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FOREWORD

The mission and objectives of the Aerospace Safety Research
and Data Institute are. (a) to support NASA, its contractors, and
the aerospace industry with technical Information and consultation
on safety problems; (b) to identify areas where safety problems
and technology voids exist and to initiate research programs, both
in-house and -on contract, in these problem areas; {(c) to author
and compile state~of-the-art and summary publications in our areas
of concern; {(d) to establish and operate a safety data bank. As a
corollary to its support to the aerospace community, ASRDI is also
to establish and maintain a file of specialized information
sources f(organizations) and recognized, acknowledged experts
(individuals) in the specific areas or fields of ASRD!'s interest.

To - match our resources with -our priorties, ASRDI is.
concentrating on selected areas - fire and explosion: crvogenic
systems; propellants and other hazardous materials, with special
emphasis on oxygen and hydrogen; aeronautical systems and
spacecraft operations; lightning hazards; and- the mechanics of
structural fallure. Staff expertise is backed by a safety library
and is further supported by a computerized bank of cltations and
abstracts built from literature on oxygen, hydrogen, and fire and
explosion. Computer fliles on mechanics of structural failure,
fragmentation hazards,  and safety information sources are also
being "established. In addition, ASRDI has two NASA RECON
terminals ° and people - adept ~at querying the system for
safety-related information. '

Frank E. Belles, Director
Aerospace Safety Research and Data Instltute
National Aeronautics and Space Administration

Iirecéd_ing Page blank 1



INTRORUCTION

A part of the Aerospace Safety Research and Data Institute’s
(ASRDI) nmission is to compile aad store in a computerized systenm
bibliographic citations on hazards and safety in various areas
related to aerospace activities. Ome of these areas is fire and
explosion. The program in this area has been underway for about
three years and is continuing. At the present time the
computerized data bank contains about 2000 bibliographic citatiomns
o the subject.

Each citation in the data bank contains many items of
information about the documeat. Some of the .main items are title,
author, abstract, corpcrate source, description of figures
pertinant to hazards or safety, key references, and descriptors
(keywords or subject terms) by which the document can be
retrieved. In addition each document is assigned to two main
categories that are further divided into subcategories., The two
main categories are fire hazards and fire safety. Each docuament
is also further categorized according to its area of applicability
such as - aircraft and spacecraft and their associated facilities:
aerospace research and develcpment test facilities: buildings; and
general applicability.

This report is a compilation of all the document citations in
the ASRDI data bank as of April 1974 on fire hazards and fire
safety that pertain to aircraft. The <report is scmewhat
prelinminary im mnature in that input to the data bank is
continuing; moreover not all the information contained in the bamnk
has been edited for errors. The report is being published as an
illustrative example of the contents of the data dank and to
obtain user feedback on the usefulness of such compilations and
whether the subject scope should be narrowed in future
compilatioans.

The report is divided into two volumes. Volume I, Hazards,
presents bibliographic citations that describe and defipne the
aircraft fire hazards and covers a wide range .of subijects such as
= combustion characteristics of materials; accidents and ipcidents
reports; causes of fire; methods and technigques of evaluating the
fire  hazard; and the resulting effects of fire on man and
property. Volume II, Safety, presents bibliographic citations
that describe and define aircraft fire safety methods, equipment,
and criteria. It covers such subjects as prevention, detection,
and extinguishment of fire, and codes and standards. Each volume
of the report contains, in additicn to +the citations, ar author
index and an index of major descriptors (keywords or subject
terms). The indices are related to the citations by the ASRDI key
nunber, which appears in the upper right hand corner of the first
page of each citation. To facilitate binding, both volumes are
broken into parts.
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Volume T has two parts -

Part 1 .- Key Numbers 1 .to 817
Part 2 - Key Numbers 818 to 2146,
Author Index and Descriptor Index

Volume II has three parts -

Part 1 - ‘Key Numbers 1 to 524
Part 2 - Key Numbers 525 to 1064
Part 3 - ‘Key Numbers 1065 to 2165,
author Index and Descriptor Index

The preparation of this teport for printiag was essentiall:
accomplished automatically. The search strategy f{in this case
subject ‘category) -and infermation on citation content and forma
vas fed into the computer. The output from the:  computer wa
placed directly om multilith paper by a high-speed printer.
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key 1

WHIFFLE BALL FIRE AND EXPLOSION SUPPRESSION CONCEPT
PROGEESS REPORT, PHASE 1 SPHERES

by

BOTTERI, B.P.
GAKDEE, G.¥W.
MOERISEY, D.Jd.

07,00/68

=ABSTRACT~- -

Feasibility of the perforated hoilow sphere (whiffle balls)
concept for the control of fires and explosions in aircraft fuel
tanks was studied, and one configquration was evaluated. These
Phase 1 spheres, which have 1-in. diameters with 34 0.1<in. holes,
exhibited considerable explcsiom suppression performance, but did
not meet the maximum 3 psi pressure increase limit reguired for
aircraft application. These spheres, however, are stable in a
fuel system environment and, with the exception of fuel induced
swelling, are comparakble in performance to reticulated
polyurethane foam. A 1-in. or smaller diameter sphere is required
to achieve effective vapor space explosion suppression capability,
and the spheres must be suitable for use at temperatures between
=65 and +180 deg. F.

~SCURCE INFOGRMATION-

CORPORATE SOURCE -

AIR FORCE AERC PROPULSION., WRIGHT-PATTERSGN AFB, QHIO.
REPORT NUMBER -~

APFL-TM-68-10//PROJ. RO. 1559//TASK 191
QTIHER INFORMATION -

0046 PAGES, 0010 FIGURES, 0007 TABLES, 0000 REFERENCES



key 13

AN ULTRAVIQOLET SENSING FLAME DETECTCR FOR USE ON HIGH
PERFORMANCE MILITARY AIRCRAFT

by
LEEN, &

02/00,70

~ABSTRACT-

A small, guartz enclosed photon detector utilizing the avalanche
in a gas discharge +t¢ amplify the photoelectric signal curreats
was developed as a solar blind wultraviolet sensitive. flame
detector for use on high performance military aircraft. Decreased
response of the sensors at elevated temperatures was observed
during development but its cause is not known. A reasonable .upper
temperature limit for reproducible sensor characteristics was set
at 550 deg. F., although operation at lower temperatures will
extend sensor life and increase reliability. The conplete
detection system comprises the detector, an associated test lamp,
and a control circuit with associated power supply and alarn
devices. Some difficulty during field tests indicated problems
with alarm actuation from voltage spikes introduced througk the
power sSource. Optimization of the design of the sensor and
ul'travicolet test lamp is discassed, and the electrical circuitry
and flighkt test egquipment are. described. A specification for
covering the performance . and installation. of a system oa an
aircraft is included, along with installation and maintenance
instructions.

-BIBLIOGRAPHY-

GREEN, A.E-S5.y - THE A MIDDLE ULTRAVICOLET: ITS SCIERCE AND
TECHNOLOGY, JOHN WILEY AND SONS, 1966//KCLLEER; L.R., ULTRAVIOLET
RADPIATION, 2 ED., JOHN WILEY AND SONS, 1965//HUGHES AND DUBRIDGE,
PHOTQOELECTRIC PHENGMENA, 15T ED., U4TH INPR., MNCGRAW-HILL, 1332

=SOURCE INFORMATIQON-

CORPORATE SOURCE -
' EDISON (THOMAS A.) INDUSTRIES, WEST GRANGE, N.J.
REPORT NUMBER -
AFAPL-TR-69-107//X70-14496//AD-866136
SPONSOR. -
AIR FORCE AERO PROPULSION LAB., WRIGHT-PATTERSON AFB, OHIO.
CONTRACT NUMBER -
CONTRACT AF33{615)=3531
OTHER INFOEMATION -
0106 PAGES, 0012 FIGURES, 0006 TABLES, 0003 REFERENCES



keys 16 through 17

EVALUATION OF FLAME ARRESTOR MATERIALS FOR AIECEAFT FUEL
SYSTENS

by

KUCHTA, J.A.
CATO, R.J.
SPOLAN, I.

GILBERT, WoH.

02/00/68

-ABSTRACT-

Flame guenching effectiveness for a 20 poresim. reticulated
polyurethane foam used for fire protection in military aircraft
fuel systems was exanined under small and 1large-scale flane
propagation conditions at various temperatures and pressures. In
the smalli-srale experiments, pressure rise measurements showed
that dry samples of this foam prevent flame propagation at
arrestor length/ignition void length ratios as low as about 0.137

at ambient temperature and pressure. At ratios equal to or
greater than 1.5, the npaterial was effective at pressures up to
about 15 psig and temperatures to 200 deg. F. Inproved

performance was obtained when the foam was wetted with liguid fael
or when a foam of greater porosity rating was used. Fulle-scale
experiments in a 450-gal. fuel +tank indicated that the foam is
effective to pressures of at least 5 psig using an arrestor
packing configuration that permits a 40 percent gross void volume.
However, the foam tends to be less effective when additional air
is supplied following ignitiom. Results obtained with electrical
spark ignitiom sources were ccmparabie to those found with tracer
or incendiary ammunition. Generally, the effectiveness of the 20
pore/in. foam was noticeably greater than that of the 10 pore/in.
material previously exanmined.

~PERTINENT FIGURES-

TAB. 1 FLANME ARRESTCR DATA FOR 30 AND 20 PORES/IN. POLYURETHANE
FOAM MATERIALS FROM EXPERIMENTS IN A 6-IN. CYLINDRICAL STEEL
VESSEL ¥®ITH APPROX. 2.5 PERCENT N-PENTANE-AIR MIXTGRES AT
ATMOSPHERIC PRESSURE PAGE 6//TAB. 2 FLAME ARRESTOR DATA FOR 10,
20, and 40 PORES/IN. POLYDRETHANE FOAM MATERIALS FROM EXPERIMENTS
IN A &-IN. DIA. CYLINDRICAL STEEL VESSEL WITH APPROK. 2.5 PERCENT
N-PERTANE-AIR MIXTURES AT VABIOUS INITIAL PRESSURES PAGE 8//TaAB. 3
GAS TEMPEBATURE, PBRESSURE AND FLANE SPEED DATA FROM FLAME ARRESTOR
{20 - PORES/IN.) EXPERIMENTS IN 2 450-GAL. AIRCRAFT TANK NITH
APPROX. 3.2 PERCENT N-BUTANE-AIR MIXTURES AT O AND 5 PSIG. PAGE
17//TAB 4. GAS TEMPERATURE PRESSURE, AND FLAME SPEED DATA FROMN
FLAWE ARRESTOR (20 PORES/IN.) EXPERIMENTS IN A 450-GAL. AIRCRAFT
FUEL TANK WITH AN APPROX. 3.2 PERCENT N-BUTANE-AIR MIXTURE AT O
PSIG. PAGE 20//TAB. ©& PRESSURE DATA  FROM FLAME ARRESTOR (20
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PORES/IN.) -EXPERIMENTS 1IN 450-GAL. AIRCRAFT . FUEL TANK AT 0 OR 5
PSIG USING 30~-CALIEER TRACER AND INCENDIARY AMMUNITION AND
ELECTRIC .SPARKS AS THE IGNITION SOURCES {(APPROX. 3.2 N-BUTANE-ALR
MIXTURES) PAGE 26

-SOURCE INFORMATION-

CORPORATE SOURCE -

BUREAU OF MINES, BRUCETON, PA. EXPLOSIVES BESEARCH CENTER.
REPORT NUMBER -

AFPAPL-TR-£7-148
SPONSQR. -

AIR FORCE AERO PROPYLSICN LAB., WRIGHT-PATTERSON AFBE, OHIO.
OTHER IKFORMATION. -

0030 ‘PAGES, 0014 FIGURES, 0006 TABLES, 0000 REFERENCES



key 20

A FEASIBILITY STUDY OF A CRASH-FIEE PREVENTION SYSTEM FCOE
THE SUPERSGNIC COMMERCIAL TEANSPORT

by

EGGLESTON, L.A.
HOFFMAN, H.I.
SEITH, H.M.
YUILL, C.BH.

08/01/63

=ABSTHACT-

The feasibility of a crash-fire prevention system as it might be
applied to a Mach 3 supersonic commercial tramsport {SST) was
studied. Early efforts directed toward crash-fire prevention Were
revieved for applicability to the SST in the light of advances ia
the state-of-the-art. Design parameters and general requirements
for a crash-fire prevention system are outlined, ard attention is
given to combustibles and ignition sources on the SS5T and
anticipated <crash situations. A crash-fire prevention system for
the SST based on the suppression of ignition sources is comsidered
feasible and withiz the <capability of industry and government.
Weight of such a system is estimated to be within 1500-1800 1bs.
The projected use of stainless steel and titanium skin materials
presents a serious friction spark ignition problem under some
crash corditions. Efforts directed toward the development of
arresting gear mechanisms, crash-resistant fuel tanks, -and rapid
fuel gellimg as a means of preventing crash fires are indicated;
and work has been done om the develcopment and engineering of
arresting gear for heavy, high-performance aircraft.

=PERTINENT FIGURES-

TAB. 1 ESTINATES OF HAZARDOUS LIQUID CONDITIONS AT GROUND CONTACT
PAGE 9/7 TAB. 3 SUMMARY OF JET ENGINE INERTING PAGE 27//FIG. 4
WATER QUANTITIES USED FOR INERTING ©PAGE 32//FIG. 2 <CRASH-FIRE
PREVERTION SYSTEM FOR ALLISON T56 ENGINE PAGE 25//F1G. 3
CRASH-FIRE PREVENTION SYSTEM FGR GE <CJ805 ENGINE PAGE 26//FIG. 5
CRASH~-FIRE PROTECTION SYSTEM INSTALLED IN J57 ENGINE SHOWING SPRAY
NOZZLE LOCATIONS PAGE 33

-BIBLICGRAPHY-
CA¥PBELL, J.d., BUSCH, - Ao A CONBINED
HATER-BRONOTRIFLUOROMETHANE CRASH-FIRE PROTECTION SYSTEM FOR T-56
TURBOPROPELLER ENGINE. NASA IN D-28 AUG. 1959//CARY,; H.,

BASTERDAY, J.l., FAERAR, D.1., WELLER, A.E., AND STEMBER, JR.,
LoHes A STUDY OF FLIGHT-VEHICLE FIRE-PRCTECTIVE EQUIPMENT, PHASE
2« BATTELLE MEMORIAL INST., ASD TR 61-65, SEPT. 1961//CLARK,
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J.H.: DEVELOPMENT OF CRASH RESISTANT AIRCRAFT FLAMMABLE FLUID
SYSTENMS, PART 1a. NATICNAL AVIATION FACILITIES EXPERIMENTAL
CENTER, -ATLANTIC. CITY, N.J., MAY 1560//DRAKE, ¥.V. AND DRELL,
I.L.: SURVEY OF LESS-INFLAMMABLE HYDRAULIC FLUIDS FOR AIRCRAFT,
NACA RM ES0F29, SEPT. 1950//KUCHTA, J.M., LANBIRIS, S., AND
ZABETAKIS, MN.G.z3 FLAMMABILITY AND AUTOIGNITION OF HYDROCARBON
FUELS = UNDER STATIC AND DYNAMIC CONDITIONS. BUR. OF MINES. REP.
OF INVESTIGATIONS 5992, 1962//KUCHTA, J.M., LAMBIRIS, S., PERLEE,
HoE<.y, - HALAGAN, D.Roy - AND ZABETAKIS, HoGo3 FLAMMABILITY
CHARACTERISTICS OF HIGH TEMPERATURE HYCROCABRBON FUELS. ¥®ADC TR
59-663, FEB. 1960//MALCOLM, J.E.: DEVELOPMENT AND ENGINEERING TEST
REPORT, CHARGES, ANTI FREEZE, FIRE EXTINGUISEER LITHIUE/CALCIUN
CHLORIDE BASE, US ARMY CORPS OF ENGINEERS, TR 1681, JULY 20, 1361.

=SOURCE INFOEBMATICHN-

CORFORATE SQURCE. -
SOUTHWEST RESEARCH INST., SAN ANTONIOQ, TEX.
REPORT NUMBER -
ASD-TDR-63-478//X64-11882
SPONSOR -
AIR FOBCE AERC PROPULSICN LAB., WRIGHT-PATTERSON AFEB, OHIO.
CONTRACT NUMBER -
CONTRACT AF 33 (657)-8854
OTHER INFOERMATION -
0118 PAGES, 0018 FIGURES, 0007 TABLES, -0139 BREFERENCES



key 25
AVIATION FUEL SAFETY
by
EUREK, F.C.

02/00/65

-ABSTRACT-

Available informaticn on safe handling and usage of aviation
gasolines, Jet 3 (kerosene), and Jet B {(JP-4) was reviewed by an
Ad Hoc Group on Aviaticn Fuel Safety. Characteristics of
commercial aviation fuels, flammability, and ignition of fuel-air
mixtures, and aircraft environmental factors affecting fuels and
their ignition were considered; and some related research in
progress is noted. The A4 Hoc Group noted that the adoption of a
single type of aviation +turbine fuel by the entire industry would
not significantly improve the overall excellent safety record of
commercial aviation; and that safety 1is more a function of
equipment design, ©proper handling techpnigues, and rigorous
precautions than of the particualar fuel type employed.

=PERTINENT FIGURES-

F1G-. 3 ALTITYDE-TENPERATURE FLAMMABILITY LIMITS OF JET A AND JET B
FUELS PAGE 38//FIG. 4 ALTITUDE-TEMPERATURE FLAMMABILITY LIMITS
UNDER DYNAMIC CONDITIONS PAGE 60//FIG. 5 LIMITS OF FLAMMABILITY OF
GASOLIRE VAPOR 1IN VARIOUS AIE INERT GAS ATMOSPHERES PAGE 61//FIG.
64 VERTICAL PROFILES OF FLABMABLE ZONES IN A SIMULATED AIRCRAFT
WiNG TANK DURING FUELS LOADING PAGE 62//FIG. 6B FLAMMABLE ZONES IN
A SIMULATED AIRCRAFT WING TANK DURING FUEL LOADING PAGE 62//FIG. 8
TYPICAL CURVES OF AUTOIGNITICN TEMPERATURE OF FUEL VEESUS ALTITUDE
PAGE 64//FIG. 9 MINIMOM SPARK IGNITION ENERGIES FOR FUEL-AIR SPRAY
MIXTUBES FAGE 65

-BIBLIOGRAPHY-

FLAMMABILITY AND AUTOIGNITIGN OF HYDROCARBON FUELS UNLDER STATIC
AND DYNAMIC CONDITIGN. EUR. OF MINES, RI 5992, 1962//EXPLOSION
HAZARDS ASSOCIATED WITH FUEL LOADING OPERATION. BUR. OF MINES,
PROGRESS REP. 1-7, 1962; AMERICAN PETROLEUNM INST. API PROJ. S5-3,
1963//THE SECBETARY GF THE TREASURY'S COMMITTEE ON TANKER HAZARDS,
fINAL REPORT TO  SECRETARY OF THE TREASURY; US COAST GUARD,
TREASURY DEPT., AUG. 14, 1963//INVESTIGATION OF MECHANISMS OF
POTENTIAL AIRCRAFT FUEL TANK VENT FIRES AND EXPLOSIONS CAUSED BY
ATHMOSPHERIC ELECTRICITY. LOCEKHEED-CALIF. CO.-NASA, NASA TN
D-2240, JAN. 1964//IGNITICN OF TANK ATHMOSPHERES DURING FUEL
LOADING OPERATICHNS. AMERICAN PETROLEUM ,NST.; BUR. OF MINES,
FINAL RBREP. 3914, FEB. 28, 1964



-S50URCE INFORMATION-

CORPORATE SOURCE -

COORDINATING RESEARCH CCUNCIL, INC., NEW YORK.
REPORT NUMBER -

CRC PROJ. CA-37-64//N65-20077
SPONSOR - ,

FEDERAL AVIATION AGENCY, WASHINGTON, D.C.
OTHER INFORMATION -

0072 PAGES, 0010 FIGURES, 0002 TABLES, 0023 REFERENCES



key 33
FIRE SUPPRESSICN FOR AEROSPACE VEHICLES
by

MARTINDILL, G.H.
SPOLAN, I.
KUCHTA, J.HM.

07,00/70

=ABSTRACT-

Fire . extinguishing experiments were conducted to evaluate Halon
1301 as an extinguishant of Class 2 fires by the total flooding
mode for possible use in advanced aircraft. The effectiveness of
the extimguishant was determined by burning cotton sheeting in a
216 cu. ft. chamber at . various combustibie loadings, preburn
times, and extinguishant discharge. pressures or rates.
Extinguishing times increased with increased combustible loading
but varied little with preburn time and Halen discharge pressure
when the Halon concentration in the <chamber was 6 vol. percent.
#ith this concentration, cotton sheeting fires at a loading of
0.035 oz./cu. ft. were extinguished within 2 sec. or less using
Halon discharge pressures of 220,350, and 700 psig. A 3 percent
Halopn concentration appeared to be  inadequate under test
conditions. Witk 6 percent Halon, the toxicity hazard £rom the
formation of C0, HF, or HBr was relatively small for preburn times
of 15 sec. or less. The concentraticn of toxic product vapors
increased noticeably when the toeotal burning period before
extinguishment was increased £from 15 to 25 sec. Under all test
conditions, the toxic product concentrations after equilibriam
conditions prevailed were nuch less than the lethal coamcentratioms
reported for short exposure times. Data are also presented on the
rates of pressure rise aad mass consumption that characterized the
cotton sheeting fires.

-~PERTINENT FIGURES-

TAB. 3 GAS ANALYSES AND PHEESSURE RISES FROM BURNING GF COTTION
SHEETING IN A 12 CU. FT. CHAMBER WITH AN AIR ATMOSPHERE PAGE
8//TAB. 4 GAS ANALYSIS DAT2Z FROM A FIRE EXTINGUISHING EXPERIMENT
IN &4 12 CU. FT. CHAMBER WITH COTTON SHEETING {0.035 0Z2/CU. FT.) IN
AIR AND 6.3 PERCENT HALON 1301 PAGE 8//Ta&B. 5 EXTINGUISHING TIMES
AND MAXIMUM PRESSURE RISES FROM EXTINGUISHING EXPERIMNENTS AT
VARIOUS COMBUSTIBLE LOADINGS AND PREBURN TIMES PAGE 18//TAB. 6
GAS ANALYSIS DATA FROM FIRE EXTINGUISHING EXPERIMENTS 1IN A 216 CU.
FI. CHAMBER WITH COTTON SHEETING (0.035 QZ/CU. FT.) IN AIR AND &
PERCENT HALON 1301, HALON INJECTION PRESSURE - 700 PSIG PAGE 2%

-SOURCE INFORMATION~

10



CORPORATE SOURCE -
BUREAU OF HNINES, BBUCETON, PITTSBURGH, PA. SAFETY RESEARCH
CENTER.
SPONS0CR. -
AIR FORCE AERO PROPULSION LAB., WRIGHT-PATTERSON AFB, OHIO.
CONTRACT NUMBER -
CONTRACT .F33615-69-M-5002
OTHER INFORMATION -~
0031 PAGES, 0011 FIGURES, 0006 TABLES, 0000 REFERENCES
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key 37

DETECTION TECHNIQUES ¥0R HAZARDOUS VAPORS OF ELEMENTAL
PROPELLANTS

by
CHLECK, D.

CUCCHIARA, G,
DCGNAGHUE, T.

07,/00/63

~ABSTRACT-
Techniques for detecting hazardous Yapors from elemeatal
propellants and fluorine-containing oxidizers were evaluated for
possible use in a field instrument. & literature survey revealed
a paucity of methods for determining elemental fluorine and
hydrogen. However, fluorescent guenching, radiochemical release

using clathrates, and chemiluminescence methods funlfill the
necessary requirements of simplicity, ruggedness, and sensitivity
for flunorine detection. A technigme based on radiochenical
exchange using kryptcnates can be adapted to a simple rugged
field-type imnstrument for detecting less than 0.1 ppm fluorine and
less than 1 percent hydrogems. This new technigue, which involved
the use '0of radio krypton homologs, would have a kryptonated socurce
and a detector as its tvo basic components. No sclutions or
moving parts are required.

~PERTINENT FIGURES-

TaB. 1 COMPARISON OF DETECTION METHODS FOR FLUORINE AND HYDROGEN
PAGE 8

-BIBLIOGRAPHY-

STRANGE, J.P-, BALL, K.E. AND BARNES, D.0O.: CONTINUOUS PARTS PER
BILLICN RECORDER FOF AIR CONTAMINART. 53RD ANNUAL MEETING OF AIR
POLLUTIOCR CONTROL AS5SKN., CINCINNATI, OHIO, MAY 22-26,
15606//CHLECK, D.Jd., YOUNG, J.C. AND GELMaN, L.z DEV. QF
FLUORESCENCE QUENCHING PAPER SYSTEM FOR AUTOHMATIC DETECTION OF GB.
CRLR #21. PROJ. 4-08-06-006, OCT. 1955//CHLECK, D.J. AND ZIEGLER,
CoA.: RADIOMETRIC ANALYSIS OF NONBADIOACTIVE MATERIALS BY CHEMICAL
EXCHANGE. IAEA CONF. ON THE USES OF ISOTOPES IN THE PHYSICAL
SCLENCES AND iINDUSTRY, COPENHAGEN, SEPT. 1860//HOMMEL, C..
BROUSAIDES, F. AND BERSIN, R.: DETEERMINATION OF GASECUS FLUORINE
USING RADIOACTIVE CLATHRATES. ANNAL. CHEM. 34: NO. 12, NOV. 1962

~SOURCE INFORMATIGN-

CGRPORATE SOURCE -~

12



PARAMETRICS, INC. WALTHAM, MASS.
REPGRT -NUMBER =~
ASD-TDR-63- 2534/ /X63-14935
SPONSOR. =
AERGNAUTICAL SYSTEMS DIV., WRIGHT-PATTERSON - AFB, - OQHIOC.
FLIGHT ACCESSORIES LAEB.
CONTRACT NUMBER -
CONTRACT ‘AF 33(6571-8BS1¢6) -
OTHER INFORMATION -
0076 PAGES, 0023 FIGURES, 0007 TABLES, 00538 BEFERENCES
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Key 47
INTEGRATED FIBE AND OVERHEAT DETECTIQN SYSTEM FOR AIRCRAFT

by
RASKAUSKAS, BoJ.

12,00/69

~ABSTRACT-

A fire and overheat detection system consisting of sensitizing
modules, detection circuits, and logic circuits was designed and
built to operate on manned f£light vebhicles at temperatures from
=55 to +125 deg. C. Infrared and mitraviolet sensors are used for
fire detection and continuous element sensors for overheat
detection. A microcircuit computer was redesigned to accept
various combinations of semsors, including the continuous sensors,
PIN sensors, silicen solar cell senscrs, and silicon carbide
sensors. The fire and overheat detection systems has three basic
functions: {1) sensitizing circuitry which <conditions the omntput
of the sensors, (2) detection circuitry which intergprets the
conditioned sensor informatiomn, and (3) 1logic circuitry which
determines the correct fire or overheat signal. The four outputs
that result are: FIRE, OVERBEAT, FAIL, aand OK.

—-PERTINENT FIGURES-

FIG. 1 TYPICAL ENGINE NACELLE SHOWING RADIATION DETECTCRS MOUNTED
ON FIREWALL AND CONTINUOUS SENSORS EXTENDING THE LENGTH OF TBHE
COMPARTMENT PAGE 2

=-SOURCE INFORMATIORN-

CORPORATE SOURCE -

GENERAL MOTGRS CORP., KCKOMO, IND. DELCO RADIC DIV.
REPORT NUMBER -
AFAPL-TR-69-97
SPONSOR -~
ATR FORCE AERO PROPULSION LAB., WRIGHT-PATTERSON AFB, OQHIO
CONTIRACT NUMBER -
CONTRACT NO. F33615-69%-C-1196//PROJ. NO. 3048
OTHER INFORMATION -

0071 PAGES, 0031 FIGURES, 0004 TABLES, 0000 REFERENCES
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keys 48 through 4%

INVESTIGATION OF HAZARDOUS VAFOR DETECTION FOR ADVANCED
FLIGHT VEHICLES

by

CUCCHIARA, O.
SEIDEN, L.
DCNAGHUE, T.

08,0066

~ABSTRACT~-

Techaiques were evalnated for the detection of hydrocarbon vapors
and hydrogen aboard advanced aircraft. A radiochemical exchange
technique utilizing kryptonates was employed satisfactorily for
detecting hydrocarbon vapors aboard aircraft :with a Mach 3 to Mach
6 capability and hydrogen for Mach 7 and higher capability
aircraft. However, it was shown that it is highly unlikely that
hydrogen will exist in the presence of oxygen at temperatures in
excess of 1300 deg. F. Therefore, an alumpinum oxide humidity
element : was investigated for its ability to detect the water
formed by comnbustion. This element appeared suitable 1if its
present  maximum temperature limitations car be overcome. a
nondispersive, open-path, infrared technique could be upgraded to
detect hydrocarbon fuels bwt not hydrogemn or water under  the
stipulated environmental ccnditions; however, a considerable
develcopnental effort would be required. Catalytic combustion is
limited in applicability due to its relatively poor sensitivity,
stability, and operating iife. A photoiomnization technique
appeared most  promising, but would Tegquire a considerable:
developnental effort.
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THE DEVELOPMENT OF AN INSTRUMENT FOR THE DETECTION OF
BAZARDOUS VAPCR3

by

CUCCHTIARA, O.
REX, B.
DONAGHUE, T.

06/00/65

~ABSTRACT-

A . prototype model of an instrument capable. of detecting low
concentrations of hydrogen, fluorine, and fluorine-containing
oxidizers was develcped. The instrument provides an audible alarm
within 3 to 5 sec. after exposure to near hazardous concentrations
of these gases, with alarm concentrations of either 0.5 percent or .
1.0 percent hydrogem, and .025 ppm of fluorine, chlorine
trifivoride, or oxygen difinoride. Other detection levels, both
higher and lower, can be set if reguired. The instrument which is
portable, simple to operate, and reliable, incorporates the
technigque of radiochemical exchange  using kryptonates.
Selectivity is achieved by the utilization . of different
kryptonated sources for the various gases. . Other gases can be
detected with +this instrument by wusing appropriate kryptonate
homologs.

-BIBLIOGRAPHI-

CHLECK, D. AND COCCHIARA, O.: INT. J. APPL. RAD. ISOTOPES 14, 581 .
{1963)//CHLECK, D., MAEHL, R. AKD CUCCHIARA, O.: INT. J. A&APPL.
RAD. ISOTOPES 14, 599 (1963)//CHLECK, D., CUCCHIARA, - 0. AND
DONAGHUE, T<.: DETECTION TECHNIQUES FOR HAZARDOUS VAPORS OF
ELEMENTAL PROPELLANTS, CONTRACT NO. AF 33(657)-8916, ASD-TR-
63-294 (1963)//CUCCHIARA, - 0., DONAGEUE, T. AND CHLECK, D.:
DETECTION OF HYDROGEN ABOARD AEROSPACE FLIGHT VEHICLES, CONTRACT
NO. AF 33(657)-8916, APL-TR-64-51.(1964)

=SCURCE INFCRMATION-

CORPORATE SOURCE - _
PARAMETRICS, INC., WALTHAM, MASS.
REPORT. NUMBER. -
AFAPL-ER-65-50
SPONSCR. -
AIR FORCE AERO PROPULSICN LAB., WRIGHT-PATTERSON AFEB, OHIO
CONTRACT :NUMBER -
CONTRACT AF33(615)-1473
OTHER INFORKBATION. - ,
0653 PAGES, 0021 FIGDRES, 0004 TABLES, 0009 REFERENCES

17



key 73

EVALGATIOQON OF FLAMMABILITYI TEST PROCEDURES FOR AIBRCRAFT
INTEEIOR MATERIALS

by

STARRETT, P.S.
BOBERG, J-E.
JCHNSON, C.l.
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—-ABSTRACT~-

The nature of aircraft fire hazards during flight and at time of
crash are reviewed along with factors influencing materials
flammability suck as composition of the surrounding gas, the heat
transfer process, and material properties. The characteristics
most important in defining the hazard presented by a material
during an aircraft interior fire are, in a rough order of their
importance: generation of texic gases, ignition temperature, flanme
propagation rate, generaticn of £flammable gases, gemeration of
heat, and generation of snoke. Adequate existing flammability
test procedures are available for a definition of these material
attributes. In some cases these procedures could be refined, but
additional sophistication in small coupon testis appears
unvarranted in view of the fact that such tests are not precisely
related to real fire pehavior. Ign addition, the recommended tests
have gained some industry wide acceptance, making comparative data
available on many common materials. A pnew procedure would require
retesting, as well as a 1long gestation period before wide
acceptance and official adoption. Certain analytical tests are
valueable to provide supporting information to the basic
flammability tests. Because real fire behavior 1is situation
dependent, full-scale fire simuolation is a necessary part of any
balanced investigatiocn.

-PERTINENT FIGURES~

F1IG. 1 COMPARATIVE BURNING RATE OF 3.46 OXYGEN/SQ. YD. LONG STAPLE
COTTON IN OXYGEN AND IN AIR ATMOSPHERES PAGE 124//FIG. 2 BURNING
RATES OF PFABRIC MATERIALS IN A 50 PERCENT OXYGEN - 50 PERCENT
NITROGEN, 7.5 PSIA ATHOSPHERE PAGE 14A//TAB. 1 ASTH FIRE TESTS
(1966 BOOK) - PAGES 20-22//TAB. 2 RECOMMENDED TEST PROCEEDURES FOR
FIRE HAZARD CHARACTERISTICS OF MATERIALS PAGE 32
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INVESTIGATION OF JET ENGINE COMBUSTION CHAMBER BUERNTHROUGH
FIRE

by
RUST, JR., T.

03/00/71 .

~ABSTRACT~-

Experimesnts directed toward development of standard test
conditions are .described for testing materials intended for use as
fire barriers for protection agaiast a Jjet engine combustion
chamber burnthrcocugh type of failure, The development <©f such a
failure was simulated on a J-47 Jjet engime. The resulting flame
was quite severe, penetrating the present standard £firewall
material in 2 sec. Studies were nade of the flame impingement
charactersitics, including impingement temperatures and pressures;
and various potential firewall materials were tested for
effectiveness as fire barriers for protection against such a
failure. Most materials tested in this manner failed to provide
adeguate protection against such an engine failure. However, nore
effort is regquired tc further develop this simulator.

=PERTINENT FIGURES-

FiG. 5 BUERNTHROUGH TEST FLAME AT BO~-PERCENT ENGINE RPM PAGE
B8//F1G. 7 TEST NO. 21 SPECIMEN AFTER EXPOSURE TC BURNTHROUGH
FLAME. FAILURE OCCURRED IN 2.5 SECONDS PAGE 17//FIG. 17 LEFT SIBE
VIEN OF BURNTHROUGH FLAME SIMULATOR PAGE 37//TAB. 1 STATIISTICAL
SUMMARY OF REPORTED BURNTHROUGH FAILURES 1962 THROUGH 1969 PAGE
1//TAB. 2 TESTS PERFORMED ON POTENTIAL FIREWALL MATERIALS PAGE 10
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keys 88 through BY

AN INVESTIGATION OF IN-FLIGHT FIRE PROTECTION WITH A
TURBOFAN POWERPLANT INSTALLATION

by

KLUEG, E-.P.
DEMAREE, J-E.

04,00/69

-ABSTRACT-

The .potential explosive and fire hazards, as well as methods for
detecting and controlling in-flight fires omr modern aircraft
poverplant installations were investigated under full-scale
simulated low altitude flight conditions. Studies were nade of
(1) environmental coaditions producing thermal ignition of
combustible mixtares and ignition characteristics, {2)
characteristics of nacelle fires, (3) systen performance and
installation regqairements for £fire and overheat detection, {4)
requirements for extinguishing and coatrolling fires, and ({5}
effects of fires and explosions on the powerplant installation.
The resuits are presented as fire safety design criteria and
engineering data. The effects of environmental conditionms,
thermal igniticn, and the characteristics of ignition are reported
as a function of the amount, location, amrd type of fluid leakage.
The size, intensity, radiation 1level, and propagation rate of
nacelle  fires are related to flight condition, fluid type, aand
fluid leakage - characteristics. Fire detection regquirements and
the feasibility of abbreviated and remotely located sensors are
presented as a function of detector operating characteristics,
available detection tine, nacelle design, and fire
characteristics. Fire extinguishing regquiremeants are related to
the location, size, intensity, and duration of the fires; flight
conditions; nacelle ventilation; and extinguishing agent and
container. The resistance of the nacelle and engine components to
fire and explosive damage, and means of controlling and preventing
the spread of fire are discussed.

~PERTINENT FIGURES-

FIG. & NACELLE AIF TEMPERATURE CHANGE FOR TRANSIENT FLIGHT
CONDITICONS PAGE 8 //FIG. 7 EFECT OF NACELLE VENTILATION ON THE
IGNITION OF TYPE A JET FUEL PAGE 17//FI6. 37 EFFECT GF FLIGHT
SPEED ON FIRE EXTINGUISHMENT PAGE 83//TAB. 1 IGNITION HAZARD TEST
CATEGORIES FOR NACELLE COMPRESSOR AND ACCESSCGRY SECTION (ZONE 2)
PAGE 11//TAB. 9 EFFECT OF SENSITIVITY OF RADIATION-TYPE SENSORS ON
FIRE DETECTION PAGE 59//TAB. 16 RELATIVE EFFECTIVENESS OF FIRE
EXTINGUISHING AGENTS PAGE 87
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keys 90 through 91

L STUDY OF AIRCRAFT FIRE HAZARDS BELATED TO NATURAL
ELECTRICAL PHENOMENA

by

KESTER, F.Ll.
GERSTEIN, M.
ELUMER, J.A.

06,00/68

-ABSTRACT-

The problems of natural electrical phenomena, such as a £fire
ignition hazard to aircraft, are evaluated. Assessmnent o©of the
hazard is made over the range of low level electrical discharges,
such ‘as static sparks, to high level discharges, such as lightning
strikes to aircraft. in addition, some fundamental work is
presented on the prcblem of flame propagation in aircraft fuel
vent systems. & laberatory investigation was concerned w®ith the
following areas: {1) ignition energies and flame propagation rates
of keroseme-air and JP-6 air foams, {(2) rate of flame propagation
of n-heptane, n-octane, n-nonane, and n-decane in aircraft vent
ducts; {3) damage to aluminum, titanium, and stainless steel
aircraft skin materials by lightning strikes; {(4%) fuel ignitiom by
lightning strikes tc¢ aircraft skins, and (5) lightping induced
flame propagation in an aircraft vent systen.

-PERTINENT FIGURES-

FIG.2 FLAME PROPAGATION IN SIMULATED FUEL VENT DUCT. FUEL IS
N-HEPTANE PAGE 19//FIG. 1 TEST CHAMBER FOR HOLE BUENING TESTS
CONDUCTED AT GENERAL ELECTRIC HIGH VOLTAGE LABORATOBRY PAGE
28//FIG. 4 AREA OF HOLE FCEMED V5. COULCMB CONTENT OF LIGHTNING
STRIKE PAGE 39//TAB. 1 SPARKING AND IGNITION LEVELS OF 640 TURBINE
FUEL/AIR FOAMS PAGE 13//TAB. 2 MAXIMUM BATE OF TFLAME PROPAGATION
IN FUEL DUCT PAGE 22//TAB. 1 TOTAL ENERGY AND NUMBER OF ELECTRICAL
STRIKES REQUIRED TO PRGDUCE A HCLE IN TEST MATERIALS PAGE 37
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key 101

THE PROBLEM OF COATING RUNWAYS WITH FOAM (ZUR FRAGE DER
PISTENBESCHAUNUNG)

by
SCHEICHL, L.

02/16/67

-ABSTRACT-

Runway foaming 1is considered to be effective in reducing the
probability of fire in aircraft crash landings. The effectiveness
of foam as a suppressant of metal friction spark ignition ranges
from 100 percent for 420 stainless steel to 0 percent for titaaium
100-A. Statistics showed that, in emergency landings om a foamed
runvway, fire broke out in 3.3 percent of the cases, while on
unfoamed runways, fire brocke out in 27.5 percent of the cases.
Tests show that aircraft Dbraking distances on foamed <runways are
the same as on rain wet runways. The leagth and width needed for
a foam blanket varies with the size of the aircraft, bat a
thickness of 5 cm. is considered sufficiemt for all +types. High
expansion foams have more rain and wind resistance than low
expamsion foams, but low expansion feoams are longer iived in dry
and warm weather and have greater high tenmperature resistance.
The SIDES Co. runway foaming trailer kas a capacity of 4800 1. of
foaming agent and 1is equipped with 48 nozzles each with a
throughpat of 52 1l./min. The TOTAL runway foaming trailer has an
agent capacity of 5000 1. and is equipped with 50 =mozzles. The
TITAN water trailer when combined with the SIDES trailer gives a
capacity to cover 1000 meters of runway. The GRINGE 4000/20,000
foam tender has a capacity of 4100 1. and produces a foam blanket-
a maximum o0f 8 m. wide. The BIRC runway foamping trailer has two
pipes each producing 500 1. of stable foam per minute.

~PERTINENT FIGURES-

TAB. 1 SUPPRESSION OF EUDEL IGNITION BY SPARKS OF VARICUS METALS
PAGE 7//FIG. 1 SIDES RUNWAY-FOAMING TRAILER PAGE 16//FI1G. 3 TOTAL
SPRAYING GEAR PAGE 16

-BIBLIOGRAPHY-

EMMRICH, F.: ZUM PROBLEM DER LANDEBAHNBESCHAUNUNG, (ON THE PROGBLEM
OF RUNWAY FOAMING). DIE MWERKFEUERWEHR, NO. 2, 3,1964//BRUNSWIG,
H.: GROSSVERSUCH ZUR LANDEBAHNBESCHAUMUNG, (LARGE-SCALE EXPERIMENT
ON RUNWAY FOAMING), BRANDSCRUTZ, VOL. 2, 193, 18656//WILLIAHNS,
E<Jd.C.: THE ROYAL AIR FORCE®'S USE OF THE RUNWAY FOARMING TECHNIQUE.
FIRE INTERN., N¥O. &, 56, 1965//ANON: DEMONSTRATION EINES
GROSSFABRZEUGS ZUR BESCHAUMUNG DER PISTEN BEI NOTLANDUNGEN VON
FLUGZEUGEN. (DEMONSTRATICN OF A LARGE VEHICLE FOR RUNWAY FOAMING

26



IN EMERGENCY LANDINGS OF AIBCRAFT) . LUFTFAHRTZUBEHOR, NO0. 5, 105,
1965//PETERSON, H.B.,  GIPE, B.L., AND TUVE, R.L.: THE DEVELOPMENT
OF A4 COMBINATION RUNWAY FOAMING-TANKER VEHICLE FOR AUGMENTING
NAVAL AIR STATION FIRE FIGHTING OPERATIONS. NRL REP. NO. 5887,
1963//WOLFRAN, U.z LANDEBAHNBESCHAUMUNG-EINE EXPERIMENTELLE
UNTERSUCHUNG. {RUNWAY FOAMIKNG-AN EXPERIMENTAL INVESTIGATION). REP.
OF THE INST. FOR FLIGHT GUIDANCE AND AIE TRAFFIC OF THE TECH.
UNIV. OF BERLIN, 1964

=S50URCE INFORMATION-

REPORT NUMBER -

NRL TBANSLATION 1195
JOURNAL PROCEEDINGS -

VFDB - ZEITSCHRIFT, VOL. 16, NO. 4, 113-119 (1987)
OTHER INFORMATION -

0025 PAGES, 0006 FIGURES, 0001 TABLES, 0015 REFERENCES

27



key 103

GENERATION OF INERTING GASES FOR AIRCRAFT FUEL TANKS BY
CATALYTIC COMBUSTION TECHNIQUES, VOi. 2

by

WAINRIGHT, B.B.
PERLMUTTER, &.

08,00/69

-~ABSTRACT-

This volume contains ten appendices which refer to the major work
section of this study (F7100169). The titles of these appendices
are: Catalytic combustion tested data and 1liquid fuel property
data; Kinetic interpretation of catalytic combustion data; Method
of calculating reaction rate constants; Water removal studies,
summaries of test data; Calculation of heat and naterial balance,
SST Flight Plam VNo. 1; Design calculations, equipment of SST
Flight Plan No. 1; Design Calculations, eguipment for S5ST Flight
Plan No. 2; Heat and mass balance and eguipment design for
tactical aircraft; Calculations for C€-141 tramspert aircraft;
Effect of moisture content of ballast gas on subsystem weight.
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DEVELOPMENT OF A HAZARDOUS VAPOR DETECTION SYSTENM FOR
ADVANCED AIRCRAFT

by

SEIDEN,; L.
CUCCHIARA, O.
GCODMAN, P.

10/00/67

. =ABSTRACT-

Instrumentation for  the detection of hazardous vapors aboar
advanced aircraft- were evaluated and developed. Prototyp
detection systems vere constracted both for monitoring JP-6 fue
vapor in aircraft compartments and for monitorimg oxygen  in th
ullage  space of fuel tanks. These systems will be  furthe
evaluated im: flight - tests. Detection of both species i
accomplished by the use of a catalyst-coated thermistor semsor
Catalytic oxidation occurring at the catalyst surface liberate
heat, -which is sensed by the thermistor. The JP-6 sensor comrsist
of a simple probe which can te mounted directly. im the space to b
monitored. No sampling systenm is regquired. The oxygen sensor i
more complicated, necessitating flow connections to an externa
pump ard gas supplies. The instruments developed meet almost al
of the desired goals. In a few instances, flexibility fo
installation in .a variety of situations and locations was retaine
at the sacrifice of some performance characteristics. Methods fo
achieving desired goals in specific instailations and operatin
nodes are indicated and are .relatively simple.
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A SDRVEY OF AIRPORT FIRE AND RESCUE FACILITIES: 1971, NORTH
AMERICA

by

EEWES, B.V.
BOBINSON, P.R.
CGUCH, A.L.

