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1. SCOPE 

An airplane fuel tank inerting system provides an inert atmosphere in a fuel tank to minimize explosive ignition of fuel vapor. 

This SAE Aerospace Information Report (AIR) deals with the three methods of fuel tank inerting systems currently used in 
operational aircraft: (1) on-board inert gas generation systems (OBIGGS), (2) liquid/gaseous nitrogen systems, and 
(3) halon systems. The OBIGGS and nitrogen systems generally are designed to provide full-time fuel tank fire protection; 
the halon systems generally are designed to provide only on-demand or combat-specific protection. 

This document also addresses other design considerations that affect fuel tank flammability such as fuel tank pressure and 
other methods for reducing fuel tank flammability. 

This AIR does not treat the subject of explosion suppression foam (ESF) that has been used for fuel tank explosion 
protection on some military aircraft. ESF is also available for retrofit for commercial airplanes. The primary disadvantages 
of foam are weight, reduction of usable fuel, and the added maintenance complexity when the foam must be removed for 
tank maintenance or inspection. AIR4170 is an excellent reference for the use of ESF for fuel tank explosion protection. 

Note that across the military and commercial aviation industry, different terminology has been used regarding fuel tank 
inerting. In military applications, the system is referred to as on-board inert gas generation system (OBIGGS). Regulatory 
agencies use the term flammability reduction means (FRM). OEMs in commercial applications use several terms: fuel tank 
inerting system (FTIS), flammability reduction system (FRS), inert gas system (IGS) and nitrogen generation system (NGS).  

2. REFERENCES 

2.1 Applicable Documents 

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications 
shall apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the 
event of conflict between the text of this document and references cited herein, the text of this document takes precedence. 
Nothing in this document, however, supersedes applicable laws and regulations unless a specific examption has been 
obtained. 

2.1.1 SAE Publications 

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA 
and Canada) or +1 724-776-4970 (outside USA), www.sae.org. 

AIR4170 Reticulated Polyurethane Foam Explosion Suppression Material for Fuel Systems and Dry Bays 

ARP6078 Aircraft Fuel Tank Inerting Systems 

2.1.2 EASA Publications 

Available from European Union Aviation Safety Agency, Konrad-Adenauer-Ufer 3, D-50668 Cologne, Germany (for visitors 
and for mail over 1 kg) and Postfach 10 12 53, D-50452 Cologne, Germany (for mail 1 kg or less); Tel: +49 221 8999 000, 
www.easa.europa.eu. 

CS-25 Certification Specifications for Large Aeroplanes 

2.1.3 FAA Publications 

Available from Federal Aviation Administration, 800 Independence Avenue, SW, Washington, DC 20591, 
Tel: 866-835-5322, www.faa.gov. 

14 CFR Part 25 Airworthiness Standards: Transport Category Airplanes 

AC 25.981-2A  Advisory Circular, Fuel Tank Flammability 
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2.1.4 U.S. Government Publications 

Anderson, C.L. “Test and Evaluation of Halon 1301 and Nitrogen Inerting Against 23 mm HEI Projectiles,” Technical Report 
AFFDL-TR-78-66; 1978 

Aviation Rulemaking Advisory Committee; Fuel Tank Harmonization Working Group Final Report; 1998 

Aviation Rulemaking Advisory Committee; Fuel Tank Inerting Harmonization Working Group Final Report; 2001 

Burns, M., Cavage, W.M., Hill, R., and Morrison, R. “Flight-Testing of the FAA Onboard Inert Gas Generation System on an 
Airbus A320,” DOT/FAA/AR-03/58; 2004 

Burns, M., Cavage, W.M., Morrison, R., and Summer, S. “Evaluation of Fuel Tank Flammability and the FAA Inerting System 
on the NASA 747 SCA,” DOT/FAA/AR-04/41; 2004 

Clodfelter, R.G. “The Evolution of On-Board Inert Gas Generation Systems (OBIGGS),” SAFE Journal; Vol. 20, No. 1; 1990 

