laminar-to-turbulent transition, raising
aerodynamic losses and blade heat transfer - reducing engine efficiency and shortening component life.

1. Aerothermal penalty: Surface roughness accelerates transition, increasing aerodynamic loss
and heat transfer to the blade.

2. Operational impact: Surface roughness accelerates transition, increasing aerodynamic loss
and heat transfer to the blade.

3. Link to fuel cleanliness: Although the study focused on airborne particle exposure, ultra-fine
hard particulates in fuel can drive similar microscale damage in fuel-system components and
downstream hardware, degrading combustion efficiency and contributing to progressive wear.

Solution: BPS Magnetic Pre-Separation

Placement: Upstream of El-qualified microfilters/coalescers.

Mechanism: High gradient magnetic capture of hard, nano wear particles well below 4 um, including
submicron particles that drive clearance wear.

Evidence: In controlled jet fuel testing (Menzies Aviation, SFO), SEM imaging showed sharp, abrasive
particulates present before treatment were absent afterward; XRD of captured solids identified
significant silicon oxide - material associated with abrasive wear, corrosion, and sludge formation.
Result: lighter downstream filter loading and improved protection of metering hardware.

System Integration
BPS magnetic separation is most effective when deployed as a pre-filter stage - upstream of existing
El-qualified systems (e.g., EI 1590 barrier microfilters and coalescer/separator units). Placing the unit

hardware.
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Economics at a Glance

1. Lower consumables spend: By diverting particulate mass before the filter train, AP rise slows
and element change-out intervals lengthen. Consumable and labor costs fall roughly in
proportion to contaminant mass removed.

2. Maintenance benefits: Fewer fines reach pumps/servos/injectors, lengthening service intervals
and supporting steady fuel-efficiency performance.

3. Service life: BPS separators are engineered for service life equal to or greater than the
protected asset, with routine cleaning as the primary maintenance.

Case Example - Nashville International Airport (BNA)
e Direct filter & labor savings: = $40,000/year
e Tank cleaning: Reduced from $60,000 every year to $60,000 every three years —
~$40,000/year annualized savings
e Total recurring savings: ~ $80,000/year
e Payback: = 0.94 years (=11.3 months)
e 3-year cumulative savings: =~ $240,000
e 3year ROI (net): ~218%; Benefit-Cost Ratio: =3.18x

All figures reported by operators from a comparable BPS pre-separation setup.

XRD/EDS confirmed the contamination was primarily corrosion/pipe-scale material: magnetite (Fe;O,)
and iron oxide hydroxides (goethite/lepidocrocite, FeO(OH)), with minor TiO, and SiO,, showing the
separator was removing corrosion-derived particulates that would otherwise reach downstream filters
and hardware.
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Particle size analysis showed an extremely broad range (~0.14 ym to 14,000 pm), with a median of ~37
pgm and mean of ~143 um. Notably, ~20% of particles were <1 ym and >10% were <0.5 pm, small
enough to pass final-stage conventional filtration and contribute to tank fouling, filter plugging, and long-
term wear without magnetic separation.
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0.8 um Millipore patch tests on fuel sampled immediately upstream and downstream of the separator
showed visibly lighter downstream staining and reduced particulate coverage, indicating lower fine-
particulate loading and improved fuel cleanliness at a wear-relevant cut size.

Impact on Fuel Properties
Removing metallic particulates improves several fuel properties:
e Thermal Stability (JFTOT): Fewer catalytic metals reduce deposit formation.
¢ Water Separation: Lower particulate loads enhance coalescer performance.
e Corrosion Resistance: Less wear contamination means reduced abrasion and microbial-
induced corrosion.
¢ Combustion Cleanliness: Cleaner hardware supports stable smoke-point behavior and lower
particulate emissions.

Industry Alignment and Standards
The proposed magnetic separation stage complements existing standards and practices:
1. EINIG 1530: Quality assurance framework for airport fuel systems.
2. EI1590: Barrier microfilter specifications.
3. ASTM D5452/D4176: Particulate and appearance testing.
4. ASTM D3948/D8073: Water separation performance.
Importantly, magnetic separation does not replace these systems, it enhances them by addressing their
known limitations.

Conclusion

This case study indicates that ultra-fine particulate contamination - especially below ~4 ym and into the
submicron range can persist in aviation fuel systems even when standard EI/JIG practices and routine
QA tests (e.g., ASTM D5452, D4176) are met, and that this fraction is closely associated with wear in
tight-clearance components. This is reinforced by Frontier-enabled high-fidelity turbine simulations
showing that microscale surface degradation can trigger earlier laminar-to-turbulent transition,
increasing aerodynamic losses and heat transfer and thereby reducing efficiency and shortening
component life.

Installing a BPS magnetic separator upstream of El-qualified filtration (e.g., EI 1590 barrier
microfilters/coalescers) addresses this gap by capturing ultra-fine particles before they load downstream
elements or reach metering hardware. Controlled testing and field observations reported here
(SEM/XRD/EDS and 0.8 um patch testing) were consistent with reduced abrasive contamination
downstream and lighter filter loading, with particle size data showing a meaningful submicron
population. Operationally, the Nashville airport deployment reported =$80,000/year in recurring savings
and an estimated ~11-month payback, supporting magnetic separation as a standards-aligned
enhancement to existing filtration and compliance programs.
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