00,/00/71

. =ABSTRACT-

The Air lLine.Pilots Association conducted a survey of 488 airports
in 1971 to determine the status of the crash fire and rescuae.
eguipment available for use in case of an accideat  involving a
scheduled trunk or lccal service -air carrier aircraft. ©Only those
airports receiwing daily service are imcluded and only fire and
rescue eguipment  located within the: airport boundaries is
reported. The survey includes all airports in North America
{Canada, Mexico, the Carribean, and United States) receiving daily
service by scheduled domestic and intermational airlises.
Appendices include: {1) National Fire Protection Association 403
{1969) , Reconmendations for protection of aircraft operations at
airports aad heliports; (2) FAad Advisory Circualar 150/5210-6A4,
aircraft fire and rescue facilities and extinguishing agents; (3)
FAA . Advisory Circular 150/5210-11, response. times +to aircraft
emergencies; and {4)  an extract from the Airport and Airways
Development Act 1970 pertainimg to airport .certification.

-SOUBRCE INFORMATION-

CORPORATE SOURCE -
AIR LINE PILOES ASSOCIATICON, INTERNATIGNAL, CHICAGO, ILlL.

OTHER INFORNATION -
0149 PAGES, 0000 FIGURES, 0002 TABLES, 0000 -REFERENCES

31.



keys 121 through 122
RESEARCH AND TECHNGLOGY FOR AIRCRAFT FIRE PROTECTION
by

BFERY, G.T.
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~ABSTERACT~

The development of high performance, advanced aircraft introduces
new problems in fire safety. Insufficient knowledge . and
experience exist to establish accurately the degree of hazard. that -
results from such considerations as aerodynamic heatiang of
surfaces; higher engine operating temperatures; restricted usage
of compartment venting procedures; and the &behavior of fuel
liquids, mists, and vapors under a dreater range of temperaturses
and pressures. Investigations of these problems as well as of the
methods and materials for . their sclution are currently in
pPrLogress. These progranms include the . foilowing: {1y A=
investigation and amnalysis are underway to provide definite
information on fuel system fire hazards of Mach 3 aircraft, witk
the enmphasis on cool flame phenomena. {2) An analysis oz the
safety of jet fuels has indicated no significant operational fire
safety advantage of a lower volatility fuel such as kerosene over
JP=-4, {3) &n analy=sis of the current programs by the Federal
Aviation 3Agency and the T.S. Aray on epulsfied and gelled fuels
indicates that the  utilization of such . fuels, except for
specialized applications, does not appear attractive for Jet
operations, although the fire safety advantages are significant.

=PERTINENT FIGURES~- -

FIG. 1 SPONTANEQUS IGRITIGN TEMPEERATURE ZONES FOR TYPICAL
HYDROCARBON FUEL IN AIR PAGE 4//FIG. 3 POWER DRAIN WITH TIME FOR
SEVERAL FIBERCELL CONFIGURATIONS PAGE 11//TAB. 1 PROPERTIES OF
CANDIDATE EXTINGUISHANTS EAGE 14
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INVESTIGATION OF TWO METHODS FGE IBPROVING THE
CRASHWORTHINESS OF INTEGRAL FUEL TANKS. FINAL REPORT,
1967-1970.

b ¥
AHLERS, R.H.

11/00/,70

~ABSTRACI-

F-86 droppable fuel tanks, f£fitted with reticulated polyurethane
foam and filled to capacity with JP-4 fuel, were drop tested and
catapulted to test the effectivemess of the foam in reduciag fuel
spray and leakage at impact. Also, structurally reinforced DC-7
integral wing tanks were impacted against an upright beamn
restrained by a steel shear pin to limit the loads. The forward
spar caps were strengthened with alumipum alloy doublers and
chordwise stiffeners to determine the effect of structural
modifications on the crashworthiness of the structure. It was
determnined that the 10 pores/in. and the 60 pores/in. polyurethane
foams have little effect on the attenuation of fuel misting and
spilling., The addition of a 0.040-in. thick  doubler strip to the
upper and lower DC-7 wing skins did not appreciably decrease the
vulnerability of the integral tank to leakage, but the fromt spar
rails when reinforced by chordwise structural shapes did increase
impact resistance.
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CRITERIA FOR AIRCRAFT INSTALLATION AND UTILIZATION OF AN
EXTINGUISHING AGENT CONCENTRATION RECORDER

by
CHAMBERLAIN, G-

03,00/70

-ABSTRACT-

For a number of years, the Federal Aviation Administratiom {(FAA)
has been active .in the field of testing and evaluation of aircraft
powerplant fire-extinguishing systems. In- this area, the FAA has
supplied the specialized test equipment and experienced persomnnel
necessary for such testing and has been, essentially, the sole
organization providing these services within the United States.
The specialized test equipment, <riteria for the installation and
operation of this eguipment, amd the .guidelines for mtilization of
the equipment for the conduct of meaningful test programs are
described. The extinguishing agent concentration recorder, as
specialized gas analyzer test equipment, and its operational
principle are described. Guidelines are presented for the
location and installation of extinguishing agent: concentration
sampling probes withinm the test article. Also included are
sections concerning the importance of agent distributiom systenm
conformity; factors which influence agent distribution and
concentration; suggested <f£iight and ground test procedures; the
relative ‘importance of flight tests and ground tests vwith and
vithout - supplemental airflcw; amd test data fornm, reduction,
interpretation, and presentaticn. The value and recognition of
the utilization of the gas analyzer test equipment as the most
effective means of determining the performance o¢f an aircraft
extinguishing systemn are also discussed.

=PERTINENT FIGURES-

FIG. 14 COMPARATIVE PERFORMANCE (o3 ] TYPICAL POWERPLANT
FIBRE-EXTINGUISHING SYSTEM WITH ENGINE COMPRESSOR BLEED AIR PRESENT
DURING AGENT DISCHARGE PAGE 42//FIG. 15 COMPARATIVE IN-FLIGHT
PERFORMANCE OF A TYPICAL FOWERPLANT FIRE~EXTINGUISHING SYSTEM WITH
ENGINE COMPRESSOR BLEED AIR PRESENT DURING AGENT DISCHARGE PAGE
42//FIG. 16 COMPARATIVE EXTINGUISHING SYSTEM PERFORMANCE FOR
CONDITIONS OF ZERO NACELLE AIRFLOW, ENGINE CONPRESSOR BLEED
AIRFLO®, AND FLIGHT-INDUCED NACELLE AIBFLOW PAGE 44//F1G. 2.1
SAMPLE ©SUGGESTED TABULAR FORMAT FOR BASIC DATA REDUCTICN
PRESENTATIOHN PAGE 2-3//TAB. 1-1.  COMPUTED ALR DEFLECTION
CALCULATIONS FOR FRECN 1301 USING 0.401 CALIBRATION RATIO PAGE 1-=3
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AIRCBAFT FUEL TANK INERTING BY MEANS OF FUEL CELL FOGGING
by

WIGGINS, E.W-.
HALMBERG, Q.C.

05,/00/69

. —ABSTRACT- -

Tests have shown that fuel sprayed into the ullage space of a fuel
cell im the .form .of fog {10 to 100 microm particles) -acts as a
vapor adding to the matural vapor concentration; thereby, reducing
the flammability zone temperature limits. Inerting by this method
proved to be only partially effective :in that an -apparent limiting
concentration of fmel fog was reached, that being well below the
fuel to air concentration needed for inerting over the full
temperature rande encountered by aircraft. Fog concentrations om
the .order of 0.14 1b. £fuel/ib. air were produced as indicated in
ignition tests whereas 0.28 1lb. fuel/lb. air is @needed for
irerting over . the full operating range ' of temnperature.
Verification of the maximupr obtaimable concentration of 0.14 1lb.
fuel/lb. air could only ke made through. ignition studies as
attempts to sample the fog bty variocus methods iancluding syringe,
settling device and vacuum bottle failed due  to data scatter.
Hydraulic mnozzles were able. to surpress the rich flammable
temperature limit of - JP-4 from 70 -deg. F. to 35 deg. F., whereas
pneunatic nozzles were omly able to surpress this limit to 55 deg-
F:. Ignitiom energies proved to be:  very importamt im . the
establishment - of flammability data. Rich 1limits for JP-4, both
under vapor equilibrium and dynamic fog conditions, varied as the
ignition enerqgy changed. This occurred to a point where the
ignition source enezgy became . sufficient to show the. trae
flammable limit of the fuel. This energy was obtained by both
electrical and incendiary sources of 23 . joules and approxzimately
12,000 joules, respectively.

-PERTINENT FIGURES-

PIG. 13 PHOTOCELL READING CF LIGHT ABSORPTION AFTER FOG FLOW
SHUTOFF PAGE 28//FIG. 14 PHASE . EXPLOSION CHAMBER SET UP PAGE
31//F1G. 22 RICH LIMIT FOR JP-4 UNDER DYNAMIC FOG CONDITIONS USING
BETA IMPINGEMENT TYPE NOZZLE (PT-5) 14 JOULE CAPACITANCE IGNITION
SOURCE PAGE 42//F1G. 24  BICH LINIT FOR JPF-4 UNDER DYRAMIC FOG
CONDITIONS USING DETA IMPINGEMENT TYPE NOZZLE (PT-5) - INCENDIARY
IGNITION SOURCE PAGE 44//TAB. 1 FOG SAMPLING DATA PRGE 7//TAB. 3
SGNIC NOZZLE - JP-4 FUEL WITB ANTI-STATIC ADDITIVE PAGE 21.
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AN ENGINEERING INVESTIGATION AND ANALYSIS OF CRASH-FIRE
RESISTANT FUEL TANKS

by

YANCEY, H.M.
HEADRICEK, E.T.

07/700/70 -

=ABSTRACT-=

A study was made of the use .  of available rubber, plastic, and
other material to reduce the probability of fire in fuel tanks

during and after survivable crashes. Technigues inve§tigated
apply to integral tanks and bladder cells. General contr;butions
included prevention of original penetration; containme of

penetration; - maintenance of fuel imtegrity even with failure of
above two systems; change in characteristics of £uel expulsion
from major wound to non-vapor, low flow liguid leak; fiame and
explosion suppression and surge attenvation. Proper selection of
building blocks to optimize desired performance <characteristics
indicated a major contribution is available with slight, almost
unmeasurable, displacenmeat of usable fuel and addition of weight.
Stractures so protected may be inspected.

~PERTINENT FIGURES-

FIG. 13 CAVITY PRESSURE AND .FREQUENCY ATTENDATION AS FOAM IS
INTRODUCED INTO THE TEST CAVITY PAGE 30//FIG. 18 FLUID EXPULSION
WITH TEST CAVITY FILLED WITH 10 and 40 PORE PER IN. FOAN PAGE
38//TAB. 3 EXPULSION PLO¥ ATTENUATION USING INTERNAL FQOAM PAGE 35

-BIBLIGGRAPHY-

SOME PHYSICAL PROPERTIES OF A NUMBER OF :PROPOSED CONSTRUCTIONS OF
MATERIALS FOR NON-METALLIC CRASH RESISTANT AIRCRAFT FUEL TANKS.
CRA/TDEC TDR220, DEC. 1953 //STRUCTURAL DESIGN Fop FUEL
CONTAINMENT UNDER SURVIVAELE CRASH COKDITICNS. FAA-ADS-19, AUG.
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FOEL SYSTEM FIRE SAFETY, 2ND. CONF. WASHINGTON, D.C., MAY
6-7, 1970

by
FEDERAL AVIATION ADMINISTRATION

05 /06 /70

-ABSTRACT-

Contents: Beed, T.0., USAF Experience with Polyurethane Foam
Inerting Material (See F7100160)//Brookley, W.Q0., USAF, C-141 .and
C-135 Fuel Tank Nitrogen 1Inerting Tests -~ {See F7100161}//Kuchta,
Jeo, Oxygen Dilution Regquirements for inerting Aircraft Fuel Tanks,
{See . F7100162)//Klueg, E.P., 1In-flight Control of Power Plant
Fires with Liguid Nitrogen {See F7100163)// Clodfelter, R.G., Fuel

Tank Inerting Catalytic Combustion Techniques {See
F7100164) //Pluner, J.A.,  Lightning-Induced Voltages in Electrical
Circuits Associated wWith Aircraft Fuel Systens {See

F7100165) //Hereff, T.G., FAA DC-9, 1Lliguid ©Nitrogem Fuel Tank
Inerting Program (See F710071£6)
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USAF EXPERIENCE WITH FCLYURETHANE FOAM INERTING MATEEIAL

by
REED, T.0.

05,06 /70 -

~ABSTRACT-

A summary of the Air Force's experience witk reticulated
polyurethane foam as an imerting material in fuel tanks of combat
aircraft includes backgromnd data and experience on the
presently-used fully-packed concept, as well as an outline of the
efforts to reduce the weight and range penalties associated with
the present foam through the use of low density foams and voiding
concepts the inherent advantages and disadvantages of polyurethane
foamn for fuel tank inerting are briefly outlined. On the plus
side, the foam provides complete or total inerting at all times
regardless of 4ignition source, temperature, altitude, and fuel
condition simply because it completely fills the protected tank.
Some of the disadvantages of the foam include such itens as cost;
weight and volume penalties; and, to some degree, the added
naintenance burden whem a fuel tank entry 1is required. The
material characteristics and installation reguirements of the foan
are reviewed. Fecam development testing, including explosion
suppression studies, material compatibility, and fuel systen
performance is discussed. To use the. foam inerting concept in
commercial and very 1large aircraft, the foam penalties of weight
and volume of weight must be reduced.

~PERTINENT FIGURES-

FIG. 18 COMPARISON OF PENALTIES FOR VARIOUS FOANS PAGE 72

-BIBLIOGRAPHY-

THOMAS, W¥.J.: DEVELOPMENT AND TESTING OF CELLULAR PACKING
MATERIAL. CONTR. AaF33(615)-3423, PROJ. 1559-40, COATED FABRIC
PROD., FIRESTONE TIRE AND RUBBER CO., LOS ANGELES, CALIF., MAY 20,
1966//CATO, RoJd., FUBNO, B.l., BARTKOWIAK, A., AND KUCHTA, J.M.:
EVALUBATICN OF FLAME ARRESTOR MATERIALS POR AIRCRAFT FUEL SYSTEHS.
REP. AFAPL-TR-67-63, BUR. OF MINES, MAR. 1967 AND AFAPL-TR-67-148,
BUR. OF MINES, -FEB. 1968//CATO, R.J., GILBERT, W.H., KUCHTA, J.H.,
AND SPOLAN, I.: FPUEL TANK EXPLOSION PROTECTION. REP. AFAPL-TR-
68-11, BUR. OF MINES, MAR. 1969//GIBSON, J.R. NELSON, D.B.,
ANDRUZE, R.A., AND HARRIS, J.C.: INVESTIGATION OF POLYURETHANE
FOAM FOR AIRCRAFT FUEL SYSTEM APPLICATIONS. ASJ-TH~-66-1, NOV.
1966//HOUSE, P.A.: HUMIDITY AND WATERE RESISTANCE OF FIRE
SUPPRESSANT FOAN. AF MATERIALS LAB. REP. NO. MAA 69-45, JUOLY 2,
1969//KELLY, D.J. AND TRIOLO, R.P.: EFFECTS OF AVIATION FUELS ON

432



POLYESTER POLYURETHANE FOAH¥. ERES. REP. NO. 556, SCOTT PAFPER CO.,
AUG. 30, 1968

=~ SQURCE INFORMATION- -

COEPOERATE SOURCE -~

DEPARTMENT OF THE AIR FOBRCE WASHINGTON, D.C.
JOURNAL PROCEEDINGS =

IN:FAA FUEL SYSTEM FIRE SAFETY CONF. 1970 - {(SEE F7100159)
OTHER INFORMATION -

0049 PAGES, 0018 FIGURES, 0000 TABLES, 0008 REFERENCES

43



key 161
USAF, C-141 AND C-135 FUEL TANK NITRGGEN INERTING TESTS

by
BROCKLEY, W-Q.

05/06/70 -

-ABSTRACT-

4 syster of fuel tank 1liguid nitrogen inerting was explored as a
method for fire. and explesion suppression im C-135 and C-141.
aircrafts., A summary of the flight test results is provided for
the C-141; the C-135 preogram was delayed, but the test plans are
. included. The tests were established to show proper operation of
the components and systems and to prove that in no way could
safety of flight of the aircraft be Jjeopardized by the inerting
systems. Considered were ncrmal operations, any type of failure,

or effects on aircraft comnponeats or structures. Emphasis was
placed on the testing of the vent valve since it was the most
critical and newly designed compoment in the systen. No

maintenance problens were encountered with the inerting system for
an operating time of 112 hr. and 282 takeoffs and landings.
Oxygen concentraticen samples taken  after several flights showed
that the oxygem content varied between land 3 percent depemding on
the starting and flight conditions. An analysis of the vapor
space vwas takea directly frem two funel tanks through the over wing
filler neck and the results corresponded reasonably with the vent
sanpling. :
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OXYGEN DILUTION REQUIREMENTS FOR INERTING AIRCRAFT FUEL
TANKS

by
KJCHTA, J.HN.

05/06/70 -

<-ABSTRACT-

The - effectiveness o¢f varicus inertiang agents (gaseous <carbon
dioxide, nitrogen, helimm, argon, water vapor, engime exhaust-
gases, halogemated hydrocarbons) to prevent. ignition and flanme
propagation in hydrocarbon fuel-. air systems 1is reviewed. Data
are presented on the variation of flampability limits, m@ininun
ignition .energies, and minimum autoignition temperatures wWith
oxidant or diluent cencemtration for typical Jjet fuels. During a
flight of an aircraft, the hazard of forming flammable fuel vapor-’
air mixtures in a fuel tank will vary with temperature, pressure,
vent conditions, and the vapor pressure of the fuel. Guidelines
are givem for specifying safe oxygen coacentratioans for aircraft

fuel tanks. Since flight conditions can vary greatly, the
inerting requiremenats nust provide protection over a wide ramge of
tenperatures and pressure aititudes. According to  the available

flammability data, aircraft fuel tanks initially at 100 deg. F.
can be protected against explosions Py maintaieing the oxygen
concentration kelow 10 percent 'with nitrogen or below 12.5 percent
with carbon dioxide. These values are .applicable  to both Jet 1A
and Jet B type fuels and are based on data obtained with a severe
ignition source.

-PERTINENT FIGURES-

TAB. 1 MINIMUM OXYGEN REQUIBEMENTS FOR FLAME PROPAGATION NITH
VARIQUS FUELS 1IN AIER-CARBON DIOXIDE AND BIR-NITROGEN ATMOSPHERES
PAGE 92//F1G. 3 MINIMUM OXYGEN CONCENTBRATIONS REQUIRED FOR FLAME
PROPAGATION OF JP-4 AND AV GAS 115/145 SPBAYS 1IN CARBON DIQXIDE
AND NITROGEN VITIATEL ATMOSPHERES PAGES 95 AND 96//FIG. 4 LIHNITS
OF -FLAMMABILITY OF GASQLINE VAPCR IN AIR WITH VARICUS INERT GASES
AND HALCGENATED HYDROCARBCNS AT 80 DEG. F. AND ATMOSPHERIC
PRESSUBRES PAGES 99 AND 100//FIG. 5 VARIATION OF MINIMUM SPARK
IGNITION ENERGIES WAITH OXYGEN CONCENTRATION FOR
PROPANE-OXYGEN~NITROGEN MIXTURES AT 0.2, 0.5, AND 1 ATM. PAGES 103
AND 104//F1IG, 6 EFFECT OF OXYGEK PARTIAL PRESSURE CR THE HINIMUNM
AUTOIGNITION TEMPERATURE OF JP-6 FUEL-YAPOR-OXYGEN- NITROGEN
MIXTUORES AT VARIOUS INITIAL PRESSURES PAGES 107 AND 108
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IN-FLIGHT CONTEOL OF POWERPLANT FIRES WITH LIQUID NITROGEN

by
K1EUG, E.P.

05/06/70

=ABSTRACT-

The effectiveness of liquid nitrogen as a fire extinguishing agent
was investigated im two wind tunnel facilities. One facility
sinulates the - subsonic:low altitude £light conditioms around an
instrumented Number 2 Jet Star power plant installation. The
second facility is a boilerplate mockup of an engine nacelle. The
nitrogen was stored under pressure as a saturated liguid. 211 of
the test fires, which resulted from spray releasing and spark
igniting JP-4 jet fuel, were located in a remote area relative to
the discharge location to prevent localized high concentration of
nitrogen in . the fire area. Typical ninimum nitrogen requirements
for extinguishment -are shown for low and high airflous. The
effectiveness of 1liquid nitrogen appeared to be primarily a
fanction of the rate at which it was applied to the fire, not the
discharge time or :tctal guantity utilized. Two . tests were
conducted to deternine  the relative effectiveness of 1igquid
nitrogen to the fire extinguishing agent {bromotrifluorcmethane)
used on the majority of U.S. commercial transport aircraft. i 1.1.
1b./sec. discharge of liguid nitrogen for 3.9 sec. was required,
expending an effective guantity of 4.1 1lb. of ligquid nitrogen. On
the basis of weight, approcximately four times more liquid aitrogen
required as compared to bremotrifiuvoromethane. The effects of an
inadvertent discharge, damaged cowling, and the cooling of
potential reigmition sources were .considered.

-PERTINENT FIGURES~

TAB. 2 INSTALLATION EFFECTIS ON NITROGEN FIRE EXTINGUISHING
REQUIREMENTS PAGE 123//TAB. 3 - EFFECT OF AGENT TYPE ON FIRE
EXTINGUISHING REQUIREMENTS FPAGE 125 //FIG. 5 AMBIENT TEMPERATURE
DURING NITROGEN DISCHARGE PAGES 135-136
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FUEL TANK INERTING USING CATALYTIC COMBUSTION TECHNIQUES
by
CLODFELTER, RB.G,

05,/06 /70

. =ABSTRACT-

The catalytic combustion technique for inerting aircraft fuel
systems offers potential advantages over other combustion comcepts
by providing efficient oxygen conversion over a wide range of
operating conditions with the generation of only a small amount of
corrosive reaction products. The current Air Force effort to
deveilop this technique into am effective system for generating
inerting gases for aircraft fuel tanks 1is submarized; and a
discussion of the. conceptual design of the catalytic combustion
reactor is included. Various test runs were made using both JP=-7
and JP-4 fuels +to investigate space velocity and temperature
effects, effect of sulfur, coke deposition, and comversion to
carbon dioxide. Tests were also performed to determine catalyst
lifetime, catalyst regeneraticn, and water removal from the
system. Advantages ©f a catalytic inerting system iaclude lower
recurring costs and weight, unlimited gas supply, and dry bay
inerting potemtial, Disadvantages include highk anoz-recurring
costs, the bleed and ram air as well as fuel required, and
conplexity. 2 second phase of this project includes the
preliminary design of a catalytic reactor inerting concept which
offers system advantages over existing inerting techniques and has
a high potential of satisfying future Air Force requirements.

—PERTINENT FIGURES-

FIG. 1 SIMPLIFIED CCHBUSTICN-TYPE INERTING SYSTEM PAGES 149-150//.
FIG. 7 EFFECT OF REGENERATICN ON PERFORMANCE OF COGDE A CATALYST
AFTER 60 - HR. TEST RUN PAGES 162-163//FiG. 9
ADVARTAGES/DISADVANTAGES OF CATALYTIC INERTING SYSTEM PAGES
165-166//FI1G. 10 TYPICAL CATALYTIC REACTOR-AIR CYCLE REFRIGERATION
INERTING CONCEPT PAGES 167-168

-BIBLIOGRAPHY-

WRIGHT, F.A.: AIR FORCE HISTORY AND EXPERIENCE WITH INERTING,
SUPPRESSION, AND PURGING SYSTE#NS. REP. OF CONF. OF FIRE SAFETY
MEASURES FOR AIRCRAFT FUEL SYSTEMS, FAA, DEC. 11-12, 1967.
(AD-672036) //GENERATION OF INERTING GASES FOR AIRCRAFT FUEL TANKS
BY CATALYTIC COMBUSTICN TECHNIQUES, VOL. 1 AND VOL. 2.
AFAPL-TR-65-68, AUG. 1969//INERTING CONDITIONS FOR AIRCRAFT FUEL
TANKS. WADC-TR-418, SEPT. 1955
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COERPORATE SOURCE = '

DEPARTMENT GF THE AIR FORCE, WASHINGTON, D.C.
JOGURNAL FROCEEDINGS. -

IN: FAA FUEL SYSTEM FIRE SAFETY CONF. 1970 (SEE F7100159)
OTHER INFORMATIOR -
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LIGHTNING INDUCED VCLTAGES IN ELECTRICAL CIRCUITS
ASSOCIATED WITE AIRCRAFT FUEL SYSTENS

by
PLUMER, J.A.

05/06/70

=ABSTRACT-

Lightning induced voltages were measured in the fuel =systenm
electrical circunits within the wing of an F-893 aircraft, and
mathepatical expressions for : these voltages vere derived in terms
of the <causative lightnimg current parameters. Possible effects
of these induced voltages upon the fuel system were coansidered.
To determine if induced voltages present a hazard to the fuel
system, the two areas of ccncern are the possibility of electrical
sparking withim a fuel vapor area and the possibility of damage or
interference with avionics or other electronic equipment to which
the circuits might be connected elsewhere in the aircraft. From
the measurements mpade, there 1is no reason to coaclude that
lightning may induce voltages sufficient to cause sparking in the
fuel system electrical circuits or components. The «circuits are
sufficiently shielded and safely routed so that they are not
susceptikle to severe, induced voltages. The nmore likely hazard
to be expected from volitages 1induced in fmel systemn electrical
circuits ¢f aircraft such as the F-89J may be interference or
damage to avionics eguipments. It is recommended that aircraft
designers continually be aware of the possibility of 1ightning
indaced voltages and undertake measures to control them amd assure
that they will create no hazardous effects.

-PERTINENT FIGURES-

TAB. 1 COMPARISON OF VOLTAGES INIUCED BY MODERATE AND SEVERE
LIGHTNING STROKES PAGE 189//FiG. 3 CONDUCTOR-TO-AIRFRAME AND
CONDUCTORE-TO~CONDUCTCR INDUCED VOLTAGES 1IN INBOARD FUEL PROBE
CIRCUIT FAGE 177//FIG. 4 INLDUCED VOLTAGE AND CURRENT IN A SHIELD
OF TIP TANK FUEL PROBE CIRCUIT PAGE 178// FIG. 7 DETERMINATION OF
EFFECTIVE WING RESISTANCE ANZ MUTUAL INDUCTANCE FROM EXPERIMENTAL
DATA PAGE 184

-BIBLICGRAPHY-

LLOYBy K.d., PLUMER, J<A., AND WALKO, L.C.: MEASUREMENTS AND
ANALYSIS OF LIGHTNING~-INDUCED VOLTAGES IN AIRCRAFT ELECTRICAL
SYSTEMS. FINAL EREP., NASA CONTE. NAS3-12019, G.E. HIGH VOLTAGE
LAB. REP. ©NO. ©69-161, #MAR. 1, 1970//PETERSON, B.J. AND WOOD,
A.R.: MEASUREHMENTS OF LIGHTNING STRIKES TO AIRCRAFT. FAA, REP. NO.
D5S-68-1, JAN. 1968//HAGANGUTH, J.H. AND ANDERSON, J.G.: LIGHTNING
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TQO THE EMPIRE STATE BUILDING . -- PART 3. AIEE TRANS., VOL. 71,
641649, AUG. 1952//HAGENGUTH, J.H.: LIGHTNING STROKE DAMAGE TO
AIRCRAFT-~PART 2. AIEE TRANS., VOL. 68, 1036-1044, 1949// KESTER,
Fol., GERSTEIN, #., AND PLUMER, J.A.: A STUDY OF AIRCRAFT FIRE
HAZARDS RELATED TO. NATURAL ELECTRICAL PHENOMENA. NASA GR-1076,
1967// .MCEACHRON, -K.B.: LIGHTNING TO THE ENPIRE STATE BUILDING.
AIEE TRANS., VOL. 60, 885-890, 1941

-~SOURCE INFORMNATION-

CORPQRATE SOURCE -

GENERAL ELECTRIC CO. PITISFIELD, MASS. HIGH VOLTAGE LAB.
JOURNAL FPROCEEDINGS -

IN: PAA FUEL SYSTEM FIRE SAFETY CONF. 1970  (SEE F7100159)
OTHER INFORBATION -

0022 PAGES, 0011 FIGURES, 0001 TABLES, -0007 REFERENCES
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keys 197 through 198

DEVELOPMEKRT COF HIGH TEMPERATURE FIRE AKD EXPLOSICN
SUPPRESSION SYSTEMS

by

GILLIS, J.P.
CUTLER, H<BR.

01,00/70

=ABSTBRACT- -

AN ATBCRAFT CHEMICAL EXTINGUISHANT FIRE AND EXPLOSION SUPPRESSICHN
SYSTEM WAS DEVELOPED AND EVALUATED FOR USE 1IN HIGH AMBIENT
TEMPERATORE AREAS OF AIRCRAFT. SISTEN PERFORMANCE WAS
INVESTIGATED 1IN SIMULATED AIRCRAFT FUEL TANKS OF 100, 500, AND
1000 GAL. CAPACITY. THE COXBUSTIBLES USED TO CREATE THE FIRES AND
EXPLOSIOCKS WERE JP-4 AND JP~-5 FUELS. THE IGNITION SOURCES
UTILIZED WERE SMALL ARNS AMMUNITION AND ELECTRIC SPARKS.
SUPPRESSION SYSTEM COMPONENTS WERE SUBJECTED TO QUALIFICATICN
TESTS AS DEFINED BY MIL-STD-810B. A FONCTIUONING SYSTEM WAS
SUBJECTED TO A& FUEL SLOSH TEST AND AGENT DISTRIBUTION TEST IN A 67
GAL. CYLINDRICAL TAYNK. THE SYSTENM DEVELOFED CAN SUBSTANTIALLY
REDUCE THE EXPLOSION BRAZARD POTENTIAL ASSOCIATED WITH THE
PENETRATION OF INCENDIARY PROJECTILES INTO THE FLAMMABLE ULLAGE
VOLUME OF AIRCRAFT FUEL TANKS.

=PERTINENT FIGURES-

FIG. 12 CONTROL BOX, EXTEENAL VIEW PAGE 26//FIG. 27 SIMULATED 500
GALLGON FUEL TANK PAGE 61//FIG. 36 SLOSH TEST TANK SYSTEM AND
INSTRUMENTATION LAYOUT PAGE - 76//TAB. 2 PHYSICAL PROPERTIES OF
CANDIDATE AGENTS PAGE 34//TAB. 3 BEFFECT OF HALONS ON ALUMINUM,
BRASS AND STEEL PAGE 34//TAB. 6 RESULTS OF AGENT STABILITY AND
COBPATIBILITY TESTS FAGE 39

~BIBLIOGRAPHY-

AIRCRAFT FUEL CELL EXPLCSION SUPPRESSION SYSTEMS AND THEIR
APPLICABILITY TO ARMY AIRCEAFT, USAAVILABS TECH. REP. 67-39, JUL.
1967//ULTRAVIOLET FIBER OPTICS FOR FIRE AND EXPLOSION DETECTION,
TECH. REP. AFAPL-TR-67-31, FEB. 1967//FREON FLUORINATED
HYDROCARBON FIRE EXTINGUISHING AGENT, DUPONT, KINETIC TECH. BULL.
B4 NOV. 15, 1954//FINAL REPOKT ON FIRE EXTINGUISHING AGENTS FOR
THE PERIODL SEPT. 1, 1947, TO JUNE 30, -1950, COVERING RESEARCH
CONDUCTED BY PURDUE RESEARCH FOUNDATION AND DEPARTMENT OF
CHEMISTRY, CONTRACT %44-009-ENG-=507

-SOUECE INFORMATICHN-
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FENWAL INC., -ASHLAND, HMASS.
REPORT NUMBER -
AD-869386//AFAPL-TR-69-115
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AIR FORCE AERO PROPULSION LAB., WRIGHT-PATTERSON AFE, OHIO.
CONTRACT NUMBER -
CONTRACT AF 33615-68-C-1643
OTHER INFORNATION -
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key 201 .

CBASH FIRE HAZARD EVALUATION OF JET FUELS

by

ATKINSON, A.J.
EKLUND, T.I.

01,/00/71

=LBSTRACT-

AN IBVESTIGATION WAS CONDOCTED 70 DETERMINE THE RELATIVE CRASH
FIRE HAZARDS OF JET FUELS UNDER SURVIVABLE CRASH CONDITIONS.
KEROSENE, JP-4, AND MIXTURES OF BOTH WERE EVALUATED UNDER VARIOUS
RELEASE MODES {POOLS, DRIPS, STREAMS AND SPRAYS) AND 1IN THE
PRESENCE OF POSSIBLE IGNITICON SOURCES (ELECTRICAL SPARKS, FRICTION
SPARKS, OPEN FLaMES, AND HCGT SURFACES)« WIND SPEED, WIND AIR
TEMPERATURE AND FUEL TENPERATURES &ERE ALSO VARIED. IT KAS
CONCLUDED THAT® 41) THE POSSIBILITY OF FLAME CLIMBING A& COLUNN OF
DRIPPING FUEL {JP-4 OCR KEROSENE) IS EXTRENELY REMOTE, (2) THE
SPATIAL IGNITION ENVELOPE FOR FUEL STREAMS CEASES TO EXIST WHEN
THE FUEL TEMPERATURE FALLS EELOW THE FLASHE POINT, AND (3) NEITHER
JP=-4 NOR KEROSENE OFFER SUBSTANTIAL ADVANTAGE WITH REGAED TO
IGNITION OR PROPAGATION OF FLAMES THROUGH MISTS.

=PERIINENT FIGURES~-

FIG. 1 THE EFFECT OF WIND VELOCITY ON THE MININMNUM FUEL TEMPERATURE
REQUIRED FOR FLAME CLIMBING UP A FUEL STREAM PAGE 4//FIG. U THE
EFFECT oF WIND VELOCITY ONF THE MINIMUM SURFACE IGNITION
TEMPERATURE FOR FUEL STREAMS PAGE 8//FIG. 5 THE EFFECT OF LIQUID
FUEL TEMPERATURE ON THE RATE OCOF FLAME SPREAD ACROSS A FUEL POOCL
PAGE 11//FIG. 7 THE EFFECT OF POOL DIAMETER ON THE AVERAGE WIND
BLOWOUT VELOCITY OF BURNING FUEL POOLS PAGE 14//FIG. .12 THE EFFECT
OF HOT WIRE IGNITER EEIGET ON THE MINIMUM FUEL TENPERBATURE
REQUIRED FOR IGNITION OF UNSHBROUDED FUEL POOLS PAGE 21//FiG. 13
THE EFFECT COF WIND VELOCITY ON THE MINIMUM FUEL TEMPERATURE
REQUIRED TO IGNITE A FUEL PCCL PAGE 23

-BIBLICGRAFPHY~

PINKEL, I.%., WEISS, S., PRESTON, G.M., AND PESMAN, G.J.? ORIGIN
AND PREVENTION OF CHASH FIRES IN TURBOJET AIRCRAFT, NACA TN 3973,
MAY 1857// GOODALL, D.G.y, AND INGLE, BR.' THE IGNITION OF
INFLAMMABLE FLUIDS BY HOT SURFACES, AIRCRAFT ENGINEERING 38 (4),
20, 24, 2%, 35, 1966//MACDONALD, J.A.? IGNITION OF AVIATION
KEROSENE BY HOT PIPES, KOYAL AIRCRAFT ESZI. TR 6717162, 135867
{(AD-824289) //GLASSMAN, I., AND HANSEL, J.G.' SOME THOUGGHTS AND
EXPERIMENTS ON LIQUID FUEL SPREADING, STEADY BURNING, AND
IGNITABILITY IN QUIESCENT ATMOSPHERES, PRINCETON UNIV. AEROSPACE
AND MECHANICAL LAB. REP. 641, JULY 1968//WELKER, J.R.? THE EFFECT
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OF WIND ON UNCONTROLLED BUOYANT DIFFUSION FLAMES FROM BURNIKG
LIQUIDS, PH.D. THESIS, UNIV. OF OKLAHOMA, NORMAN, 1985//HIRST, R.,
AND SUTTON, D.! THE EFFECT OF REDUCED PRESSURE AND AIRFLOW ON
LIQUID SURFACE DIFFUSION FLAMES, COMBUSTION AND . FLAME 5, 319-330,
1961

-S500BCE INFORMATION-

COEPORATE SOURBCE -
NAVAL AIR PROPULSION TEST <{ENTER, PHILADELPHIA, PA.
AERONAUTICAL ENGINE DEFT.
REPORT ‘NU¥BER - -
AD-718116//FAL<-NA-T70-6U//FAA~RD-T0~T72
SPOGNSOR -
FEDERAL AVIATION ADHINISTRATION, WASHINGTION, D.C. SYSTENS
RESEARCH AND DEVELCPMENT SERVICE.
CONTRACT NUMBER -
DOT FA66NF-AP-14
QTHER INFOREATION -
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key 202

FUTURE CF AIRPLANE CRASH FIREFIGHTING (DIE ZUKUNFT DER
BEKAMPFUNG VON FLUGZEDGAUFSCHLAGERANDEN)

by
SCHEICHL, L.

00,/00/68

.=ABSTRACT-

POWDER TYPE EXTINGUISHING AGENTS AND A FOAMING AGENT ARE
CONSIDERED FOR USE IN AIRECRT FIRE FIGHTING EQUIPMENT FOR CRASH
FIRES. THE MAIN DIFFERENCE BETWEEN THE <COMBINATION POWDER/FOAHM
MATHOD AND THE EXTINGUISHING MKETHOD RECOMMEDNED BY THE ICAOQ
(INTERNATIONAL CIVIL AVIAIICN ORGANIZATION) IS THAT, IN THE LATTER
METHOD, THE FOAM SERVES AS THE PRIMARY EXTINGUISHING AGENT USED IR
MAJOR AMOUNTS AND ACTING AS THE MAIN EXTINGUISHING AGENT FOR
EXTINGUISHING THE FIRE; CONVERSELY, IN THE COHBINATION POWDER/FOAHN
EXTINGUISHING METHOD THIS FUNCTION IS DISTRIBUTED OVER POWDER AND
FOAM IN SUCH 2 MANNER THAT THE POWDERED AGENT QUELLS THE FLAMES
WHILE THE FOAM PREVENTS REIGNITION OF POETIONS GF THE FIRE CORE
SMOTHERED BY THE POWDER., IN ADDITION, THE FOAM SERVES FOR COOLING
THE FUSELAGE. ANOTHER BASIC DIFFERENCE BETWEEN THE TWO METHODS IS
THAT THE ICAQ0 METHOD ALLOWS CARRBON DIOXIDE AND HALONS AS
SUBSTITUTES FOR THE DRY POWDER. THE PRESENT STATE OF DEVELOPMENT
OF AIRPORT PO¥DER AND FOAM EXTINGUISHING VEHICLES IN GERMANY I3
SPECIFIED BY 1967 GUIDELINES AND THESE GUIDELINES ARE DISCUSSED
RELATIVE TO THEIR FUTURE REQUIREMENTS FOR FIRE FIGHTING EQUIPMENT.
PRESENTLY AVAILABLE AIBPGRT FIRE FIGHTING EQUIPMENT AND THE
COGNVENTIONAL TACTICS ARE KOT CONSIDERED SUFFICIENT TO SAVE THE 150
TG . 200 PASSENGERS ABOARD A MODEEN LARGE AIRCRAFT. IN THIS
CONTEXT, THE FOLLOWING QUESTIONS ARE CONSIDERED®* {1} WHICH
EXTINGUISHING METHGQGD IS TO BE USED (2) WHICH MINIMUM AMOUNIS OF
EXITINGUISHING METHOD IS TO BE USED (2} WHICH MININUM ANQUNIS OF:
EXTINGUISHING AGENTS ARE REQUIRED {3) WHICH TACTICS AHE TO BE
USED

—-SO0URCE INFORMATION-

REPORT NUMBER -
AD-8%8349//NRL TRANSLATION 1201
JOURNAL PROCEEDINGS -
VFDB ZEITSCHRIFT, VOL. 17, NO. 3, 96-100  (1968) AND ¥OL. 17,
NO. %, 101-103 (1968)
OTHER INFORKATION -
0033 PAGES, 0000 FIGURES, 0001 TABLES, 0000 REPERENCES

56



key 204

SURVEY OF FLAME~RESISTANT PROCPERTIES OF AIRCRAFT INTERIOR
MATERIALS

by
SIMON, S5.5.

12/28/67

<-ABSTRACT-

BASED ON A SURYEY OF INDUSTRIAL NEEDS, TARGET REQUIREMENTS WERE
PREPARED WITH MORE STRINGENT FLAME RESISTANT REQUIREMENTS THAN
PRESENT FEDERAL AVIATION AGNENCY STAHDARDS REQUIRED - FOBR FIVE
CATEGORIES OF AIRCRAFT INTEEIOR MATERIALS. AFTER THESE TARGET
REQUIREMENTS WERE PRESENTED TQO KNOWYE SUPPLIERS, IT WAS: CONCLUDED
THAT ‘MORE DEVELOPMENT IS NEEDED 1IN #MOST TRANSPARENCIES (WIKDOXS)
AND IN FOAM APPLICATIONS TO ATTAIN SELF-EXTINGISHING PROPERTIES
WITHOUT + SACRIFICING OTHER REQUIREMENTS. SOME GF - THE CHANGES 1IN
PROPERTIES AND PROCESSING AFFECTED BY PENDING CHANGES IN MATERIALS
ARE POINTED QUT. ALSO, THOSE AREAS WHERE ADDITIONAL DEVELOPMENTS
ARE REQUIRED ARE DEFINED WITH RECOMMENDATIONS FOR A FOLLOW-UP
PROGRAN,

-SOURCE INFORMATION- -

CORPGRATE SOURCE -~
LOCKHEED-CALIFORNIA CG. EUREANK
REPORT NUMBER =~
AD-867684L//LR-21209
OTHER INFORMATION -
0023 PAGES, 0000 FIGURES, 0000 TABLES, 0000 REFERENCES
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FAA DC-9 LIQUID NITEOGEN FUEL TANK INERTING PROGEAN
by
HOREFF, T.G.

05,/06/70

-ABSTRACT-

A nitrogen fuel tank inerting system to be installed on the FAA
DC-9-15 airplane, which 1is used for air carrier inspector
training, will comply with all applicable air worthiness standards
of Part 25 of the FAA. Regulations for transport category
airplanes. Following supplemental type certification of this
inerting system in the DC-%, the airplane will be used in Iits
normal missions to evaluate the functional characteristics of the
inerting system and determine whether it is feasible and viable
for commercial air <carrier service. The inerting system will
replace oxygen with nitrogen in the fael tank vapor spaces and
vent lines so  that the oxygen concentration will normaily be 8
percent by volume or less under all flight and ground comditions.
The 8 percent system concentratioam will provide for protection in
the event flames enter the vent outlet after the vapor temperaturse
has been increased as a result of a ground fire. While this
effort is related to the DC-9, the program is intended to generate
data on mitregen imerting systems which will be applicable to aill
turbine powered aircraft. This prograr should enable the safety
advantages and fanctional characeristics of am approved production
fuel tank nitrogen inerting system to be .evaluated and the costs
associated with the use of the system to be determined. A
schematic of the proposed system and its installation in the DC-9
are shown.

~PERTINENT FIGURES-

FIG. 3 DC-9 INERTING SYSTEM WEIGHT PAGES 201-202

~SOURCE INFORMATICN=

CORPORATE SOURCE -

FEDERAL AVIATION ADMINISTRATION, WASHINGTON, D.C. AIRCRAFT
DEVELOPHENT SERVICE
JOURNAL PROCEEDINGS ~

IN ITS: FUEL SYSTEM FIRE SAFETY CONF. 1970 (SEE F7100159)
OTHER INFOEMATION -

0000 PAGES, 0000 PIGURES, 0000 TABLES, 0000 BREFERENCES
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DESIGY¥, DEVELOPMENT, AND FLIGHT TESTING OF FIRE SUPPRESSANT
VOID FILLER FOAM KITS FOR VARIOUS TACTICAL ARMY AIRCEAFT

by
WILLISFORD, W.M.

10,00/70

. =ABSTIRACT~

Fifteen Army aircraft were examined +to determine if a f£fire
suppressant void filler foam kit could be designed for each of
them to £ill the void space surrounding the lower hemisphere of
the fuel tank, thus reducing the susceptibility of the aircraft to
fire from incendiary rounds, The various aircraft were pade
available at Army facilities around the United States. Under
Phase I -these aircraft :were examined to determine if a kit could
be designed to compily with the specific requirements lof the
contract. Phase II inciuded the fabrication and instaliation of a
complete prototype kit conforming to the: configuration approved
under Phase I. Phase III consisted of a 200-hr. f£fiight test.
Phase IV included the preparation of kit drawings and ianstructions
to ensure proper installation of the £foam. No adverse <flight
characteristics were discovered with any of the foam Kkits
installed. One : fault : was reported. The plastic film envelope
covering some.of the foam blocks was improperly sealed, aliowing
an -increase in the 'weight  of the blocks due to ligquid absorptiomn.
This document : relates to development of wvoid filler :blocks for
various aircrafts and, apart from is - use in this nature, provides
little information of value.

-SOURCE INFCEMATICN-

CORPORATE SOURCE. -
GOODYEAR TIRE AND RUBBER CO., GOODYEAR, ARIZ. AVIATION
PRODUCTS DIV.

REPORT NUMBER -

APR=301
SPONSOR -

ARMY AVIATION SYSTEMS COMMAND, ST. LOUIS, MO.
CONTRACT NUMBER -

CONTRACT DAAJO1-69-C=-0039(36)

OTHER INFORMATION -
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DESCEIPTION AND ANALYSIS OF PRCTOTYFE OF A PORTABLE
HYDROGEN FIRE DETECTOR

by
TRUMBLE, T.HN.