Federal Aviation Administration Advisory Circular 20-100 

Gann, R.G., Editor. “Advanced Technology for Fire Suppression in Aircraft,” NIST Special Publication 1069; June 2007 

Manheim, J.R. “Vulnerability Assessment of JP-4 and JP-8 Under Vertical Gunfire Impact Conditions,” Technical Report 
AFAPL-TR-73-76; 1973 

Moussa, N.A., Whale, M.D., Groszmann, D.E., and Zhang, X.J. “The Potential for Fuel Tank Fire and Hydrodynamic Ram 
from Uncontained Aircraft Engine Debris,” DOT/FAA/AR-96/95; 1996 

Mowrer, D.W., Bernier, R.G,; Enoch, W., Lake, R.E., and Vikestad, W.S. “Aircraft Fuel System Fire and Explosion 
Suppression Design Guide,” USAAVSCOM TR 89-D-16; JTCG/AS 89-T-005; 1990 

Notice of Proposed Rule Making; Reduction of Fuel Tank Flammability in Transport Category Airplanes; Docket Number 
FAA-2005-22997 

Special Federal Aviation Regulation 88; Transport Airplane Fuel Tank System Design Review, Flammability Reduction, and 
Maintenance and Inspection Requirements; 2001 

Stewart, P.B. and Starkman, E.S. “Inerting Conditions for Aircraft Fuel Tanks,” WADC Technical Report 55-418; 1955 

Summer, S.M. “Limiting Oxygen Concentration Required to Inert Jet Fuel Vapors Existing at Reduced Fuel Tank Pressures 
- Final Phase,” DOT/FAA/AR-04/8; 2004 

Tyson, J.H. and Barnes, J.F. “The Effectiveness of Ullage Nitrogen-Inerting Systems Against 30-mm High-Explosive 
Incendiary Projectiles,” Report JTCG/AS-90-T-004; 1991 

2.2 List of Terms and Abbreviations 

AIR  Aerospace Information Report 

API  Armor Piercing Incendiary 

ARAC Aviation Rulemaking Advisory Committee 

ASM Air Separation Module 

ESF Explosion Suppression Foam 

FAA Federal Aviation Administration 

FAR Federal Aviation Regulation 
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FTHWG Fuel Tank Harmonization Working Group 

FTIHWG Fuel Tank Inerting Harmonization Working Group 

FTIS Fuel Tank Inerting System 

FRM Flammability Reduction Means 

FRS Flammability Reduction System 

HEI  High Energy Incendiary 

IGS  Inert Gas System 

JTCG/AS Joint Technical Coordinating Group on Aircraft Survivability 

LFL  Lower Flammability Limit 

NGS Nitrogen Generation System 

NEA Nitrogen-Enriched Air 

NPRM Notice of Proposed Rule Making 

OBIGGS On-Board Inert Gas Generation System 

OEA Oxygen-Enriched Air 

OSHA Occupational Safety and Health Administration 

PM  Permeable Membrane Air Separation Technique 

PPM Pounds per Minute 

PSA Pressure-Swing Adsorption process 

SFAR Special Federal Aviation Regulation 

Squib Electric Explosive Device 

UFL Upper Flammability Limit 

U.S. United States 

USAAVSCOM United States Army Aviation Systems Command 

Ullage Vapor Space 

3. BACKGROUND 

An aircraft fuel tank inerting system provides an inert atmosphere in the ullage space of a fuel tank to prevent a fire and 
resulting explosion from propagating throughout the ullage. The ullage is the space above the liquid fuel in the tank and 
generally consists of a mixture of atmospheric air and a small quantity of fuel vapor. Although rare, an ullage fire occurs 
when oxygen from the atmospheric air and fuel vapor burn inside the fuel tank. Ullage fires are highly undesirable because 
they can lead to a pressure rise inside the tank that cannot be discharged through the fuel tank vent quickly enough to 
prevent a large-scale failure of the fuel tank structure and the airframe in which it is contained or to which it is attached. 
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In general, a fire can occur when the three sides of the so-called “fire triangle” are present in the necessary ranges at the 
same time. The three sides of the fire triangle are fuel, oxidizer, and a heat source. In the case of an ullage fire, the three 
sides of the fire triangle are represented as follows: 

• Fuel: Jet fuel vapor which has volatilized from the liquid fuel. 