12/00/65

=ABSTRACT-

The development of a useful portable fire detector for imvisikle
hydrogen flames 1is reperted. A basic analysis of the infrared
versus ultraviolet emission from hydrogem-air diffusion flames is
made, and this wvas followed by a study of altraviolet radiation
detection and design criteria. A preliminary model of a portable
hydrogen fire detector was built, tested and analyzed. This
portable detector, which nmonitors ultraviolet radiation between
2000 ‘A and 2400 -4, can detect a 1 in. kigh hydrogem-air diffusion
flame 80 ft. away. It is shown to be mathematically possible to
detect a 2 1/2 1in. flame at a distance of 120 ft. Beca use
hydrocartorn flames enit much more radiation, they are easier to
detect; for example, a 1 in. propane-air flame, which emits about
80 times the energy of a hydrogen-air flame, would be detectable
at -a distance of approximately 500 ft. Guidelines are given for
increasing the semsitivity and optical systens of a field use
detector. The main objectives of this program were to prove the
feasibility and provide a prototype of a portable hydrogen fire
detector for gromnd support facilities which store large amounts
of hydrogen to suppcrt advanced weapons systenms. A rapid amd
reliable means for detecting hydrogean flame is essential in
minimizing the fire and explosion hazards in these installatiomns.

~PERTINENT FIGURES-

PIG. 4 ULTRAVIOLET DETECTION ANALYSIS CHART PAGE 7//FiG. S
PROTOTYPE SYSTEM PAGE 17//F1G. 15 SPECTRAL RADIANT INTENSITY OF
HYDROGEN~-AIR DIFFUSICN FLAME AT 760 MM HG (1P28) PAGE 26//FIG. 18
SPECTERAL EADIANT INTENSITY OF HYDROGEN-AIER DIFFUSION FLAME (TUBE
NO. 42743) PAGE 30//FIG. 19 ATMOSPHERIC TRANSMISSION AT 5, 50, AND
200 ¥FIl. PAGE 32//FI1G. 26 RADIANT INTENSITY VERSUS HYDROGEN FLOW
BATE USING 0.635 CM SS BURNEER AT NTP PAGE 42

-BIBLIOGRAPHY-~

ROS55, B. AND BICKLER, D.B.: SOLAR ENERGY MEASUBEMENT TECHNIQUES.
ASD TDR 6£2-882, AERONAUTICAL SYSTEMS DIV., WRIGHT-PATTERSOR AFB,
0, JAN. 1963// HILL, K. AND HORKSTEIN, B.: DETECTION OF
HYDROGEN-AIR FLAMES AND EXF10SIOKS IN AEROSPACE VYVEHICLES VIA 08
BAND AND WATER BAND EMISSION. ASD TDR £3-113, AERONAUTICAL SYSTEMS
DIV., WRIGHT-PATTERSON AFB, O., 1963//HRASKY, W.C. AND MNCKEE,
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T-B.: RADIANCE OF - THE EARTH AND ITS LIMB IN THE MIDDLE
ULTRAVIOLET. NASA T¥ D-2355, J3ULY 1964//ELTERMAN, L.: ATHOSPHERIC
ATTENUATION MODEL, 1964, IN THE ULTRAVIOLET, VISIBLE, AND INFRARED
BREGIONS FOR ALTITUDES TO 50 KH. ENVIRONMENTAL RES. PAPEES NO. 46,
AFCRL=-64-740, SEPT. 1964

~SOURCE INFORHATION-=

CORPORATE SQURCE. -

AIR FORCE AEROC PROPULSION LAB., WRIGHT-PATTERSON AFB, OHIO.
REPORT NUHNBER -

AD~-478534//AFAPL~-TR-65-75
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0056 PAGES, 08026 FIGURES, 0000 TABLES, 0004 REFERENCES

61 .



key 282
DO FIRE RETARDANTS CONTAMINATE HELICOPTERS?
ry

DAVIS, J.B.
DODGE, M.

006,/006,68

=-ABSTRACT-

The distribution and guantity of fire retardant spray that migkt
reach various parts ¢f a helicopter during a retardant drop are
examined to determine the variations occurring between helicopter
types, the differences between commonly used retardant tanks, the
effect of retardant viscosity on spray patterns, the effect of
flight speed on the spray, and other sources of contamination that
might be problems. 4 dye solution of sulphoflavin apalin,
thickened to simulate a retardant, and made up im 100 gal.
batches, was used in the tests. A4l1ll drops were nade from abocut a
50 £t, altitude intoc a prevailing 5 to 10 mph wiand. To record
contamination, Mylar strips were attached to various spots on the
helicopters that are particuiarly vulnerable to corrosion,
including engine ;air intake and rotor drive assembly. Filuorescent
photographs, £luorescent analysis, and motiomn picture aaalysis
gave consistent results in . amalyzing the experiments. Almost no
contamimation was produced by the Los Angeles County tank when
reasonable care vwas used in filling it. The Bowles tank reguires
rore _care in filllimg because its open top pernits splashing the
bottom of the helicopter. The :Meade tank snaps back into place
after dropping the retardants and a small guantity remaining is
thrown out over the tail of the helicopter. Speed did not appear
to be an important consideration in these trials, except in the
Hiller-Bowvwles combination in which some splashing occurred during
both high speed flight to the drop area and return. Viscosity of
the dye solution appeared to have no effect on the gquantity or
distribution of spray in any of the helicopter tank combipnations,
Retardant spilied on the heliport was not Dblown onto the
helicopter by rotor blast. Lack of adeguate <care in filler hose
handling was found tc be one of the chief causes of contamination.

=S5QURCE INFORMATION-

CORPOBRATE SOURCE -
PACIFIC SOUTHWEST FOREST AND RANGE EXPERIMENTAL STATION,
BERKELEY, CALIF.
JOUBRNAL PROCEEDINGS -
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FUEL TANK INERTING AND FIRE FIGHTING WITH LIQUID NITROGEN

by
GEFFS, T.

00,/00/69

-ABSTRACT- "

4 fuel +tank inerting system was developed that protects an
aircraft - from the hazard of fuel tank explosion at all times,
including a limited period following crash or damage, regardless
of ignition source. The system is 1lightweight, imexpemsive to
operate, fully automatic, and practical within the curreat state:
of the art. It has been successfully flight tested aboard am Air
Force C-141. During the tests, the aircraft was subjected to the
extreme limits of its operating envelope, including descent at-
13,000 ft./ .min. The inerting system provides protectior by use
of nitrogen to displace the oxygen present in the wvapor space of
the fuel tanks to a concentration that is too lean to support: the
propagation of a flame front.

-SOURCE INFORMATION-

CORPORATE SOURCE - -

PARKER-HANNIFAN CORP., CLEVELAND, OHIOC.
JOUBRNAL. PROCEEDINGS -

FITCAA, FIRE TECHNOL, VOL. 5, NO. 3, 193-196 {1969)
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LIQUID NITROGEN AS A POWERPLANT FIRE EXTINGUISHART
by
KLEDG, E.F.

00/00/639

=ABSTRACT-

Because of its availability in large quantities, it has been
propoesed that liquid nitrogen be used for extinguishing powerplant
fires., Like carbon dioxide, the effectiveness of liquid nitrogen
ip extinguishing fires is dependent mpom cocling to reduce the
temperature of the combustible below its ignition temperature, or
that when vaporized dilutes oxygen to a level that will no longer
support combustion. A comparisor is made of the physical
properties of liquid nitrogen, carbon dioxide,
dibromodifluoromethane, and bromotrifiuoromethane. Tests are
being conducted in a wind tunnel that simulates the subsonic, low
altitude flight conditions around an instrumented JT-12 turbojet
engine and nacelle to deternine the effectiveness of 1ligqaid
nitrogen as a fire extinguishing agent. Prelinminary results
indicate that ligquid nitrogen is effective in extinguishiang fires
in aircraft powerplant compartments; that the quantity of liquid
nitrogen expected to be available from a fuel tank imerting systen
would be sufficient to extinguish this type of fire: and that, on
an aircraft where a large guantity is available, a liquid nitrogen
fire extinguishing systerm could provide greater in-flight
powerplant fire protection than the limited guantity of chemically
active agent available im a conventional high rate of discharge
systenm,
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FIRE PROTECTION TESTS IN A4 SMALL FUSELAGE-MCUNTED TURBOJET
ENGINE AND NACELILE INSTALLATIGN. FINAL EEPORT 1865-1970

by
SCMMERS, D.E.

11,00/7C

-ABSTRACT-

Tests under simulated £l1ight conditions were conducted omn a small
fuselage-monnted turbojet engine and nacelle installation to
investigate the potential explesion and fire hazards and detection
and fire control methods. Hot-surface igmition of flammables did
not occur during sinulated £1ight operating conditions umtil a
change to the normal nacelle configuration reduced cooling airflow
to the hot sectior of the engine {Zomne 1) below 0.15 lb./sec. The
installed detection system did not previde for prompt detection of
all fires originated in the lover forward portion of the
compressor compartment (Zome II). Both the Zone II fire retection
and the Zone I overheat detection system, a portion of which
traversed the aft 1inbocard section of Zone 1II, were sensitive to
fires originated in the inboard portiom of Zone II. The installed
extinguishing system provided rapid extinguishment of all Zone II
fires until extensive accumulative damage from fires destroyed the
integrity of +the zone. Fireproocf protection incorporated im the
nacelle was very effective dia performing . its intended <function.
Most 'susceptable ‘to damage by fire was the aluminpum portion of the
nacelle; especially aluminum receptacles for camlock-type
fasteners, an aluminum ventilation louver panel in the top aft
portion of Zome II, and aluminunm ribs, formers, and baffles inside
the macelle in the path of fire. The fire damage to the engine
and accessories was insignificant in regard to engine operation.

~PERTINENT FIGURES-

FiIG. 4 TEST ENGINE PGWEE AND  FUEL RELEASE SCHEDULES FOR
HOT-SURFACE IGNITION TESTS PAGE 9//FIG. 5 NACELLE COCNTINDOUS
TEMPERATURE~SENSITIVE FIRE AND OVERHEAT DETECTION SIYISTENS PAGE
16//F16. 9 INCREASE IN AIR TEMPERATURE ABOVE NORMAL FROM FIRE AT
LOCATION 5A PAGE 25//F1IG. 15 EXTINGUISHING AGENT CONCENTRATION
¥iTH 2.5 LB./SEC. SECONDARY AIRFLOW BERATE 1IN ZONE II//FIG. 24
INTERNAL VIEW OF DAMAGE IN THE TQP OF THE NACELLE FORWARD AND AFT
OF THE FIRE SEAL PAGE 48//TAB. 3 SUMMARY OF HOT-SURFACE IGNITION
TESTS CONDUCTED IN ZONE I WITH JET A-1 FUEL AND BREDUCTICGN IN AREA
OF SECONDARY AI® INLET PAGE 11
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FIRE DETECTION SYSTEMS, AIRCRAFT

by
ARMY TEST AND EVALUATION COMMAND

04 /17/70

~ABSTRACT-

This test procedure describes test methods and techniques for
evaluating the performance and characteristics of Army Aircraft
Fire Detectiom Systems, and for determining their suitabiliity for
service use by the U.5. Army. The evaluation is related to
criteria expressed in applicable Qualitative Material
Requirements, Smali Development Regquirements, Technical
Characteristics, or other appropriate design regquirements and
specifications The fire detection systems are provided on military
aircraft to monitor and to automatically warn perscnnel of the
actual preseace of or a trend +towards dangeous overheat
conditions. These systems are usually provided with «continucus
iinear sensing elenents vhose length  provides for maximun
surveillance of each monritored area. Since these are safety
devices, each syster must be extremely reliable, must be fail
safe, and must provide for fast verification of integrity. of
primary dimportance, however, is the ability of the system to
operate  reliably, without false imdication, in the various
envirorments to which it will be subjected with the aircraft ia
fiight operations. The testing program outlined will examine this
ability.
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AIRCRAFT GROUND FIRE SUPPRESSION AND RESCUE SYSTEMS-CURRERT
TECHNOLOGY REVIEW

by

SALZBERG, F.
CAMPBELL, J-.

10/22/69

-ABSTRACT- -

An - overview is presented on the: state-of-the=art of ailrcraft
ground fire suppression and rescue. Subjects considered imclude:
hostile  characteristics of 1ligquid fuel fires, effectiveness of
suppressiomn agents, and fire suppressicn equipnent. Current
research related to aircraft ground fire suppression and rescue is
identified and future studies are recommended. Only limited data
are available for quantitatively comparing the effectivenesses of
various suppressior agents on two-dimensional f£fires contaianing
obstacles., Light water and FC-194 are: two to three times more
efficient than protein foam in suppressing fires. Recommended
agents for - typical aviation ground fire situations based on
present ' knowledge as well as those agents which. should be
~investigated for future use are listed. No simgle agent or agent
combination is recommended for all fire situations. Inproved
response of equipment is in very critical need. Three poteatial
classes can be considered: the helicopter, auntomotive. vehicles
similar +#o the Ansul experimental Magnum X-2, -and the ground
effect machine, None of these provide rapid response and the
ability to locate the crash under all conditions of weather and
visibility. This ability is almost totally neglected in current
vehicle desiga.
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keys 324 througk 325

NEW CCNCEPTS FOE EMERGENCY EVACUATION OF TRANSPORT AIRCRAYFT
FOLLOWING SURVIVABLE ACCIDENTS

by
ROEBUCK, JdR., J.4.

01,/00,/68

~ABSTRACT-

A systems analysis and creative engineering study has resulted in
descriptions and theoretical evaluations of 51 pew concepts
concerning hardware and procedures for improving emergency
evacuation of passengers fron transport <category aircraft
following smarvivable accidents. The concepts are organized into
the following 15 major categories which are rank ordered in terms
of 112 feasibility and economic factors for purposes of selection
for experimental evaluation: (1) application of automatic voice
instructions amd audio signal devices; {2) - active, bettexr
distributed lightimg mix for interiors and exteriors; {3) use of
tactual sense displays; {4) situation displays for crews; (3)
improved interpersonral communication  devices; {6) wide spectrun
passenger and crew e<ducaticn program and displays; {7) personal
protective devices; {8) improved, general, onboard fire
suppressant and prevertion systems; (9) automatically and manually
controlied cabin vemting systems; {10) improved ground support
complex; {11) better slide entry and egress devices; (13) power
assistance for doors and egress device deploynent; {14) automatic
passenger egress devices; amd (15) ‘application of cargo handling
concepts. Requirements for experimental evaluation are presented,
with special emphasis on the most favorably rated first five 'major
concepts and their specific associated detaill concepts.

—-PERTINENT FIGURES-~ -

FIG. 1. RELATION oF EMERGENCY EVACUATION SYSTEN TG AIR
TRANSPORTATION SYSTEM PAGE 13//F1IG. 2 EMERGENCY EVACUATION SYSTEH
ELEMENTS PAGE 114//FI1G. 5 FCLDABLE SEATS CONCEPTS FOR EMERGENCY
EVACUATION PAGE 56//FIG. 8 REMOTE CONTROLLED POP-UP NOZZLE FIRE
SUPPRESSION SYSTEM AT AIRPCRT PAGE 62//FIG. 9. GROUND RESCUE
VEHICLE PAGE 62//TAB. 1 NEW CONCEPTS PAGE 18
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CHABACTERISTICS OF FIRE IN LABRGE CARGO AIRCRAFT (PHASE 2).
FINAL REPORT

by
GASSMANN, J.J.

09,/00/70

=ABSTRACT-

The degree +to which fire in large cargo compartmeants may be
suppressed by shutoff of ventilation was investigated. Results of
the "tests indicated that this action alone wouid not -protect the
fuselage  of large cargo aircraft from severe fire damage. Peak
air . temperatures occurring during fire increased significantly
with increasing compartment size from 1,000 -to 2,000 cu. ft. and
vere similar with further imcrease in - size to 5,000 ca. ft.
Temperatures in the order of 1800 deg. F. were .reached in these
larger compartmeats. An increase in loading resulted in a more
severe . fire condition for compartment volumes of all the 'sizes
used in .this program. A single cargo fire test indicated the use
of bromotrifluoromethame at the time of detection and ventilation
shutoff may be an effective peans of greatly reducing peak
temperatures and pressures and preoviding a longer comtrol time.

-PERTINENT FIGURES- -

FIG. 1 PLAN VIE¥ OF THE 5000 CU. FT. COMPARTMENT PAGE 3//FI6. 2
TYPICAL - CARGO AND FIRE LOAD PARCELS PAGE 5//F1G. 4
TIME-TEMPERATURE CURVES SHOWING THE EFFECT OF .CONPARTMENT SIZE ON
FIRE SEVERITY WITH 50 PERCENT LOAD FACTOR PAGE 10//FIG. O5
TIME-TEMPERATDRE CURVE OF A TYPICAL 500 -CU. FT. CARGO COMNPARTMENT
PIRE PAGE 11//FIG. 6 TIME-TEMPERATURE CURVES SHOWING THE EFFECT OF -
AN EXTINGUISHANT IN CONIROLLING FIRES IN A 5000 CU. FT.
COMPARTMENT PAGE 12
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AIR TRANSPORT CABIN MOCKUP FIRE EXPERIMENTS, FINAL REPORT
by
MARCY, J.F.

12/00/70

<ABSTRACT-

A study was nade .of the burning characteristics of airplane
interior materials  ignited inside a 640 <cu. ft. cabin mockup
enclosure. Test conditions were varied to investigate the effects
of :the following factors om the ignition amd propagation of flames
within enclosures: (1) - flammability ratings of the materiais as
obtained from staadard laboratory tests; -{2) -intensity, duration,
and type of the ignition =source whether flaming or incandescent;
{3) -ventilation rate as provided by differeat size openings into
the cabin enclusure; (4} -partitioning of the .cabin .space by use of
a fire barrier curtain; and (5) discharge of bromotrifiuoronmethane
into ‘the. cabin atmosphere, both at different rates aad total
quantities of application before and during a fire occarrence.
Comparative tests conducted on flame retardant urethane. and
neoprene foams showed that the flash fire hazard prevaleat with
the use of regular foam could be greatly reduced by replacement
with these two self-extingunishing foams. A high rate discharge
system employirg bromotrifluoromethane was shown to be effective
in . rapidly extinguishing the flames of a foam fire. A curtain
divider placed across the ceiling was shown to be useful as a fire
barrier to arrest flame propagation. Roof venting of the mockup
at .a. location away from the fire was relatively ineffective . in
preventing rapid buildup of smoke and flame spread from a flash
fire involving urethane foam.

=PERTINENT FIGURES- -

TAB. 1 DATA SUMMARY COF CABIN MOCKUP FIBE TESTS PAGE 6//FI1G. 2 SEAT
FIRE TEST ¥ITH CONVENTIOGNAL MATERIALS IN CLOSED CABIN ({BEFORE
FIRE) PAGE 110//FIG. 4 CEILING FLASHOVEE TEMPERATURES FROM SEAT
FIRE IN CLGSED CABIN PAGE 13
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keys 346 through 347
ATR SAFETY, SURVIVIKG THE CRASH

by
LEVIN, SoM.

05,/00/68

-ABSTRACT-

The ability to survive an aircraft crash depends not only o
impact and evacmation capabilities, but on a flame-barrie
fuselages, modified fuels, and crash-resistant tanks. Difference
in -emphasis on safety/cost tradeoffs between FAAR and industry ar
discussed. Latest PFAA rules for aircraft design for 1larg
transports call for more and larger emergency exits. Indastry?
objections to increased exits is the added weight  and cost an
danger of fire spreading through doors. Non-burning fuselages an
heat ‘barriers for cabins are considered better protection. Th
need for a slide or rTamp past the exit is «cited. The mos
effective approach to 1linmiting fires involving fuel spill
involves use of modified fuels {gels and emulsions)., Studies ar
being performed on feasibility of this approach. New: standard
have been set for fire resistance of cabin materials, but toxicit
standards have not Dbeen established. Cost-benefit tradeoffs. o
use of nev materials such as Nomex are . discussed. A propose
answer to smoke and fume ‘risks dis a plastic hood to be. slippe
over " the head. Other aspects of crashworthiness are related t
structural  design tc limit impact damage-. It is stated that th
money being proposed for crashworthiness could be better spent ©
efforts to eliminate crashes.

-SCURCE INFORMATIGN-
JOURNAL FROCEEDINGS -
SPACE/AERONAUT VYOL. 49, NO. 5, B88-93 ({MAY 1968) -

O HER INFORMATION -
0012 PAGES, 0008 FIGURES, 0000 TABLES, 0000 'REFEBRENCES

77



key 355

INTEGRATED FIRE AND OVERHEAT DETECTION SYSTEM FOR MANNED
PLIGHT VEBRICLES

by
TRUMBLE, T.HM.

106 /00,67

-ABSTRACT- °

A computer was designed for use in a wunigquely integrated systen
for detecting fire and overheat in aircraft engine nacelles. This
system uses ultraviolet and infrared semnsors for fire detection,
continuous elements for overheat detection, and a anewly-designed
microcircuit compater for sensor analysis, all of which activate a
specially designed alphanumeric readout. Computer design criteria
are estabklished, aznd the finalized <two-chamnel, fail-safe,
self-checking conputer design is described. Booleanm equations and

final schematic for . the ccmputer are givesm. The limitations of
applyiag the computer from both an engineering and a legislative
point of view are  specified. A4 fimnal flight gualified

microcircuit computer weighing 6 ¢z. or less, 1/2 in. x 2 in. x 5
in. in size, and drawing less tham 1 w. of power can be built
using the basic computer design formulated.

-PERTINENT FIGURES-

FIG. 10 -INFRARED DETECTOR SENSITIVITY VS WAVELENGTH PAGE 20//FIG.
11 ULTRAVIOLET SILICON CARBIDE DETECTOR PHOTOVOLTAGE VS WAVELENGTH
PAGE 21//FIG. 12 ULTRAVIOLET TUBE DETECTOR SENSITIVITY Vs
WAVELENGTH PAGE 22//F1IG. 13 CADMIUM SULFIDE ULTRAVIOCLET DETECTOR
SENSITIVITY VS WAVELENGTH PAGE 23
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FIRE PROTECTION FOR BULK FUEL SYSTEMS. FINAL REPORT
by
WEATHERSBY, J.M.

- 01/00/72

. —ABSTRALCT- -

Tests were conducted to develop practical active and passive f£ire
protection nmeasures to c¢ontain and extinguish fires within the
Marine Corps Amphibicus Assault Fuel Systems (AAFS) eguipped with
20,000 gal. bulk fuel storage. tanks. The twin ageat: containing
potassium bicarbonate dry chemical {Purple .K) - and 1light water
system was determined best to: fulfill the requirements for fuel
in~depth and pressure/spill fires. A total of 900 :1b. of Purple K
and 200 gal. of light water cohsisting of two 450/100 skid mounted
units is sufficient to extinguish a 20,000 gal. tank fire. The
proper : tank spacing to minimize fire: losses in the:  AAFS wvas
determined to be 90 ft. betweern tank centerlines. Due . to the
difficulty in extinguishing a fire resulting from a catastrophic
rupture. of a bulk fuel tank, proper :tank separation and
containment : of the  initial fire to a single tank is ‘most-
important. ' Successful extinguishment 0f a fire of this type is
dependent on prompt reaction, well-trained fire  fighters, and
sufficient equipment  to: accomplish the task. Successful
extinguishment . of a 20,000 gal. tank fire can best be achieved by
utilizing a total of four fire fighters: two per 4#50/100 unit, one
fire fighter :to direct  the discharge of -the. twvinned agent, the
second to assist: with the hose.line and provide a maximum dedree
of mobility. : '

-PERTINENT FIGURES- -

FIG. 1 OPTIMUM AGENT SELECTICN PAGE 10 -
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SYNTHES!S OF AIRCRAFT (CRASH)FIRE, RESCUE, AND EVACUATION
TECHNOLOGY

by

HENNEBERGER, H.G.C,
ROEGNER, H.F.
CAMBE!S, L.

07/00/64

-ABSTRACT-

Matertal dealing with postcrash alircraft fire, rescue, and
evacuation technology is organized into a annotated bibliography
that includes abstracts, a personal author file, source-contractor
information, type of source materlal, type of aircraft, reviewer
evaluation, subject c¢ode, and. major identification code, A
majority of the documents listed are case histories, but a number
of technical documents are included. Major categories in which
the collected material is indexed are: hazard exposure; design,
test, and analysis; and human factors. In addition, subcategories
make it possible to plck documents dealing with narrower areas, as
well as areas that may cross category lines. The SAFRET system
for storing and retrieving data on aircraft crash fires, which
uses coded numbers to ldentify applicable documents, is described.
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A STUDY OF THE HELICOPTER CRASH-FIRE PROBLEHN
by
SCMMEBRS, D.E.

02/00/59

-ABSTRACT-

An - analysis of fixed and rotary wing aircraft and crash fire
research investigations indicated the need for developing design
criteria and deternining requirements for helicopter <crash fire
protection. It - was found that abmnormal engine displacenent,
landing gear failures, and damaged drain cocks during a ¢rash all
were . interrelated to fuel <c¢ell failures and famel spillage.
Helicopter design features in many instances increase fire
probakility and limit  rpassenger survival during a crash.
Recommended measures for crash fire safety improvement  include:
engine shutdown durimg and after a crash; provision of adeguate
safety exits to prevent entrapment of occupants should the
helicopter .roll over on .one sidej relocation of components which
centribute to fuel spillage and ignition; and the constyuction of
undercarriage and fcrward skim crash contact panels of materials
which will not produce sparks and high temperatures as a resmlt of
scraping contact with runway surfaces. The chief ignition sources
common -to all: types of jet and reciprocating engine aircraft
during a crash are: hot surfaces inside and outside the engine,
exhaust © system or tail pipe flames, induction system flashback,
electrical arcs and electrically heated filaments, flames fronm
chenical agents,  sparks caused by abrading metals, and
electrostatic sparks. Gasoline, kerosene, or JP fuel in the form
of mist outside the aircraft or im the form of liguid e¢r. vapor
within confined areas of the: aircrafit are: considered the most
hazardous of all combustibles associated with aircraft crashes.

<-PERTINENT FIGURES-

TAB. 3 SUMMABRY OF HELICOPTER ACCIDENTS PAGES 6-9
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keys 379 through 380

EVALUATION OF HIGH TEMPERATURE FIRE AND EXPLOSION
SUPPRESSANT CONFIGUBATIONS FOR AIRCRAFT FUEL SYSTEMS
AFPLICATION

by
BALL, III, G.L.
WOITOWICZ, A.
SALYER, I.G.

03,00/70

~ABSTRACT-

Aircraft void space filler materials were investigated to provide
improved thermal  resistance im an aviation fuel environment. It
was desirable that the compositions obtained be similar to a 10
pore/in. reticulated urethane foam used in.a fire and explosion

suppressant application. The materials investigated were coated
foans, uncoated foans, filled thermopilastics, and anfilled
thermoplastics. Specific nmaterials were. selected and evalupated

for their «retention of mechanical performance as a function of
time following exposure: .to JP-5 fuel at elevated temperatures. a
polyester fiber mat amd a lcw density, open-celled poiyimide foan
exhibited excellent reteation of mechanical strength and modulus
for 10 :week exposure periods in JP-5 fuel at - 325 deg. F. Foanms
coated with nylon 11, thermoplastic pclyimide, and polymer 380 all
exhibited some improvement in mechanical performance over .: their
substrate reticulated wrethane foan. However, none- - of these
materials proved even  partially adequate for the refluxing JP~5
fuel environment. ©Of the thermoplastics imvestigated, the nylon
66, polyimide, and polymer 360 all exhibited a substantial
retention of mechanical properties in the hyperthermal fuel
environment. ©Of importance was the imclusion of glass fillers,
which .provided geometrical integrity to the thermoplastic while at
the. elevated temperatures. To establish ' some  wutility for the
coated urethane foams, the mechanical properties of a series of
foams were evaluated at temperatures less than 325 deg. F. anad
greater than ambiemt;  a useful temperature of 200 -deg. F. was
established.

~SOURCE INFORMATIOHN-

CORPORATE SOURCE - :
MONSANTO .CHEMICAL .CO., DAYTON, OHIO.
REPORT KUMBER = -
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key 385
SPACE CABIN FIRE SAFETY
by
GECGHEGAN, H.R.

02,/22/66

-ABSTRACT-

A. literature survey indicates that aircraft fire -detection:
techniques may be applied: to spacecraft with little or no further
development. However, fire extinguishing technigues- - for zero
gravity and high o¢xygen concentrations are currently unresolved,
primarily due to the lack of data for fires in the space cabin
environment. An upper limit to the weight of a fire extinguishing
systemn can be estimated &y basing the aralysis on -sea level
conditions. Carbon dioxide systems were .sized for quenching .fires
by dilution of the cabim oxygen concentration to approximately 12
percent by weight. The fminimum oxygen coacentration for
combustion -was based on fire extinquishing data for carbon dioxide
level air at mormal gravity. The weight penalty for inmertimg a 5
psia oxygem atmosphere. was estimated to be 0.31. 1b./cu. ft.
Since recent reports indicate that zero gravity sabstantially
reduces the fire intensity, the sizing of fire.  extinguishers
should be based on zero gravity test data. It is coancluded that
space cabin fire extinguishers should be small, hand-~heid types
for combating small zero gravity fires. Damping or reducing the
cabin -pressure will be:  used in some <cases. Sizing of the
extinguishers and fire fightirg techniques regquire further -: test
data. :

-PERTINENT FIGURES-

TAB. 1 FLAMMABILITY TEST RESULTS PAGE 20//TAB. 5 COMPARISON OF
EXTINGUISHING AGENTS PAGE 23//FIG. 3 ¥WTI. OF CARBON DIQXIDE. FOR
EXTINGUISHMENT VS INITIAL FEACTICN OF OXYGEN PAGE 31//FIG. 5 ¥T.
OF -CARBON DIOXIDE FOR EXTINGUISHMENRT VS INITIAL -FRACTION OF OXYGEN
PAGE U1//FiG. & WT. OF CABBON DIOXIDE FIBE EXTINGUISHING SYSTER
FOR DILUENTS OF VARIOUS COMPARTMENT VOLUMES AND INITIAL OXIYIGEN
CONCENTRATIONS PAGE 42

~
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keys 391 through 392

DEVELOPMENT OF A HAZARIOUS VAPGR DETECTION SYSTEM FOR
ADVANCED AIRCRAIT. SUPPLEMENTARY REPORT

by

CUCCHEIARA, C.D.
SEIDEN, L.
DONAGHUE, TI.d.
GCODMAN, P.

06/00/68

=ABSTRACT-

An experimental evaluation was made of prototype instruments based
on a catalytic oxidation technique for the detection of
hydrocarbon vapors aboard advanced aircraft. Two hydrocarbon
vapor probes were placed in the engine compartments of a JT-12
engine housed in a «ind tunnel. The response of the probes +to
controlled 1leakages of JP-4 fuel under varyimg engine operating
conditions was ascertained. The prototype instruments operated
satisfactorily, Reproducible results under identical eagine
operating conditions were attained. Response times were of the
order of 2 sec. and the lower limit of detection was approximately
0.3 percent of the 1lower fiammability 1limit for JP-4. The
evaluation of osmium kryptonate for the detection of oxygen im the
ullage . space. of fuel tanks abocard advanced aircraft was =mext
comsidered, Sensitivities adequate. to cover the oxygen
concentration range of interest (0.5 percent to 40.0 percent
oxygen)  were. attained at a sensor operating temperature of 600
deg. F. The response of the sensor to oxygen was independent of
JP-6 vapor concentration. Lifetimes attained during this
investigation were of the order of 140 pezcent oxygen-min. to 300 -
percent oxygen~-min. The units used are the. product: of oxygen
concentration and the duration for satisfactory operation in
minutes.

~PERTINENT FIGURES-

TAB. 1. ENGINE OPERATING CONDITIONS PAGE B8//TAB. 2 PROBE RESPONSE
¥S TIME PAGE 10//FIG. 1 SIGNAL. VS TIME FOR RUN NO. 1, 2, AND 3
PAGE 23//FI1G. 5 OXYGEN DETECIION SYSTEM PAGE 35//FIG. 6 RESPONSE
OF -OSHIUPM KRYPTONATE TO OXYGEN AT 750 DEG. F. PAGE 37

~BIBLIOGRAPHY-

CUCCHIARA, O., SEIDEN, L., AND ODONAGHUE, T.: INVESTIGATION OF
HAZARDOUS VAPOR DETECTION FOE ADVARCED FLIGHT VEHICLES. CONTR. HNO.
AF 33 (615)=1473, ° AFAPL-TR-65-50, - 1965//GOODMAN, P. AND RONAYNE, .
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key 388
AIRCRAFT CARRIER AND FIRE
by
ROEERTS, II, J.W.

02/00/69

=ABSTRACT-

An assessment is made of the fire and explosion :dangers aboard aa-
aircraft carrier eguipped with large amounts of aircraft fuel, -jet:
fuel, and ordnance. The: lack of space conpounds the problem of
sheer. volume of flammable and expilosive material. A small
uncontrolled incident has the.  potential of becoming a definite
hazard and even a tragedy similar - to incidents aboard the USS
Oriskany, the ©USS Forrestal, and the USS Enterprise. High
performance dJet aircraft are aaother serious hazard. Partial
answers to mimimizing these hazards are suggested which mnmake use.
of the fire fighting ability of light water and Purple K and the
design of systems to incorporate these extinguishants for carrier
use. Trainimg of crew perscnnel is also regquired. However,. the
reduction of accidents depends on design for safety i.e., overall
improvenent of aircraft carriers as a total weapons system.

-SOURCE INFORMATICN-
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key 399
LIGHT WATER PASSES EMERGENCY FI!RE TEST

-ABSTRACT-

Fire crews at Miramar Naval Air Station, California, controlled a
fuel depot fire in 45 sec. with 1light water. Although the fire
was fed by thousands of gallons of jet fuel, it was completely
secured 3 min. after the initial alarm was received, lgnitlon
occurred near the fuel surface inside one of two tank trailers
containing gaseous vapors from a previous load. Cause of the fire
was presumed to be a static arc discharging from a metallic
sampling apparatus to the fuel fill pipe., The resulting fire was
fed by jet fuel cascading over one of the tank trailers onto the
ground at 225 gpm causing the trailer's aluminum body to melt.
Pre-burn, prior to the arrival of fire flghting rigs, was

estimated to be about 90 sec. In similar 1incldents related to
switch loading, entire fueling facilities and all shipping units
were destroyed, In this case, extinguishment was so rapid that

the rubber tires on the tank trailer unit which were involved did
not explode. The resulting damage was conflned to one of four
fueling facilities, specifically the fuel piping filters and
structural beams made of alumlnum.,

-PERTINENT FIGURES-

FIG. 1 FIREMEN APPLYING LIGHT WATER TO TRAILER TANK AT THE FUEL
DEPOT PAGE 37//FIG. 2 TIRES WERE INTACT ALTHOUGH THE SIDE OF THE
TANKER MELTED PAGE 38

-SOURCE |NFORMATION-~
JOURNAL PROCEEDINGS -
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keys 401 througk 402
AIRCRAFT CABIN FIRE PROTECTIGH

by
ANDREWS, C.

07,700,869

. =ABSTRACT-

A brief survey is presented of the type of fire  protection
afforded to aircraft cabins by Graviner Company, Ltd., of England.
a survey of the . extinguishant field revealed that
bromochlorodifluoromethane (BCF) was found to have the valuable
combination of high efficiency and high stability, - in addition to
low ‘toxicity, low corrosiveness, and low cost. To comtain the BCF
extinguishant, a new hand extinguisher known as the type 34H was
designed. It consists of a seanless copper cylindrical container
and an operatimg %head. The latter is fitted with .a trigger and
extinguishant nozzle and contains a spring-loaded cylindrical
plunger, frangible annulus, and secondary seal.. A 34H was
subjected to a number of tests to obtain approval for aircraft
use. The BCF pressure/stenperature relationship for 67.5 percent
fill ratio pressurized with nitrogen to 45 psig at 0: deg. C. 1is
depicted. Since the:  maximum vapor pressure of BCF at 70 deg. C.
and the ultimate pressure required to burst the container. is of
the order of 1500 psig, the extinguisher was proved to be safe at
temperatures far in excess of those: likely to be met: ' im normal
operations.
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keys 403 through 404
COQNCORDE POWER PLANT FIRE PEOTECTIION SYSTEHN
by
DAVIS, ER.3.

05/,00/71

-ABSTRACT-

Descriptions are given of the fire. protection systems and
eguipment installed cn the [Fprototype Concorde aircraft and of the
egquipment currently being supplied for pre-production and
production aircraft. BEach powerplant on the Concorde is protected
by separate fire and overheat warning systems. The prototype is
fitted with a Graviner kigh temperature Firewire Triple F.D.
continuous elements system for fire detection and a similar mediam
temperature system for engine bay overheat detection. To conply
with airworthiness requirements, o¢n pre-production and produaction
aircraft these systenms were augmented by a Gravimer optical system
that uses the ultraviclet radiation emitted by a fire to detect
engine copbustion chamrber flame burmnihrough. The design of the
powerplant installation on the ©prototype, pre=production, and
production Concorde aircraft is such . that the primary means of
extinguishing an in-flight engine bay fire is to starve the fire
of inflammable fluid and oxygen, followed by a conventional fire
extinguishing system as a safety back-up systel.
Bromochlorodiflucromethane {Frecn 12Bl) is used as the
extinguishing agent; a dumal head automatic extinguisher supplying
a spray nozzle system protects each of the four engines. On both
the pre-production and production aircraft, the wiag and fuselage
fuel tank vent overboard via a common pipe which has its outlet in
the rear fuselage below the tail f£fin, To conform to FAA
reguirements for protecting agaimst direct or swept lightning
strikes igniting the fuel vapor emitted from the vent  pipe
~outlets; a flame suppressicn system was fitted within the vent
Pipe. This system uses a silicon cell-type detector with a
detonator-operated SUppressor unit filled with
dibromodiflunoromethane extinguishant.

~PERTINRENT FIGURES-

PIG. 2 AS THE COMBUSTIBLES AND IGNITION SOURCES ARE IN A COMNMON
AREA, BOUTING OF THE SENSING ELEMENTS IS A 35 FT. NACELLE MOURTED
SYSTEM PAGE 1//FIG. 3 THE ELEMENT ROUTING ENSURES DETECTION OF
BUDDLE FIBRES PAGE 2//FIG. 9 THE FIRE TUNNEL AT WARTON WHERE B.A.C.
- CARRIED QUT FULL-SCALE TESTS PAGE &

~SQURCE INFORMATION-
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key 438
FIRE FIGHTER*S EXPGSURE STUDY
by
GRAVES, K.W.

12,/00/70

=ABSTRACT-

Experimental fires of burning aircraft fuels were instrumented
with heat @meters to determine heat £flux distributions for
application to the design of protective clothing for fire fighting
personnel. The spectral distribution of infrared radiaticn
emitted by fires was alsc wmeasured. Conditions affecting the
fires axd the resulting heat effects that were studied were wind
velocity, fuel pool area, time of burning, oriemtation arocund the
fire relative to wind direction, distance from the fire, and an
extraneous object in a fire. Heating rates within the fire were
found to be a maximum of 8.0 cal./sg.Ch./sec. Since this inposed
an extreme and impractical restriction upon <c¢lothing design and
since +the convective heating mode was significant only in a
downwind direction from fires, it was concluded that radiative
heating was the predominant mode that determines clothing design

reguirenents for fire proximity. The maximum value of this
heating that would be encountered for a large-scale fire vas
estimated at 1.8 cal-/sg.cm./sec. A means for evaluatiag

reflective clothing is described.

-PEETINENT FIGURES-

F1G. 2ZF EFFECT OF PCQL SIZE UPON "HEATING RATE NEAR FIRE FROM
BURNING AIRCRAFT FUEL PAGE Z20//FIG. 4D COMPARISON BETWEEN AVEBAGE
AND PEAX HEATING RATE TO & SURFACE NEAR FIRE FREOM BURNING AIRCRAFT
FUEL PAGE 23//FIG. 5 EFFECT OF W®IND VELOCITY UPON SPECTRAL
INTENSITY OF FLAME RADIATICN PAGE 28/, FIG. 14 EFFECT OF CBJECT 1IN
FIRE UPOR HEATING RATE TC A SURFACE NEAR FIRE FROM BURNING
AIBRCRAFT FUEL PAGE 41//TAB. 3 THERMOCOUPLE DATA FOR FIRES PAGE
12//TAB., AI -RADIOMET ER DETECTOR AND FILTER CHARACTERISTICS PAGE 67

-BIBLIOGRAPHY-

MILLIKAN, R.C.: OPTICAL PRCPERTIES CF 500T. J. OPT. S0C. OF AM.,
YoL. 51, 278, 1861//TCURIN, R.H.: MONOCHEOMATIC RADIATION
PYROMETRY OF HGT GASES, PLASMAS, AND DETONATIONS, TEMPERATURE: IIS
MEASUREMENT AND CONTROL IN SCIENCE AND INDUSTRY. VOL. 3, PART 2,
REINHOLD PUB. CORP., 1962//ECKERT, E.R. AND DRAKE, R.M.: HEAT AND
MASS TRANSFER. MCGHRAW-HILL BCOK CC., INC., 1559//THRING, M.W. AND
FOSTER, P.Jd., ET AL.: PREDICTION OF THE EMISSIVITY OF HYDROCARBON
FLAMES. PAPER NO. 96, 1961-196Z HEAT TRANSFER CONF., UNIV. OF
C41L0., BOULDER//SFENCER, D.E.: OUTI-OF-FOCUS PHOTOMETRY. J. OPT.
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soC. OF ‘A¥., VOL. 55, NO. 4, APR. 1965//GARDON, R.: A TBANSDUCER
FOR THE MEASUREMENT OF HEAT-FLOY¥ RATE. TRANS. OF THE ASME J. OF:
HEAT TRANSFER, NOV. 3960
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keys 445 through 446

FOAM ARD DRY CHEMICAL APPLICATION EXPERIMERIS. INTERIM
REPORT.

by
GEYER, G.B.

12700/68

-ABSTRACT-

Fuli-scale tests were conducted under fixed fire conditions
epploying air aspirating foam and dry powder dispensing equipment
in. which ©proteinm foams, 1light water, bhigh expansion foanm,
compatible dry chemical powder, and Purple K powder were evaluated
both alone and in combination. The time reguired to control
circular pool fires of aviation gasolime, JP-4, and Jdet A faels
40, - 60, and 80 ft. in dia., containing an obstacle, was
determined. The optimum solution application rate for cbtainring
rapid fire control enmploying protein fcam in air aspirating
eguipment used in the tests of Jet A pool fires up to 80 ft., in
dia. is approximately 0.35 gal./ min.-sqg. £t. JP~4 and aviatiomn
gasoline fires are more destructive to protein foam than Jet 2
fuel fires. The fluoroprotein atents, when considered as a class,
and regular protein fcam have essentially equivalent fire fighting
capability in controlling 40 ft. dia. Jet A fuel fires. Light
Water employed alome results in a significant reduction in the
control time compared with that of protein foam unnder similar pool
fire conditions and can be wused with air aspirating eguipment.
High expansion foam is capable of obtaining rapid control and
extinguishment of aviaticn fuel fires as 1low soluticon application
densities, but its valnerability to wind and 1limited vapor
securing characteristics restrict its use as a crash fire fighting
agent. Dry chemical powders may result in very rapid reduction in
thermal radiation, but do not provide the fuel vapor securing
action required to prevent flashback.

=PERTINENT FIGURES-

FiG. 4 FIRE CONTROL TIME ODATA ON VARIOUS SIZE JET A FUEL FIRES
USING PROTEIN FOAM AT DIFFERENT SOLUTION DISCHARGE ERATES PAGE
1//F1G. 6 THE VARIATION IN FIRE CONTROL TIME WITH POQL FIRE SIZE
PAGE 9//FIG. 8 FIRE CONTROL TIME DATA OF THE FLUOROPROTEI¥ AGENTS,
FLIGHT WATER, AND PROTEIN FOAM ON 60 FT. DIA., JP-4 FIRES PAGE
12//F1IG. 10 FIRE CONIRCL TIME DATA FOR HIGH EXPANSION POAM ON 60
£T. DIA. JP-4 FUEL FIRES PAGE 16//TAB. 1 FIRE TEST CONDITIGNS AND
RESULTS USING COMPATIBLE DRY CHEMICAL PAGE 15//TAB. 2 FIRE TEST
CONDITIONS AND RESULTS USING PURPLE K POWDER PAGE 18
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keys 447 throughk 454

FIRE SAFETY MEASURES FOR AIRCRAFT FUEL SYSTEMS, CONF. ON.
WASHINGTON, D.C., DEC. 11-=12, 1967.

by
FEDERAL AVIATION ADMNINISTRATION.

12/11/67

-ABSTRACT-

Contents: Haliman, A.B., NTSBE Summary of Transport Aircraft
Accidents Involvimg Fire or Expolsions in the Fuel System (see
F7100326)//Horeff, T.G., FAA Propulsion RED Program on Fuel Systen
Ignition Hazards (see F7100327)//%right, F.A., Air Force. History
and Experience with Imerting, Suppression, and Purging Systenms
{see F7100328) //Hewes, V., ALPA Statements on Needs for Fuel Tank
Inerting and/or Flame Suppressicn on New and In-Service Aircraft
(see F7100329)//Dballas, A.Waoy Air Transport Association
Presentation on Fire Safety Measures om Aircrafit Fuel Systems (see
F7100220) //¥eise, Colo, herospace Industries Assoclation
Presentation. Part 1 - Evaluation of Fuel System Fire Safety im
the Aircraft Iadustry (see F7100331)//Honsberger, B.A., Part 2 -
Current Developments of Fire Safety for Aircraft Fuel Systems {(see
F7100332) //Versaw, E.F., Part 3 - Factors Influencing Application
of New Fire Safety {see F7100333)
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keys 456 through 458

FAA PROPULSICN R AND D PROGRAM ON FUEL SYSTEM IGNITIORN
HAZARDS

by
HOREFF, T.G.

12/11/67

-ABSTRACT-

Research apnd development programs on fuel system ignition hazards
are summarized. Cne of the short-range project revealed that
lightning strikes at wing access panels and fuel fillercaps can
cause internal sparking if a good conductive path is mot provided
between the wmating surfaces and the wing structure. Flane
propagation tests in am actual surge: taank  and vent duct:systenm
were conducted with 1 million v. sinmnulated lightaning strikes
serving as the ignition source and vwere .repeated in an apparatus
representative of the vent system using a drive tube to simulate
the lightning effects. Results of three long-range projects are
summarized. They dinvelved studies of the: characteristics of
triggered natural lightaing discharges and the airflow velocity
effects on lightning igniticn of fuel wvent effluxg an
investigation of turbime fuel (JP-4 and kerosene) flammability
within fueél tanks under simulated turbulent flight conditions; and
an examination of the conditions . under which flame propagation
from ground and filight ignitiom sources might occur through any
part of the vent systen.

~BIBLIGGRAFPHY-

INVESTIGATION OF MECHANISMS COF POTENTIAL AIBCRAFT FUEL TANWNK VENE
FPIRES AND EXPLOSIONS CAUSED BY ATMOSPHERIC ELECTRICITY. CONTR.
NO . NASE-59, NASA TN D-24840, LOCKHEED-CALIF., C0., JAN.
1964 //LIGHTNING PROTECTICN MEASURES FOR AIRCRAFT FUEL SYSTEHMS,
PHASE 2. CONTR. NO. FA64WA-U4955, FAA ADS-18, ATLANTIC RES. CORP.,
MaY, 1964//AIRFLOW VELOCITY EFFECTS ON LIGHTNING IGNITION OF
AIRCRAFT FUEL VENT EFFLUX. CONTR. NO. FAbBS6WA, D5S-67-9, LIGHTNING
AND TRANSIENTS RES. INST., JULY 1967//R STUDY OF AIRCRAFT FIRE
HAZARDS RELATED TO NATURAL ELBECTRICAL PHENCMENA. PINAL. REP.,

CONTR. NO. NASW-1416, DYINAKIC. SCI. CORP., OCT.
1967//INVESTIGATION OF TURBINE FUEL FLAMMABILITY WITHIN FUEL TANKS
UNDER SIMULATED FLIGHT CONDITICONS. DS~67-7, INTRA-AGENCY

AGREEMENT NO. FA65NF-AP-2, NAVAL AIR PROPULSION TEST CENTER,
AERONAUT. ENGIFE DEPT., JULY 1967
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key 459

AIR FORCE HISTORY AND EXPERIENCE WITH INERTING,
SUPPRESSION, AND PURGING SYSTEMS

by
WRIGHT, T.G,
12/11/67

~ABSTRACT~

Fire inerting, purging, and suppression systems for aircraft were
reviewed., Vapor enrlicher systems were not considered promising
since basically all that the enricher does Is to decrease the
length of time vrequired to bring the vapor mixture up to the
equilibrium condlition. The engine exhaust gas system was
considered for use 1in reciprocating engine installations and a
modification was considered for use in gas turbines; these systems
were never used operationally, Three chemical systems were
studied: oxygen reactors, ammonia burners in an engine exhaust
heat  exchanger to produce nitrogen gas, and a catalytic system.
Dry fce inerting was used successfully; however, it requires a
relatively bulky and heavy installation. Bottled 1inert gas
systems, primarily using nitrogen gas, are simple to operate and
the welght 1Is reasonable; however, the system does pose a
logistics problem and it 1is difficult to maintain a low oxygen
concentration, The explosion suppression system senses the
buildup of a fire,: or an explosion, and with a pressure sensing
device sends a signal to a small capsule filled with a
suppressant, which is exploded and thereby sprays across the flame
front before the fire gets to a dangerous level. Reticulated
polyurethane foam was found to be the most desirable of the
inerting systems primarily due to its ease of installatlion and
lack of logistics problems.

-SOURCE INFORMATION-

CORPORATE SOURCE -
RESEARCH AND- TECHNOLOGY DIV., WRIGHT~-PATTERSON AFB, OHIO.
REPORT WUMBER -
AD-672036
JOURNAL PROCEEDINGS -
IN: FAA FIRE SAFETY MEASURES FOR AIRCRAFT FUEL SYSTEMS, 1967
(SEE 7100325)
OTHER L. FORMATION -
0011 PAGES, 0000 FIGURES, 0000 TABLES, 0000 REFERENCES
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ALPA STATEMENIS ON NEEDS FOR FUEL TANK INERTING ANL/OR
FLAME SUPPRESSION ON NEW ARD IN-SERVICE ATRCRAFT

by
HEWES, V.

12/11/67

~ABSTRACT~

The fire and explosion hazards involved in operating transport
aircraft with partially empty fuel tanks are reviewed. The need
for protecting aircraft from fuel system explosioms from the tinme
of loading until unloading at the gate, apd on the. ground and in
flight is stressed. Spokesmen from manufacturers who can provide
this type of protection describe +their comnpanies? progress in
research amd developimg products of a safety nature. Flame and
explosion suppression systenms are discussed which are automatic,
keep oxygern levels below 10 -percent by using liquid anitrogen for
inerting, use optical detection coupled with Freor 1301 as a
suppressant agent, and use exXplosive squibs to discharge the
agent.,

-SOURCE INFORMATION-

COBPORATE SQURCE -
AIR LINE PILOTS ASSOCIATION, INTERNATIONAL. CHICAGO, ILI.
JOURNAL PROCEEDINGS =~
IN: FAA PIRE SAFETY MEASURES FOR AIRCRAFT FUEL SYSTEHS, 1967
{(SEE F7100325)
OTHER INFOEMATICN -
06016 PAGES, 000C FIGURES, 0000 TABLES, 0000 REFERENCES
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AIR TRANSPORT ASSOCIATION PRESENTATION ON FIRE SAFETY
MEASURES ON AIRCRAFT FUEL SYSTEMS

by
DALLAS, A.¥-.

12/11/67 .

~ABSTRACT-

Since fuel spillage in .amd around aircraft results in the greatest
fire hazard, efforts have intensified toward dimproving fuel
handling procedures and the: integrity of aircraft fuel systems.
Flexible fire resistant fuel lines have been developed to provide
greater protection against line damage from structural flexing and
line fatigue. PFireproof 1line conmector fittings, improved 1line
support devices, - and - fuel line shrouds have been incorporated.
Many changes have been made to protect the fuel systenm from
damaging surge pressures during refueling. Fuel dispensing
systems have beem redesigned to nminimize surges imduced by ground
equipment which could danmage fuel lines and tank structure. The
airlines uwse rigorous inspection and vigilant maintemance
practices which are essential to assure the continued integrity of
the fuel system throughout an airplame®s life. The greatest
possible separation between fuel carrying components and potential
sources of igniticn must be maintained by design in-an effort to
avoid unwanted ignitiomn. Continuing safety and reliability in the
total fuel system of supersonic aircraft is discussed, taking into
account - inerting systems, flame suppression systems, and other
fire protection methcds for the advanced aircraft.

~SOURCE INFORMATION-

CORPGRATE SOURCE -
AIR TEANSPOEBT ASSCCIATICN OF AMERICA, WASHINGTON, D.C.
REPORT NUMBER - -
AD-672036
JOUR¥AL PROCEEDINGS ~-
IN: FAR FIRE SAFETY HEASURES FOR AIRCRAFT FUDEL SYSTENMS, 1967
{SEE F7100325) .
QTHER INFORMATION -
0014 PAGES, 0005 FIGURES, 0000 TABLES, 0000 REFERENCES
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EVALUATIQN OF FUEL SYSTEM FIRE SAFETY IN THE AIRCRAFT
INDUSTRY

by
WEISE, C.A.

12/11/67

. —~ABSTRACT-

Fire safety measures develcped for aircraft fuel systems are
reviewed from WNorld W®Waxr I through the age of comrmercial jet
aircraft. Airworthiness requirements published in 1947 enunerated
five basic divisions of fire protection which apply today: (1)
prevent fire - keep fuel and ignition separated; (2) prevent the
spread of fire - copntain it within boundaries or walls; (3) detect
fire - know when action is required; (4) extinguish fire - turn
off fuel and air, if possible, then use the extinguisher; {5)
ventilate amnd evacuate smcke - rTemove residual hazard. New
problems in the area of fuel safety which arose with the advent of
commercial jet aircraft and the ways im which they were solved are
discussed.

- SOURCE INFORMATIOGN-

CORPORATE SOURCE -
DOUGLAS AIRCRAFT CO., INC., SANTA MONICA, CALIF.
REPORT NUMBER -
AD-672036
JOUBNAL FPEREOCEEDINGS -
IN: FAAL FIRE SAFETY MEASURES FOR AIRCBAFT FUEL SYSTEMS, 1967
(SEE F7100325) .
OTHER INFORMATION -
0004 PAGES, 0000 FIGURES, 0000 TABLES, 0000 REFPERENCES
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CURRENT DEVELOPMENTS OF FIRE SAFETY FOR AIRCRAFT FUEL
SISTEMNS

by
HONSBERGER, B.Aa.

12/11/67

-ABSTRACT-

Potential improvements in aircraft fauel system fire safety could
result from work beimg done on the following areas: lightming
diverter rods, protected vemnts, and flame arrestors; non-sparking
comnponents; flame suppression; modified fuels, foams,  and
inerting. A brief discussion 1is presented on each of the above
items. For example, the flame suppression system consists of a
photcelectric cell to sense a flame front moving up the fuel tank
ventline, which in turn discharges Freon inerting agent into the
vent surge tank, thuos snuffing out tie flame. The response tinme
of the 15 1lb: system in its current application is approximately 4
msecs The problem areas of this system are outiined along with
those of a total tank flame suppression system. Some. of the
design considerations and problems that are iamtroduced . .in a fuel
tank liquid mitrogem inerting system are 'also considered.

=-SOURCE INFORMATIOHN-

CORPORATE SOURCE -
BOEING CO., SEATTLE, WASH.
REPORT NUMBER -
AD-672036
JOURNAL FPRCCEEDINGS - 4
IN: FAR FIRE SAFETY MEASURES FOR AIRCRAFT FUEL SYSTENM3S, 1967
(SEE F7100325) -
OTHER INFORMATION -~ |
0026 PAGES, 0019 FIGURES, 0000 TABLES, 0000 REFERENCES
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FACTORS INFLUENCING APPLICATICN OF NEW FIRE SAFETY

by
VERSAW, E.F.

12/11/67

-ABSTRACT~-

The factors influemcing the application of new fire safety
improvements in adircraft fuel systems are need, operation
feasibility, and compatibility with available components. The
process of incoerporating a new safety design concept in a fuel
system entails a detailed evaluation and integrated optimization
of safety, reliability, maintainability, amenability to routine
checkout, simplicity, weight, and cost. The safety protective
measures must redsace hazards. Each new system under development
must then Dbe evaluated in terms of protection offered, systenm
complexity, system weight, effects on aircraft maintainability,
and the development risk involved. The degree of protection in
each of the areas of lightning strike, internal aircraft ignition,
ground source ignitiom, and ignition resulting from crash fires
must be examined. Im conclusion, it 4is stated that the industry
recognizes that adegquate fire safety precautions cannot be provea
by a statistical evaluation alome. Constant updating of fire
safety practices is the goal so that continued improvement in an
already excellent fire safety record can be realized.

-S0URCE INFORMATION-

CORPORATE SOURCE -
LOCKHEED-CALIFOBRNIA CO., BURBANK,

REPORT NUMBER -
AD-672036

JOURNAL PROCEEDINGS -
IN: FAA FIRE SAFETY MEASURES FOR AIBCRAFT FUEL SYSTEMNS, 1967
(SEE F7100325)

OTHER INFORMATION -
0010 PAGES, 0004 FIGURES, 0000 TABLES, 0000 REFERENCES
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CRASH-FIRE RESEARCH WITH JET AIRCRAFT

by
PINKEL, I<I.

01/00/56

=ABSTRACI- -

Full-scale research with supporting laboratory studies is reviewed
on the origin of Jet aircraft crask fires. In the. full-scale
phase, fully instrumented aircraft are accelerated from rest under
their own power and guided into a crash barrier where the damage
imposed is typical of take-off or landimg accidents in which large.
quantities of fuel spili. Explosive ignition was studied in
detail with a turbojet on a test stand. The studies showed that
combustibles sucked into the. jet engine cam be igmited by the
continnous flame of the engine combustors or by the hot metal of
the engine interior for a short: time .after the combustor flame is
extinguished. Tkis fact was also verified in full-scale crash
tests. A temperature survey of the engine :showed that all the
engine metal downstream .of the combustor is above the ignition
tenperature of JP-4 jet fuel for varying pericds of tine following
combustor fuel shutoff. It is evident at once that provision
should be nade to shut off the ‘fuel flow to the "engine combusior
when crash occurs. This was accomplished by equipping the engine
with a crash-sensitive fuel valve to cut off the engine fuel flow.
Cognizance is taken of the fact that igmition of hydrocarbon
atmospheres by hot surfaces is not imstantaneous. Four ignition
zones were found in the engine and it appeared feasible to cool
them by water streams. In addition to these features, a complete
crash-fire protection system includes the combustor fuel shutoff,
an electrical system disconnect for cutting off the battery and
generator circuits, and the water discharge systen.

<PERTINENT FIGURES-

FIG. 2 NOBMAL TEMPERATURE DECAY OF TURBOJET: COMPONENTS PAGE
55//F1G6. 3 RESIDENCE TIME FOR HOT SURFACE IGNITION PAGE 55//FIG. &
TURBOJET CUTAWAY PAGE 55//FIG. 7 EFFECT OF WATER COOLIKG ON
TURBINE W®HEEL TEMPERATURE PAGE 55//FIG. 8 CRASH-FIRE INERTING
SYSTEM PAGE 55

-BIBLIOGRAPHY-
PINKEL, I-I., PRESION, G.M., AND PESBAN, G.J.: MECHANISM ©OF START
AND DEVELOPMENT OF RIRCRAFT CRASH FIRES. NACA REP. 1133,

1954//PINKEL, I., AND PRESTON, G.M.: NACA CRASH-FIRE RESEARCH.
NACA TECH. FILM 26, NMAY 1953
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SMALL~-SCALE IMPACT TESTS OF CRASH-SAFE TURBINE FUELS
by
RUSSELL, JB., E<&.

08,/00/72

=ABSTRACT-

A variety of regular and modified hydrocarbon turbine fuels, one
nonhydrocarbon fuel, and reticulated polymrethane foam filled with
neat fuel were subjected to small-scale impact tests to determine
burning, misting, and fuel splatter characteristics. The results
indicate 'that it is entirely feasible to retard the ignitibility,
combustibility, and flow characteristics of current A&ydrocarbon
fuels by increasing their apparent viscosity. The study showed
that non-Newtonian gelled fuels performed better than other
nodified fuel candidates and better than the reticulated
polyurethane foams fiilled with neat fuel. It is also concluded
that the air gun test method 1is a reliable means of screening
candidatse fuels to evaluate their ignition and burzning
characteristics in the mist form and to determine whether or not a
particular fuel sheould be subjected to more sophisticated tests.

-PERTINENT FIGURES~

FIG. 1 FUEL SPECIMEN PACKAGED FOR AIR GUN TEST PAGE 3//FIG. 2 BAIER
GUN IMPACT TEST FACILITY PAGE 4//FIG. 3 FUEL-MIST ANALYSING
APPARATUS PAGE 6//FIG. 4 RADIANT ENERGIES RELEASED BY VARIOUS
FUELS - AIR GUN TEST PACE 9//FIG. 10 CATAPULT TEST FACILITY FOR
F-86 FUELS TANKS PAGE 17//TAB. 2 VERTICAL DROP TEST DATA PAGE 13

=BIBLICGRAPHY- -

POSEY, JB., K.z INVESTIGATION OF MODIFIED TURBINE FUELS FOR
REDUCTION OF CRASH FIRE HAZARD. CONTR.. NO. PA6BNF-269, REP. ¥NO.
NA-~69-10, RES. DIV., THE WESTERN CO., MAY 1969//KUCHTA, J.M.,
FURNO, A.l., MARTINDILL, G.H., AND IMHOF, A.C.: CBASH FIRE HAZARD
RATIEG .SYSTEM FOR CCNTRCLLED FLAMMABILITY FUELS. NAFEC AGREEMENT
NO. FA67NF-AP-24, RFP. NO. NA-69-17 (DS-68-25), BUR. OF MINES,
MAR. 1969//SALMON, R.F.: STUDY OF . TURBINE ENGINE OPERATION WiITH
GELLED FUELS. REP. NO. DS-70-6 (NA-70-6), NAFEC, MAY 1970//PINKEL,
I.I., PRESTON, G.H., AND PESMAN, G.J.: MECHANISH OF START AND
DEVELOPMENT OF AIRCRAPT CRASH FIRES. REP. 1133, ©NAT. ADVISORY
CoMM, FOR AERONAUT., 1953// PINREL, I.I., WEISS, S., PRESTON,
GoMo, AND PESMAN, G.J.: CRIGIN AND PREVENTION OF CRASH FIRES IN
TURBOJET AIRCBAFT. REP. 1363, NAT. ADVISORY CONM. FOR AERONAUT.,
1958//REED, W.H., RCBERTSCN, S.H., WEINBERG, L.W., AND TYNDALL,
L.H.: FOULL-SCALE DYNAMIC CRESH TEST OF A LOCKHEED CONSTELLATION
MODEL 1649 AIRCRAFT. NAFEC CONTR. NO. FA-WA-4569, B®EP. NO.
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FAA-ADS-38, FLIGHT SAFETY FCGUNDATION, INC., AVIATION SAFETY ENG.
AND RES. DIV., PHOENIX, ARIZ., OCT. 1965

~SCURCE INFORMATION-

COREQRATE SOURCE -
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REPORT NUMBER -~
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ADVANCING DC-9 MAINTENANCE TECHNIQUES THROUGH
MULTI-PARANETER EBECORDING

by
NEMECEK, J.F.

06,/12/67

<ABSTRACT-

The .installation of a multiparameter recording system om a DC-9
jet fleet has provided an important tool for .advancing maintenance
technigues on twin engirme jet aircraft. The use of recorded data
in ‘establishing performance +tremds on engine, fire warniag, and
air conditioning systems is discussed. Real time applications of
computer data processing to facilitate field maimtenance in
trogble-shooting specific aircraft systems are . described.
Specific examples of trouble detection and definition are: given,
samples of recorded data are illustrated and their sigamificance
explained. This system is reportedly suitable for expansion from
the 128 to 512 measured variables. The use .of a modified form of
this basic concept in more advanced systenmns for the Boeing 747 and
$ST aircraft-is also discussed.

~PERTINENT FIGURES-"

FiG., 4 ADAS REMOTE-MUBLTIFLIEXING. UNIT PAGE 3//F1IG-. 6 ENGINE
FIRE-KABNING LOCP CHARACTERISTIC. CURVE PAGE 7//FIG. 7 ADVANCED
AIDS CONCEPT FOR THE SST FAGE 9//FIG. 8 747 AIDS COUNCEPT PAGE
10//TAB. 2 EXAMPLE OF COMPUTER PROCESSED DATA RETURNED TO THE LINE
STATION PAGE 4//TAB. 3 FLIGHT LOG ANALYSIS DATA TAKEOFF PLOT PAGE
5

-BIBLIOGRAPHY-

NEMECEK, J.F. AND GREEN, W.D.: DYNAMIC ANALYSIS OF AIRBORNE SYSTEM
PERFORMANCE BY MULTIFARAMETEE SAMPLING. IEEE TRANS. ON AEROSPACE
AND ELEC. SYSTEXS, MAY 1966//NEMECEXK, J.F. AND BRAINEBD, C.H.: AN
AI RBORNE INTEGRATED LATA SYSTEM CONCEPT FOR THE 5ST. ATA ENG. AND
MAINTENANCE CONF., LCS ANGELES, CALIF., NOV. 17-18, 1966

-=SOUBRCE INFORMATICON-

CORPORATE SQUECE -
TRANS WORLD AIRLINES, INC., KANSAS: CITY, MO.
REPORT NUMBER -
AIAA PAPER NO. 67-378
JOURNAL FROCEEDINGS =
AIRA, COMBERCIAL AIRCRAFT DESIGE AND OPERATION MEETING, LGS
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AIRCRAFT FUEL SYSTEM MAINTENANCE 1971, RECOMMENDATIORS ON
SAFEGUARDING

by
NATIONWNAL FIRE PROTECTION ASSOCIATION

05/00/71 .

=-ABSTRACT-

Three possible methods which may be followed during aircraft fuel
ground handling are recommended to reduce the  flammable vapor
hazard of aircraft fuel tank atmospheres. The circumstances under
which any one procedure may be followed vary amd are subject to
the discretion of the operator. The three basic procedures
suggested are siphon inerting, pressure . inerting, and air
ventilation. To assist im the selection of the proper or most
desirable instrument - for determining the :fuel tank . atmosphere, a
list of the variocus iastruments available is included. - Suggested
procedures are also outlined as safeguards for the repair of
integral, bladder, and metal aircraftf fuel tanks. General fire
safety reconnendations are made for aircraft . fuel transfer
operations and testing aircraft fuel systems during aircraft
maintenance and overhaul cperations. .

=PERTINENT FIGURES-

TAB. 1 .MAXIMUM PERMISSIELE OXYGEN . PERCENTAGES AND MINIHUM INERT
GAS CONCENTRATIONS WITH VARIOGS FACTORS OF SAFETY FOR INEBTING OF
AIRCRAFT FUEL TANKS CONTAINING VARIOQUS TYPICAL AVIATION FUELS PAGE
8//TAB, 3  INSTRUMENTS FOR THE DETERMINATION OF FUEL TANK
ATMOSPHERES PAGE 26

~SOURCE INFGRMATION- -

CORPORATE SOURCE -

NATIONAL PIRE PROTECTICN ASSQCIATION, BOSTON, HMASS.
REPORT NUMBER -

NFPA NO. 410C
OTHER INFORMATION. =

0045 PAGES, 0002 FIGURES, 0003 TABLES, 0000 REFERENCES
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AIRCRAFT RESCUE AND FIRE FIGHTING 1569, STANDARD OPERATING
PROCEDURES

by
NATIONAL FIRE PROTECTION ASSOCIATIORN

00/00/69

=ABSTRACI-

These recommendations deal with airport and municipal fire and
rescue services, standard operating procedures designed to provide
maximum effective use of aircraft rescue, and fire fighting
equipment provided at airports. Included is information on
conditions that may exist at the scene of an aircraft accident and
a guide that can be used as a basis for establishing training
programs and operational procedures. The recomnmendations are
based on the premise that the rescue of aircraft occupants takes
precedence over all cther operations; and, until it is established
that there is no further 1life hazard, fire suppression is an
important enabling supporting measure. The appendixes deal with
civil aircraft data for fire fighters and rescue crews, aircrew
rescue data for military aircraft, air  transport of radioactive
materials and nuclear weapons, civil aircraft accident
investigation, airport facilities and aids, procedural agreements
with the U.S. BAir Force and comnmercial airports, typical
specialized runwvay foaming equipment, and color coding for
aircraft piping.

-~PERTINENT FIGURES-

TAB. 1 WATER AND FOAM LIQUID REQUIREMENTS FOR RUNWAY FOAMING PAGE
46

-~SOURCE INFORBATICN-

CORPORATE SOURCE -

NATIONAL FIRE PROTECTICN ASSCGCIATION, BOSTON, MASS.
REPORT NUNBER -«

NFPA NO. 402
OTHEE INFORHATION -

01232 PAGES, 0072 FIGURES, 0001 TABLES, 0000 BEFERENCIES
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AIRCRAFT RESCUE BND FIRE FIGHTING SERVICES AT AIRPORTIS AND
HELIPORTS 1971, RECOMMENDED PRACTICE FOR

by
NATIONAL FIRE PROTECTION ASSOCIATION

00,/00/71 .

=~ABSTRACT-

Recommendations are made on the:amount and type of services to
provide for a reasonable degree of aircraft rescme and fire
fighting protection for aircraft operations at civil airports and
heliports. The recommendations are based on providing eifective
control of aircraft fires +to achieve: any needed rescue of
personnel likely to be inveolved in survivable. types of aircraft
accidents and to provide a reasonable degree of mobile fire
protection for airport ramp aad movement areas. - Suggestions are
nade  as to the +type of extinguishing agents to use in specific
instances, amrbulance and medical facilities, water  zTescue
facilities, reporting procedures, and training procedures for
rescue and fire fighting personnel.

=PERTINENT FIGURES~- "

TAB. 2B RECOMMENDED AMOUNTS OF EXTINGUISHING AGENTS BY AIRPORT
CATEGORIES {(GENERAL AVIATION TYFE AIRCRAFT) :PAGE 27

.=BIBLIOGRAPHY-

AIRCRAFT GROUND FIRE SUPPRESSION AND RESCUE SYSTEMS~CURRENT
TECHENOLOGY REVIEW, OCTOBER 1969. TRI-SERVICE SYSTEM PROGRAHM OFFICE
FOR AIRCRAFT GROUND FTRE SUPPRESSION AND RESCUE, ASWF, AG-FSRS-71,
1969//MININUM NEEDS FOR AIRPORT FIRE FIGHTING AND RESCUE SERVICE,
JANUARY 1971, (AVAILABLE NTIS)

~SOURCE INFORMATION- -

COEPORATE SOURCE -

NATIONAL FIRE PRCTECTICN ASSOCIATION, BOSTOMN, MASS.
REPORT NUMBER. -

NFPR NO. 403
OQTHER INFORMATION -

0062 PAGES, 0000 FIGURES, 0002 TABLES, 0159-REFERENCES
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AIRCRAFT FUEL SERVICING 1971, STANDARD FOR INCLUDING
AIRCEAFT FUELING HOSE, AIRCRAFT FUEL SERVICING TANK
VEHICLES AND AIRPORT FIXED FUELING SYSTENS

by
NATIONAL FIRE PROTECTION ASSOCIATION

00,00/71

-ABSTRACT-

This standard applies to fuel servicing of all types of aircraft
on the ground. Parts I +through IV are intended to help prevent
accidental fuel spiills and to elirinate and control fuel vapor
igmition sources as far as is presently practicable. It is
‘recognized that there are certain hazards {especiaily the
operation and use of internal combustion engine operated aircraft
servicing equipment and ground power generators ia close proximity
to fueling operations) over which positive control caamot be
presently established for practical reasons. Specific cautions
are given with regard to these hazards. Part V covers the design
apnd maintenance of aircraft fueling hose. Part VI applies to tank
vehicles designed for or employed in the tramnsfer of standard
grades of aviation fuel into or from am aircraft. Pari VII covers
Airport Fixed Fueling Systems. Part VIII deals with Fueling on
Elevated Heliports. Appendix A gives informatiom omn the fire
hazard properties of aviation fuels and Appendix B gives data on
the generation of static electricity om aircraft om the ground.

~PERTINENT FIGURES~-

TAB. 1 MINIMOM EMERGENCY VENT CAPACITY IN C(CU. FT. FREE AIR/HR.
{14.7 PSIA AND 60 DEG. F.) PAGE 407-40//FIG. 2A TYPICAL FIXED
AIRPORT FUELING SYSTEM SHOWING RECOMMENDED ISOLATION VALVING,
OPERATING, AND ZEMERGENCY CGNTROLS PAGE 470-60//FIG. 2B SCHEMATIC
DIAGRAHN GF TYPICAL BIRPORT FIXED FUELIKG SYSTEM SHOWIKG
RECOMMENDED VALVING AND EMERGENCY REMCTE CONTROLS PAGE 407-63

=-SOURCE INFCEMATION-

CORPOEATE SOURCE -

NATIONAL FIRE PROTECTION ASSOCIATION, BOSTON, MAS.
REPORT NUMBER -

NFPA NO. 407
OTHEBR INFORMATION -

0077 PAGES, 0002 FIGURES, 0001 TABLES, 0000 BEFERENCES
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ATRCRAFT HAND FIRE EXTINGUISHERS 1970, STANDAED ON
by
NATIORAL FIRE PRQTECTION_RSSDCIATION

00,00/70 -

. —=ABSTRACT~-

This standard covers the type, capacity, location, and quantity of
aircraft ‘hand fire extimguishers and accessory egquipment provided
essentially for the protection of aircraft compartments occupied
by passengers aad crew. The aircraft hand fire extinguishers -are
to be: of an approved type employing .carbon dioxide or water as
extinguishing media. Recommendations are :also givern for the daily
inspection .and pericdic maintenance of these .aircraft hand " fire:
extinquishers: The appendix consists of a suggested air. crew
traimning procedure on the use of aircraft hand fire extinguishers.
The accessory eguipment shculd include a device suitable for
ripping cabin: wall 1linimgs and seat upholstery in event of a
concealed or smoldering fire im such areas.

=SOURCE INFORMATICHN-

CORPOEATE SOURCE -~
NATIONAL FIRE PROTECTICHN ASSOCIATICN, BOSTON, -MASS,
REPORT NUMBER. -
NFPA NO. 408
QTHER INFORHATION - ‘ :
0012 PAGES, 0000 FIGHRES, 0000 TABLES, 0000 REFERENCES
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AIRCRAFT HANGERS 1971, STANDARD ON
by
NATIONAL FIRE PROTECTION ASSOCIATION

00,0077

-ABSTRALE-

The standards in +this ©tooklet provide guidance ©n  proper
construction and protecticn of aircraft hangars; and dinclude
recommendations for airport authorities, aircraft owners and
operators, buiiding and fire cfficials, and insurance
underwriters. Aircraft . hangar design and fire ©protection
stapdards are included, along with standards for sprinklers as
well as the maximum square footage of sprinklered and
uasprinklered, divided and undivided, areas for various
construction <classifications. Lightning and other electrical
hazards, - fuel spills, and extermnal fire protection are discussed;
as is the use of hand hoses, portable fire extinguishers, and
other fire fighting devices- The booklet does not include
information on aircraft maintenance and storage, aircraft rescue
and fire fighting, or local fire regulations or standards aot
directly related to hamgar fire protection.

~SQUBRCE INFORMATION-

CORPORATE SQURBCE -

NATIONAL FIRE PROTECTICN ASSOCIATION, BOSTON, MASS.
REPORT NUMEBER -

NFPA NO. 409
OTHER INFORMATION -

0062 PAGES, 0007 FIGURES, 0004 TABLES, 0000 REFERENCES
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ATRCRAFT CABIN CLEANING AND REFURBISHING OPERATIONS 1970, -
RECOMMENDATIONS CXN SAFEGUARDING

by
NATIONAL FIRE PROTECTION ASSOCIATION

00,/00/70 -

=ABSTRACT-

There: is a serious fire hazard during cleaning of aircraft.
interiors if flammable ‘solveats are used. The vapors, restricted
by the ‘cabin, can be .ignited by sparks produced by the maintenance
operations. Oanly monflamnmable materials are recorménded for use
in aircraft interiors. When a flammable agent :must be used, only
one with a high flash point is recomnended and then omly under
conditions that: will nminimize ¢the risk, such as sufficient-
ventilation and elimimation of potential spark hazards, electrical
or friction.

-SOURCE INFCEMATiON-

COBPORATE SOURCE - : ,

NATIONAL FIRE PROTECTICN ASSOCIATION, BOSTON, MASS.
REPORT NUMBER =~

NFPA NO. 410F
OTHER INFCRMATION -

0008 PAGES, 0000 PIGURES, 0000 TABLES, 0000 REFERENCES
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AIRFORT RAMP FIRE HAZARLI CLASSIFICATIONS AND PRECAUIIONS
1970, STANDARD ON

by
NATIONAL FIRE PROTECTION ASSOCIATION

00,00/,70

~ABSTRACT-

A hazardous condition exists on airport ramps whern flanmable.
liguids or vapors come into contact with potential ignition
soarces. The purpose of this standard is to recomnend ways of
keeping the two separated. The area around fuelimg operations is
considered hazardous. Any area in which flammable liquids are
stored is alsc hazardous. Within 50 ft. of a hazardous operation
or location, all open flames are prohibited; electrical wiring and
equipment shall be listed as suitable for use im Class 1, Sroup D,
Division 2 hazardous locations {as defined in the National
Electrical Code, NFPA ©Nc. 70); and service vehicles shall be
equipped with safety features to minimize the ignition risk.

-SCURCE INFORMATIOK-

CORPORATE SOURCE -

NATIONAL FIRE PROTECTICK ASSOCIATION, BOSTON, -MASS.
REPORT NUMBER =

NFPA NO. 411
CIHER INFORMATIOR -

0012 PAGES, 0004 FIGURES, 0000 TABLES, 0000 REFERENCES
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EVALUATING FOAM FIRE FIGHTING EQUIPMENT ON AIRCRAFT RESCUE
AND FIRE FIGHTING VEHICLES 1969, STANDARD FOR

by
NATIONAL FIRE PROTECTION ASSOCIATION

00,00/69

-ABSTRACT-

Standard tests for fire surppressing foams physical properties,
ground patterns, and ability to reduce heat radiation are
discussed. The effectiveness of foam as a fire suppressant
depends on supplying large guantities to the fire to form an
impervious fire-~resistant blanket on large flammable 1liguid
spills. The three nmajor ~types of foam used in aircraft fire
fighting are protein-foam concentrates, agueous-film-forming- ‘foam
{AFFF) concentrate, -and fluocroprotein-feam-concentrates. Foam is
produced by nozzle aspirating systems, in-line foam pump systenms
and in-=line compressed air. systems. Tests should approximate
field conditions that might be encountered at: - a fire.
Aqueous~film-forming-foams (Light Water) require different testing
procedures than the other two. ' This standard covers testing
pcocedures and evalanation of test results for these three types of
foam.

=SOURCE INFORMATICGN-

CCRPORATE SOURCE. -~

NATIONAL FIRE PROTECTICK ASSOCIATICON, BOSTON, MASS,
BREPORT NUMBER =~

NFPA NO. #12
OTHER INFORMATION -

0032 PAGES, 0006 FIGURES, 000% TABLES, -CO00 REFERENCES
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key 504

CANADIAN ARMED FOBCES AIRCRAFT RESCUE AND FIRE FIGHTING
PROGRAHN

by
TOREAVILLE, G-V.

00,/00/67

=-ABSTRACT-

The development of the Rcyal Canadian Air Force program for
aircraft rescue and fire fighting 1is discussed, starting with
World War II. The first crash vehicle designed was the G115
equipped with a 300 imperial gal. water tamnk and two 1300 1b.
carbon dioxide units. For colder climates, these were converted
to the G617 which used dry chemicals. The. use of dry chemicals
became . standard and improvements were . made in chassis and
chemicals. Subsequently, vehicles were purchased which utilized
foam and contained increased water capacity. The largest vehicle
to date is the G19 with a Sicard chassis and Pyrene foam producing
 eguipment. It has a gross vehicle weight of 37,000 lb., and .
carries 833 imperial gal. of water and 120 imperial gal. of foanm
lignid. Airports were categorized accordimng to aircraift weights
handled, with five <classes at present, and varying fire-fighting
standards. Structural fire-fighting services have been provided
in addition to aircraft protection by cross-manning of personnel.
Future plans include develorment of mew fire extinguishing agents
and keeping uap with new aircraft developnent.

-SCURCE INFORMATION~—

CGRPORATE SOURCE ~
CANADIAN FORCES HEADQUARTERS, OTTAWA {ONTARIO) . OFFICE OF THE
FIRE MARSHAL.
REPORT NUMBER -~
NFPA-MP-67-6
OTHER INFORMATION -
0004 PAGES, 0000 FIGURES, 0000 TABLES, 06000 REFERENCES
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key 505
AUSTRALIA'S AIRPORT FIRE PROTECTION
'by
PARKER, J-.E-.

00/00/,67

~ABSTRACT-

A review is given of Australia®s airport fire protection systenm.
- There are eight  international airports and 350 other airports inm

Australia amnd its territories. International airports are
equipped with facilities in accordance with recommendations of the
Interantional Civil Aviaticp Orgaanization. Also eguipped with

rescue and fire-fighting egquipment are 45 other airports, which
account for 90 percent of passemger  travel. The:  Department of
Civil Aviation employs 400 mem on a full-time basis in the Rescue
and Fire Fighting Service in addition to 800 auxiliary <firemen.
Larger airports which have their own fire-fighting services are
responsible for arrangements in emergencies, which nmast be
coordinated with. the HRescne amrd Fire Fighting Service. The
primary vehicle, the large fire tender, is designed for one-man
operation. It carries 800 imperial gal. of water and 96 imperial
gal. of foam compound, and is  also equipped with a 200 1lb. dry
powder unit.  Supporting vehicles supply water :to the primary
vehicle. Enmergency comnunications are preovided in the form of VHF
units and direct telephone 1links to the ATC tower. The fightiag
of - building fires at airports is a civil fire brigade
responsibility. Other duties of the Department include search and
rescue services for aircraft in distress.

-SOURCE IHFORMATION-

CORPCRATE SOURCE - .
DEPARTMENT OF CIVIL AVIATICN, CANBERRA (AUSTRALIA)
REPORT NUMBER -
NFPA-MP-67-3
OTHER INFORMATION -
0007 PAGES, 0000 PIGURES, 0000 TABLES, 0000 BEFERENCES
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key 506
CRASH FIRE CONTROL CAPABILITY STUDXY
by
ROBEIRTSON, W.D,

00/06/60

~ABSTRACT~

Standards are reviewed and reconmended for the fire protection
capabilities at Washington State airports. Data were gathered oa
21 commercial aircraft suvrvivable accidents. The statistics
indicated that fire-£fighting capabilities would be related to 50
percemt of the occupants involved. FAA requirements state that
evacuation should take place within 2 min., but the crash study
indicates that only half of the occupants are able to evacuate in
this time under crash fizre <conditions. Fire test data were
reviewed to determine application densities in terams of gal./sq.
ft. Protein foam was chosen for the study and it was found that
effective fire control could be obtained in less tham 2 min. with
densities of .15 gpm/sg. ft. The next phase of the study wvas
concerned with evacuation zones. Factors considered were human
tolerance to heat, elevation above ground, and size of evacuation
zones ia relatiocn tc passenger loads. Extinguishment application
rates should be considered as ninimum capabilities to¢ provide
protection during landing and take-off.

-SOURCE INFORMATION-

CORPORATE SOURCE -
PORT OF SEATTLE FIRE DEPT., WASH.
REPORT NUMBER - :
NFPA-MP~66-4
OTHER INFORMATION -
0060 PAGES, 0Q40 FIGURES, 0000 TABLES, 0000 REFERENCES
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keys 507_th10ugh 508
FEDERAL AVIATION AGENCY'S CRASH FIRE TESTS
by

MiIDDLEWORTH, C.M.
CONLEY, D.W.
BRIDGES, J.W.
BYAN, J.ds

00,00/65

. =ABSTRACT-

Tests conducted at the PAA Experimental Center -at Atlantic City on
aircraft crash fire fighting are reviewed in three presentatioans:
{1} - a description of test procedures and results, (2} an
explanation of the role of the ground fire-fighting unit, and (3)
an explanation pf the role of the helicopter fire-=fighting tean.
The Broad obdective was to measure aand to determine possible means
of - extending the escape .and survival time for occmupants of large
transport aircraft under crash fire. conditions. Of primary
interest were the effectiveness and limitations of the helicopter
when -operating alone and im cenjunction with groumd fire-fightiamg
equipment in crash fire fighting and rescue operations.
Essentially, the test procedures consisted of first burning cane
C-97 aircraft without the influence of helicopter downwash or fcan
extinguishing agents. The remaining C-97 aircraft were exposed to
fire. conditions similar to the <first test, but influenced by
helicopter downwash and focam extinguishing agemts. Conrclusioas
were: (1) The helicopter was of assistance where there was an
up¥ind fire situation, but was detrimental with fire on two sides
of the fuselage and on downwind fires. (2} The ability of the
crash crew to extend excape time . was dependent mpon pre-burn time
and = fuselage integrity. {3) Installation of more suitable
materials in aircraft cabins can reduce fire hazards.

=PERTINENT FIGURES- -

FIG. 3 GENERAL DESCRIPTIONS OF THE C-97 FIRE TESTS PAGE 6&//FIG. 5
CARBON MCNOXIDE CONCENTRATIONS RECORDED IN THE C-97 FUSELAGE
CABIN; TESTS 1, 2,  3A and 3B PAGE 8//FIG. 12 C-97 CABIN THERHMAL
CONDITIONS AND ESCAPE TIMES FOR TESTS 1, .3, 3A, and 3B PAGE
18//F1G. 20 -TESTS SHOWING EFFECT OF - HELICOPTER BLAST ON SIMULATED
RESCUE PATH PAGE 32

~S0URCE INFCRMATIGR- -

CORPORATE SOQURCE -
NATIONAL AVIATION FACILITIES EXPERIMENTAL CENTER, ATLANTIC
CITY, No.d.

REEPORT NUMBER -~

125



NFPA-MP~65-2
OTHER INFORMATION -
0032 PASES, 0020 FIGURES, 0000 TABLES, 0000 REFERENCES

126



key 516

FIRE AND EXPLOSICN HAZARDS OF FLIGHT VEHICLE COMBUSTIBLES.
QUABRTERLY PROGRESS EKEPORT, JUNE 1 TO .AUG. 31; 1965,

by
KUCHTA, J.H.
HARTINDILL, G.H.
SPOLAN, I.

06701765

. —ABSTRACT-

The  ignition and flammability characteristics of titanium and its
alloys vwere studied in air with the following halogenated
hydrocarbon fire extinguisking agents: (1) bromochloromethane, {2)

dibromodifluoromethane, {3) bromotrifluoromethane, {4}
1,1, 1-triflucrobrorochloroethane, and {5} -
1,2,2-trifluoropentachloropropane. A literature search was

conducted, necessary materials were. acquired for :the intial
experimental - work, and test apparatus was assenbled and
calibrated. In addition, igmition temperature type experinents
were initiated with the fire extinguishing materials {vapors) in
contact with heated titanium metal in air, nitrogen, and argon
atmospheres. Autoiganition experiments in heated vessels were
undertaken,; as were experikents with electrically heated wires.

-PERTIRENT FIGURES~

TAB. 1. REACTION OF TITANTUM METAL SPECIMENS WITH VARIOUS FIRE
EXTINGUISHING AGENTS 1IN AIR, NITROGEN, AND ARGON ATMOSPHERES AT
1020 -DEG. F. PAGE 3,/ TAB. 2 MINIMUM REACTION TEMPERATURES FOR
VABIOUS FIRE EXTINGUISHING AGENTS WITH ELECTRICALLY HEATED
TITANIUM WIRES UNDER STATIC CONDITIONS PAGE 5

~BIBLICGRAPHY~

MAYKUTH, D.d.: HMETHCDS OF CONTROLLING AND EXTINGUISHING TITANIUN
FIRES. DMIC TECH. NOTE, BATTELLE MENORIAL INsST., JUOLY
1964//HISCELLANEOUS EXPERIENCES ON BURNING OF TITANIUM. REP. SER.
NO. LB-AD-1531, MATERIALS RES. AND PROCESS ENG. LAB., DOUGLAS
AIRCRAFT CO., JUNE 27, 1962// ZABETAKIS, M.G., FURNO, A.L.y AND
JONES, G.W.: HMININUM SEONTANEOUS IGNITION TEMPEBATURES OF
COMBUSTIBLES IN AIR. IEC, ¥OL. 46, 2173, OCT. 1954,//LITCHFIELD,
E-L. . AND PERLEE, H.E-.: FIRE AND EXPLOSION HAZARDS OF FLIGHT
VEHICLE COMBUSTIBLES. TECH. REP. AFAPL-TR-65-28, AFSC, MAR.
1965//K0CHTA, J.M., BARTKOWIAK, &A., SPOLAN, I., AED ZABETAKIS, -
M.G-: FLAMMABILITY CHARACTERISTICS OF HIGH TEMPERATURE HYDBROCARBON
FUELS.  ASD-TDE~62-328, PART 2, AFSC, DEC. 1962
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key 523

FULL SCALE FIRE MODELING TEST STUDIES OF LIGHT WATER AND
PEOTEIN TYPE FOAM

by

PETERSON, H.B.
JABLONSKI, E.J.
NEILL, RoR.
GIPE, Ro.L.
TUVE, R.L.

DB/15/67

~ABSTRACT-

Fire ‘extinguishment effectiveness of light water and protein ‘foams
on full-scale fires associated with aircraft accidents was studied
with an HB-=5 aircraft fire-rescue vehicle: utilizing a
250=-gpn=-solution-capacity £foam pump. Some .testing was aiso done
on .an experimental 06X vehicle carrying 2500 1b. of Purple K and
300 -gal. of light water discharging 32 1lb./sec. of Purple K and
180 gpm of light water for comparative purposes. Both foams were
6 percent solutions. in air aspirating nozzle. and c¢ne asing
Refrigerant-12 were used for light foam. Avgas and JP-5 were the
test fuels. In all cases, Avgas fires were more difficult to
comtrol than JP-5 fires. The margin of superiority of light water
over protein -foam was found to be as high as 3 to 1 for control as
determined by radiometer and visual measurements of Avgas fires
and as high .a 1.5 to 1 for control of JP-5 fires. The duai-agent
fire fighting concept showed no advantage over the use of 1light
water alonme. The light water solution was as effective wvhen ased
with - all test eguipment. The small laboratory-scalie. fires
required three times the. application density to extinguish . than
the comparable outdoor fires.