• Oxidizer: Atmospheric oxygen that is present in the ullage space. 

• Heat source: The initial heat source can originate inside the fuel tank, such as from a shorted electrical wire, or outside 
the fuel tank, such as from an incendiary projectile that penetrates the fuel tank. In either case, the flame front initiated 
by either of these sources serves as the heat source necessary to sustain the fire as it moves through the ullage. 

The mechanics of ullage fires are presented in NIST Special Publication 1069 chapter 2. In addition, the document contains 
thorough coverage of aircraft fuel tank safety, especially the history of aircraft fuel tank protection systems. 

A fuel tank inerting system serves to neutralize the oxidizer side of the fire triangle by reducing the oxygen present in the 
ullage to a level below which a fire can be sustained. Fuel tank inerting is the process of introducing a sufficient quantity of 
inert gas into the ullage to displace a portion of the gas present and thereby dilute the oxygen concentration of the resulting 
mixture to a safe level. 

4. INERT AND FLAMMABILITY LIMITS 

4.1 Inerting Limits 

The inert limit (also called the limiting oxygen concentration (LOC)) is the volumetric oxygen concentration (percent of 
oxygen in ullage gas by volume) below which there is not enough oxygen present in a fuel-air mixture to sustain combustion. 
The earliest tests to determine the inert limit used visible light as the criterion for determining whether a combustion reaction 
had taken place. More recent testing, including that done by the FAA, has used pressure rise as the criterion for defining 
whether a hazardous combustion reaction occurred. The lower and upper flammability limits are the fuel vapor 
concentrations below and above which the mixture is too lean or too rich to support combustion. 

The inert limit for an inerting or flammability reduction system is specified by the military customer or the regulatory agency 
(e.g., FAA). Different tests to verify the inert limit have been performed over the years with fairly consistent results (refer to 
WADC Technical Report 55-418, JTCG/AS-90-T-004, AFFDL-TR-78-66, and DOT/FAA/AR-04/8). The military inert limit is 
more stringent (lower oxygen limit) than the one used in commercial aviation due to the difference in design practices and 
safety factors accounted for in addition to the condition of the energy considered in the context of fuel tank explosion. The 
ignition energy threat for military applications considers a range of ignition sources, including the high-explosive incendiary 
projectiles (HEI), which presents much higher energy than ignition sources typical in commercial applications. 

The higher the ignition source energy, the lower the oxygen concentration needs to be in order to prevent the reaction until 
the oxygen concentration would not support combustion. The tests also show that the inert limit increases at altitudes above 
sea level. At altitude the atmospheric pressure is lower compared to sea level. Assuming ideal gas law, volumetric fraction 
(volumetric concentration) of oxygen in air corresponds to the ratio of partial pressure of oxygen to total pressure, and it is 
equal to the mole fraction. Consequently, for a given volume, the same oxygen percent corresponds to lower partial pressure 
and lower number of molecules at altitude than at sea level. 

4.1.1 Nitrogen Inerting 

While the inert limit test results are consistent, different customers have applied different safety factors in the top-level 
system requirements for different aircraft platforms. The U.S. Navy has applied a 9% oxygen concentration by volume inert 
limit at all altitudes. The U.S. Air Force has specified different inert limits for different applications; including 9%, 12% on 
ground, and the oxygen concentration versus altitude curve for nitrogen inerting from the WADC Technical Report 55-418 
that defines the inert limit as 9.8% at sea level increasing to 11.5% at 40000 feet. The FAA defines the inert limit as 12% at 
sea level increasing linearly to 14.5% at 40000 feet (refer to DOT/FAA/AR-04/8). 
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