-PERTINENT FIGUBES-

FIG. 26 THERMAL H®ADIATION DOURING EXTINGUISHMENT OF AVGAS FIRE BY
HTL RADIOXETER PAGE 32//FIG. 29 WATER APPLICATION DENSITY REQUIRED
FOR FIRE EXTINGUISHMENT WITE PROTEIN FOAM CHN AVGAS AND JP-5 FUEL
PAGE 34//F1Gs 30 WATER APPLICATION DENSITY RBREQUIRED FOR FIRE
EXTINGUISHMENT WITH LIGHT . WATER ON AVGAS AND JP-5 FUELS PAGE
34//F1G. 32 FIRE EXTINGUISHMENT TIME A5 A FUNCTION OF APPLICATIOR
RATE ON AVGAS AND JP-5 PRGE 36//TAB. 2 COMPARATIVE PERFORMANCE OF
AGENTS ON 28 SQ. FT. INDCCOR JP-5 AND GASOLINE FIRES PAGE 22// TAB.
5 CONTROL AND EXTINGGISHMENT TIMES FOR LARGE AREA FIRES PAGE 26

-BIBLIOGRAPHY~

TUVE, BE.L., PETERSON, H.Bo, JABLCNSKI; E.Jd., AND NEILL, R.RB.: A
NE¥ YVAPOR-SECURING AGENT FOR FLAMMABLE-LIQUID FIRE EXTINGUISHMENT.
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NRL REP. 6057, MAR. 13, 1964//AIRCRAFT CEASH FIRE INCIDENT
SIMULATICON TESTS OF LIGHT WATER. ONR FILM REP. 7-64//EVALUATING
FOAM FIRE FIGHTING EQUIPMENT ON AIRCRAFT RESCUE AND FIRE FIGHTING
VEHICLES. PAMPHLET NO. 412, NFPA, BOSTON, MASS., 1%64//PETERSON,
H.B. AND GIPE, R.L.: A STUDY OF THE GAS TURBINE POWERED #B-5
AIRCRAFT FIRE FIGHTING AND RESCUE VEEICLE. NRL REP. 6303, SEPT.
22, 1965//CORLEY, - D.: FOAN AND DRY CHEMICAL APPLICATION
EXPERIMENTS. PROJ. NO° 410-002y02X, GAA TEST PLAT, JANC 20, 1985//
MIDDLESWORTH: C°M.: FOAM AND DRY CHEMICAL APPLICATION RATE
EXPERIMENTS. PAPER 65-5; NGPA MEETING, BOSTON, MASS., 1956

-SOURCE INFCREMATION~

CORPORATE SOURCE -
NAVAL BESEARCH LAB., WASHINGTON, D.C.
REPORT NUMBER -
AD-658318//NRL REP. 6573
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A .STUDY OF THE GAS TURBINE POWERED MB-5 AIBCRAFT
FIREFIGHTING AND RESCUE VEHICLE

by

PETERSON, H.B.
GIPE;, R.Lo

09/22/65

~ABSTRACT- -

Operating characteristics o¢f one:  of the HB-5 series of crasi
trucks, equipped with a gas turbime engine as a source 'of power,
were monitored under different: load comditions, variable road
speed, and variable foam pamp speed. The turbine-powered vehicle
was compared to +two comventional engine trucks now in operation
for both rapidity of acceleration and ease of  operation. A
standardized simulated fire-fighting operation called a "scramble®
operation was devised for the integratiom of human engineering
with the Telative efficiency of each of the three vehicles. Time
intervals required tc reach a given series of check points during
a fixed fire-fighting procedure were recorded by npultichanneled
instrumentation or by observation. The: turbine-powered vehicle
proved to  be superior in acceleration performance and equal ‘in
fire-fighting capability to conventional . engines, but  these
factors aloae may not: justify the higher imitial cost of the
turbine power plant. Future field studies imvolving maintenance .
costs over extended pericds of £field operation amd vehicle
performance under severe environmental conditions might -alter
present considerations.

: =PERTINENT FIGURES-

FIG, 2 DRIVE TRAIN ARRANGEMENT AS REVISED AND INSTALLED IN THE
PURBINE POWERED VERSION OF TEE MB-5 PAGE 2//FIG. 5 SCRAMBLE CCURSE
LAYOUT FOR CHECKING TIMES NEEDED TO PERFORM CRITICAL OPERATIONS
NECESSARY DURING AIRCRAFT FIREFIGHTING AND RESCUE WORK PAGE
7//F1G. 18 ACTUAL ACCELERATION CURVE COMPARED TO THE DESIGNER'S
CALCULATED ACCELERATION PEEFGRMANCE PAGE 13//F1G. 17 RECORDED
TRACES OF VITAL FUNCTIONS OCCURRING DURING TYPICAL SCRAMBLE PAGE
16//FI6. 18 COMPARISON OF - THE 3 - MB-5 TINES OPERATING OGN THE
SCRAMBLE TEST PAGE 18//TAE. 1 TIME DATA OF FIREFIGHTING OPERATIONS
FOR MB~5 TYPE VEHICLES ACCOEDING TO POWER TRAIN PAGE 18

-BIBLICGRAPHYI~-
PRICE, H.E., CBAIN, C.L., AND SICILIANI, F.A.: A SURVEY OF -HUMAN

FACTORS ENGINEERING PROBLENS IN FIRE FIGHTING EQUIPMENT.
SERENDIPITY AS50C., SHERMAN CAKS, CALIF., FEB. 1964
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FOREWORD

The mission and objectives of the Aerospace Safety Research
and Data Institute are (a) to support NASA, its contractors, and
the aerospace industry with technlcal information and consultation
on safety problems; (b) to identify areas where safety problems
and technology volds exist and to initiate research programs, both
in-house and on contract, In these problem areas; (c) to author
and compile state-of-the-art and summary publications in our areas
of concern; (d) to establish and operate a safety data bank. As a
corollary to its support to the aerospace community, ASRDI is also
to establish and maintaln a flle of specialized information
sources (organizations) and recognized, acknowledged experts
{individuals) in the specific areas or flelds of ASRDI's interest,

To match our resources with our priorties, ASRD! s
concentrating on selected areas - fire and explosion; cryogenic
systems; propellants and other hazardous materials, with special
emphasis on oxvgen and hydrogen; aeronautical systems and
spacecraft operations; lightning hazards; and the mechanics of
structural fallure. Staff expertise is backed by a safety library
and is further supported by a computerized bank of citations and
abstracts built from: 1iterature on oxygen, hydrogen, and fire and
explosion. Computer files on mechanics of structural fallure,
fragmentation hazards, and safety ({nformation sources are also
being "estab)ished. In addition, ASRDI has two NASA RECON
terminals and people adept at querving the system for
safety=-related information.

Frank E. Belles, Director
Aerospace Safety Research and Data Institute
National Aeronautics and Space Administration
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INTEODUCTION

-

A part of the Rerospace Safety Research and Data Imstitute's
{ASRDI) mission is to compile and store in a conputerized systen
bibliographic citaticns ca hazards and safety in various areas
related to aerospace activities. One of these areas is fire and
explosion. The program in this area has been underway for about
three . years and 1is continuing. At the present time the
computerized data bamk contains about 2000 bibliographic citatioans
on the subject.

Each citation im the: data bank <contains many items of
inforration about the document.  Some of -the main items are title,
author, abstract, corporate socurce, description of figures
pertinant to hazards or safety, key references, and descriptors
{keywords or subject terms) by w~hich the document can be
retrieved. In addition each document 1is assigpned to two main
categories that are further divided into subcategories. The two
main -categories are fire hazards and fire safety. Each document
is also further categorized according to its area of applicability
such as - aircraft and spacecraft and their associated facilities;
aerospace research and development test facilities; buildiangs; and
general applicability.

This report is a compilation of all the document citations im
the 'ASRDI data bank as of April 1974 omn fire hazards and fire
safety that pertain to aircraft. The . report: is somewhat
preliminary ir nature in that input to . the data bank is
continuing; moreover mnot all the information contained in the bank
has been edited for errors. The . report - is being pmblished as an
illustrative exanple o¢f the contents of the data dank and to
obtain user feedback on the usefulness of such compilations and
whether  the subject  scope. should be narrowed in future
compilations. '

The report is divided iato two volumes, Volame I, Hazards,
presents bibl  raphic citations that describe and define the
aircraft ‘fire hazards and covers a wide range of subjects such as
- combustion characteristics of materials; accidents and incidents
reports; causes of fire; methods and techniques of evaluating the
fire hazard; and the resulting effects of fire on man and
property. Volume II, Safety, presents bibliographic citations
that describe and define aircraft £fire safety methods, equipment,
and criteria. It «<overs such subjects as preveation, detection,
and extinguishment of fire, and codes and standards. Each volunme
of . the  report contains, in addition to the citations, an author
index and am index of wmajor descriptors {(keywords or subject
terms) .+ - The indices are related to the citations by the ASRDI key
number, which appears in the upper right hand corner of the first
page of each citation. To facilitate binding, both volumes are
broken into parts.
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Volume I has twc parts -

Part 1 - Key Numbers 1 .to 817
Part 2 = Key Nurbers 818 to 21i6,
Author Index and Descriptor Index

Volume II has three parts -

Part 1 .- Key Numbers 1 to 524
Part 2 - Key Nunrbers 525 to 1064
Part 3 - Key Numbers 1065 to 2165,
Author Index and Descriptor Index

The preparation of this report for printing was essentially
acconplished automatically. The search strategy (in this case,
subject category) and informatica on citation coatent and format
was fed into the computer. The cutput from the computer was
piaced directly on multilith paper by a high-speed printer.
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keys 525 through 526
THE USE OF LIGHT WATER FOR MAJOR AIRCERAFT FIRES
bj

FITTES,; D.W.
GRIFFITHS, D.Jd.
NASH, P.

11/00,/69

-ABSTRACT-

Experimental fires were conducted in three confined areas bounded
by low, firebrick walls. A cylindrical steel tube represented the
aircraft fuselage, and steel drums at each side represented the
mainplane/nacelle configuration. The fuels used were AVIDR {(Jet &
or JP-1) and AVIAG {Jet B or JP-4). The fire was allowed to burn
freely for about 60 sec. after igmition before application of
light water foam, protein fcam, and filuorinated protein foam. In
comparison with regular protein foam, light water £foam was
generally up to twice as effective in controlling major aircraft
fires.  Similarly, a fortified protein-based foam was about 25
percent - more effective tham regular proteias foam. =~ Light water
was, in general, found +to be proportionately more effective than
protein foam in achieving a rTapid initial reduction of heat
radiation from the fire, although there were notable exceptions to
this, possibly dme to defective exploitation of its potential.
Cost comparisons of the agents were made along with the overall
cost of fire protecticn when using the new foams.

~PERTINENT FIGURES-

TAB. 3 PECTEIN FOANM PERFORMANCE PAGE 288//TAB. 4 LIGHT WATER FOAHM
PERFORMANCE PAGES 290-291//FIG. 7 COBPARISON OF FIRE CONTROL USING
LIGHT WATER AND PROTEIN FOAMS PAGE 294

=BIBLIGGRAPHY~

MASH, P., FITTES, D.¥W., ANL RICHARDSON, D.D.: FOAM FOR AIRCRAFT
CRASH FIRES. FIRE RES. NOTE NO. 615, JOINT FIKE RES. ORG.

-SQURCE INPORMATION-
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keys 527 through 529

SAFPEGUARDING AIRCRAFT CLEANING, PAINTING, -AND PAINT REMOVAL
1971, RECOMMENDATIONS FOR

by
NATIONAL FIRE PROTECTION ASSOCIATION

00/00/71

~ABSTRACT-

The scope of this standard includes cleaning, painting, - and paint
removal in coannection with repair, overhaml, and any service to a
hangar or ramp operation betseen flights or om a scheduled out of
service basis. Solvents are classified as having a high flash
point if they do not emit vapors before reaching 100  to 140 degq.
F<, and as having a low flash point if they emit flammable ‘vapors
below 100 deg. F< Areas in which painting is taking place nust be
wvell ventilated and be at least 50 ft. away from any dangerous
materials or operation; special attention should be made to avoid
electrical hazards. Precastions emphasized include: (1) -Flammable
paints and solvents should be stored in either a separate buildinmg
or an area protected by fire resistant walls and doocrs. {2)
Portable fire extinguishers should be .on +hand durimg the use of
flammable materials. (3) ‘All waste should be disposed of at least
once a day. This standard does not include spray cleaning and
painting of subassemblies small enough to be remcved from the
aircraft.

-SOUECE INFORMATION-

CORPOEBATE SQURCE: -

NATIONAL FIRE PROTECTION ASSOCIATION, BOSTOHN, MASS.
REPORT BUMBER -

NFPA NO. 410D
OTHER INFORMATION =~
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keys 539 through 540

REVIEW OF FIRE AND EXFLOSION HAZARDS OF FLIGHT VEHICLE
CCMBUSTIBLES

by

VAN DOLAH, BR.W.
ZABETAKIS, HM.G.
BEEGESS, DxS.
SCOTT, G.S.

10/00/61

-ABSTRACT-

The preveation of fires and explosions involving combustibles and
oxidants likely +to be. found in flight vehicles requires a
knowledge of the flammability and related characteristics of these
materials. A compilation of the available characteristics data
for a series of combmstibles and oxidants of current interest 1is
presented. Vapor pressurc and detonability data are given for
fiuorine, oxygen, chlorine trifluoride, nitrogen tetroxide, nitric
acid, hydrogem peroxide, ethylene oxide, - hydrogen, ammonia,
pentaborane, unsymmetrical dimethylhydrazine, monomethylhydrazine,
aydrazine, and a series of hydrocarbons including decalin,
tetralin, bicyclohexyl, - and other high density £fuels. In
addition, flammability characteristics diagrams are presented for
each of these fuels in contact with air and, where available,
other oxidants (e.g., OXygen and nitrogen tetroxide). To assist
in an understanding of +the data, a discussion is included of
pertinent definitions and theory of combustion and detonation.
Some speculation 1is alsc included on the impact of unusual
environmental factors such as intense aerodynamic heating, reduced
gravitatiomal forces, and low ambient pressures encountered in-
aerospace flight. . Several illustrative examples of application of
the data to specific hazard situations are presented.

~PERTINENT FIGURES- -

FIG. 5 RELATIONSHIP BETWEEN MININMUNM IGNITION ENERGY AND OPTINUN
ELECTRODE SEPARATION {QUENCHING DIAMETER) PAGE 7//FIG. 33
FLARMABILITY CHARACTERISTICS DIAGRAM OF JP-6 IN AIR AT ATMOSPHERIC
PRESSURE PAGE 72//F1G. 42 VARIATION IN LOWER TEMPERATURE LIMIT OF
FLAMMABILITY {FLASH PCINT) WITH PRESSURE FOR UDMH VAPOR IN AIR
PAGE B1//FIG. 48 MIRIMUM SPCNTANEOUS IGNITICN TEMPERATURES OF 7
HYDRAULIC FLUIDS IN AIR AT 1. ATH. IN CONTACT WITH & PYREX GLASS
SURFACE AS A FUNCTION OF DIESEL INJECTCR PRESSURE PAGE 87// FIG.
52 SPONTANEQUS IGHITION TEMPERATURES AND COBRRESPONDING IGNITION
DELAY DATA FOBR HYDROCARBON TYPE FUELS . UNDER STATIC CONDITIONS 1IN
AIR AT ATMOSPBERIC PRESSURE (1-8 APPARATUS) PAGE 90 -

~SCURCE INFORMATION-
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keys 542 through 543
PLASTICS AND PIRE SAFETY IN COMMERCIAL ATRCERAFT
by
KUNREUTHER, E.M.

05/27/70

-ABSTRACT~-

Various plastic materials and their gualifications are discussed
on the basis of two Federal Aviation Administration notices of

proposed rule  making: {1). Transport Category Airplanes,
Crashworthiness and Passenger Evacuation - 12 BRug. 1969; and (2)
Smoke Bmission - 30 July 1969. According to specified tests in
the 12 Aug. 1969 potice, flammability of the following materials
was evaluated: thermcsets {epoxy, phenolic, polyester);
thermoplastics {acrylics, ABS, acrylic-2vVC, polycarbonate;

polysulfone, uaylon, flucreoplastics, polyvinyl-dichloride); and
foans {urethane, polyester phenoclic, vinyl). Some smoke test
procedures and their obtained results are presented. It is
stressed that present test methods are, in many instances, rather
involved and not always satisfactory. It is considered imperative
that simple, repetitive tests be developed which can be
efficiently used by everyome involved with the development,
supply, fabrication, and uvse of plastic materials.

-PERTINENT FIGURES- -

FIG. 12 SHMOKE DENSITY XP-2 CHAMBER SMOKE DENSITY RATING AFTER 4
MIN. PAGE 13

~SOURCE JNFOREATION-

CGRPORATE S0OURCE -
DOUGLAS AIRCRAFT CG., INC., LONG BEACH, CALIF.
REPORT NUMBER -~
DOUGLAS PAP. 57233
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SOCIETY OF THE PLASTICS INDUSTRY, INC., 27TH ANNUAL CONF.
CORONADO, CALIF: MNAY 27-25, 1970
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keys 545 through 547
IGNITION AND FIRE SUPPRESSION IN AEROSPACE VEHICLES
by

KOCHTA, J.M.
CATO, R.J.
MARTINDILL, G.H.
SPOLAN, I.

12707711

-ABSTRACT~ -

Several halogenated hydrocarbons were evaluated as possible
ignition or explosion suppressants for aircraft fuel tanks in
which ignitions are initiated by incendiary amrunition. The
inhibitors  included Halons 2402, 1301, 1262, 1211, and 10¥1.
Pheir effectiveness in retarding - igmitiomn . or propagation of
n-pentane/air nmixtures was investigated with ignition sources
conprising of heated wires, exploding wires, aad an incendiary
composition. With a heated platinum wire at 2070 deg. F:, the
ignition delays of the mixtures increased greatly when the Halen
concentration was increased to 0.5 volume .percent, except with
Halon 1011 which was the least effective inhibitor. Nith the
exploding wire and incendiary dignition sources, the ignition
delays of the conbustible mixtures vere negligible and varied
little: with dinhibitor concemtration {0 to 10 perceat). Ail
inhibitors suppressed the flame propagations when these ignition
sources were used, although the «concentrations required were
greater +than with  the bheated wire: igmitions.. Large-scale
experimeants were also conducted in a 216 cu. ft. chamber with
Halon 13017 to determine its effectiveness and toxicity hazard in
extinguishing Class A fires by the total flooding mode. A6
percent ‘Halon concentration was adeqmate .for rapid extinguishment
of cotton sheeting, paper sheeting, and nylon-paper sheeting fires
at loadings from 0.018 to 0.07 OZ./Cu. ft. The highest-
concentrations of +toxic decomposition products {HF and HBT)
occurred with the paper sheeting, which produced the largest fires
and burned at the highest rates. Small- scale experiments were.
conducted with Halion 38.

=SOURCE INFORMATICHN-
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BUREAU OF :MINES, PITTSBURGH, PA. PITTSBURGH MINING AND SAFETY
RESEARCH. CENTER.
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keys 553 through 554
CRASH-FIRE PROTECTION AT LOS ANGELES INTERNATIONAL AIRFPORT
by
HCERASELE, A.d.

10/27/68

. =ABSTRACT-

problems and solutions associated with crash-fire protection at
Los Angeles International Airport are reviewed. Divided
responsibility between the city Fire Department aad airport
authorities poses problems. Other problems relate to airport
size, traffic load, and handling of fiammable fuel. Solutions to
the .problems were explored using past experience of military and
civiliam airports as guides. National Fire Protection Association
Standards were studied and found to be inadequate. New £ire
extinguishing agents were tested. Promising results were obtained
from comparative tests using light water, and recommendations vere
made for its use im crash protection. Jumbo jets necessitated the
use of bigger and better crash apparatus than were curreatly ia
operation. Use of several units of apparatus with coordinated
teamwork was recommended. Three new pieces of apparatus were
built and old apparatus modified by replacing 300 gpm turrets with
600 - gpm. Inprovements were made and planned for dry chemical
apparatus and structure fire-fighting equipment. Extinguishing
agents in- use at present are light water {iz emnergency
situations), - protein foam, Purple K, and other dry chenical
agents. The cost of crash-fire protection.is about one nmillioa
dollars per year.

-SOURCE INFORNATICN-

CORPORATE SOUECE -
LOS ANGELES CITY FIRE DEPT., CALIF.
JOURNAL PROCEEDINGS -
NATIONAL PLIGHT SAFETY, SURVIVAL AND PERSONAL EQUIPMENT
SYMPOSIUM, 7TH, LAS VEGAS, NEV., OCT. 27-30, 1969
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key 557

AIRCRAFT FIRE PRGTECTIGN DEVELCPMENTS BY THE FEDERAL
AVIATION ADMINISTRATION. (1940-1270)

by
HANSBEREY, H.L.

01,30,70

-ABSTRACT-

ABircraft fire ©protection studie conducted by the Civil
Aeronautics Admimistration/Federal \iviation Administration from
the DC-3 problems. of 1940 to the no recent studies of the Boeing

720 - and the Lockheed Jetstar are : 7iewed. The  reasons for the
changing emphasis from concern over —owerplast fires in flight to
concern over post-crash fires are discussed, Current studies of

fuels flammability, development of protection agaipnst burner can
burnthroughs, identification of interior. materials of iacreased
flame resistance, and development of improved methods of crask
fire fighting are outiined. The bibliography includes reports on
flight fire tests of piston engine powerplants; fire tests of
powerplant components;  flight fire tests of turbine engine
povwerplants; and crash fire studies, specifically . controlled
flammability fuels, crash resistant fuel systems, fire resistant
fuselage studies, and ground fire figkting.

-PERTINENT FIGURES~

TAB. 1 U5 AIR CARRIER ACCIDERTS INVOLVING ENGINE FIRES PAGE
3//F16. 4 RADIANT ENEBGIES RELEASED BY VARIOUS FUELS UNDER
SIMULATED CBASH CONDITIONS PAGE 4//FIG. 5 TURBINE-ENGINE OPERATION
ON REGULAR AND GELLED FUELS PAGE 5 //FiG. 6 COMPARATIVE SPREADS OF
REGULAR AND GELLED FUEL ON SURFACE <CONCRETE PAGE 5//FIG. 7 3 3/4
LITERS OF JP-4 MIST EXPOSED I0 CGPEN FLAMES PAGE 6// FIG. 8 3 3/4
LITERS OF GELLED JP-4 MIST EXPOSED TO OPEN FLAMES PAGE 6

=BIBLIOGRAPHY-

NESTOR, L.J.: INVESTIGATION OF TURBINE FUEL FLAMMABILITY WITHIN
AIEBRCRAFT FUEL TANKS. REP. NO. DS-67-7, NAVAL AIR PROPULSION TEST
CENTER, AEBRONAUT. ENGINE LEPT., JULY 1967//KLBGEG, E. AND DEMAREE, -
J.: AN INVESTIGATION OF INFLIGHT FIRE PROTECTION WITH A TURBOFAN
POWERFLANT INSTALLATION. REP. NO. NA-65-26, APR. 1969//POSEY,
JR., K.: INVESTIGATICN OF MCDIFIED TURBINE FUELS FOR BREDUCTION QF
CRASH-FIRE HAZARD. REP. NO. Na~-69-10, RES. DIV., THE WESTERN CO.,
RICHARDSON, TEX., HAY 1965//BUCKSON, W., SCHLEGEL, W., AND SHITH,
I.R.: DESIGN, DEVELCPFMENT, AND EVALUATIGN OF A . CRASH-RESISTART
FUEL SYSTEH INSTALLATION. REP. WNO. ADS-27, ALL AM. ENG. CO.,
#ILMNINGTCN, DEL., DEC. 1965,//HARCY, J. AND JOHNSON, R.: FLAMING
AND SELF-EXTINGUISHING CHABACTERISTICS OF AIRCRAFT CABIN INTERIOCR
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MATERIALS. REP. NO. NA-68-30, JULY 1968//CONLEY, D.W.: POST-CRASH
FIREFIGHTING STUDIES ©ON TRANSPORT CATEGORY AIRCRAFT. EEP. NO.
RD-65-50, MAY 13965
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key 563
AIRCRAFT FIRE PROTECTION AND RELATED FACTORS
by
STAMPLEY, JR., 0.K,

04 /23769

=~ABSTRACT~

After reviewing two fatal air crash accidents, statistics on the
safety record of U.S. air carriers, and the history of Federal Air
Regulations, a discussion is presented on the aircraft industry’s
continued improvement in £f£ire protection for aircraft components
and  faels, as well as tke need - for improvement 1in other
crashvworthiness facters such as passenger restraint devices, exit
awareness, interior emergency lighting, passenger evacuation
system, ard smoke protectiom. The problems concurrent with
hijacking, ditching over water, and bombing of aircraft are also
considered with thoughts on the measures necessary to eliminate
these hazards. Some of the research programs involving studies
relative to occupant safety, fire protection, and crash survival
iisted 4dinclude hazardous <combustible characteristics of cabin
interior materials, dynanic testing of aircraft seats and aircraft
components, cargo compartment fire protection criteria, search for
new passenger egress concepts, crash resistant fuel systen
demonstration, crashworthy integral fuel +tanks, fuel tank. vent
system ignition hazards, and feasibility study of controlled
fianmability fuels to minimize aircraft .crash fire hazards.

-PERTINENT FIGURES-

TAB. 1 FAR 25 ©FIRE PROTECTION AND CEASHWORTHINESS REQUIREMENTS
PAGE 31

-S0URCE INFORMATICKN-
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keys 567 through 568

THE CHALLENGE COF  AIRCRAFT CRASH FIRE RESCUE

by
KEEGAN, E.W.

04 /20,70

=ABSTRACT-

Records indicate +that 40 percent of fatalities in survivable
crashes could have been saved by faster fire extinguishment. Host
of these fires involved the fuel system, and 95 percent occurred
during landing or takeoff. Not more: than :90 sec. are likely to be
available - for escape. Although the average:. escape time per
individual has decreased, the number of passengers per plane and
the number of mniles flown has increased so that the expected
number of fatalities due to fire is more.than: 1,000 anmually. A
combination of light  water foam and Purple K dry chenical has
proved to be the most effective extinguishing medium yet devised.
Crash rescue vehicles nust be manned by thoroughly trained
professionals and must be able to move rapidly over any ground
that mnight be - encountered. The - %go-for-broke® technigues
advocated would involve small, fast vehicles able to crash through
fences and ride over obstacles to extimguish the fire and evacuate
the passengers. Completely extinguishing the fire is secondary to
saving lives.

-PERTINEKRT FIGURES~-

FIS. 2 EMERGENCY RESCUE ACCESS PAGE 6//TAB. 4 EVACUATION TIHNES
PAGE 3// TAB. 5 CRASH FIRE AND RESCUE EQUIPMENT AT ATRPQRTS PAGE
3//TAB. 6 QUANTITIES OF EXTINGUISHING AGENT PAGE 3
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1969-1980//FSF: STATISTICAL ANALYSIS ©OF JET TRANSPORT AIBCRAFT
ACCIDENTS RELATING I0 FIRE SUPPRESSION AND PASSENGER
EVACUATION//FOAM FIRE EQUIPMENT. NFPA KO. 412, 1969
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key 570 -

THE USE OF FIRE TUNNEL TEST TECHNIQUES IN THE DESIGN OF
CONCOEDE POWERPLANT

by

TALBOI, J-E.
SLATER, A.

05/24/70

-ABSTRACT-

In the very early design phases of .the Concorde powerplaat, it was
realized that the high airflows passing through the engine bay
would pose significant problems in terms of the precastions
necessary to withstand and extinguish fires within the powerplant.
A better aunderstamding of the conditions existing in the bay
during fires would produce a rational approach to the problem for
both . the designer and the certifying authority. In . order to
obtain. extensive coverage of all £light conditioms, it wvas
necessary to depart from current practice and to coastruct. a
simulation of the engine and its environment, thereby allowing a
large number of tests to be carried out. Using this rig has nade
it possible not only to prove the means of detection and
extinguishking of fires throughout the flight plan, but to obtaia a
considerable amount of generalized data for use in component
design specifications.

=PERTINENT FIGURES-

PIG. 6 HEAT INTENSITY CORRELATION PAGE 8//FIG. 7 TEMPERATURE
CORRELATION PAGE 8
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key 584

FIRE-EXTINGUISHING METHODS FOR NEW PASSENGER/CARGO
ATRCRAFT. FINAL EEPORT.

by

GASSMANN, J.J.
HILL, R.G.

11/00/71

~ABSTRACT~-

Full-scale fire tests were conducted to determine the degree to
which fire in large cargo ccmpartments of passenger/cargo aircraft
may be controlled by the use of air flow  shutoff,
bromotrifluoromethane, or liguid nitrogen in conjunction with

reduced ventilationm. During these tests, the normal in-flight
ieakage was - simulated by providing an ~air flow of 2000 cu-
fto./min. Results, using a 10-percent 1load, indicated that

temperature can be kept below 500 deg. F., and that a flash fire
canp be averted for at. least 2 hr. by the use of reduced
ventilation and application of as 1little as 3 percent by volume of
bromotrifluoromethane. The rate of agent applicatiom was about 3
1/2 1b./ sec. The effectiveness of 1liquid nitrogen was also
determined in 75 cu. ft./min. reduced ventilation. The weights
of agent used were 175 1lb. and 284 1b., respectively. The use of
liguid nitrogen proved very effective in extinguishing the initial
flames, but  with the residual 75 cu. £t./min. simulated leakage,
when the oxygen concentration rose. te 12 percent, a flash fire
occurred. In both cases the protection lasted just over 30 - min.
The rate of application of the liguid mitrogen was as high as 10
lb./sec.

=PERTINENT FIGURES-

FIG. 19 COMPARISON OF EXTINGUISHMENT BY THE USE OF 60 LB. CF
BROMOTRIFLUORONETHANE AND AIRFLCW-SHUTOFF ON & 50 PERCENT LOAD
CONFIGURATION PAGE 27//FI1IG. 20 TEMPERATURE, OXYGEN, AND PRESSURE
RECORDINGS OF A FIRE-EXTINGUISHING TEST USING 173 1B. OF LIQUID
NITROGEN ON A 10 PERCENT LOAL CONFIGURATION PAGE 29//FIG. 22
COMPARISON OF THE PRESSURES OBTAINED DURING EXTINGUISHMENT BY EACH
OF THE THREE METHODS USED PAGE 32
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SEPT. 1952 AND MAaR. 1953// GASSMANN, J.J.: CHARACTERISTICS OF FIRE
IN LAERGE CARGO AIRCHAFT. FAARA TECH. REP. WNO, FAA-ADS-73, MARCH
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1966 //GASSHANN, J.J., CHARACTERISTICS OF FIRE IN LARGE CARGO
AIRCRAFT, PHASE 2. FAA TECH. REP. NO. FAA-RD-70-42, SEPT. 1970
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keys 599 througk 601
AIRCRAFT CRASH FIRE PROTECTION SYSTEM. FINAL REPORT.

by

TOWLE, P.
DIQUATTRO, BR.
FRITSCH, K.

01/06/54

~ABSTRACT-

An aircraft crash fire protection system 1s described that
consists of jpitiating equipment; inerting and cooling equipment;
apnd fuel, oi.., and electrical cut-off equipment. The 'ipitiating
eguipment lias four separate nechanically operated inertia
switches, on..y two of which need be actuated to initlate the
entire systen: continuous strip-type deformation switches; a
cable-type deformatiorn switch, and an engine-mouat reaction
switch. These switches are placed on the leading edges of wings,
propellers, engine, eagine mounts, undercarriage, and the
underside of the fuselage. The inerting and cooling systen
consists of the liquid spray apparatus to prevent ignition of the
combastible ligquids or vapors by cooling the engine stacks, the
exhaust collector rimg, and the heat exchangers. By evaporation
of the cooling solutiom, this sytem forms an inert blanket of gas
vhich completely envelopes the affected area. Hater was used as
the <c¢oolant in the tests. Carkon dioxide was  wused 1in inert
accunulated combustibles in the engine cylinders. The fuei, o0il,-
and electrical cut-off system, which contains the necessary
equipment to shut off the fuel and o0il lines at the fire wall and
the fuel after the carburetor, can inert: the entire electrical-
system.

~PERTINENT FIGURES-

FIG. 7 EXHAUST COLLECTOR RING WITH COOLANT TANK SPRAY RING AND
NOZZLES ATTACHED//FIG. 10 INERTIA SWITCH CALIBRATION SET UP//FIS.
17 CONTINUOUS STRIP DEFORNATION SWITCH//FIG. 22 EXHAUST AND
COOLING SYSTEM, FINAL ARRANGEMENT OF NOZZLES AND PLUMBING (ALL
NOZZLES NOT SHO®N)
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EFFECTS OF POLYURETHANE FGAM ON FUEL -SYSTEM CONTAMINATION

by
REEED, T.O.

03/28/71

-ABSTRACT-

The Air Force has successfully implemented the use of a nominal
10-pore/ in. orange polyurethane foam filler material into the
fuel tanks of a majority of combat aircraft for protection against
internal fires/explosion frem ground fire, lightning, and other
stray ignition sources. The success of. this program has been
deponstrated by over 3 1/2-years continuous service withont .
problems, especially those relating to fuel systenm contamination.
This paper attempts to identify the efforts taken throughout the
progran .to develop successful techniques for faom fabrication,
installation, testing, and maintenance. " Service .verification data
indicating what appears to be improved fuel system cleanliness are
also presented.
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FUOEL TANK EXPLOSIQN PROTECTION

by

KUCHTA, J.M.
CATG, R.dd.
GILBERT, ¥.H.
SPOLAN, I.

03,/00/6S

-ABSTRACT-

Small scale. and large scale experiments were <conducted to
determine the flame arrestor effectiveness of three types of
hollow, perforated polyethylene spheres propesed for fuel tank
fire and expilosion protection. In small scale experiments, the
flame guenching effectiveness of the spheres decreased with an
increase in initial pressure and flame run-up distance {(ignition
void length) and with a decrease in sphere size and packing
density. Randomly packed beds of sphere types A (1 in. dia., 0.1
in. perforatioms) amd B (1 in. dia., 0.05 in. perforatioms) were
effective in preventing flame propagation at pressures up to 5 and
0 -psig, respectively, whereas sphere type C (3/4 4in. dia., 0.10
in. perforations) failed at 0 psig; with uniformaly packed beds,
none of the spheres failed at 0 psig. 411 three types were
noticeably less effective than 10 pore/in. reticulated
polyurethane foanm. BResults from most of the  large scale gun
firing experiments with randomly packed spheres revealed that the
spheres were not effective im preventing flame propagation at 0
psig im a 74 gal. modified fuel tank., Other data that were
obtained in pressure drop experiments at various air velocities
indicated that the flow resistance:is slightly greater for sphere
type C than for 2 or B. Empirical relationships are presented for
predicting the pressure drop gradients across dry and veit beds of
the spheres at air velocities from 5 to 25 ft./sec.

=PERTINENT FIGURES-

FiG. 5 PRESSURE RISE VS FACKING DENSITY FROM FLAME ARRESTOR
EXPERIMENTS WITH 1 IN. DIA. PEBFORATED POLYETHYLENE SPHERES (TYPE
A) AND APPROXIMATELY 2.5 PERCENT N-PENTANE-AIR MIXTURES AT 0 PSIG
PAGE 9//FI1G. 8 PRESSURE-TIMNE TBACES FEOM FLAME ARRESTOR
EXPERIMENTS IN FOLLY-PACKED VESSELS HITH RANDOMLY-PACKED
POLYETHYLENE SPHERES AND 10 PPI POLYURETHANE FOAM AT VARICUS
INITIAL PRESSURES (APPROXIMATELY 2.5 PERCENT N-PENTANE-AIR
MIXTURES) PAGE 14//FIG. 13 REDUCTION IN BED LENGTH VS AIR VELOCITY
POR 24 IN. LONG BEDS OF RETICULATED POLYURETHANE FOAM IN 8 IN.
Dik. STEEL PIPE PAGE 25//F1G. 15 PRESSURE DIFFERENTIAL PER UNIT
LENGTH VS AIR VELOCITY FOR 24 IN. LONG PACKED BEDS OF 1 IN DIA.
AND 3/4 IN. DIA. POLYETHYLENE SPHERES IN 8 IN, Diad. STEEL PIPE
PAGE 29//TAB. 2 PRESSURE GAS TEMPERATURE AND LIGHT EMISSION DATA
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PAGE 17//TAB. % PRESSURE DROP AS A FUNCTION OF AIR VELOCITY AND
LONGITUDINAL POSITION PAGE 24
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COMEATING FIRE RISKS IN AIRCRAFT
by
COCKRAM, R.¥Wod.

1170070

=-ABSTRACT-

Aircraft  fire risks, design safety, and fire protection
engineering are reviewed considering the areas of fuselage fire
protection; fuselage fire extinguishing equipment; fire fighting
media for freighter aircraft; carbon dioxide, vaporizing liquids,
and powder type extinguishers; electrostatics and 1lightning
strikes; and passenger survival im emergency landings. The maim
fire risks in the fuselage area usually lead, early in the initial
combustion process, to the enission of quantities of snoke: the
operations of a smoke detector to reliably discover ' this hazard
are discussed. The severe restrictions ¢of acceptable weight
penalty associated ¥ith airborne  conditions inpose such
limitations on the mass of fire extinguishing media that great
dependence nist ‘be placed upen early detection of any fire so that
attack can be begun before any conflagration has assuned large
proportions or has camsed severe structural damage to the vehicle.
The .developments in this area are reviewed. In designing adeguate
fire fighting media for a freighter aircraft, lack of
accessibility whereby personnel =may approach any fire and
hand-directed appliances may be used to best advantage is a
serious problem. Scluticns to this problem are suggested, along
with safety design solutions for combating electrostatic and
lightning hazards. The use of a persomal smoke mask as protective
equipment in case of c¢rash 1landing and subseguent fire is
considered.

-PERTINENT FIGURES-

FiIG. 1. AND 2 SHORE DETECTOR MOUNTED IN A VC10 FREIGHT HOLD AND
WITH PROTECTIVE COVER REMOVED PAGE 2//FIG. 4 POLAR CURVE OF LIGHT
REFLECTIOR PAGE 3//FIG. 5 PEOPOSED BCF FIRE PROTECTION SYSTEM FOR

FREIGHTER AIRCRAFT PAGE 4//F1G. 6 PALLETISED CONTAINER PROPOSED
FIRE PROTECTION SYSTEM PAGE 5

=SOURCE INFORHATIGR-
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PYRENE CC., LTD., THAMES (ENGLAND).
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INPACT ACTUATED MECHANISY FOR ENGAGING FIRE EXTINCTION
SYSTEMS {RUSSIAN) -

by

KOROLEV, 2.I.
VINOGRADOV, A.S.

D&/ 11764

. =ABSTRALT-

If an airplane makes a forced landing with the:  landing gear.
retracted, an. outbreak of fire is possible as a result of the
shock against the ground. An impact . mechanism 1is therefore
proposed which operates or ground impact and amto .tically engages
an emergency fire extinguishment systen. A des.yn depicting the
placement of the mechanism on an airplane is dincluded. The
mechanism functions not only on straight impact with the grouad,
but also in the case of sliding or landing with inclination to the
side.

-SOURCE INFORMATION- -

REPORT NUMBEE. -
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INVESTIGATICN OF AIRCRAFT CHEMICAL EXTINGUISHANT FIRE ARD
EXPLOSION SUPPRESSION SYSTEMS

by

GILLIS, J-P.
DAIZELL, WR.G.

05/00/69

~ABSTRACT-

The effectiveness of an aircraft chemical extinguishant fire aad
explosion suppression system was evaluated in a simulated aircraft
dry bay volume, a sipulated aircraft fuel tamnk, and a C-130
aircraft inboard main tank, The combustibles used to create the
fires and explosions were butane, JP-4, and JP-5. The ignition
sources utilized were small arms ammunition, electric spark, and a
hot surface. Suppression system components were subjected to a
fuel slosh test and a £light test. Tests were conducted to
determine the extinguishant distribution characteristics of the
system in the C-130  aircraft fuel tank. The £fire amd explosion
suppression syster evaluated consisted of a broad band radiation
detector, suppressor, and a test unit. Two additional modes of
detection, thermal amd ultravioclet radiatdion, were investigated.
The suppressor used in the systen is a filange-mounted,
cylindrical, stainless steel container designed to hold 1000 cc.
of Halon 2402. The system test unit, in conjunction with the
electropic test circuit in the detector, is used to check detector
operation, system continuity and the presence. of electricai
grounds in the system. The system proved to be: effective inm
detecting and extinguishing dry bay tank fires. It alseo
substantially reduces the explosion bhazard potential associated
with the  penetration of incendiary projectiles into the flammable
wllage volume of aircraft fuel tanks.

~PERTINENT FIGURES-

FIG. 2 BROAD BAND DETECTOR, ULTRAVIOLET DETECTOR AND SUPPRESSOR
PAGE 5// FIG. 3 SMALL ARMS FIRING RANGE DIAGRAM PAGE B//FIG. 5
SIMULATED DRY BAY TANK PAGE 11
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INVESTIGATION OF PYROTECHNIC GENERATED GAS DISCHARGE FIRE
EXTINGUISHING SYSTEM

by

DEROUVILLIE, M.
HEBENSTREIT, L.V,

05,00/£8

-ABSTRACT-

ddvanced aircraft operating in supersonic and hypersozic flight-
regimes will impose many environmental problems on aircraft
subsystems. Fire extinquishing equipment will be required to
operate efficiently over a =65 deg. to 500 deg. F. temperature
range. To meet this requirement, a subscale pyrotechnic fire
extinguishing system was designed, developed, and fire-tested
under simulated flight conditions. The system design consisted of
an agent chamber, two welded steel hemispheres, coupled with a
burst disc, baffle and cutlet assenmbly, and an externally mounted
propellant chamber assembly. 2 series of halogenated methanes,
ethanes, propanes, and butanes were analyzed for compatibility
with the system. Bromotrifluoromethane (Halon 13C1),
dibromotetrafluoroethane (Halon 2402), and FC-=-77 possessed
superior stability to the other candidate agents at 500 deg. F.
The pyrotechnic extinguisher functiconed satisfactorily at the
environmental extremes and its performance compared favorably with
conventional extinguishing systems. It may be concluded that the
pyrotechnic extinguisher will perform effectively aboard advanced
aircraft. However, further developmental work is required +to
improve the performance and weight effectiveness of the systenm
(wherein pyrotechnic pressurization replaces nitrogemn as an energy
sourcej .

-PERTINENT FIGURES~—

FIG. 7 PROPELLANT CHAMBER PRESSURE VS TIME PAGE 42//TAB. 3
STABILITY OF HALON FIRE EXTINGUISHING AGENTS AT 500 DEG. F. FOR 2
HO. IN & STEEL A¥-362 CYLINDER PAGE 12//TAB. 6 TEST RESULTS FOR
GAS GENERATOR FIRINGS PAGE 25//APP. 2 TAB. 1 CONMNPATIBILITY RATINGS
OF "FIRE-EXTINGUISHING AGENT"/METAL SYSTEMS AT 500 DEG. F: PAGE

5//APP. 2 TAB. 2 STABILITY OF FIRE EXTINGUISHING AGENT/METAL
SYSTENS AT 500 -DEG. F. PAGE 7
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AIRCRAFT CRASH. EAST HAVEN, CONNECTICUT
by
HATROUS, 1.Ds

08,/00/71

=ABSTRACT-

on June 7, 1971, an Allegheny Airlines Convair 580 crashed short
of the runway in East Haven, Connecticat, into a group of summer
cottages on the beach. The alarm was first turned in by a nearby
wonan resident, +then by the.  airport tower. Fire equipment
responded from a municipal station located next to the airport.
The crash was not in the same Jjurisdiction as the. airport and
permission to cross into the next town was requested and received.
Investigators concluded tkat the loss of life was due to the <£fire
and explosions rather than the impact. More rapid amd effective
fire extinguishment would have saved most of the 28 1lives lost.
If the fire had occurred two weeks later, the sunmer cottages
would have been occupied and the loss of life would have been much
greater. Two people escaped the crash: omne, who had carefally
studied the energency card and had 1located the exits before the
flight, exited by a window; the other foillowed him out. Both
survivors reported that people vwere moving about in the cabin when
they escaped.

-PERTINENT FIGURES~-

FIG. 2 FIRE CONDITIONS UOPCN THE ABRRIVAL OF NEARBY RESIDENTS WHO
HEARD THE CRASH PAGE 10//FIG. 3 PLAN OF CRASH AREA PAGE 10

=S0URCE INFORMATION-
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U.S. ARMY TEST AND EVALUATION COMMAND MATERIAL TEST
PROCEDURE. COMMODITY SERVICE TEST PROCEDURE RESCUE
EQUIFMENT, ATIRCEAFT CRASH

by
ARMY PEST AND EVALUATION CONMMAND

01,/27/71

~ABSTRACT~

The design of a test procedure for selecting helicopter crash fire
and rescue. equipment is discussed, and a 1list of the test
equipment 1is included. The tests are arranged to provide a
step-by-step analysis of the rescue equipnent's suitability.
These tests ares: (1)  check equipment on arrival for physical
condition and characteristics; (2) determine the requirememts for
installation; {3) check the effect 0of the equipment on the weight
and balance of the aircrafit; (4) check how the equipment is to be
used; (5) check its performance capabilities; ({6) check the
maintenance proceduress {(7) evaluate the eguipment?s safety
characteristics; {8) evaluate the human factors involved; and {(9)
evaluate the personnel and trairing regquirements.
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AIRCRAFT MECHANICAL SUBSYSTENS
by
DOLGICH, &

10/30/68

<«ABSTRACT-

A survey of foreign scientific and technical Jliterature on
aircraft mechanical subsystens including flight control
subsystems, hydraulic and pneumatic subsystems, anti-icing
subsystens, cabin pressurization, cabin thermal control, oxygesn,
and air conditioning subsystems, electrical and fuel subsystenms,
and fire extinguishing, emergency escape, landing gear subsystenms,
and stands for testing aircraft instruments is presented. A
description of a thermoindicator which closes a circuit whea the
temperature of the surrounding air is increased above 130 to 180
deg. C. is given. This checking device, which was used during
engine inspection, Reasures the temperature at five points: (1)
area of stop valve of wing anti-icing system, (2) area of drain
tank, (3) area of stop valve of cabin pressurization system, (4)
area of pumps PN-15-28, and {5) area of generator GSR-18000D. The
Russian An-2P fire-fighting amphibious aircraft can be used for
cargo and passengers, as well as for reconnaissance and fire
fighting. In the center of each of +the An-2P's floats is a water
compartnent of 126C-liter capacity. Sulfanol NP-1 solytion is
carried in tail secton tanks Firemen are set down or dropped neatr
the fire area and the aircraft them fills its water tanks and adds
the sulfanol NP-1 solution.

~PERTINENT FIGURES-

FIG. 1 AN-2P AIRCRAFT FIREFIGHTING SYSTEM PAGE 109

-BIBLIOGRAPHY-

BORISOV, V.N. AND EKAVERSIN, S.V.: TEMPERATURE EFFECT OF WORKIRNG
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DEVELCPMENT OF POLYURETHANE FOHE CONTROLLING FUEL FIRES IN
AIBRCR2FT STRUCTURES

by

EARKER, J-.A.
RICCITIELLO, S.BR.
GILWEE, W.J.
FISH, R.

04 ,00/69

=ABSTIRACT-

Polyurethane foam has been modified to provide fire suppression
species, and low-tenperature thermal protection without
sacrificing useful mechanical properties by the addition of three
thermally activated components: halogenated polymers, inorganic
salts, and encapsulated volatile or reactive halogen-comtaining
compounds. The salt produces fire gueanching or supressio species
which react with the degradation products of urethane foam.
Halogenated alkyl polymers provide hydrogen chloride which acts as
a fire suppressanrt; however, further decomposition yields
flammable species. Thermal degradation of the encapsulated
volatile or reactive halgogen-containing comnpounds releases the
halogen-bearing molecule resulting in dilution of the gases
ejected and, also, providiang species which can act as free-radical
quenchers on the fuel fire propagation species of the flame. This
foam can be used to suppress aircraft impact caused fires as well
as to absorb the shock of impact.

-PERTINENT FIGURES-

FIG. 1 RESPONSE OF INORGANIC SALT PLUS HALOGENATED POLYMER-ACETATE
MODIFIED POLYURETHANE FOAM TC THE HEATING INPUT OF A FUEL FIRE
PAGE 42//F1G. 5 TGA OF POLYVINYL CHLORIDE ACETATE COPCLYMER PAGE
44 //F1G. 10 - DELIVERY SCHENATIC OF THREE-COMPONENT POLYURETHANE
FOAM EKIT PAGE 47//FIG. 11 MIXING HEAD ABRANGEHBENTS OF
THREE-COMPONENT POLYURETHANE PAGE 47//TAB. 2 THERMOCHEMNMICAL
ANALYSIS OF STARTING MATERIALS FOR COXNPOSITE FOAMS PAGE 44//TAB. 3
THERNOCHEMICAL ANALYSIS OF COMPGSITE FOAMS PAGE 45
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DIV. OF ORGANIC COATINGS AND PLASTICS, APR. 1968
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DETECTION AND MEASUREMENT OF THE INFLAMNABLE VAPOURS 1IN
ATRCRAFT

by

WIETH, H.W.G.
TIMMINS, G-W.

09,/00/65

~ABSTRACT~-

Catalytic combustion techniques of detecting low concentrations of
flammable vapors in aircraft void spaces appear to be promising.
specifications for a vapor detector for use in an aircraft
compartment include: accuracy within 10 percent of true reading,
warning signal at 20 percent of lower explosive limit, a linear
realtionship between vapor concentration and sensor output, 90
percent respoase to a step change in the gas concentration in less
than 3 sec. and full response within 5 sec., pressure range from 1
to 30 psia, temperatures from =26 to 200 deg. C., amd a proof
acceleration of 17 g without residual damadge- Catalytic
combustion technigques of vapor detection have been used in other
fields successfully and shouild be suitable for measuring low vapor
concentrations. Higher vapor concentrations could be Dbetter
measured by use of an ionization efficiency detector.

-PERTINENT FIGURES-

TAB. 1 INFLAMMABILITY LIMITS OF VARIQUS VAPOURS AND GASES AT
ATMOSPHERIC PRESSURE PAGE 33//TAB. <2 HYDROCARBON CO#POSITION OF
GASOLINE PAGE 34//TAB. 3 HYDROCAREBORN COMPOSITIQN OF
MID-CONTINENTAL PETROLEUM PAGE 35//TAB. 4 COMPOSITICON OF AIRCRAFT
FUOELS PAGE 39//TAB. 5 GAS IONISATION POTENTIALS PAGE 40
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1%63//LEWIS,; B. AND VON ELBE, G.: COMBUSTION, FLAaMES AND
EXPLOSIONS OF GASES. ZNI Eb., ACADERIC PRESS, LONDON,
i961//GOODGER, E.¥., CADMAN, P., AND MURCHIE, I.T.: PROTECTION OF
AIRCRAFT FUEL TANKS USING INERT COMBUSTION PRODUCTS. COLL. OF
AERCNAUT. REP. NO. 85, OCT. 1955// WINTER, K.: FORTABLE APPARATUS
FOR THE UNDERGROUND CETERMINATION GF FIRE-DAMP IN BITUMINOUS COAL
MINES. 8TH INTERN. CONF. OF DIRECTORS OF SAFETY 1IN MIKES RES.,
PAPER NO. 33, U.D.C. 522-41Z, DORTMUND-D, GERMANY, 1954
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THERMODYNAMIC PRCPERTIES DUPONT FE 1301 FIRE EXTINGUISHING
AGENT

=~ABSTRACT- -

The thermodynamic properties of the fire extinguishing agent,
Freon 1301, d{bromotrifiuvorcmethane)  are tabulated. The data
include a pressure~enthalpy diagram of the compound. Saturation
properties are givem for the temperature range =160 deg. F. to
152.6 deg. F., which is the critical temperature. Properties of
the superheated vapor are tabulated over a bhroad temperature range
for absolute pressures of from 3.0 to 600 :1b./sqg. in.
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FUEL FIRE PROTECTION DEVICE FCR SMALL HEI EBOJECTILE THREAT

by
THIEBEODEAU, J.E,.

08,00,69

~ABSTRACT~-

A study was conducted to determine nitrogen pressure reguired inm a
given thickness of purge mat to prevent fuel cell fires when
inpacted with 20 nm. high explosive imcendiary (HEI} projectiles.
A fuel tank test structure was fabricated with a window in one of
the vertical faces. An expandable fixture adapted to accept purge
mats of varying thickness was fastened to the window side of the
structure. self-sealing test cubes of approximately 60 gal.
capacity were used as fuel contaimers. The purge mat was placed
in the window and pressurized to the desired. pressure with
nitrogen. The purge mat was constructed of a aylon fabric woven
¥ith drop threads holding the top and bottom plies a predetermined
distance apart. This fabric coanstructicn is called AIRMAT. The
AIRMAT fabric is coated with Goodyear VITHANE rubber, cut to the
desired configuration, and then sealed around the periphery with
an inflation valve added. From the results of the tests, it was
apparent that a purge mat system could be devised to decrease the
vulnerability of aircraft from fires caused by HEI ammunitioa.
This system could take advamtage. of voids as small as one inch in
depth and could be adapted tc ground vehicles as well as aircraft.
To prevent igmitiomr of fuel, pitrogen pressures of 20 psi are
required with purge mat thickness ¢f 1 .to 6 in. Lower pressures
can be wused with thicker purge mats, thereby decreasing the
possibility of structural damage due to high pressures.

—PERTINENT FIGURES-

FIG. 3 TEST SETUP OF PURGE MAT WITH AIRSPACE PAGE 5//FI1G. 6 EFFECT
OF GUNFIRE ON PURGE MAT  (FRONT VIEW) PAGE 9//FiG. 8 NITROGEN
PRESSURE VS PURGE MAT THICKKESS PAGE 10//TAB. 1 PURGE MAT GUNFIRE
TESTS WITHOUT AIRSPACE PAGE 7//TAB. 2 PURGE MAT GUNFIRE TEST WITH
AIRSPACE PAGE 8
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HIGH TEMPERATURE INFRARED DETECTORS FOR AIRCRAFT FIRE
CETECTICH

by

ENTINE, G.
MITCHELL, C.R.
WALD, F.V.
COCKS, FoH.

12/,00/71

-ABSTRACT-

Cadmium telluride photcdetectors capable of operating continuously
at 750 deg. F. were developed. The detectors at temperature couid
detect a photosignal of 100 mu w/sg. cm., with a sigmal to noise
ratio of fourteen to one. with an output impedance of 500  ohms.
The detectors had peak sensitivity mnear 0.9 wnu and were guite
insensitive above 1.2 mn, mnaking them ideal for operation as
aircraft engine fire detectors. The detectors were of two types:
photoconductive  and contact barrier. Cther types of
photodetectors which were explored included transparent contact
photodetectors, cadmiom sulfide-cadmiur telluride heterojunctions,
and a capacitively coupled cadmium telluride photoconductor. The
heterojunctiocn may be the first power generating semiconductor
device to operate at 750 deg. F. The capacitively coupled device
may make possible the fabrication of photodetectors operable at-
temperatures much higher than 900 deg. F.

-PERTINENT FIGURES-

FIG. 1 RADIATION INCIDENT GK A 1 .5Q. CM. DETECTOR FROM: (&) BLACK
BODY AT 1000 DEG. F. 10 FT. AWAY, 60 DEG. FIELD OF VIEW, AND {B) -
WHITE GASOLINE-AIR FLAME 6 IN. IN DIA. PAGE 2//FIG. 10 PYROLYTIC
QUARTZ DEPOSITION UNIT PAGE 19//FIG. 13 THE TRANSMITTANCE OF
TELLURIUM ON QUARTZ AFTER VARYING AMOUNTS OF TIME AT 750 DEG. Fs
PAGE 24//FIG. 26 PHOTOSIGNAL GENERATED BY FIRST IR CONTACTIED
DEVICE OPERATING AT 400 LEG. C. UNDER HIGH LIGHT INTENSITY PAGE
46//F¥IG. 30B DESIGN FOR MCUNTING THIN DETECTORS ENMPLOYING NO
TACKING AGENT PAGE 53//TAE. 1 EFFECTS OF HEATING AT 750 DEG. F. ON
THE RESISTANCE AND TRANSMITTANCE OF GOLD FILMS ON QUARTZ PAGE 21 .
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voL. 6, 1145, 1967//BELL, R.O., HEMMAT, N., AND WALD, F.: NUCLEAR
DETECTORS FROM CADMIUM TELLURIDE GROWN FROM A TELLURIDE SOLVENT.
TRANS. IEEE ON NUCL. SCI., KsS-17, NO. 3 241, JUNE 1970
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AIRCRAFT INTERIOR FIRE FROTECTION SYSTEMS 1971, IENTATIVE
RECOMMENDED PEACTICE ON

by
NATIONAL FIRE PROTECTION ASSOCIATION

05,00/71

=ABSTRACT-

The installatior of fixed or portable automatic aircraft interior
fire detection and suppression systems to control fires during
aircraft constructiom, maintenance, and servicing under conditiomns
where the hazards or eavircoment make such protection desirable.
are recomnended. These systems are independent of any structural
or extermal fire protection when the aircraft is in amn aircraft
hangar, am aircraft manufactuaring building, at an aircraft-
maintenance dock, or om an airport ramp. General requirements are
given for preactuaticn alarm system and actuating alarm systen
equipment. Requirements, advantages, and precautions are alsoc
included for fire suppression systems based on halogenated
extinguishing agent systems and high expansion foam systems. The
appendix gives brief summaries of case histories of aircraft cakin
fires.

~SCURCE INFORMATION-G

CORPORATE SOURCE -

NATIONAL FIRE PHOTECTION ASSOCIATION, BOSTON, MASS.
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FPIRE EXTINGUISHERS. VOL. 1 OF 2 VOLS. DEC. 1960-DEC. 1968
by
DEFENSE DOCUMENTATION CENTER

10,/00/69

<ABSTRACT-

The 53 referemnces in this bibliography, which are unclassified amnd
have unlimited distribution, are arranged in AD number seguence.
They are the result of a DDC computer search of materials prepared
between January 1953 aand August 1969, and they are included under
one of three topic headings:z (1) extinguishers for aircraft,
spacecraft, and ships; (2) chemical extinguishing agents; and (3)
extinguishers and miscelliamecus information. Extinguishing agents

covered include £oanms, powders, inert gases, and vater.
Computer-generated imdexes covering Corporate Author/Mcnitoring
Agency, Subject, and AD nurber are provided. In addition, each

reference includes index terms and an abstract of the document.

-SOURCE INFORMATION-

CORPORATE SOURCE -
DEFENSE DOCUMENTATIGN CENTER, ALEXANDBIA, VA. .
BEEPORT NUMBER -
AD-696900//DDC-TAS~69-61=1
OTHER INFOREATION -
0069 PAGES, 0000 FIGURES, 0000 TABLES, 0053 REFERENCES
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FIRE EXTINGUISHERS. VOL. 2. FEB. 1953-MAR. 1969

by
DEPENSE DOCUHENTATION CENTER

10/00/69

-ABSTRACT- -

This bibliography, Volume 2 of two volumes, comprises 189
unclassifed refereances arranged in AD number segqmuence under one of
four headings: extinguishers for aircraft, spacecraft, and ships;
chemical extinguishing agents; and extingquishers and miscellaneocus
information. Computer generated indexes covering Corporate
Author/Bonitoring Agency, Subiject, and AD number are provided.
The materials cited in this bibliography cover the periocd Janmary
1953 . to August 1959, Some documents in this volsme reguire
release approval from the amthority cited. <Those in Volume 1 are
unlimited in distribution.

=SQURBRCE INFORMATIOR-

CORPORATE SQURCE -
DEFENSE DOCUBENTATIGN CENTER, ALEXANDEI2Z, VA,

REPORT NUMBER -
AD-862201//DDC-TA5-69-61=-11,//AD~596900~-V0OL. .1 .

OTHER INFORMATION -
0235 PAGES, 0000 FIGURES, 0000 TABLES, 0189 REFERENCES
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AIRCRAFT CRASHE FIRE PROTECTION SYSTEM. SUPPLEMENTAL REPOERT
COVERING TURBG- JET AND TURBC-PROP POWERED AIRCEAFT

by

JONES, E.B.
DIGUATTRO, R.G.
FRITSCH, K.

04/11/55

-ABSTRACT=-

From consideration of the effect of residence time on spomtaneous
ignition temperatures, study of air flow through the turbojet
esgine, determination of operating metal temperatures, and
supported by experimental data, the feasibility was demonstrated
of inerting the jet emgine as a possible source of ignitior during
survivable crashes by keeping the engine filled with an inert
atmosphere w~hile cocling the hot metal surfaces with water.
Several test c¢rashes of Jet engine powered aircraft proved
conclusively the effectiveness of the inerting techmigme. The
design details are described that would be required to inert the
jet engine as an ignitiom source during a survivable type crash.
Since there is little differemce in the techmniques of crash-fire
prevention between reciprocating engine powered aircraft and
turbojet or turbopror powered aircraft as far as the initiating
system and the shut-off system are concerned, the minor
rodifications reguired to transpose these systens of the
reciprocatiag engine aircraft are described. Inerting and cooling
the engine, however, is different; there is no identical egquipment
tc be transferred. The method of inerting omne jet engine on an
experimental basis pointed out and it is shown that the same
methods can be applied to any jet engine. The . actual components
that wouid permit the constraction of an integrated inerting
system for a Jjet engine have not been developed; thus this report
deals mainly in generalities.

=PERTINENY FIGURES-

FI6. 1 CRASH FIRE INERTING SYSTEM FOR TURBOJET ENGINE PAGE 8

-SQUBCE INFORMATION-

CORPORATE SOURCE -
KIDDE (WALTER) AND CO., BELLEVILLE, N.J.
REPORT NUMBER -

AD-887326//SEE ALSC FT100458 (AD-887325)
SPONSCR -

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION, CLEVELAND,
OHIO. LEWIS RESEARCH CENTER.
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INVESTIGATION OF FIRE EXTINGUISHING SYSTEM REQUIREMENIS FOR
ADVANCEL FLIGHT VEHICLES

by

LANDESMAN, H.
KLUSMANN, E.BE.
NINICH, J.
CHRISTIANSEN, G.

01/00/66

=-ABSTRACT-

Extinguishing system ia-flight operating environment regquirements
vere defined as a function of parameters such as Mach nuamber,
altituvde, and £flight duration. The limits of usefulness of
conventional halogenated hydrocarbon extinguishants were
determined in the Mach 3 to 8 regime, along with the extent to
which these extingmishants t(an be used in this regime by the
application of insulation, cecolimg, and heavier agent storage
containers., The system weight penalties involved were determined.
New agents were investigated with the possibility of increasing
agent thermal stability with additives and improvimng surface
tension and viscosity- tenmnperature characteristics with additives;
the physical properties of the agents were determined and the
feasibility of utilizing metallic salts as extinguishing agents
for conditions of extreme environmental temperatures was examined.
Data are provided on aircraft surface temperatures and
extinguishant heating at supersonic speeds and on thermal
stability limits for model structures of fluorimated chloro= and
bromo-carbons suitable for use as fire extinguishing agents.

<PERTINENT FIGURES-

FIG. 15 EFFECT OF INHIBITORS ON FLAMMABILITY OF N-HEPTANE~AIR
MIXTURES PAGE 37//F1CG. 17 VAPOR PRESSURES OF AGENTS PAGE 49//TAB.
3 VISCOSITIES OF HALIOGEN CCNTAINING COMPOUNDS PAGE 40//TaB. 5
SURFACE TENSIONS OF AGENTS WITH SURFACTANTS PAGE 45//TAB. 8
INSUBLATION WEIGHT PENALTIES PAGE 54

- SOUBCE INFORMATICGN-

CORPCRATE SOURCE -

NATIONAL ENGINEERING SCIENCE CO., PASADENA, CALIT.
REPORT NUMBER -

AD-477549//AFPAPL-TR-65-124 //5SN=229
SPONSQOR =

AIR FORCE AERC PRUPULSICN LAB., WRIGHT-PATTERSON AFE, OHIO
CONTBACT NUMBER =

CONTRACT AF-33{€15)-2357
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EXTINCTION OF EXPERIMENTAL AIRCEAFT FIRES WITH LIGHT WATER
by

FITTES, D.W.
GRIFFITHS, D.dJ.
NASH, P.

11,00/69

-ABSTRACT-

Experimenats were carried out +to assess the fire performance of
light water .and protein fcam on full-scale simulated aircraft
fires, Fires up to 3,500 =q. £ft. in area and containing up to
1,000 - gal. of aviation fuel were used in the experiments. 1In
comparision with regular protein foam, 1light water foam was
generally up to twice as effective in controlling major aircraft
fires, 1i.e., it required about half the weight of fire £fighting
solution to control the same fire when both agemts were applied at
their most economic rate. Light water was, in gemeral, found to
be proportionatel more effective than protein foam in achieving a
rapid initial reduction of heat radiation from the fire.
Re=-sealing of small areas with light vater was good, but its
resistance to the re-establishment of the .fire, once a sizeable
area of flame has been reopened, was only about one=third that of
protein based foams. Light water camn be nsed in certain
unmodified protein foaan paking equipment, but in others
modifications may be necessary to suit its higher viscosity.

-BIBLIOGRAPHY-

RASBASHy D.d., THORNE, P.F., AND WOOQOLEY, W.D.: SLURRIES OF SOLID
CARBON DIOXIDE AS EXTINGUISHING AGENTS. FIRE RES. NOTE 717, JOINT
FiRE RES. ORG., 1968//RASBASH, D.Jd., ET AL.: PRODUCTIGN GF
HIGH-EXPANSION FOAM FOR FIRE- FIGHTING USING A JET ENGINE. FIRE
INTERN., VOL. 1, NO. 9, 61-76, 1965/, FITTES, D.W., &GRIFFITHS,
Dod., AND NASH, P.: THE USE OF LIGHT WATER FOR MAJOR AIKCRAFT
FIRES. FIRE RES. NOTE 762, JOINT FIRE RES. 0OBG., 1969

<~SOURCE INFORMATION-
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AIRCRAFT RESCUE AND FIRE FIGHTING VEHICLES 1970, STANDARD
FOR

by
NATIONAL FIRE PROTECTION ASSOCIATION

00/00/70

-~ABSTRACT-

4 guide for airport operators intemding to purchase aircraft
rescue . and fire fighting eguipment is presented. Features are
outlined for an efficient and capabie major fire fighting vehicle
for both on- and off- rpavement performance. Off-pavement
performance is given special attention, since a vehicle must
contend guickly with situations where highway equipment might be
halted or delaved. Features are alsoc given for rescae vehicles
and tank vehicles for servicing on-line fire fighting eguipment.
Four basic categories of vehicles are described: (1) major fire
fighting vehicles, {2) light rescue vehicles, (3) tank vehicles,

and (4) combimed agenmt vehicles. Vehicles mnust kave all-wheel
drive, rapid acceleratiop, maximum mobility on anrd off pavements
under all weather conditions, ease of operation, safety,
reliability, and accessibility for repairs and maintemance. A

guestionnaire .is provided to ewaluate fire fighting equipment.

=SQURCE INFOEMATIQN-

COEPORATE SOURCE =

NATIONAL FIRE PROTECTICN ASSOCIATION, BOSTON, MASS.
REPOBT NUMBER -

NFPA NO. 414
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ENGINEERING OBSERVATIONS ON AN MB-5 AIRCEAFT FIRE-FIGHTING
AND RESCUE VERICLE

by

PETERSON, H.B.
GIPE, R.L.

10/28/66

-ABSTRACT~

A production MB-5 aircraft fire-fighting and rescue vehicle was
taken from the manufacturer and instrumented to record
simultaneously engine speed, road speed, and foam pump speed. The
vehicle . was then subjected to nmaximum acceleraticn rums ard
simnulated fire-fighting operations vwherein the . vehicle was
maneuvered while the foam system was being operated. With the
vehicle in its as-received condition, the fire-fighting system was
erratic in performance and completely unsatisfactory. Adjustments
by the vehicle manufacturer and the engine manufactuer greatly
improved performance. Operation is still not fully satisfactory
because of low wvater feed rate to the foam pump, hazardous
overspeeding of the foam punp, and engine surging while operating
on -the pamping governor. Numerous other items not ia compliance
vith the purchase specification vere found. Improved
specifications and inspection procedures are desirable for future
procurements.

—-PERTINENT FIGURES-

FPIG. 5 FREE VEHICLE SPEED W%HILE PUMPING (AS-RECEIVED CCNDITION) -
PAGE 15// FIG. 7 ENGINE, FOAH PUMP, AND VEHICLE SPEEDS DURING
ENGAGEMENT OF TRANSMISSION ¥WITH PCAM PUMP OPERATING PAGE 17//FIG.
8 ENGINE, FOAM PUMP, AND VEHICLE SPEEDS PAGE 18//FIG. A6 RECENT
MEASUREMENTS OF ENGINE, F¥OAN PUMP, AND VEHICLE SPEEDS DURIKG A
FIRE-FIGHTING OPERATION PAGE 26

-~S0URCE INFORMATION~

CORPORATE SOURCE -
NAVAL RESEARCH LAB., WASHIXGION, D.C.
REPORT NUMBER =
AD-644580//NRL REP. 6461
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APPLICATION OF LIGHT WATER ON AIRCRAFT CARRIER FLIGHT
DECKS, INTERIM REPORT.

by

PETERSON, H.B.
GIPE, R.la
NEILL, R.R.

07/00/69

—-ABSTRACT-

A number of commercially available and especially modified water
and foam nozzles were examined for their discharge rates, density
of ground patterns, and 1light water foam output characteristics.
Most work was done uader no wimd <onditions, although some rumns
were made under 30 knot crosswind conditions. Water spray nozzlies
are effective for extinguishimg JP~-5 fuel fires with 1ight water
solutions even though the guality of foam produced 1is not as high
as that from conventional foam making mnozzles. The nozzies were
studied as to their suitability for use on hose 1lines £for the
flight and hangar decks and for wuse as fixed nozzles mounted
around the edge of the flight deck, pre-set to discharge toward
the .center. The best angle of discharge for the deck edge type
nozzles has been selected as 10 deg. above the horizomtal. This
represents a compromise between maximum reach of the stream and
excessive losses from sindage. A modification for the existing 1
ins so0lid streanm recessed nozzles has been designed to lover their
angle of discharge from 45 deg. to 10 deg. to minimize wind losses
and réduce the flow.

-PERTINENT FIGURES-

FIG. 11 WATER FLOW RATES FOR VARIED FLOW SETTINGS AND VYARIED INLET
PRESSURES -~ ELKHART 1 1/2 IN. SFL PAGE 31//FIG. 16 GROUND PATTERN
OUTLINES OF 2 1/2 IN. FFF PRODUCED ®ITH AND WITHOUT SCREEN PAGE
36//F1G. 20 - SELECT- O-FLOW NOZZIE MOUNTED FOR CROSSWIND PATTERN
TEST WITH COLLECTION PAN ARRAY IN DBACKGROUND PAGE 40//F1iG. 28
LIGHT WATER SOLUTICON DENSITIES IN GAL./MIN. FI. SQ. WITHIN GROUND
OF S0OLID STREAM RECESSED (CANNON) NOZZLE; () A5 PRESENTLY
INSTALLED ®ITH 45 DEG. DISCHARGE; (B) AS MCDIFIED BY NRL WITH 10
DEG. DISCHARGE PAGE 48//TAB. 1 CANDIDATE NOZZLE DESCRIPTION PAGE
4//7T4B. 2 LIGHT WATER FOAM CHARACTERISTICS PAGE 8

-~BIBLIOGRAPHY-

PETERSON, H.B., TUY¥E, RK.LlL., JABLONSKI, E.d., NEILL, R-B.,
BERTSCHY, A.¥.y, AND GIPE, EB.L.: FIRE EQUIPMENT TESTS AEOARD THE
CVvA-62 PRELATED TO IMPROVED CARBRIER SAFETY. NRL MEMO REP. 1851,
JAN. 30, 19&£8
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PROPOSED INITIATING SYSTEM CRASH-FIRE PREVENTION SYSTEMS
ty

MOSER, J.C.
BLACK, D.G.

12/00/56

=ABSTRACT-

The ipitiating system described was designed to neet the
reguirements of a crash fire prevention system as determined by a
study of data obtained from full-scale experimental ‘and accidental
airplane crashes. The initiating system detects when conditions
for crash fire exist and turns oan ap - imerting system, which
suppresses the ignition S0UICes tiat can ignite spilled
combustibles. An examnple of the application of these reguiremeats
in the design of an initiating system for a twir-engined pisto:n
powered airplame is given. The proposed system meets the
requirements for ‘rapid and reliable .actmation of the inerting
sSysten while largely avoiding the hazards associated with
accidental functioning. The imitiating system is based upon the
use of mechanically simple switches that detect linear movement or
contact pressure and avoid the use of inertia and frangible
switches. This system is selective in that it inerts only those
damaged zones where conmnbustibles are spilled. The proposed systenm
can  be mnodified to meet the special needs of variouns airplane
configurations, whether they are powered by  reciprocating,
turboprop, or turbojet engines.

=~PERTINEKT FIGURES-

FIG. 1. BLOCK DIAGRAM SHCWING HOW INITIATING SWITCHES ARE
INCORFORATED INTO CHASH-~FIRE-PBEVENTION SYSTEM FOR TWIN-ENGINED
AIRPLANE PAGE 12//FIG. 2 SWITCH INSTALLED BETWEEN ENGINE MOUNTING
RING AND ENGINE TO DETIECT ENGINE BREAKOUT PAGE 13//FIG. 4 SWITCH
INSTALLED OF HAIN LAXNDING GEAR TO DETECT TEARING QUT OF LAKRDING
GEAR FROM AIRPLANE PAGE 15//FIG. 5 FUEL TANK PENETRATION SWITCH
PAGE 16//FiIG. & FUEL TANK PENETRATION SWITCH INSTALLED INSIDE WING
PAGE 17//F1G.- 7 LOCATION OF FUSELAGE BELLY CONTACT S®ITCHES ON
THWIN-ENGINED AIRPLANE PAGE 18

-BIBLIOGRAPHY-
BLACK, D.O. AND MOSER, J.C.: FULL-SCALE PERFORMANCE STUDY OF A
PROTOTYEFE CRASH-FIRE PROTECTION SYSTEHN FOR
RECIPROCATING-ENGINE~-POWERED AIRPLANES., NACA-RM-E55B11,

1555//PIKKEL, I.I., PRESTON, G.M., AND PESMAN, G.J.: HECHANISE OF
START AND DEVELOFPMENT OF AIRCRAFT CRASH FIRES. NACA REP. 1133,
1953
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INTRODUCTORY REMARKS CN THE DEVELOPMENT OF FIRE PROTECTIVE
SYSTEMS

by
GCODRIN, G.

02/27/68

-ABSTRACT- -

Two  developments of fire protective systems are discussed and
described:z the use of a low density polyurethane-based £foan
material to suppress a fire and to provide: protection for the
structure of an aircraft or spacecraft, and the. use of an
intumescent paint which, when activated by the heat of a fire,
reacts tc form a thick, 1low density, polymeric coating +that
protects the substructure upon which it has been applied by virtue
of its extremely low thermal conductivity and by the release of
water vapor during the intumescent reaction. The basic chenmistry
upoan which these .protective mechanisms depend is described, and
the preliminary material formulatior amd screening tests, process
and material specifications are presesnted, along with limited
evaluation tests in fuel fires. The intumescent irtermediate
synthesized was p-nitroaniline bisulfate which was nixed with
methyl ethyl ketome, nitrocellulose, ethyl alcohol, and sulfuric
acid to form the imtumescent coating.

~PERTINENT FIGURES~-

FiIc. 3 PICTCRIAL PRESENTATICN OF THE HECHANISH OF FIERE PROTECTION,
SHOWING THE PIROLYSIS OF AN UNMODIFIED POLYMERIC CHAR-FORMNING LO¥W
DENSITY FOAM PAGE 5//F1G. 5 PICTORIAL PRESENTATION OF . THE
MECHANISHM OF FOAM-FPIRE INTERACTION BY ADDING THE ACTIGN OF AN
INORGANIC SALT, POTASSIUE TETRAFLOROBORATE, TO THE FOAM PAGE
6//F1G. 15 THERXOCHEMICAL INIERACTIONS (OF POLYURETHANE FOAM AND
POLYVINYLCHLORIDE ACETATE COPOLYMER DETERMINED FROM A THERMOGERAM
PAGE 11//F1G. 39 ILLUSTRATIGR OF USE OF PRE-MOLDED PANELS, GLUED
OR FASTENED IN PLACE PAGE 23//FIG. 44 COMPARISON OF PRCOTECTICH
AFFORDED AN ALUMINUM ALLOY PLATE (i/8 IN. THICK 2024-T4) BY 1 IN.
THICK SLABS OF VARIOUS COMPOSITY FOAM SYSTENS AND MILP-46111 FOAN
PAGE 25//FIG. 61 TABER ABRASICN RESISTANCE TEST GF INTUMESCENT
COATING. THE ABRASION RESISTANCE OF THE INTUMESCENT PAINT IS
COMPARABLE TO THAT OF A COMMERCIAL LACQUER PAGE 34

-SOURCE INFORMATION-
CORPGRATE SOURCE -
NATIONAL AFRONAUTICS AND SPACE ADMINISTRATION, MOFFETIT FIELD,
CALIF. AMES RESEARCH CERNTER.
JOUBRNAL PROCEEDINGS. -

187



PRELIMINARY DATA FROM STUDIES OF FIRE RETARDANT MATERIALS,
MOFFETT FIELD, CALIF., FEB. 27-28, 1968

OTHER INFORMATION - ‘
0038 PAGES, 0070 FIGURES, 0000 TABLES, 0000 REFERENCES

188



key 772
FLAME ARRESTER MATERIALS FOGR FUEL TANK EXPLGSION PROTECTION
by

KOCHTA, J.H.
CATCQ, R.J.
GILBERT, W.H.

07,/00/70 -

=ABSIRACI~-

An investigation was conducted +to extend the data on the. flame
arrester effectivness of reticulated polyurethane foams proposed
for explosion protection of aircraft fuel tanks. Foams of 10, 15,
20, and 25 pore/in. vwere evaluated in small- or 1large-scale
experiments using various arrester packing configurations.
Results from small-scale experiments imdicated that the ability of
the  foams to suppress n-pentane-air explosions does not  vary
noticeably whenm -the foam bulk demnsity is reduced from 1.86 to 1.35
lbs/cu. £t Gther 1light-weight arresters that :were evaluated
included crimped or honeycomb aluminum and Nomex materials which
proved to be more effective +than 100  ppi polyurethame <foam;
samples of reticulated aluminum foam were alsc investigated.
Large-scale gun-firing experiments made in a 74 gal. fuel tank.
showed that a cored arrester model of the: dry 20 pore/in.
polyurethane foawm, baving 2 in. dia. cores, can . be -a suitable
design configuration for integral fael tank applicatiomns at
pressures up to 5 ©psig; however, some arrester burning can be-
expected. Data are alsc giveam from other large-scale experimeats
in -which -the fael tank was fully packed with the foam {dry or wet)
and the effects of tank ullage and addition of air after igrition
were investigated.

<~PERTINENT FIGURES-

FIG. 1 EXPERIMENTAL SETUP FCE FLANE ARRESTER EXPERIMENTS IN A 1
Cl. FT. CYLINDRICAL STEEL VESSEL (6 IN. DIA. BY 60 -IN. LONG) PAGE
2//FIG. 5 NOMEX AND ALUMINUM FLAME ARRESTERS PRIOR T0Q IGNITIOXN

PAGE 9//FIG. 6 DOWNSTREAM END VIEW OF NOMEX AND ALUNINUM FLAME
ARRESTER MATERIALS AFTER IGNITICN OF 2.5 PERCENT N-PENTANE-AIR
MIXTURES AT INITIAL PRESSURES THAT RESULTED IN ARRESTER FAILURE
{b—-IN. DIAMETER VESSEL) ‘PAGE 11//FIG. 8 EFFECT OF INITIAL MIXTURE
PRESSURE ON PRESSURE RISES 1IN FLANE ARBRESTER EXPERIMENTS ¥ITH
RETICULATED ALUMINUM AND POLYURETHANE FOAMS AND 2.5 PERCENT
N-PENTANE-AIR MIXTIUBES (6 IN. DIA. VESSEL} PAGE 15//FIG. 7 EFFECT
OF IGNITION VOID LENGTH OCN PRESSURE RISE IN FLAME AREESTER
EXPERIMENTS WITH BRBETICULATED ALUMINUM AND POLYURETHANE FOAMS AND
2.5 PEBRCENT N-PENTANE-AIR MIXTURES AT ATMOSPHERIC PRESSURE {6 1IN,

DIA. VESSEL) :PAGE 33//TAB. 7 DATA FROM LARGE-SCALE FLAME ARRESTER
EXPERIMENTS ®WITH 10 AND 20 PPI < POLYURETHANE FOAM {WET AND DRY)

FULLY<~PACKED 1IN A TANK WITH 3 PERCENT N-BUTANE-AIR MIXTURES AT
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VARIOUS INITIAL PRESSURES PAGE 25
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THE USE OF ‘A SALT OF P-NITROANILINE AS A COMPONENT FOR
INTUMESCENT COATINGS

by

PARKER, J.A.
FCHLEN, G.M.
SAWKO, E.H.

GRIFFIN, JR., R.N.

05/02/68

=ABSTRACT-

The synthesis amd thermochemistry of intumescent internediates
{salts derived from certain nitro substituted aromatic amimes and
sulfuric acid) are described. Chemical evidence 1is presented
which suggests that the acid sulfate salts of certain nitro
substituted aromatic amines polymerize thermally to vyield
thermally and oxidatively resistant heterocyclic peolymers with
guinoxaline-like structures. Intumescence of coatings formulated
from the acid sulfate salt of p-nitroaniline _produces between a
40-‘and 200-fold expansion with the evolution of water and sulfur
dioxide as flame guenching species. The black, essentially closed
cell polymeric foamr formed by this process has a density in the
range of between 0.1 to 0.3 1b./cu. ft. These properties result
in a very low thernmal conductivity. Methods for formulatiag,
applying, and evaluating practical fire resistant coating deriv
from the amine salt are discussed. The coating properties such as
abrasion resistance, adhesion, and durability are described. Test
results o¢btained by immersing test panels protected with this
coating in JP-4 fuel fires are compared with those obtained by
laboratory simulation of heating environment with radiant energy
sources. The efficiency of this coating derived from
p=nitroaniline in terms. of coating thickness is defined.

-PERTINENT FIGURES- -

FIG. 2 INTUMESCENT REACTIONS OF RITRO SUBSTITUTED ARCHMATIC AMINES
PAGE &// FIG. 5 TYPICAL THERMOGRAM OF P-NITROANILINE BISULFATE
PAGE 10//F1G. 9 PECPOSED FOLYMERIZATICN MECHANISH FOR
P-NITROANILINE BISULFATE PAGE 14//F1G. i3 EFFECT OF INTUMESCENT
COATING THICKNESS CON BACKFACE TEMPEEATURE RISE PAGE 22//TAB. 1.
COMPOSITION OF - INTUMESCENT COCATING BASED ON P-NITROANILINE PAGE
16//TAB. 3 EFFECT QOF SCOUME ENVIRONMENTS ON THE INTUMESCENT COATING
ON CBR~ STEEL, WITH & 2INC CEROEATE PRIMER ARD NITROCELLULOSE TGP
COAT -PAGE 18

-BIBLIOGRAPHY-
ALYEA, HoN.: TESTED DEMONSTRATIONS IN GENERAL CHEMISTRY. J. CHEN.

191



EDo 2 YOL. 3‘; 3 (gag 15&, 1956

~SQUBECE INFORMATION-

CORPORATE SOURCE -
NATIONAL AERCNAUTICS AND SPACE ADMINISTRATION, MOFFETT FIELD,
CALIF. AMES BESEARCH CENTER.//APPLIED SPACE PBODOGCIS, IRC.,
PALO ALTO, CALIF.

JOUDRNAL PROCEEDINGS -
SOCIETY OF PLASTICS INDUSTRY, INC., 25TH ANNUAL W@ESTERN
SECTICN, SAN FRANCISCO, CALIF., MAY 2-3, 1968

OTHER INFORMATION -
0026 PAGES, 0015 FIGURES, 0003 TABLES, 0009 REFERENCES

192



keys 774 thkrough 775
APAPL AIRCRAFT FIRE TEST PROGRAY WITE FAA 1967-1970 -
by

SGHHERSy 'D«nEo
Q'KEILL, J.H.

04 /00/71 .

~ABSTRACT~-

A number of aircraft - :propuision and fuel system fire protection
test programs were conducted. Prototypes of a VYFibercell"®
overheat detector and a hazardous vapor detector and an
ultraviolet fire detection system underwent limited evaluation im
a jet  poverplant :fire test environmént. A pyrctechnic generated
gas discharge fire extinguishing agent container. and a high
expansion . foam/bromotrifluoromethane extinguishing agent
combination fire extinguishing system were evaluated in a
simulated aircraft -powerplant nacelle. Fire resistance tests in a
standard 2000 - deg. F. flame test enviromment were conducted on
stainless steel tubing and assemblies with several combinations of
stainless steel and aluminum connectors. Evaluation -0of a Fenwal
Explosion Suppression Systenm for an aircraft fuel tank involved
the measarement of relative concentration of an extinguishing
agent discharge by the. system into the fuel tank <cavity to
determine adent distributiom imn the cavity. The wvulnerability of
JP~4 and JP-8 famel, contained in a fuel tank, to ignition by
incendiary gunfire was investigated Dynamic incediary gunfire
tests were conducted varying the following parameters: standoff
distance between the funel <cavity amd test article skin, airflow
over the test article - surface, ' and ventilation rate in standoff
space.

=PERTINENT FIGURES- -

FIG. 2 LOCATION OF ULTRAVIOLET, FIBERCELL AND VAPOR DETECTIONS IN
C-140C - POWERPLANT PAGE 5//F1G. 12 HIGH EXPANSION FOAN 1IN
INSTALLATION PAGE 26// FIG. 13 TUBING FIRE RESISTANCE TEST SETUP
PAGE 29//F1G. 40 GUNFIRE TEST ARTICLE WITH 10~-PORE POLYURETHANE
FOAH -IN TANK AREA ©PAGE 96//TAB. 1 SUMNMARY OF OV DETECTOR TEST
RESULTS PAGE 13//TAE. 2 TEST CONDITIONS AND RESULTS OF  FIRE
RESISTANCE TESTS ON TIUBING ASSEMBLIES PAGE 36
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DANISH RAF FIRE FIGHTING TESTS CONDUCTED AT ESBJERG,
DENMARK, 19 AND 20 NOVEMBER 1969

by
HOPKINS, W.2.

12/03/69

~ABSTRACT~

Tests vwere conducted to evaluate the effectivemess of various
foamning agents on large scale JP-4 fires. In general, the foaming
agents tested were <comparakle in terms of initial extiaguishing
capability; those wused were protein foanm {Tutogemn T), synthetic
base foam {Hi-Ex), a mixture of Hi-~Ex and a halide {Fluobrene
B-2), and light water. In general there was no significant’
difference in the time required for initial fire extingquishing for
any of the four foams. The addition of Floobrene, however,
prevented reignition. Separate demonstrations of Fluobrene, which
are discussed in an addeadum, were spectacular, in that jet engine
and spillage fires were extinguished practically instantaneousiy.
The ‘relatively high wind velccities encountered during the second
day of testing were <comparable to those experienced on - -the flight:
deck .of a carrier undervay. These tests, therefore, confirmed the
capabilities of the agents for flight deck conditions. It  was
concluded that synthetic foam, when combined with Fluobrene,
provided significant additional control of reignitiom om large
scale fuel fires. It was recoamended that Fluobrene be compared
with such products as Purple K and other chemical extimguishers,
both :as a single ‘agent and in combination with light water foam.

=PERTINENT FIGURES-

FIG. 1 EQUIPMENT LAY-OUT FOR TESTING DIELECTRIC STRENGTH PAGE 6

=-SGURCE INFORMATION-

CORPORATE SQURCE -
DFFICE OF NAVAL RESEAERCH, LONDON (ENGLAND).
REPORT NUMBER -~
AD-862223//N-23-869
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FIRE-FIGHTER PROTECTIVE CLOTHING CONCEPTS AND
CONFIGURATIGHNS

by
MEADE, J-P.

09,27/70

~ABSTRACT-

Evaluations of fire <fighters' preoximity clothing revealed the
following deficiencies: excessive wveight and bulk of suits which
decrease efficient functicning of personmel, coats too long, lack
of durability of the smit material, poor veamtilation, lack of
hard-bat protection, and 1less than optimum visibility. Another
area of concern was the lack of communication between the fire
control coordinator and the fire fighters. The fire fighting
operations in an aircraft crash are directed at preventing the
spread of fire to the fuselage or fuel tanks, extinguishing the
fire, and concurrently rescuing or assisting in the evacuation of
occupants. The fire fighters need a suit of protective clothing
of modern dJdesign to reduce total weight and to avoid 1loose
flapping items. The hoods should cover and head and neck, possess
hard-hat skull protection, and provide optimum visibility while
self-contained dreathing equipment 'is being worn. Overall, the
protective clothing, excluding the boots, should not weigh more
than 10 1bh. per suit, shculd afford adequate protection for at
least 18 months of service life, and must provide a combination of
poncombustibility and hkeat reflectance so that the wearer is
protected against 1800 ‘deg. F. radiated heat for at least 2 min.

-S50URCE INFORMATION-
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AIRCRAFT WELDING OPERATIONS IK HAKGARS 1970,; RECONMENDED
SAFE PEACTICES FOR

by
NATIONAL FIRE PROTECTICN ASSOCIATION

00,/00/70

~ABSTRALCT- -

Specific  safety recommendations are presented for weldimg i=m
aircraft hangars. Only gas shielded-arc weldimg should be
performed on aircraft. Aircraft weldimg operations should be
performed outdoors whenever possible; 'if done indoors, a written
special permit should be obtained for each welding operation with
a safety checklist attached to the permit. The work area should
be screened and the aircraft should be in a towable «<ondition.
Onily gualified welders should be permitted to do any work. Other
people in the ‘area =should be notified and no other work permitted
within 20 ft. No flammabkle. ligquids or any contaimer that was used
to store f£lammable 1liguids should be in. the vicinity. No
electrical comnponents other than flexibie lea cables should be
within 18 in. .of the floor. The hangar should have fixed fire
protection egquipment and there shonld be a fire watcher behind the
welder with a fire extinguisher.
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NATIONAL FIRE PEOTECTICGN ASSOCIATION, BOSTON, HMASS.
REPORT NUMBER -
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MAJOR AIRCRAFT FIRES. PROC. OF SYAPOSIUM NO. 1. FIRE
RESEARCH STATION, BOREHAM WOQCD, HERTS. DEC. 9, 1966.

by
FIRE RESEARCH STATION

00,/00/67
-ABSTRACT~-
Contents: Fry. JuFu,y Aircraft Fire Statistics {see .
F7200571)//Nash, Pogs Research on Aircraft - Fires (see

F7200572) //¥Williams, E.J.C., Fires Iavolving Military Aircraft On
The Ground--Problems and Possibilities For The Future {see
F7200573) //Lodge, 3.E., Fire-Fighting And Rescue  Problems With
Future Civil Aircraft {(see F7200574)//Hunphrey, R., The Design Of
Aircraft PFPire- Fighting Equipment For The Future, Part 1 (see
P7200575)//Shapland, J.D., The Design:0f Aircraft Fire-Fighting
Equipment  For The Fature, Part 2 (see. F7200576)//Miller, ER.E.,
Some Aspects Of Aircraft Fuel Safety (see F7200577) //Lydiard,

¥.G6. and MacDonaid, J.i., Design Aspects Relating To Aircraft .

Fires (see F7200578)//Pardoe, J.G.H¥., The Safety Of Air Tramsport
Of The Future {see F7200579)

-SOURCE INFORMATION-
CORPOEATE SOURCE -
FIRE RESEARCH STATION, BOREHAM WOCD {ENGLAND).
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RESEARCH ON AIRCRAFT FIRES

by
NASH, P.

00/00/67

~ABSTRACT~-

The . present and potential effectiveness of external fire fighkting
was examined in terms of the research that has been carried out in
England and in the Upnited States, on the assumption that a serious
but survivable crash has cccurred and has resulted in a large fuel
spillage and a major fire. Summaries are given of +the research
carried out on the development of major aircraft fires, i.e., data
on the initiation and growth of aircraft crash fires; the research
into the extinction of major aircraft fires using protein foams;
and research of other agents, such as .light water, dry posders,
and liguid nitrogem, for aircraft fire fighting. The coamclusions
which were drawn regarding the future of aircraft fire fighting
are: (1) The fire gresistance of modern aircraft- is not high
enough to ensure the safety of the occupants from a major fire
incident. The fire must either be avoided by rendering the fuel
safe, or the aircraft must be given additional fire resistance to
enable it to withstand the effect of a major fire for a period of
several ninutes. {2y Land borne fire appliances . under today’s
conditions are. really «<nly effective for incidents om or
immediately adjacent to the airfieid. (3} Fulliescale aircraft
fire tests have :led ©KAFEC to suggest that greater rates of foanm
output may be necessary per appliance.

~PERTINENT FIGURES-

FIG. 2.3 EFFECT OF AFPLIANCE SPEED ON ITS EFFECTIVE RANGE PAGE
1i//F1G6. 2.4 FAA (NAFEC) (-97 AIRCRAFT FIRES, 1964--STANDARD TEST
CONDITIONS FROM FEDERAL AVIATION AGENCY REP. NO. R.D.—-65-50 PAGE
13//F1G. 2.6 TYPICAL FIBE RESEARCH STATION SIMULATED AIRCRAFT FIRE
PAGE 16//F1G. 2.7 FLOW [L[IAGRAM-- GAS-TURBINE FOAM GENEBATOR PAGE
18//F16. 2.8 APPLICATICN OF FOAN GENERATGRE TQ TWIN-ROTGR
HELICOPTER PAGE 18//TAB. 2.3 RESULTS OF NAFEC C-97 TESTS (1964
USING LAND-BORNE FOAEK APPLIANCES PAGE 14
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BOSTON, MASS., 1965//NASH, P.: FIRE-RESISTANT LIFEBOATS FOR OIL
TANKERS. ENG. VOL. 221, 508-510, LONDON, 1966//NASH, P., FITTES,
D.¥W., AND RICHARDSON, D.D.: FOAN FOR AIRCRAFT CHBASH FIRES (3).
F.R. NOTE 615, JOINT FIRE RES. ORG., 1966//TUVE, B.L., ET AL.: A
NEW VAPOR-SECURING AGENT FOR FLAMMABLE LIQUID FIRE EXTINGDISHMENT.
REP. 6057, U.S. NAVAL RES. LAB., WASHINGTON, D.C., 1964
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FIRES INVOLVING MILITARY AIRCRAFT ON THE GROUND-PROBLENS
AND POSSIBILITIES FOR THE FUTURE

by

WILITIAMS, E.d.Co

00/00,67

-ABSTRACT-
The broad features of fighter aircraft as a fire fighting problem
can be stated thus: (1) The life risk is concentrated in the
cockpit. This influences the tactical positionirg of crash fire
trucks. {2) The only means of access to the cockpit 1is the

canopy. {3) There is little separatio between the cockpit and the
fuel tanks. Fire Ffighting techniques for the military aircraft
survivable crash are reccmsidered: should the action of +the fire
fighter be one of suppression with =zero time 1loss or control ia
the vicinity of the rescue path. Improvements are .noted in the
use of crash, fire and rescue +trucks, and fire extinguishing
agents, such as foam, dry powder, and 1light water. The use of
helicopters and bhovercraft is considered as an alternative
transport for rescue personnel and fire fighting equipment in the
case 'of an aircraft accident.

-SCORCE INFORMATION-

CORPORATE SQURCE -
MINISTRY OF DEFENCE, LONDON (ENGLAND)} .
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FIRE-FIGHTING AND RESCUE PROBLEX®S WITH FUTURE CIVIL
AIRCRAFT

by
LCDGE, J-E.

00/00/067

~ABSTRACT-

A comparison is made of the fire fighting and rescue problems with
the Boeing 707 and 747 aircraft. It is arqued that for large
future aircraft, since airports are not provided with protection
to a common standard, an adjustment must be made to meet the
operational requirements of fire fighting, i.e., selection of
media and rates of application, for 'these futur civil aircraft
crashes. The 747 has a fire ground plan of three times the area
of that for the 707, in which control must be achieved by rapid
application of extinguishants if the occupants are to survive a
crash accident. The other aspects of fire safety considered for
future aircraft service are: (1) the amount and rate of
extinguishing agents used, specifically foam; {2) the availability
of supplementary agents; (3) the plan of rescue steps; (4)
casualty kandling after rescue; and {5) the selectiom and traiming
of fire and rescue personnel.

-PERTINENT FIGURES~-

F1G6. 4.7 COMPARISON BETWEEN BOEING 707 ARD 747 PAGE 32//TiAB. 1.
COMPARATIVE DIMENSICNS OF EOEING 707 AND 747 AIRCRAFT PAGE 31
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THE DESIGN OF AIRCRAFT FIRE-FIGHTING EQUIPMENT FOR THE
FUTURE. PART 1.

by
HUMPHREY, BR.

00,/00/67

-ABSTRACT-

With . the development of larger and £faster aircraft, problens. of
crash rescae will be 1increased. Since the. main objective of
aircraft crash fire fighting is saving life, speed in reaching the
fire and 3in . dealing with it . when reached is of the utmost
importance. The secondary aim will be to save as much of the
aircraft as possible and to protect adjacent buildings, etc.
Thus, complete extinguishment of the fire is highly desirable.
This leads to a coasideration of whether any of the existing fire
fighting agents are likely +to remain sumitable for use im the
future; wvhether somre preferred combination of these should be
specified; or whether there is scope for development of something
new. Protein foams, dry powder, and light water agents alome, or
im combinatiom, are compared in their effectiveness as fire
fighting agents. It was concluded that £cam of some sort will be
important for fighting aircraft fires in the future. A discussion
is included onr foam-making equipment and the developments and
improvements that are 1likely to be reguired. Light water and dry
powder equipment . are also considered, along with trends in fire
fighting vehicle developments, ‘

~PERTINENT FIGURES~

FiG. 5.3 PYRENE BLOWER FOAM SYSTEM PAGE 40//FIG. 5.4 HIGH PRESSURE
FOAM SISTEM {BRITISH PATENT 863439) PAGE 41//FIG. 5.5 JET REACTION
PROPORTIONER (PATENT PENDING) PAGE 42//FIG. 5.7 PIRENE-BIRO DRY
POWDER FIRE TRUOCK PAGE 44//FIG. 5.8 PYRENE CRASH TRUCK ON NUBIAW
MAJOR CHASSIS PAGE 44//FIG. 5.9 A POSSIBLE FOUTURE 30 TON CRASH
VEHICLE PAGE 44
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THE DESIGN OF AIRCRAFT FIRE-FIGHTING EQUIPHENT FOR THE
FUTURE. PART 2

by

SHAPLAND, J.D.
EURDEY, K.a.H.

00/00/67

. =ABSTRACT-

Overall efficiency of current fire fighting vehicles as a fast and
efficient fire fighting appliamce is gquestioned. Pending the
development  and introduction of a pew, highly versatile and
efficient extimguishing agent suitable  for combatting aircraft
fires, the design of aircraft expected to be in service during the
next fire years will call for new thinking in terms of usage of
currently familiar agents (dry powder and foams) due to the size
and load carrying capacity of the aircraft. Future application
rates for dry powder will probably range from 45 l1lb./sec. to 75
1b./sec.; monitors w:ll be required having an optimum range of 150
ft. minimum and the appliance capacity will range from 2 1/2 to 4
tons, to meet a 2 mnin. duration of operation. Foam application
monitors will require a foam output in the region of at least 5000
gpm in order to achieve an optimum jet ramge of 250 ft. As far as
foam gualities are concerned, it is unlikely that a foam . of
greater than 1031 expansion will be suitable. To achieve this,
the percentage of foanm liguid in the water must be about 7 to 8
percent. To mneet these higher outputs, vehicles o¢f larger
capacities will be mneeded and the operators will have to decode
the type of performance necessary from a chassis and determine
whether the advantages of high cross country performance justify
the egqually high cost.

-PERTINENT FIGURES- -

TAB. 1 HMIBIMUM QUANTITIES OF EXTINGUISHING HEDIA CATEGORY 9
AIRFIELD PAGE 52
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DESIGN ASPECTS RELATING TO AIRCRAFT FIRES
by

LIDIARD, ¥W.G.
MACDONALD, J-A,

00 ,/00/67

~ABSTRACT-

Statistics are reviewed on the freguency and causes of aircraft
fires. Data are presented 4in some detail on the process of
ignition by heated surfaces. Fire  precautions, adopted in
aircraft, are discussed and include segregation of combustibles
from ignition sources, fire detection, and control and extinction
of fire by aircraft equipment. HMeasures which could reduce damage.
and casunalties due toc crash fire are considered to be those which
reduce the likelihood of appreciable fuel and oil leakage, reduce-
the number of igniticn sources, make the aircraft flupids less
ignitable and slower burning to reduce the intensity of fire,
isolate the passengers from the effects of fire, and improve the
rescue technigmes. It is concluded that the greatest benefit in
crash fires would cone frem improved containment of the fuel or.
from the wuse of a variety of fuel or a treated fuel which had a
low rate of flame spread and heat release under crash conditions.

=PERTINENT FIGURES-

FIG., 8.1 STATISTICS ON ACCIDENTS INVCOLVING FIRE IN U.K. CIVIL
AIRCRAFT PAGE 68//FIG. 8.3 SPARK AND SPONTANEQDS IGNITION IIHIES
FOR AVTUR PAGE 71/,F1G. 8.4 THE EFFECT OF SIZE ON THE MINIHNUN
SPONTANEQOUS IGNITION TEMPERATURE OF AVTUR VAPOUR IN UNIFORMLY
HEATED VESSELS PAGE 71//FIG. 8.11 THE RATE OF FLAME PROPAGATION
FOR A NUMBER OF FLUIDS PAGE 79//TAB. 8.2 MAJOR BRITISH MIZITARY
JET AIRCRAFT FIRES {OTHER THAN CRASE FIRES) PAGE 70//TaB. 8.4
IGNITION CHARACTERISTICS OF AIRCRAFT FLUIDS PAGE 72
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THE SAFETY OF AIR TRANSPOET OF THE FUTIURZ
by
PARDOE, Jd.G.M.

00,/00/67

. =ABSTIERACT-

The ‘guestion -of affording safety of air transport is explored,
followed by discussion on how best to spend to increase safety.
While large . sums can be . justified to make scheduled air traasport’
safer, these should be used to prodace safety without great
increase .in operating cost. Since only about 10 percent of
fatalities occur in accidents which might be saurvivable, it 1is
some ten times more worthwhile to avoid serious accidents than to
mitigate . their results. It is reasonable +to scale the safety
effort to the number of passengers to be carried, e.g., not only
to increase fuel and structure weight in larger aircraft but also
the navigational egquipment, etc., as well. While 1t is desirable
to reduce the fatalities due to fire, it is also necessary not to
take the present statistics for granted, but to ensure that fataure
aircraft withk . changed confiquration and operating conditions do
not increase the fire hazard.
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ELASTOMERIC COATINGS AID FLAME RETARDARCE
by
HOLHES,; R.L.

05/00/7% .

-ABSTRACT-

Development efforts are reviewed in the compounding and testing of
nonflammable materials which have resulted in the discovery of a
number of valuable materials +that are of especial value for
products used im oxygen enriched environreats. Preliminary data
indicate that substrates such as wood, paper, textiles, metals,
organic resins, and elastomers may be made nonflammable under
atmospheric conditions by coating these substrates. Thes coatings
{REFSET) have been proposed for the fireproofing of military and
coemmercial aircraft. Coated aluminam or epoxy glass lamimates,
for example, are capable of passing the PFAA reqguirement of no
flame penetration when exposed to a 2000 deg. F. flame for 15 min.
A modified test methcd for flammability rating, the Candle Test;
is described., The test procedure involves the mounting of the
sample in the test fixture, introducing the gas mixture of oxygden
and nitrogen under Kknown velocities, igniting the sample with a
known heat source, removing the ignition source, and determining
whether the test material is monignitable, self-extinguishing, or
burns completely. Some of the variables encountered in this test
methed include  precent oxygen, velocity of gases, ignition
temperatures, sample shape and thickness, and the composition of
the material being used.

=PERTINENT FIGURES~-

TAB. 1 EFFECT OF GAS MIXTURE VELOCITY ON CANDLE TESTER BURN RATE
PAGE 67// TAB. 2 EFFECT OF MATERIAL SELECTIOK ON FLAMMABILITY
RATING PAGE 68//TAB. 3 EFFECT OF SAMNPLE GAUGE ON FLAMNABILITY
RATING, COMPOUND L-3203-6 PAGE 68
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INHALATION TOXICITY OF PYROLYSIS PRODUCTS OF
MONOBROMOMONOCHLOBOMETHANE AND MONOBROMOTRIFLUORCMETHANE

by

HAUN, C.C.
VERNOT, E.H.
MACEWEN, -J.D.
GEIGER, D.1i.

MCNEENEY, J.M. ET AL.

03/00/67

. =ABSTRACT- -

The -toxicities of the pyrolysis products of two fire extinguishant
compounds, bromochlcromethane and bromotrifluoromethane, were
investigated using albino rats; 14 day LC50 values were determined
for single 15 min. exposures. Both . fire extingnishker conmpounds,
currently used by the: U.S5. 3ir Force for aircraft fires, were
pyrolyzed at 800 deg. C. 3in a hydrogem-coxygen flamed Thke
pyrolysis products of each: compound were:X examined and the
principal consituents were identified and guantitated. The .
determined "LC50 - value of 2300 PpPR for pyrolyzed
bromotrifluoromethane produced a hydrogem fluoride :concentration
of 2480 : ppm consistent with the reported LC50 value for a single:
15 mim. exposure to this gas. Bromochloromethane pyrolysis
products were found to¢ bhave a LC50- of 465 ppm . undexr ' the
experimental parameters: tested. The toxic response producing this
LC50 ‘value appeared to result from a mixture of hydrogen chloride,
hydrogen bromide, and bromine gases.

=~=PERTINENT FIGURES~

FIG. 2 SCHEMATIC OF BROMOTRIFLUOROMETHANE PYBROLYSIS SYSTEM PAGE
4L//F1G. 4 MORTALITY V5 CONCENTRATION OF - PYROLYSIS PRODUCTS PAGE
17//FiG. 5 THERHAL DECCHMPOSITIGN CURVES PAGE 21//TAB. )
CONCENRTRATION OF - PYROLYSIS PRODUCTS PRODUCED BY IGNITIQGN OF.
BROHOCHLOROMETHANE PAGE 11//TAB. & RESULTS OF: EXPCSURE TO THE
PYROLYSIS PRODUCTS OF -BROMOTRIFLUOROMETHANE MILITARY SPECIFICATION
MIL-B-#394-B PAGE 14,//TAB. 9 MEAN W¥®EIGHTS OF RATS SURVIVING
EXPOSURE TC THE PYROLYSIS PRODUCTS - OF DBROMOTRIFLUOROMETHANE PAGE
19

-BIBLIOGRAPHY-

CHAMBERS, W.H. AND KRACKOW, EF.H.: AN INVESTIGATION COF THE TOXICITY
OF PBROPOSED FIRE EXTINGUISHING FLUIDS, PART 1. RES. REP. NO. 23,
0.5. ARMY CHEMICAL CENTER, MED. DIV., OCT. 1950//COMSTOCK, C.C.
AND OBERST, F.W.: COMPARATIVE INHALATION TOXICITIES OF FOUR
HALOGENATED HYDROCARBONS TO RATS AND MICE IN THE PRESENCE OF
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GASOLINE FIRES. ARCH. IND. HYG. AND OCCUP. MED., VOL. 7, 157,
1953//PRIESTLY, Loday, ET AL.: DETERMINATION OF SUBTOXIC
CONCENTRATIONS OF PHOSGENE IN AIR BY ELECTRON CAPTURE . GAS
CHROMATOGRAPHY. ANAL. CHEM., VOL. 37, 70, 1965//ROGERS, R.N. AND
YASUDA, S.K.: RAPILC MICRODETERMINATION OF FLUORINE IN ORGANIC.
COMPOUNDS. ANAL. CHEH., VOiI. 31, 616, 1959//TREON, J.F., ET AL.:
THE TOXICITY OF A4 PORIFED BATCH OF MOGNOBROMOTIRIFLUCROMETHANE
{FREON 13B1). AND THAT OF IIS PRODUCTS ©OF ITS PARTIAL THERNAL
DECOMPOSITION WHEN BREATHED BY EXPERIMENTAL ANIMALS. KETTERING
LAB., CINCINNATI OUNIV., OHIG, JUNE 19, 1957//CARSON, T.B., ET AL.:
THE RESPFONSE OF ANIMALS INHALING HYDROGEN FLUORIDE FOR SINGLE,
SHORT EXPOSURES. TR-61-744, 284030, WRIGHT-PATTERSON AFB, OHIO,
1861
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REPORT NUMBER -
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SPONSOR. = -
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CONTRACT NUMBER -
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keys 872 through 873

SURVEY OF FUNDAMENTAL KNOWLEDGE OF MECHANISMS OF ACTION OF
FLAME- EITINGUISHING AGENTS

by

FRIEDMAN, R.
1EVY, J.B.

01,00/57

—-ABSTRACT-

The current state of knowledge of the physico-chemical mechanisms
by which £flame extinquishing agents operate is surveyed. This
survey has not been 1limited to any particular class of flammable
materials or to any special type of extinguishing agents; however, -
the : emphasis has been on pure substances,  i.e., elements and
simple . conponnds. Attenticn has been devoted to flames of
hydrocarbons, magnesium, <arbon, and rocket propellant chemicals.
The survey concentrates on extinguishment of flames by specific
chemical irtervention of a third substance in additien to fuel and
oXygen; however, some attention is given to studies in which the
extinguishment is of a parely physical action. Also, some studies
of steadily propagating flames are included. The introduction
describes, in a ¢eneral way, the methods by which flames may be
extinguished. Current informatiom.on uninhibited and imhibited
gasecus flames is next resented along with the extinguishment
mechanisms of these £flaes-=-covalent halides and salts as
inhibitors, and the iahidb .tion of burning liquids and sclids. A
summary of 345 papers 'xamined and tabulated data on the
performance of a number of fire extinguishing compounds are
appended.

=PERTINENT FIGUEES-

TAB. 1 COMPARISON OF THE EXTINGUISHING POWER OF METHYL BROMIDE,
NITROGEN, AND CARBON DIOCXiDE PAGE 19//TAB. 2 CQOMPARISON OF .AGENTS
ON THE BASIS OF NUMBER OF HALOGEN ATOMS PAGE 21//TAB. 3 COMPARISON
OF AGENTS ON BASIS OF TYPE GF HALOGEN PAGE 231//TAB. 5 SUPPRESSIGN
AND QUENCHING POINTS OF SODIUM BICARBGNATE PCWDERS PAGE 28//APP. 3
SUMMARY OF COMNPOUNDS EVALUATED AS FIRE-EXTINGUISHING AGENTS FOR
N-HEPTANE-AIR PAGES 88-89

=SOURCE INFORMATION-

CORPORATE SOURCE -
ATLANTIC RESEARCH CORF., ALEXANDRIA, VA.
REPORT NUMEBER -
AD-110685//WADC-TR-56-568
SPONSOR. =
WRIGHT AIBR DEVELOPMENT CENTER, WRIGHT-PATTERSON AFB, OHIO.
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key 887

SMALL~SCALE FIRE TESTS OF HIGH-TEMPERATURE CABIN PRESSURE
SEALANT AND INSULATING MATERIALS. FINAL REPORT 1970-1971.

by
SARKOS, C.P.

11/00/71

. =ABSTRACT~-

A two ft. sgunare stainless steel panel was constracted with the
same dimensions between the fuselage skim and cabin wall as those
of a titanium fuselage previously exposed to an.external fuel
fire. The panel was subjected to a 2 gal./hr. kerosene buraer
which simnlated the heat flux and temperature from a 3large JP-4
fuel fire, as existed during the: titanium fuselage test. The
purpose of the panel  tests was to determine if the phenomena
observed during the titamium fuselage test could be duplicated on
a small scale, and also to test various sealant/insulation
combinations superior to those used in the titanium fuselage 1in
order to ascertain the degree. of inprovement in environmental
conditions which would result. Testing of the panel utilizing the
same materials found in the titapium fuselage .caused phenomena and
temperature distribution very similar to those observed during the
full-scale test. The titanium fuselage insulation tested without :
any cabin pressure sealant caused a flash fire. However, two
commercially available high temperature insulatioas alsc tested
without any sealant maintained survivable conditions for at least
15 min. Viton was fomund not to flame or cause .a flash fire under
conditions in which silicone did. The propensity of the formation
of a flash fire was strongly influenced by the compactness of the
insulation and the presence of any voids or passageways between
the fuselage skin and cabin wall interface.

—~PERTINENT FIGURES-

FIG. 4 SMOKE AND GAS DATA FOR TEST PANEL WITH MICROLITE IRSULATION
AND ®TV-106 SILICONE SEALANT (TEST ¥§O0. 1) PAGE 10//F1G. 5
TEMPERATURE DATA FOR TEST FANEL WITH MICBROLITE INSULATION {(TEST
NO. 2) COMPARED WITH FOLL-SCALE TEST PAGE 13//FIG. 8 COMPARISON OF -
SMOKE DATA FROM TEST PANELS WITH SILICONE {TEST NO. 4) AND VITON
{TEST NO. 6) PAGE 18//FiG. 9 CONPARISON OF TEMPERATURE DAT2 ¥ROMN
TEST PANELS INSULATED WITH MICRC~-QUARTZ AND DINA~-FLEX PAGE
19//F1G. 10 - CCMPARISON OF COMBUSTIBLE GASES TROM
MICRO-QUARTZ-INSULATED PANELS WITE SILICONE AND VITON. PAGE
21//TAB. 2 SUMMARY OF TEST RESULTS WITH TEST ARTICLE SIMULATING
TITANIUM FUSELAGE CRCSS SECTION PAGE 8

-BIBLIOGEAPHI-
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SARKOS, C.P.: TITANIGM FUSELAGE ENVIRONMENTAL CONDITION IN
POST-CRASH FIRES. REP. NG. FAA-RD-71-=3, NAFEC, MAR. 1971//SARKOS,
C.P.: EVALDATION OF AVCG/ NASA RBRIGID FOAM AS A FIRE BARRIER FOR
CABIN PROTECTICN. N&-542, DATA REP. NO. 70, NAFEC, PROPULSICH
SECTION, APR. 1970 -

~SOURCE INFORMATION-

CORPORATE SOURCE -
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CITY, N.d.
REPORT NUMBER -
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key 888
FIBER OPTICS HAZARD IDENTIFICATION DEVICE
by
PHILLIPS, B.G.

10/00/69

. =ABSTRACT~-

One - laboratory model fiber optics fire detector system and two
flight test systems complete with fire simulators were developed
and fabricated. The distal emd of this system, which .is located
within the aircraft engine compartment, is capable of withstandimg
temperatures of 1000 deg. F., whereas the rest of the system  is
capable of withstanding temperatures to 500 deg. F. A review is
presented of the work performed in optical design and mechanical
configuration, fire sinmulation, materials investigation, and
system evaluation. Several technigues were studied to simulate a
fire within the engine: ccmpartment, where the enmphasis was on
simulating flame flicker. It was concluded that these systens
offered a lower false alarm than current systems and should be
able: to detect Jduminrous flame within the  engime compartmeat.
Nevertheless, a substantial increase in the optical transmission
of the systen extending perhaps to the extreme. blue. and
ultraviolet would be desirable. A <considerable increase in
transmission coald be accompliished if the system were designed to
accommodate continuous fiber bundles from the engime compartment
to the cockpit.

~PERTINENT FIGURES-

TAB. 3 CHARACTERISTICS OF FIBER OPTICS FIRE DETECTION SYSTEE PAGE
42

~SOURCE INFORNATiIGN-

CORPORATE SOURCE -~
OPTICS TECHNOLOGY, INC., PALO ALTO, CALIF.
REPORT NUMEER -
AD-697036//AFAPL-TR-69-78
SPCNSORB -
AIR FORCE AERC PROPULSION LAB., WRIGHT-PATTERSON AFB, 0OHIO.
CONRTRACT NUMBER. -
CONTRACT AF33(615)-3532
OTHER INFORMATION -
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keys 891 through 892
AIRCRAFT OXYGEN SYSTEM MAINTENANCE, 1971.
by
NATIONAL FIRE PBOTECTION ASSCGCIATION

00,00/71

-ABSTRACT-

Hazards associated with the handling of breathing oxygen aboard
aircraft - are described, along with the recommended procedures for
safe charging and testing aircraft breathing oxygen systems. The
three basic types of aircraft breathing oxygern systems, classified
according to the type of regulator employed, are: (1) continuous
flow, (2) demand, and {3} pressure breathing demand. The
regulators are supplied from one of the. folleowing fixed or
portable breathing oxygen systems: {1) 1low pressure breathing
oxygen systems, (2) high pressure breathing oxygen systems, (3)
ligquid breathing oxygen ccnverter systems, and (4) portable
equipnent. Precautions for the handling and use of both gaseous
and 1liquid oxygen sSystems are diven. Safeguarding aircraft
breathing oxygen system test and repair operations are discussed,
as is fire protection during chkarging operatiom. Storage, -
handling, and usage of eguipment are considered.

-50URCE INFORMATION-

CORPORATE SOURCE -

NATIONAL FIRE PROTECTION ASSOCIATION, BOSTON, MASS.
REPORT NUMBER =

NFPA NO. 410B
OTHER INFORMATION -
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key 899
OLTRA VIOLET DETECTOR FOE AIRCRAFT ENGINES
by
STEVENS, J-R.

03/00/72

-ABSTRACT-

An automatic fire detector was designed for aircraft engine use to
detect fire caused Dy the accidental release and ignition of
flammable fluids ip the .engine bay as well as flame resultiasg from
combustion chamber burnthrough. The significance of the choice of
operating in -the ultraviolet region of the spectrum is explained
in terms of the 1lack of soclar radiation due to atmospheric
filtering, the  absence of - black body radiation, and the
availability of a high gaim narrow bamd photocell. The operating
principles of -a Geiger Mueller tube are established and the effect
cf varying the comnstructional parameters expiored. An outline of
the electronic circuits used is given and the hardward developed
for use:on the Concorde is illustrated. Continuous service trials
of -the nltraviolet fire sensor have been .carried ocut.

-SO00RCE IBFORBATICGN-

CORPORATE SOURCE: -
GRAVINER, LTD., COLMBEREOCK (ENGLAND) .
JOURNAL PROCEEDINGS -
IN: FIRE RESEARCH ©STATION, SYMPOSIUM ON ADTOMATIC FIRE
DETECTION,. LONDON, HAE. B~10, 1872
OTHER INFORMATIOR -
0013 PAGES, 0007 FIGURES, 0000 TABLES, 0000 REFERENCES
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xey 907

EVALUATION OF FILM FORMING FOANS FOR THE SUPPRESSION OF
FUEL FIERES IN AIRCRAFT HANGARS

by
BREE¥, D.E.

04,/00/72

-ABSTRACT-

An evaluation of the technical feasibility of enmploying aqueous
foams containing film-forming fluorosurfactaats to control
aircraft fuel fires in old and mew hangars showed that their
potential for apgrading sprinkler systems in older hangars
protected by the standard sprinkler (SS) or the o0ld style
sprinkler (0SS) ‘is promising. Tests Were made by buraing 900 sq.
ft. of JP-4., Foam/Water (P/W), 5SS, and 0355 nozzles were tested at
densities {gal./min. per sg. ft.) of 0.20 -and 0-16 (F/W), 0.16 and
0+125 {SS), and 0.20 {0SS) . The most rapid control was achieved
in 105 sec.s usiny anm 5SS system at a density of 0.16. An S5
system is 1.3 to 1.6 times as effective om a time basis in
achieving extinguishment as an F/¥ system. The fluorosurfactant
foam and a protein foam in 6 percent water solution were compared.
Rates of advance were slightly better for the former agent. W¥No
significant difference between the two agents was observed in
burnback resistance. Fluorosurfactant based foam is approximately
equivalent to protein foam in achieving control and extinguishment
when discharged through an F/¥ system, but the fluorosarfactant
foam, when discharged through an SS system, appears to be superior
to the protein feam discharged through an F/W deluge systenm.

-PERTINENT FIGURES-

FIG. 1 FREQUENCY OF PERFORMANCE RATIOS OF LIGHT WATER TG PROTEIN
FOAMS 1IN S0 PERCENT FIRE CONTROL PAGE 6//FIG. 2 FREQUENCY OF
PERFORMANCE RATIOS OF LIGHT WATER TO PROTEIN FOAMS 1IN FIRE
EXTINGUISHEENT PAGE 7//F1iG. 7 BURNBACK BESISTANCE OF 6 PERCENT
LIGHT WATER AND PROTEIN FQOAKS GENERATED BY A GRINNELL F/¥ HEAD
PAGE 22//TAB. 1 25 PERCENT DRAINAGE TIMES OF 6 PERCENT LIGHT WATER
FOAMS PAGE 17//TAB. 3 GENERAL DELUGE SYSTEM TESTS AND OBSERVATIONS
PAGE 29//TAB. 4 RADICOMETER AND THERMOCCQUPLE DATA PAGE 30

~BIBLIOGRAPHI-

TUVE, B.L., PETERSON, H.B., JABLONSKI, E-J.: A NEW¥W VAPOR-SECURING
BGENT FOR FLAMMABLE 1LIQUID FIRE EXTINGUISHMENT. NRL REP., MAR. 13,
1964//PETERSONy HoB., ET AL.: FULL-SCALE FIRE MODELING TEST
STUDIES OF LIGHT WATER AND FROTEIN TYPE FOAMS. NRL REPORT 6573,
U.5. NAVAL RES. LAB., WASHINGTON, D.C., AUG. 15, 1967//AQUECUS
FILH FORMING FOAM TESTS. CHANUTE AFB, AUG. 19-20, 1870//MAGUIRE,
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H. M.z LIGHT VATER COMES OUT CON TOP IN TESTS BY 3 FIRE DEPARTHMENTS.
FIRE ENG., - VOL. 122 NO. 4, 44-48, APR. 1969//0DNPUBLISHED DATA:
TESTS CONDUCTED AT ONTARIO, CALLIFORNWIA, JAN. 1971//MORBRAN, H.E.,
BURNETT, J.C., AND LEONARD, J.T.: SUPPRESSION GF FUEL EVAPORATION
BY AQUEOUS PILMS CF FLUORCCHEMICAL SUBFACTANT SOLUTIONS. NRL
REPORT 7247, NAVAL RES. LAB., WASHINGTON, D.C., APR. 1971 .
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CORPORATE SOURCE. -
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key 904

A STUDY OF AIRCRAFT FIRE HAZARDS RELATED TO NATURAL
ELECTRICAL PHENOMENA

by

KESTER, F.I.
GERSTEIN, H.
ELUMER, J.A.

06/00/68

-ABSTRACT- -

The problems of natural electrical phenonmena as fire hazards to
aircraft are evaluated. Assessment of the hazard is made over the
range of low level electrical discharges, such as static sparks,
to high level discharges such as lightning strikes to aircraft.
In addition, some fundamental work is presented on the problem of
flame propagation in aircraft fuel vent systems. Studies were
made of: the ignition energies and flame propagation rates of
kerosene/air and JP-6/air foans; (2) the rate of flame propagation
of heptane, octame, monane, and decane in .aircraft vent ducts; (3)
the damage to aluminum, titanium, and stainless steel aircraft
skin materials by lightning strikes; {4) fuel ignition by
lightning strikes tc aircraft skins; and (5) 1lightaing iaduced
flame propagation in an aircraft vent system. The test results
are tabulated and summarized.

=SOUBCE INFORMATIOKN-

CORPORATE SOURCE -
DYNAMIC SCIENCE CORP., MONROVIA, CALIF.
REPORT NUMBER -
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OHIG. LEWIS RESEARCH CENTER.
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key 806

CHEMICALLY INDUCED IGNITION IN AIRCRAFT AND SPACECRAFT
ELECTRICAL CIRCUITRY BY GLYCOL/WATER SOLUTIONS

by
DOWNS, H-R.

04 ,/00/68

=ABSTRACT-

Electrical circuitry of military aircraft and spacecraft coasists,
in part, of insulated silver-covered copper wires and componeants.
This circuitry creates a potential £lammability hazard when
solutions of glycol/water come in contact with either a bare or a
defectively insmlated wire or component carrying direct current.
The hazard arises from chemical reactivity of the silver-covered
copper anode. in contact with glycol/water solutions. Similar
reactivity does not occur with pure copper, nickel-covered copper,
or tin-plated copper elements in electric circuits. Some chemical
and physical properties of glycol/water f£lnids are presented, and
glycol-imduced corrosion of metals and conrosion inhibitors are
discussed. A tentative chemical mechanism for the reactions of
glycol/water solutions with silver wire carryimg direct curreat:is
proposed. a means of detecting feaction by use of a
transistorized amplitude-modulation receiver is reported, and a
means of preventing reaction of glycol/water solutions with silver
wires carrying direct current by adding a silver chelating agent
to the glycol/ water fluid is described.

-BIBLIOGRAPHY-

BOIES, D.B. AND NORTHAN, Bode: DEVELOPMENT OF A
COEROSION~INHIBITEL HEAT-TRANSFER FiUID FOR ECS SYSTEMS. NASA
CR-65485, 1966//BOIES, D.B. AND NORTHAN, B.J.: STUDY OF CORRQGSION
INHIBITORS FOR APOLLO THERMAL TRANSPORT FLUIDS. NASA CR-&5775,
1967//5ETTY, H.S.: EXAMINATION OF THE CHEMISTRY INVOLVED IN ANODIC
OXIDATION OF SILVER 1IN THE SYSTEM-SILVER: OXYGEN: INHIBITED
GLYCOL/WATER SOLUTION. NASA CR-65681, 1967

<~SOURCE INFORMATION-

CORPCRATE SOURCE -
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key 907

FIRE DETECTION SYSTEMS, AIBCRAFT. MATERIAL TEST PROCEDURE
7-2-05{. FINAL REPORT.

by
ARMY TEST AND EVALUATION COMMAND

12/04 /69

-ABSTRACT-

Test methods and techniques are provided which are necessary to
determine the technical performance and safety characteristics of
aircraft fire detecting systems and their associated tools and
equipment, and to determine the system's suitability for service
tests. This Materials Test Procedure describes the following

tests c¢onducted on aircraft fire detecting systens: {1
preparation for test, (2) false alarms, (3) electrical evaluatioa,
{4) environmental evalivation, (3 performance  tests, (6)

transportability, (7) safety, (8) human factors, {9) value
analysis, {(10) nraintenance, and (11) guality assurance. The
procedures are limited to fire detecting systems employing
coptinuous strip sensing elements. The test items are considered
to be composed of a completely assembled, self-coatained fire
detecting system mounted, after receipt, on a suitable aluminunm
pallet.

. ~SQURCE INFORMATION-

COGRPORATE SCGURCE -
ARMY TEST AND EVALUATICN COMNMAND, ABERDEEN PROVING GROUND,
MD.
REPORT NUMBER -
AD-867036//X70-15151
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keys 911 through 913
AIRCRAFT FUELS, LUBBICANTS,‘&ND FIRE SAFETY
by
ADVISORY GROUP FOR AERCSPACE RESEARCH AND DEVELOPMENT

08/00/71 .

. =ABSTRACT~-

Comtents: Fristrom, BRB.M. and Sawyer, B.F., Flame Inhibition
Chemistry {See F7200659)//Botteri, B.P., Flammability Properties
of Jet Fuels and Techniques for Fire and Explosion Suppression-
{See F7200660)//S5harma, O.P. and Sirignano, ¥.A4., Ignitiom of
Fuels by a Hot Projectile (See F7200661)// Fiala, R., Contribution
to the Selection- of Fire Extinguishing Systems and Agents for
dircraft Fires {See F7200662)//Stravwson, H. and Lewis, A,
BElectrostatic Charging in +the Handling of Aviation Fmels (See
F7200663)// Russell, Jr., Rcld., - Crash-Safe Turbine Fuel
Development by the Federal Aviation Administration {1964<=1970)
{S5ee F7200664) //Heatherford, dJr., ¥.D- and Schaekel, F.W.,
Emulsified Fuels and Aircraft Safety {See F7200665)// Kuchta,
JsM., Burphy, J.N., Furno, A.L., and Bartkowski, 3., Fire Hazard
Evaluation of Thickened Aaircraft Fuels {See F7200666)//Macdonald,
J.A. and ¥yeth, H.W.6., -Fire and Explosion Protection of Fuel Tank
Ullage {See F7200687)//Fiala, R. and Winterfeld, G., Investigation
of Fire Extimguishing Powders by #Heans of a New HMeasuring
Procedure {See  F7200668)//hiller, B. B. and Wilford, S-P.,
Simulated Crash Tests as a Means of Rating Aircraft Safet Fuels
{(See F7200669)//Tuve, R.L., Surface Active Considerations in Fuel
Fires {(See F7200670) -

-SOURCE INFPORMATION-

REPORT NUNBER -
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keys 915 through 916

FLAMMABILITY PRCPERTIES OF JET FUELS AND TECHNIQUES FOR
PIEE AND EXPLCSION SUPPRESSION

by
BOTTERI, B.P.

68/00/71

. =~RABSTRACT-

Because = of the 1large guantity and dispersed storage of fuel
onboard aircraft: umder <conbat environment conditions, a high
probability exists that gunfire hits will occur im fuel areas with
consequent damaging effects of £fire, explosion,; andsor fael
depletion. Results of investigative efforts to establish the
practical flammability envelopes and associated combustion damage
potential for conventional Jjet fuels such as JP-4, JP-8 {similar
to JET A-1), and JpP-5 under simulated hostilie operating
environment conditions are presented. Testing included
liquid-space . gunfire bhits to assess external fire hazard and
vertical {liquid +tc¢ vapor) £iring trajectories to determine
explosion hazard associated with projectile-induced fuel sprays
and mists. A1l tests were performed in: instrumented replica
target tanks varyisg in volame from 15 to 90 gal. Principal test
variables were fuel temperature, pressure, fuel depth, external
void space, and intermal amd external air flow. All tests vwere
conducted uwtilizing 0.50 - caliber armor pilercing incendiary
projectiles. These tests indicate a considerable extension in the
flammability range c¢f all fuels compared to the egquilibrium
flammability limit values which are commonly atilized for <{fire
safety analysis. Recent rprogress in the use. of reticulated
polyurethane foam,  halogenated hydrocarbon - chemical
extinguishants, and other fuel-tank inerting techniques are
reviewed.

=PERTINENT FIGURES~

FI1G. 3 EXTENDED LEAN FLAMMABILITY {(SLOSHING AT 17 CPM AND 1 ATH.
INITIAL ULLAGE PRESSURE) PACGE 13-%//FIG. 6 EXPLOSIGF HAZARD UNDER
VERTICAL GUNFIRE (ATMOSPBERIC PRESSURE, 90 GAL. TANK, 4 IN. FUEL
DEPTH) - PAGE 13-10//FIG. 10 TYPICAL PRESSURE-TIME PROFILES FOR
Jp~%, JP-8, AND JP-5 GUNFIRE INDUCED BRBEACTIONS {(ATMOSPHERIC.
PRESSURE, 70 DEG. Fs, 90 GAL. TANK, 4 IN. FUEL DEPTH) - PAGE
13-11//TAB. 2 FIRE PROPERTIES OF JET FUELS PAGE 13-7//TAB. 3
RESULIS OF LIQUID-PHASE FUEL GUNFIRE TESTS PAGE 13-7//TAB. 4
QUALITATIVE CO®PARISON OF JP-4 . AND JE-8 FOR JET AIRCRAFT
OPERATICNS PAGE 13-8

~SQURCE INFORHATIOHN-
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keys 920 through 922

CONTRIBUTION T(O THE SELECTION OF FIRE EXTINGUISHING SIYISTEMS
AND AGENTIS FOR AIRCEAFT FIRES

by
FIALA, R.

08,/00/71

=-ABSTRACT-

A description of a new fire extinguishing system for aircraft is
given, which uses the: exhaust gases of a solid propellant gas
generator to pressurize the extinguisher bottle. The
extinguishing efficiency of this hot bottle system is compared
with that of the extimaguishing systeam in present use. Both
systens unse halomns as fire extinguishing agents. Quantitative
valunes were obtained on the mass flow rates of extinguishant which
are necessary for both systems to extinguish a flame under
realistic conditioms. With the hot bottle system the. agent is
again stored in a container which, however, is pressurized only
during the time of discharge. The gas necessary for the discharge
is produced by the combustion of a solid fuel vwhich is contained
in a small burning chamber situated at the tip of the hot bottle.
In conclusion,; it was stated that using a hot bottle system
instead of the conventional extinguishing system used today would
reduce the veight of the extinguishant needed to extinguish a fire
by 20 percent. It is also believed that since 'the extinguishant
is stored at low pressure the equipment weight can also be reduced
by adapting the hardware to the special demands of the hot bottle
system., . A comparison of the extinguishing efficiency of halons
and dry powders for fuel fires was carried out in a 4 sg. m. test
pan.

=PEBTINENT FIGGRES-

FiG. 2 SCHEMATIC OF THE HGT BOTTLE PAGE 18-7//FIG. 4 INFLUENCE OF
MASS PLOX RATE ON THE EXTINGUISHING EFFECT OF THE HOT BOTILE
SYSTEM, WHEN CABRBOR TETRACHLORIDE IS USED AS AN AGENT PAGE
18-8//FIG. & MASS FLOR OF AGENT TC ACHIEVE EXTINGUISHMENT FOR
DIFFERENT AGENTS WHEN DISCHARGED WITH THE BOT BOTTLE SYSTEX AND
THE NORMAL FIRE  EXTINGUISHING SYSTEY PAGE 18-9//FIG. 8
EXTINGUISHING EFFICIENCY OF PYIROLYSED AND HOT PYROLYSED
BROMOCHLCRCMETHANE PAGE 18-9//FIG. S AMOUNT OF AGENT PER S5Q. M.
NEEDED TOC EXTINGOISH A FIRE IN A 4 SQ. M. TEST PAN PAGE
18-10//FIG. 10 PREVENTION OF REIGNITION INITIATED BY A HOT SIDE
WALL BY HALONS PAGE 18-10 -
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FLAME, VOL. 14, 85-96, 1970
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keys 923 through 925
ELECTROSTATIC CHARGING IN THE HANDLING OF AVIATION FUELS
by

STRAWSON, ‘H.
LERIS, A.

08/00/71

-ABSTRACT-

Electrostatic charging of the fuel during fuelling can result im
the possibility of incendive sparking im aircraft tanks; some: of
the more recent  experimental results on the different phases of
this process are presented. These results confirm that, im the
absence . of special precautions, discharges c¢reating a tank
explosion hagzard can exist during aircraft refuelling in certain
circumstances, Unless the fuel conductivity is controlled,
however, these hazardous circumstances cannot be precisely
predicted. The use of a static dissipator additive eliminates the
hazard. Methods of introducing the additive and of maiatainimg
the correct conductivity during fuel distribution are discussed,
as vwell as possible side effects and interactions with other fuel
additives. On the basis of world-wide airline. use over many
years, supported by mamny laboratory tests, it is concluded that
the additive. provides a safe, sinple and trouble-free sclution to
the problen.

-PERTINENT FIGURES-

FIG. 17 FILTER OUTLET CHARGE DENSITY FOR FOUR DIFFERENT AIRCERAFT
FUELING FILTERS. AVIATION KEROSINE, CONDUCTIVITY 2.2 TO 3.5 PS/H.
AT 5 DEG. C. PAGE 19-8//FI1G. 2 FDEL CHARGING IN HYDRANT DISPENSER
AT 2.3 CU. H./MIN. {600 US GAL./MIN.) PAGE 19-9//FIG. 4 VARIATION
OF FILTER CHARGING WITE FUEL CONDUCTIVITY PAGE 19-10//FiG. 5
EFFECT OF ASA-3 CONCENTRATION ON CHARGE DENSITY 1IN KEROSEKNE
MEASURED AFTER 2 SEC. RESIDENCE TIME DCOWRNSTREAM OF 1 MICROLITER
PAGE 19-%1//FIG. 7 EPFECT OF ADDITIVE A ©UPON CHARGE DENSITY 1IN
KEROSENE MEASURED AFTER 2 SEC. RESIDENCE TIME DOWNSTREAM OF 1
MICROLITER PAGE 19-11//T2B. 1 CONDUCTIVITY CHANGE DURING OCEAN
TREANSPORT PAGE 15-7
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CRASH~-SAFE TURBINE FUEL DEVELOPMENT BY THE FEDERAL AVIATION
ADMINISTRATION {1964-1970)

by
RUSSELL, JR., R.A.

08,00/71

—ABSTRACT-

One of the approaches being taken to reduce the probability and/or
severity of fire in commercial jet transports is the development
of a mnodified aviatiom turbine fuel that will provide a
significant reduction in the crash fire hazard. The modified
fuels program, imnitiated im 1964, brought to 1light that under
small-scale simulated crash conditions the fire reduction benefits
of fuel thickeners result from their ability to physically bind
the fuel and thus reduce the rate of vaporization and the exposed
surface area available to support a fire. Dozens of thickened
fuel candidates have undergone cursory screening, and a small
percentage of those that appeared promising have been subjected to
a crash fire rating system designed to provide relative values of
candidate fuels. Subseguent efforts to investigate the
compatibility to two of the earlier available thickemed fuels with
a unnodified commercial jet aircraft fuel system indicated that
the fuel system could not effectively utilize . the modified fuels.
If chemical and physical studies, not underway, on two of the
leading fuel candidates successfully improve their fluidic
property, as well as retain their fire retardative properties,
then FAA plans to demonstrate the safe operation of aircraft using
the modified fuel and demonstrate the improvemest in <crash fire
safety by conducting full-scale crash tests.

-PERTINENT FIGURES-

FIG. 1 SAHPLES OF 1.5 PEBRCENT FA2 1069-1 GELLED FUEL PAGE
20-2//FI1G. 2 1 GAL OF JP-4 CONVERTED TO FUEL MIST AND EXPOSED TIC
OPEN FLAMES PaAGE 20-3//FIG. 3 1 GAL. OF GELLED JP-4 FUEL CONVETIRED
PO FUEL MIST AND EXPOSED TO OPEN FLAMES PAGE 20-3//F1G. B8
J47=-GE~25 ENGINE OPERATING ON GELLED FUEL FEED FROM. EXTERNAL
SUPPLY SYSTEM PAGE 20-4//FIG. 10 RHEOLOGICAL PROFILE OF DOW
XD7129. (FAA) GELLED FUEL-EOTOVISCC MVI VOSCOMETER PAGE 20-6
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EMULSIFIEL FUELS AND AIRCRAFT SAFETY
by

WEATHERFORD, JR., W.D.
SCHAEKEL, F.W.

08/00/71

-ABSTRACT-

To reduce the helicopter crash fire. danger, the US Army has
- conducted tests of high-internal-phase-ratio aqueous emalsions. A
candidate fuel enulsion must render a fuel less flammable without
significantly diminishing the engine combustion performance of the
fuel. ¥hen there is a ninimum of applied stress, the
high-intermal~-phase-ratio emulsion retains its shape, but when an
appiied shear stress exceeds the yield stress, deformation and
flow cccur. Newtonian-type flow occurs after the applied sheax
stress at the pipe wall exceeds the yield stress of the emulsion.
Fiow abnormalities stem from localized demulsification of phase
inversion. At extremely high stress levels, the flow properties
approach those of the base fuel. A minjiature trough used for
fuel-surface flame velocity tests showed that in liquid form JP-8
bad a 70 fold reductior in flame velocity relative to JP-=4; in
their emulsified form JP-8 showed a 250 fold reduction in £flanme
velocity relative +t¢ JP-4. JP-4 and JP-8 mist showed similar
fiammability characteristics. The Jp-8 enulsion regquired
substantially more air-assisted shear for £flashback to occur. A
fuel tank containing enuisified JP-8 was impacted at 20 m./sec.
against a concrete wall with two steel spikes set in its No
significant fire occurred. Ignition sources included electric
sparks, a continuous heat =source, and <£five highwvay type snudge
pots.

-PERTINENT FIGURES-

FIG. 1 CALCULATED INFLUENCE OF EMULSION VYIELD STRESS ON MINIMUM
TUBE DIAMETER FOR SPONTANEGUS GRAVITY FLOW OF EMNULSION 1IN
VERTICALLY ORIENTED TUBE OPEN AT BOTH ENDS PAGE 2%1-10//FiG. 2
RBEOLOGICAL CHARACTERISTICS OF A TYPICAL AQUEOUS EMULSICGHN
CONTAINING 97 PERCENT JP-8 FUEL AS THE INTERNAL PHASE PAGE
21-10//F1G. 3 IMPACT-DISPERSION FIRE PROPERTIES AT 38 DEG. C.=-=
PHOTOGRAPHS OF VIDEOTAPE PLAYBACK PAGE 21-11//FIG. 4 MisT
g%AigBACK TEST-- DEFINITION OF CHARACTERISTIC FLAME TYPES PAGE
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FIRE HAZARD EVALUATICN OF THICKENED AIRCEAFT FUEILS

by

KUCHTA, J.M.
MURPHY, J.N.
FURNO, A.L.

BARTKOWSKI, A.

08/00/71

. ~ABSTRACT~

Various gelled or emulsified fuels were proposed for reducing the
aircraft  crash-fire kazard. Resalts are presented fron
bench-scale tests for screening the fuels and from large-scale.
drop tests for evaluating their fire hazard under simulated crash
conditions. Jet A and Jet B type thickened fuels were
investigated. Their minimum autoignition temperatures and burning
rates varied 1little, whereas their flash points, volatility rates,
self-spread rates, and flame spread rates varied noticeably with
either the base fuel or thickening ageat composition; ninimum
ignition emnergies are alsc compared for 1ligquid sprays. The
performance of the thickened fuels, particularly Jet B enmulsions,
was not very promising under impact conditions. In fuel drops
made from a 150 ft. three-tower facility, the fireball size and
radiation intensity varied with impact velocity, impact angle, and
type of fuel contaiser. Generally, the fireball hazard w~as
greatest for the highest volatility fuels.

-~PERTINEWT FIGURES-

FiG. 2 VAPOR PRESSURE VS TINE FOR LIQUID AND EMULSIFIED FUELS BY
MODIFIED REID VAPOR PRESSURE METHOD PAGE 22-7//FIG. 7 VARIATION OF
PEAK FIREBALL WIDTH WITH IMPACT VELOCITY FOR VERTICAL FUEL DROPS
WITH 5 GAL. METAL CONTAINERS PAGE 22-10//FIG. 10 . IMPACT AND
IGNITION OF 5 GAL. JP-4 EMULSION B IN VECTORIAL (60 DEG.) -FUEL
DROP AT AN IMPACT VELOCITY OF 36 MPH BPAGE 22-11//TAB. 1 VARIATIGN
OF YIELD STRESS WITH RELAXATION PERIOD FOR FOUR EEULSIFIED . FUELS
PAGE 22-1//TAB. 3 SUMMARY OF BENCH-SCALE TEST DATA FOR JET A TYPE
BASE FUELS AND EMOLSIFIED OR GELLED FUELS PAGE 22-4//TAB. 4
RADIATION FRO® FIRES 1IN VERTICAL FUEL DROPS WITH 5 GAL. OF FUEL
(METAL CONTAINERS) AT AN IMPACT VELOCITY OF 60 MPH PAGE 22-6
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OF -MINES, MAR. 1969//BURGESS, D. AND ZABETAKIS, M.G.=: FIRE AND
EXPLOSION HAZARDS ASSOCIAT:D WITH LIQUIFIED NATURAL GAS. BUR. OF
HINES REP. OF INV. 6099, 1962//TURNBOW, J.¥W., ET AL.: CRASH
SURVIVAL DESIGN GUIDE. USAAVLABS TECH. REP. 67-22, DEC. 1967
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FIRE AND EXPLOSION PROTECTION OF FUEL TANK ULLAGE

by

MACDONALD, J.A.
WYETH, HoWoGa

08/00/71

=ABSTERACT-

This paper examines the conditions that can lead to am explosion
within aircraft fael tank ullages (spaces above liquid fuel) and
reviews the need for protection systens. Principles employed in
providing the desired degree of protection are outlined, such as
oxygen reduction, wvapor or mist inerting and plastics foanm
fillers, and the results are presented of work at the Royal
Aircraft Establishmert to develop a suitable system for military
aircraft. BRelevant studies undertaken in the United Kingdom over
the last 30 years are summarized and brief descriptions given of
prototype and trial installations fitted to aircraft. Comparisons
have been made between the wvarious systems and their relative
merits discussed. It is <concluded that plastics £foam is an
effective system provided that the material is compatible with the
environment. Liguid nitrogen is also attractive from the weight
aspect, but could pose logistics probiems.

~PERTINENT FIGURES-

FiIG. 1 FLAMMABILITY LIMITS FOR AVIUR FUEL VAPOR AND MIST PAGE
23-5//FIG. 2 SPARRK IGNITION LIMITS FOR OXYGEN CONCENTRATION 1IN
OXYGEN/NITROGEN AND CXYGEN CARBON DIOXIDE MNIXTURES ¥ITH WIDE CUT
AVIATION FUEL PAGE 23-6//F1G. 3 COMBUSTOR GAS PROTECTICN SISTEN
PAGE 23-6//FIG. 4 GASEOUS NITROGEN EXPLOSICN PROTECTION SYSTEM
PAGE 23-7//FIG. 5 EFFECT OF FOAM FILLING ON PEAK EXPLOSION
PRESSURE RISE PAGE 23-7//TAB. 1 FUEL TANK PROTECTION SYSTENMS PAGE
23-5
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keys 930 throagh 9371

INVESTIGATION OF FIRE EXTINGUISHING POWDERES BY MEANS OF :a
NEW MEASURING PROCEDURE

by

FIALR, R.
WINTERFELD, G.

08/00/71 .

=ABSTRACI~-

Fire extingushing systems in aircraft of  bigh flight Mach numbers
are exposed te such high temperatures within the aircraft  that
halogenated hydrocarbons normally used as fire extianguishing
agents dimn aircraft must be replaced by substances which are more
thermally stable. The materials considered are fire extinguishing
powders which are also used for large aircraft crash fires. In
order - to optinise fire extinguishing systems, it is necessary to
corpare the extinguishing efficiency of solid and gaseous (or
liguid) ‘extinguishing agents. The relative effectivenesses of dry
powders was measured by the decrease of the blow-off-velocity of a
flame- ‘holder-stabilized premixed flame.caused by the action of
the povwder. Since the tlow-off-velocity is a function of the
laminar flame velocity of the combustible mixture, -which is given .
by - Damkoehler’'s first aumber, the method permits a direct
comparison between gaseous and solid extinguishants. The
reproductbility of +the test rTesults and the simplicity of the
apparatus enable this nmethod to be used, also, for routine
investigation. In the ccnparison of different powders the
cryolites, sodium hexafluorcaluminate and potassium
hexaflnorocalmaminate proved to be of high . extinguishing
effectiveness, which in the measurements with the. test method
described, exceeds that- - of presently used halons, such as
bromotrifluoromethane.

-PERTINENT FIGURES- -

FiG. 2 SCHEMATIC ©DIAGRAM . OF TEST APPARATUS PAGE 2u4-10//F1G. &4
RELATIVE BLOW-OFF~VELOCITY PLOTTED AGAINST RELATIVE BURNING
VELOCITY FOR INCEEASING EXTINGUISHANT CONCENTRATION PAGE
24=-11//F16. 5 DECEEASE Cf- THE BLO¥-=-0FF- VELCCITY OF a
STOICIOMETRIC. PROPANE-AIR~FLAME TUNDER THE ACTION OF INCREASING
EXTINGUISHANT CONCENTRATION PAGE ZH-1Z
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STATICN, 1965//LAFFITTE, P., DELBOURGC, R., COMBOURIEU, dJ., AND
DUMONT, J.: THE INFLBENCE OF PABRTICLE DIAMETER OF THE SPECIFICITY
OF FINE POWDERS IN THE EXZTINCTION OF FLAMES. COMBUST. AND FLANE,
¥oL. 9, 357, 1965 //MILNE, T.A., GREEN, C.L., AND BENSON, D.K.:
THE USE OF THE CODNTERFIOW DIFFUSICN FLAHNE 1IN STUDIES OF
INHIBITION EFFECTIVENESS OF GASEQUS AKD POWDERED AGENTS. COMNBUST.
AND FLAME, VOL. 15, 255, 187(//BIRCHALL, J.D.: ON THE MECHANISM OF
FPLAME INHIBITION EY ALKALI METAL SALTS. COMBUST. AND FLARE, VOL.
14, 85, 1970
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SIMULATED CRASH TESTS AS A MEANS OF RATING AIRCRAFT SAFETY
FUELS

by

BILLEE, B.E.
WiLFORD, S-P.

08,00/71 .

~ABSTRACT-

Two tests are described for assessing the flame resistance of
Avtur containing polymeric additives which reduce its ability to
form flammable mists. In the standard test, a tank containing 10
or 20 :gal. of fuel is propelied on a rocket sled at speeds of 114
or . 188 ft./sec. and decelerated after contact with am aircraft
arrestor wire. Fuel is allowed to spill from a slit in the tank
onto a series of ignition sources. In the run on  test, the tamnk
travels at speeds . up to 240 ft./sec. past a series of ignitiom
sources while  spilling fuel from a slit on - the 1leading edge.
Significant variables in these tests included the fuel velocity
relative to the air stream and the number and placement of +the
ignition sources. The addition of 0.5 percent FM3, which is a
pist inhibiting additive coasisting of a high molecular weight
polymer, to Avtur produced a considerable reduction imn the
incidence and intensity of fires.

-PERTINENT FIGURES-

FIG. 1 VARIATIGON OF AIRCRAFI VELOCITY AND EXIT VELOCITY WITH TIME
FOR THE S5TH PERCENTILE ACCIDENT PAGE 25-10//FIG. 5 FUEL TANK AND
LAYOQOUT OF IGNITION SOURCES PAGE 25-12//FIG. 6 VELOCITY PROFILES
FOR STANDARD TESTS {10 ‘GAL. TANK) : PAGE 25-12//FIG. 7 TYPICAL
DECELERATION PODLSES FOE STANDARD TESTS PAGE 25-13//TAB. 1.
COMPARISON OF AVIUR ¥ITH MODIFIED FUEL IN SINULATED CRASH TESTS AT
188 FT./SEC. PAGE 25-5//TAB. 4 ©EFFECT OF VELOCITY ON IGNITION
BEHAVIOUR OF -AVTGR AND MODIFIED FUEL PAGE 25-8
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WALLACE, T.J.: THICKENED FUELS FOR AIRCRAFT SAFETY. S.A.E. PAP,
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THE HELICCPTEER?S ROLE IN FIRE FIGHTIING

by
AERCSPACE CORP.

Bz2/15772

.=~ABSTRACT-

The use of helicopters by the Los Angeles County Fire lepartment
since 1957 was based on the following factors: (1) Since the
County consisted 1largely cof wurban and populated areas, the
accuracy of helicopters in making retardant drops oan brush fires
was important ‘to nearby populous areas. (2) The typically shorter
runs favored the rapid turn-arcund time of the helicopter. {3}
Finally, the helicopter was more suited to the multi-use
applications which included rescue and airborre command needed by
the County. Helicopters are used for protection of watershed
lands, for recomnaissance aad command functioms on wurban. and
industrial fires, for initial fire attack on wild land fires, and
for the .delivery and dropping of vital cargees and the flexible
deployment of " hover Jjumper personnel. When the helicopter is
fitted with gyro-stabilized cptical systems, it becomes a useful
surveillance tool and can be very helpful in acquiring documented
information for. . ©pecssible arsonm investigation ~or other law
enforcement 'applications. When fitted with infrared smrveiilance
equipment, the helicopter becomes a means of early detection and
the mapping of raral fires.
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STUDY TO DETERMINE THE APPLICATICN CF AIRCRAFT
IGNITION-SOQUGRCE CONTHCOL SYSTEHS IO FUTURE ARMY AIRCERAFT

by
DRUEMOND, -J.K.

06/00/71

~ABSTRACT-

Design inforpatiom applicable to future Army aircraft, om crash
sensors, ignition source suppression systems, and circuitry for
the automatic activation of the suppression systems wvas studied.
The program dinvolved a comprehensive 1literature search, the
development of reguirements for the initiating sybsystem of the
overall ignition source control system, and the consideration and
comparison of several illustrative activating circuits. The
development of a workable ignition source suppression system was
found to be feasible. Several systems have already been developed
to cool hot surfaces, to inert atmospheres, and to deenergize
electical systems. The areas of the ignition source control
probiem which require development are: the selection and the
degree o¢f redundancy of crash sensors, the 1locations of the
sensors on the aircraft, and the complexity of the activating and
control circuitrye.

~SQURCE INFORMATION-

CORPOBRATE SOURCE -
DYNAMIC SCIENCE CORP., FHOENIX, ARIZ.
REPORT NUMBER -~
N72-14006//AD-729870//0SAAMRDL~TR-7 1-35
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ARMY AIR MOBILITY RESEARCH AND DEVELOPHMENT LAB., FORT EUSTIS,
Va.
- CONTRACT NOMBER -
CONTRACT DAAJO02-69-C-0030 -
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DEVELOPMENT OF A SILICONE BASE HYDRAULIC FLUID FOR USE IN
NAVAL AIRCRAFT

by

JEWELL, E.
HAKNOND, J.L.

12728771 .

-ABSTRACT- -

4 silicone:  fluid having excellent lubricating properties and
viscosity~-temperature characteristics was developed for use as a
fire resistant hydraulic fluid in . aircraft systenms. Wear
properties, as indicated by laboratory beach tests, -approach those
0of MIL-H=-5606B fiuid. Full scale flammability tests have not been
conduncted on the experimental £1luid; however, laboratory tests
using FTMS 791, Method No. 352, show it to be approximately twice
as resistant to flame as the recently developed synthetic
bydrocarbon fluids of the MIL-H-83282 type. Thermal stability
data for several of the experimental formulations are given.

-PERTINENT FIGURES-

TAB., 3 COMPARISON OF MIL-H-5606 FLUID WITH VARIOUS SILICONE
FORMULATIONS PAGE 7

~-S50UBCE INFORMATION-

CORPOEATE SOUERCE -
NAVAL AIR DEVELCOPMENT CENTER, JOHNSVILLE, PA. AERC MATEERIALS
DEPT.
REPORT NUMBER -
NADC-MA-7180//3L-893035L
OTHER INFORMATION -
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CRASH SURVIVAL DESIGN GUIDE, REVISED OCT. 1971
by

TURNBOW, J.W.
CARROLL, D.F.
HALEY, JR., J-l.

REED, W.H.

10,00/71

-~ABSTRACT-

A desigm guide was assembled to assist design engineers in
understanding the basic problems associated with the development
of crashworthy U.S. Army aircraft. Where possible, solutions to
specific problems are indicated. In areas in vhich little design
data are available, cnly the general philosophy appropriate to the
problem solution is presented; the details of such solutions, as
well as the degree of crashworthiness to be achieved, must be left
to the ingenuity of the designer. Data, desigm techniques, and
criteria are presented on aircraft crash. kinematic amd survival
envelopes, airframe crashworthiness design criteria, aircraft seat
design <criteria (crew and troop/passenger), restraint systenm
design criteria {crew, troop/ passenger, and cargo), occupant
environment design criteria, aircraft ancillary egquipment stowage
design criteria, emergency escape provisions, and postcrashk fire
design criteria.

-~PERTINENT FIGURES-

PI1G. 1-20 COMBINED LONGITUDINAL AND VERTICAL IMPACT VELGCITY
CHANGES FOR FIYED-WING TRANSPORT AIRCRAFT IN THE 95TH PERCENTILE
ACCIDENT PAGE 38//FIG. 2-5 METHOD OF REINFORCING NOSE STRICTURE
TO PROVIDE INCREASED RESISTANCE TO VERTICAL LOADS ARD TO REDUCE
EARTH SCOOPING PAGE 78//FI1G. 2-6 TWHO METHODS OF REDUCING EARTH
SCOOPING IN ENGINE-MOUNTING AREAS PAGE 80//FIG. 2-9 CAP AND WEB
COMBINATION REAM DESIGN WITH POTENTIAL ENERGY-ABSORBING CAPABILITY
{TAKEN FROM REFERENCE 3) PAGE 85//FIG. 2-10 CONCEPTUAL STEUCTURAL
CONFIGURATIONS TO ABSCORB MAXINMOH ENERGY FOR SIDEWARD,
LONGITUDINAL, AND VERTICAL IMPACT FORCES (TAKEN FROM REFERENCE 3)
PAGE Bé6//TAB. 3-II SEAT DESIGN AND STATIC TEST REQUIEEMENTS PAGE
152 ARMY TRATSPORTIRTION RES® COMMRED: FT. EOSTIS: VRE., FEH. 1965
{RD-514582)
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HELICOPTER FLIGHT RESTRICTION AND FIRE SERVICE OPERATIONS

by
THORSELL, E.R.

00,00/71

~-ABSTRACT~

Federal Aviation Administration safety regulations concerned with
helicopter operations are discussed, specifically parts 91 and
135. These two sections cover the major operationmal limitations
placed on helicopter operations by the FAA. The CAA certificated
civilian helicopters in 1946 and they immediately found their way
into a wide range of wuses. Some of these are enumerated. To
develop factual data relative to the wuse of helicopters in rescue
operations, the Naticnal Aviation Facilities Experimental Center
initiated a test prcgram. The test results are contained in FAA
published Report No. 65-50 Post Crash Fire Fighting Studies on
Transport Category Aircraft, dated may 1965. Other tests were
carried out to determine the helicopters ability in rescue
operations. The major corclusions are summarized.

=-S50URCE INFCR8ATIQON~-

CORPORATE SOURCE -
FEDERAL AVIATION ADMINISTRATION, WASHINGTON, D.C.
REPORT NUMBER ~
AD-734078
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A CASE FOR FUEL TANK INERTING

by
REED, T.O.

06,00/72

. ~ABSTRACT~

One of the most effective fuel tank inerting methcods found to date
involves packing fuel tanks with cpen pore polyurethane foam. The
foam arrests flame propagation, whether from a bullet puacture,
lightning, or any other ignition source. Incidents attesting to
the reliability of foam inerting in vpreventing <£fuel tank
explosions are ryevealed. Another effective inerting method
involves the use of nitrogen, which replaces the air in the fuel
tank. Installations of foam inerting have been conpleted in over
200 aircraft; The penalty incurred for foam protection is guite
nominal at 4 percent fuel loss, of which 1.5 percent 1is by
retenticn of fuel, and 2.5 is by displacement. The net weight
increase in about 0.06 lh./gal. Efforts are under way %o reduce
this penaity through the uyse of a lighter weight material and by
new voiding <concepts. New nmaterials currently being qualified
inciunde a nominal 15 ppi yellow foan for fully packed
configuraions, and a nominal 25 ppi red foar for voided systems.

=PERTINENT FIGURES- -

OVERVIEW OF BURNED FOAY IN THE AREA OF THE NR 3 MAIN TANK FILLER
CAP AND DUAL LEVER CONTEQL VALVES PAGE 31//5IDE VIER OF BUENED
FOAM PIECE AT FUEL FILLER OPENING PAGE 31//TYPICAL FOAH
INSTALLATION INTC OQOUTBOARD FUEL TANK ON C-130 -ATIRCRAFT PAGE 31 .

=S0UBCE INFORMATION-

CORPORATE SOURCE -
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EMPLOYMENT OF AIR OPERATIONS IN THE FIRE SERVICE. PROC. OF
SYMPOSIUM. ARGCONNE, ILL., JUNE S-10, 1971

by
NATIONAL ACADEMY OF SCIENCES-NATICONAL RESEARCH COUNCIL

00,00,71

~ABSTRACT~-

Contents: Houts, R., Los BRngeles Cocunty Operations (£7200818)//
Volkamer, C.W., Chicago Fire Departmeat Operations (F7200819)//
Pierce, ¥.K., Porest Fire Air Attack {F7200820)//Chandler, C.C.,
Helicopter Fire Fighting in Viet Nam (F7200821) //Shields, H.Jd.,
Fire-Fighting Accsscries for Helicopters (F7200822) //Domanovsky,
P., Manufacturers Specifications and Aircraft Performance
(F7200823)// Thorsell, E.R., Helicopter Flight Restriction and
Fire Service Operations {F7200824)//McCullom, N.R., Communications
are Essential (F7200825)//Fergusson, A., Operation and Safety
Problems {F7200826),// Hastings, J.S., Integrating Air Attack wWith
Fire-Fighting Strategy (F7200827)//Barrows, J.S5., Fire-Fighting
Chemicals {F7200828) //Suggs, R-1., Diversified Helicopter Services
{F7200829)//5carff, Jr., J.P., Current Techniques Employed by USAF
Helicopters in Crash Fire Operations (F7200830)//Hirsch, S.N.,
Fire Intelligence {P7200831)

~SQURCE INFORMATION-

CORPORATE SOURCE -
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ADVANCED FLAME AFRESTOR MATERIALS AND TECHNIQUES FGR FUEL
TANK PROCTECTIGN. FIKAL TECHNICAL REPORT

by

HALMBERG, Q. C.
WIGGINS, E. W.

03/00/72

—-ABSTRACT-

Structural and integral isolation concepts were. developed and
tested for minimizing the weight and volume displacement penalties
of  polyester foam and polyurethane foam explosion supression
system for aircraft fuel tanks. The structural isolation concept-
utilized natural aircraft structural structural isolation coencept
utilized natural aircraft structural compartmentization, whereas
the 'integral isolation concept used gross cavities within the foan
itself., These: voids are very large compared +to foam pore
dimensions. Por unpressurized fuselage tanks, the imtegral concept
of 1large hollow <c¢ylinders offered the greater percentage void
{58.5 percent), while the use of voids in the foam lined wall
configuration was the better approach for pressurized fuselage
tanks. Ir both instances, fuel tank capacity was significantly
increased above that possible with completely foam filled tanks.
The most effective foarn configqurations for small and large
simulated wing tamk systems wvwere the egg crate and lined wall
concepts. Flame arrestor effectiveness, fanel flowv resistance, and
thermophysical properties of represemtative candidate materials
and configurations were ailso evaluated. Wetting agents and
coatings improved arrestor effectiveness to only a small degree
but showed that with proper material configuration they could
contribr*e significantly to reduce flame penetration. The material
properti 's of thermal conductivity, - specific heat, density, and
surface area exhibited cnly a small effect on material explosion
suppressason performance.

=-PERTINENT FIGURES- "

FiG. 5 FUSELAGE FUEL TANK FOAM CONFIGUERATIGNS PAGE 11//FIG.2%
PRESSURE RATIO VEESUS RELIEF TO COMBYUSTION VOLUME RATIC 7.5 IN.
DIA., CYLINDER FLAT ENDS PAGE 56//FIG.48 DTA TRACE PAGE 91//FIG. 57
FLOW VERSUS PRESSURE DROP- ALUMIKUM HONEYCOMB PAGE 114//FiG. 62
PRESSURE RATIO VERSUS RELIEF TO. COMBUSTION VOL. RATIC PAGE
133//FiG. 69 FOAM ®T. AND VCL. PENALTIES PAGE 147
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CURRENT TECHNIQUES EMPLGYED BY USAF HELICOPTERS IN CRASH
FIRE OPERATIORNS

by
SCARFF, JR., J-P.

00,/00/71 .

~ABSTRACT-

The United States Air Force integrated airborne fire suppression
system consists of an h-43 helicopter and an- air transportable
fire :suppression kit. The single engine H-43 is a turbine powered
helicopter, capable of <speeds aup to 105 knots. The fire
suppression capability is provided by one of two types of fire
suppression kits (FSK) which are suspended beneath the H-43. The
first type of FSK is a soft hose kit weighing about 1,000 pounds.
This kit has 150 ft. of collapsible dacron and cotton hose which
is deployed from a basket attached to the kit frame. The second
type of FSK is the hard hose kit which kas a reel mounted, 150 ft.
rubber hose. This kit weighs about 1,200 lb. Both F3SKs contain 78
gals of water and five gal. of mechanical foam concentrate which
is mixed and delivered by a 3,000 psi air supply. This provides
approximately 690 gal. of foam which can be delivered at a rate up
to 800 ‘gal./min. With the fcam nozzle full opem, a.constant flow
of foam can -be sustained for 55 sec. The procedures and techniques
of employing the H-43 fire suppression system are discussed.

-PERTINENT FIGURES-

FIG. 3 FIRE SUPPRESSION EQUIPMENT (HARD HOSE KIT) PAGE 120 :

—S50URCE INFORHATION-
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DEPARTMENT OF THE AIR FORCE, WASHINGTON, D.C.
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ATRCRAFT FIRE DETECTION: REPORT OF CONFEREKCE
by
ROLLE, S.H.

0os00/71

—~ABSTRACI~-

Contents: Jonmes, R.B., Operation and Characteristics of the Kidde
Continuous Fire Detector (See F7200768)//Grabouski, 6.J., Fenwal
fire Detector Systems (See F7200767)//Winter, J.S., The Lindberg
Model BO1DRS Fire and Cverheat Detector System {See
F7200768)//Brown. P.C., Gravirar Fire Protectiomn Systems {See
F7200769) //Vesuvio, V.J., Edison Type B Fire Detection System {(See
F72007700)//Hathavay, E.R. Pyrotector Flame and Smoke Detection
Systems {See F7200771//Hopkins, G.C., Fire Detection in Boeing
Helicopters {See F7200772) /r/¥agri, JoLe, Fire Detection
Considerations and Practice (S5ee . F7200773)//Muiler, Echeop
Approving a Fire Warning Systen on Navy Aircraft (See
F7200774)//Beida, D.l., Present Systems and Future Trends Engine
Burn-Through Characteristics and Means of Detection {See
F7200776)// fire detection systems (see F7200775)//Bust, T.,
investigation of burmer-can Trumble, T.m., State-of-the-Art Reivew
of Fire and Overheat Detection Technigues Developed by the United
States Air Force {See F7200777)
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CPERATION AND CHARACTERISTICS OF THE KIDDE CONTINUOQUS FIRE
DETECTOR

by
JONES, B.B.

00/00/71

. —ABSTRACT~- -

The Kidde continuous fire detector is a thermal detector; it
monitors +temperature and responds with a signal whenever ' the
temperature exceeds a pre-set: limit., The. sensing element: is a
thermistor device. Fifteen standard variations are available in
the thermistor formulation to provide a resistance-temperature
curve at least every 100 deg. Letween about 200 and 1400 deg. F.
The primciples of operaticn are reviewed. A system design is
considered for aircraft and the first step is to identify the fire
hazards in the: aircraft. Gemerally, <for the engine, this is
locating the fuel compoments and those areas where hot bleed air
leaks can occur. Ambient temteratures must be determined and alarm
temperatures established. Consideration must be given to the
warning presentation, reliability, and dispatchability. The
characteristics of good system desigm are outlined, along with
installation recommendations.
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FENWAL FIRE DETECTION SYSTENS

by
GEABORSKI, G.d.

00/00/71

-4ABSTRACT~-

The Fenwal continuous fire detection system consists of a thermal
sensing element with associated hardware for attaching to an
aircraft structure and a comntrol unit. The thermal sensing element
signals an overheat or fire condition by a change of state when
the temperature within the area being nonitored reaches a
preselected temperature. The signal £from the sensing element is
then modified by the contrecl wunit to actuate auxiliary equipment
provided by the airframe manufacturer to provide a visual or aural
alarm to the aircraft pilot. Sensing element temperatures
available are =255 deg., 310, 400, 575, 765, 900, 1050, and 1200
deg. F. The tolerance on these setpoints is about 5 perceamt. The
fire and overheat detection systems can be provided in either a
single or dual 1locop configuration. Beacuse the method of element
installation; and the lemgth of loop provided must be tailored to
£fit the particular area to be protected, Fenwal <feels that the
best installation can be accomplished by a change in the
regulations covering responsibility of installing fire detection
systems.
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THE LINDBERG MODEL B0 1DRS FIRE AND OVERHEAT DETECTOR SYSTEN
by
WINTER, J.5.

00,00/71 .

-ABSTRACT-

The Lindkerg model 801DRS fire and overheat detector systeam is
paneumatically operated by heating a small diameter sensor tube
which contains an inert gas and a gas fiiled core material. The
application  of ' heat to the sensor causes an increase in gas
pressure which operates a pressure diaphragm that cleses an
electrical contact to actuate the alarm circuit. The pressure
diaphragm. in the responder is the oaly moviag part ir the basic
system amnd serves as one side of the electrical alarm contact.
The detector has a dual sensing function and can.respond to azn
overall averade temperature or a highly localized discrete
temperature caused by impinging flame or hot gases. The detector
design, system characteristics, and installation recommendations
are summarized. The detector system has had more thaan 50 million
unit  hours of flight servide aboard turboprop and jet engine
aircraft.
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GRAVINEE FIRE PROTECTION SYSTEHNS
by
BROWN, P.C.

00/00/71

-ABSTRACT-

The Graviner continuous fire detector, FIREWIRE, is a heat sensing
continucus element system of the logarithmic averaging type. It
consists of a series of sensing elements which are 0.08 1in.
diameter stainless steel +tubes containing a center wire and a
coaxial fillimg of a temperature sensitive insulator. An
associated control unit supplies low voltage A.C. to the element
center wire and monitors the flow of current via the coazxial
filling to earth. This current flow 1is dependent on the
temperature of the elemest, and at a predetermined level, a fire
warning is signalled. Another detector, the type UV flame systenm
consists of a number of detector head assemblies which comprise a
photosensitive gas filled tuybe, a quartz protective cover, and a
g.V. test emitter. Comments and discussion o¢f detector test
methods currently used are included.

-PERTINENT FIGURES-

FPIG. 2 RANGE OF ELEMENT GPERATING CHARACTERISTICS IN CURRENT
PRODUCTION PAGE 58//FIG. 3 COMPARISON OF SYSTEMN CHARACTERISTICS
PAGE 59//FIG. 8 CONDUCTION SYSTEM FAGE 64
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EDISGN TYPE E FIRE DETECTION SYSTEHM
by
VESOYIO, V.d.

00,00/71%

-ABSTRACT~-

The Edison Type B continuous cable detection system was developed
to meet aircraft requirements for a reliable method of detecting
fire or overheat conditicn with a detecting element sensitive at
any and all points along its 1length. The temperature sensitive
element of the system consists of fabricated legnths of a special
coaxial cable equipped with hermetically sealed high temperature
connector plugs at both ends. The cabhle is basically a thermistor.
The fire detectiom control is an electromechanical assembly which
accepts the fire detecticon cable resistance input and provides
either an output voltage or contact closure at a predetermined
fire alarm point. The principles of operation . and installation
reconnrendations are presented for the cable and control assembly.

-SOURCE INFOBMATION-

CORPORAT: SCURCE. -
THCOLaS A, EDISON INDUSTEIES, WEST GRANGE, B.Jd.
REPORT NUMBER -
AD-730179
JOURNAL PROCEEDINGS -
IN: FAAL ATRCRAFT FIRE DETECTION CONF, HASHINGTON, L.C. {NOV.
16-17, 1970) (SEE F7200765)
OTHER INFORMATION -
0030 PAGES, 0004 FIGURES, 0000 TABLES, 0000 REFERENCES

257



key 1060
PYROTECTGR FLAME AND SMOKE DETECTION SYSTEMS
by
HATHAWAY E.R.

a0s00/71

-ABSTRACT=

Pyrotector flanme and smoke detection systems are primarily
designed to detect  wvarious type fires in aircraft engine nacelle,
cargo compartments, and other umattended areas im aircraft. The
systems are comprised of +three major components: optical £flame
detectors, light =scattering smoke detectors, anmd a control
amplifier that can be used with either type detector. Systen
components can be all flame detectors in the case of engine
installations or all smoke detectors in the case of baggage and
cargo conpartment .Jinstallations, or a combination of both. The
flame detector utilizes two photoconductive cells to analyzZe the
light radiation being received by the detector and provide a
signal to a control amplifier. A cell that is responsive to visual
infrared is connected in series with a <c¢ell that is responsive to
the visual bime-white region of the specirum. The smoke detector
operates on the reflective light principle wherein a light beanm is
directed at right angles to the viewiny path of a photoconductive
cell inside a small circular chanmber which has the ends covered
with cup shaped covers mounted on spacers so that smoke can pass
freely through the intericr by convection. The syster design,
characteristics, and installation recommendations are sumparized.
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FIRE DETECTION IN BOEING HELICCOPTERS
by
HOPXINS, G.C.

00,/00/7 1

=ABSTRACT~-

Fire detection installations on current Boeing twin turbine
helicopters, service experience, and areas for possibie
inprovement in fire detectiom systems are. summarized. COne system
consists of a continuous type overheat detector using t¥o separate.
circuits. One circuit protects each engine compartment of the
helicopter. Each circuit «consists of three series connected
sensing elements routed around the engime and a control wunit
nounted on a frame within the fuselage. When either circuit is
energized by an abnormal increase in engine compartment.
temperature, it lights the corresponding fire handle on the center
instrument pane. The sensing element is a thin metallic tube with
an insulated center wire. QOther helicopters use an infrared, flame.
surveillance, fire detectiorn system employed in each engine
compartment with fire warning indication installed in the cockpit.
The system is electrically operated and has provisioas for
checking to ensure: that its compoments and wiring are functioning
properly. A variety of snoke detection systems are also used.
Ffalse alarm indicatioms have been 2.12 indications per 100,000
hours of £light. Most of these have resulted in either forced or
precautionary landings. Engine fire rates have been 1.359 fires per
100,000 -£f1light hours.

—PERTINENT FIGURES-

FIG. 3 RCAF ENGINE-FIRE DETECTION SYSTEM AND COCKPIT PRESENTATION
PAGE 133
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FIRE DETECTICN CONSIDERATIORS AND PRACTICE
by
MAGRI, J.l.

00,/00/71

~ABSTRACT-

sikorsky aircraft experience with fire detection systems im
helicopters involved continuoms detector systems, optical fire
detection systems, or combinations of the two. Considerations
entering into the selection of a fire detector system revolved
primarily around systenm reliability and maintainability, systen
weight, and cost. The operatiomal practice has beem tc locate the
detecting system on a fixed aizcraft structure rather tham on the
engine. Experience indicated that this approach minimizes
accidental damage to the system, reduces interference with routine
engine compartment maintenance, and simplifies engine removal and
instaliation. In fire detector installations using radiatiom
sensors, only the flame detector is 1located withinm the engime
compartment. As opposed to continuocas detector systems vwhose
sensors should be located in close proximity to anticipated flame
areas, ®ith- due consideration for engine compartment cooling
airflow patterns, radiation sensing optical fire dJdetectors are
located to provide velume surveillance of the compartment being
monitored. Precise location of flame detectors and their setting
is reviewed.

-PERTINENT FIGURES-

FIG. 3 S-65 ENGINE FIRE DETECTION SYSTEM PAGE 158//FIG. 4 FIRE
DETECTOR ASSEMBLY PAGE 159//FIG. 6 FLAME DETECTOR LOCATION PAGE
161//F16. 9 FLAME DETECTOR SCHEMATIC FAGE 164

-SOURCE INFORMATICN-

CORPORATE SOURCE -
UNITED AIRCRAFT CORP., STRATFORD, CONN. SEKIORSKY AIRCRAFT
DIV,

REPORT NUMBER -
AD-730179

JOURNAL PROCEEDINGS =~
IN: FAA AIRCBAFT FIRF DETECTION CONF, WASHINGTON, D.C. {NOV.
16=17, 1970) (SEE F7200765)

OTHER INFOBMATION -~
0026 PAGES, (009 FIGURES, 0000 TABLES, 0000 REFERENCES
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key 1063
APPEOVING A PIRE WARNING SYSTEM ON NAVY AIRCRAFT
by
MULLER, ‘E.d.

00,/00/71

=ABSTRACT-

Specification #I&-F-7872, Fire Warning System on Navy Aircraft,
describes th requirements for the design, manufacture, testing,
and installation of continuous +type fire. amd overheat warming
systens for ase in aircraft. These . requirements are briefly
summarized and include a listing of the more important systenm
design -and component design regquirements, such as fire response
time, automatic repeatability, preventiom of false warnings, alarm
temperature settings, sensing element lengths, and bend radius.

Installation requirements which are summarized include zones
" requiring fire detection, temperature  survey, accessibility, and
location of sensing e€lements.

-SQURCE INFORMATION-="

CORPORATE SOUBRCE -
NAYAL AIR SYSTEMS CCMNMAND, WASHBINGTON, D.C.
REPCRT NUMBER -
AD-730179
JOURNAL PROCEEDINGS =
IN: PAA AIRCRAFT FIRE LETECTION CONF, WASHINGION, D.C. {(NOV.
16-17, 1970) : (SEE F7200765)
GTHER INFCORMATION -
0008 PAGES, 0000 FIGURES, 0000 TABLES, 0000 REFERENCES



key 1064

PRESENT SYSTEMS AND FUTURE TRENDS ENGINE FIRE DETECTING
SYSTEMNS

by
REIDA, D.L.

00,00/71 .

~ABSTRACT-

The Beech Aircraft Co. turboprop engine fire detectiomn systenm is
called an Optical Surveillance Fire Detectiomn System. It is
designed to provide instantaneocus alarm by sensing the heavy
infrared radiation imposed on the sensor from a remote fire which
occurs withing the 120 deg. <conical viewing field of each
detector. Detector locations are selected to provide direct
viewing of those areas determined to be wmajor potential fire
sources. The detectors are calibrated to the sensitivity standards
of FAA TSC C79 and will provide am instant alarm when such flames
are present within their viewing areas. The greatest advantage. in
using amn optical surveillamce type system is the ease and
simplicity of testing to be confident that the system vill detect
any probable fire. A ground test using an infrared light bulb is
reported adequate to insure a satisfactory systemn.

=PERTINENT FIGURES-

FIG. 1 FIRE AND SHOKE DETECTION SYSTEM PAGE 182//FIG. 2 PHOTO
SHOWS A FIRE DETECTOR IN THE HOT SECTION OF A PT6 ENGINE PAGE 183

-S5CURCE INFORMATIQN=-

CCRPORATE SOUBRCE. -
BEECH AIRCRAFT CORP., BOQULDER, COLO.
REPORT NUMBER -
AD-730179
JOURNAL PROCEEDINGS -
IN: FAAL AIBCRAFT FIRE DETECTION COKNF, WASHINGTON, D.C. {NOV.
16-17, 1870) -{SEE F7200765)
OTHER INFORMATION -
00620 PAGES, 0004 FIGURES, 0000 TABLES, 0000 REFERENCES
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FOREWORD

The mission and objectives of the Aerospace Safety Research
and Data Institute are (a) to support NASA, Its contractors, and
the aerospace industry wlth technical .information and censultation:
on safety problems; ~(b) to identify areas where safety problems
and technology volids exist and to Initiate research programs, both
in-house and: on - contract, " in these problem areas; (c) to author
and compile state-of-the-art and summary publications in our areas
of concern: (d) to establish and operate a safety data bank. As a
corollary to Its support to the aerospace community, ASRDI is also
to establish and maintain a flle of -specialized Information
sources (organizations) and recognized, acknowledged experts
(individuals) in the specific areas or fields of ASRDI's interest.

To match our resources’ with our priorties, ASRDI is
concentrating on .selected areas: - fire and explosion; cryogenic
systems; propellants and other hazardous materials, with special
emphasis on oxygen and hydrogen; aeronautical systems and
spacecraft. operations; lightning hazards; and the mechanics of
structural faillure. Staff expertise is backed by a safety library
and is further supported by a computerized bank of citations and
abstracts built from literature on oxygen, hydrogen, and flre and
explosion. ‘Computer files on mechanics of structural failure,
fragmentation hazards, and safety information sources are also
being established. In addition,  ASRDI has two NASA RECON
terminals and people adept at. querying the system for
safety-related information.

Frank E. Belles, Director
Aerospace Safety Research and Data institute
National Aeronautics and Space Administration
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INTRODUCTION

A part of the Aerospace Safety Research and Data Institute's
(ASRDI) mission is tc¢ ccmpile and store im a computerized systen
bibliographic <c¢itations on hazards and safety in various areas
related to aerospace activities. One of these areas is fire and
explosion. The program in this area has been underway for about
three years and is ccntinuinge. At the present time the
computerized data bank contains abcut 2000 bibliographic citatiomns
on the sulbkject.

Each «c¢itation in the data bank contains many items of
information about the document. Some of the main items are title,
author, abstract, corporate source, description of - figures
pertinant to hazards or safety, key references, and descriptors
(keywords or subject terms) by which the document <can be
retrieved. In addition each document is assigned tc t#o main
categories that are further divided into subcategories. The two
main categories are fire hazards and fire safety. Each document
is also further categorized according to its area of applicability
such as - aircraft and spacecraft and their associated facilities:
aerospace research and develcpment test facilities; buildings; and
general applicability.

This report is a compilation of all the document citatiomns in
the ASRDI data bank as of April 1974 on fire hazards and fire
safety that pertain to aircraft. The report is somewhat
preliminary in npature in that input to the data bank is
continuing; moreover not all the information contained in the bank
has been edited for errors. The report is being published as an
illustrative example of the contents of the data dank and to
obtain wmser feedback on the usefulness of such compilations and
whether the sabject scope should be narroved in future
compiilations. ' :

The report is divided into two volumes. Volume i, Hazards,
presents bibliographic citations that describe and define the
aircraft fire hazards and covers a wide range of subjects such as
- combustion characteristics of materials:; accidents and incidents
Teports; causes of fire; methods and techniques of evaluating the
fire hazard; and the resulting effects of fire on wman and
property. Volume 1II, Safety, presents bibliographic citations
that describe and define aircraft fire safety methods, eguipment,
and criteria. It ccvers such subjects as prevention, detection,
and extinguishment of fire, and codes and standards. FEach volume
of the report contains, in addition to the citations, an author
index and an index of pajecr descriptors (keywords or subject
terms). The indices are related to the citations by the ASRDI key
number, which appears in the upper right hand corner of the first
page of each citation. To facilitate binding, both volumes are
broken into parts.

L2 C



Volume I has two parts -

Part 1 .- Key Nuzbers 1 to 817
Part 2 - Key Numbers 818 to 2146,
Author Index and Descriptor Index

VYolume II has three parts =

Part 1 - Key Numbers 1 to 524.
Part 2 - Key Numbers 525 to 1064
Part 3 - Key Numbers 1085 to 2165,
Author Index and Descripter Index

The preparation of this report for printing was essentially
accomplished automatically. The search strategy {in this case,
subject category) and information on citation content and format
was fed into the computer. The output £from the computer was
placed directly on multilith paper by a high-speed printer.
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key 1065

INVESTIGATION OF BURNER-CAN BURN-THROUGH CHARACTERISTICS
AND MEANS OF DETECTION

by
RUST, T.

00/00/71 .

-ABSTRACT-

The  fsasibility of detecting burner-can failures through
ultravioliet, imfrared, sonic, and other neans will be
investigated. A review of the Mechanical Reliability Reports for
the years 1962 throughk 1%69 revealed that an average of 10
burn-through failures occured each year. About 70 - pexcent were
detected by the -aircraft engine fire warning system; the pilots
received no indication that there was an emgine fire in the other
30 percent. The studies will be performed with a J-57 engine. The
engine nacelles wilil be instrumented for  temperature, pressure,
sound, and light nmeasurements before, during, and after . the
burn-througk occur. The tests will be conducted at takeoff power,
climb power, and cruise power. Some work has beem performed in the
wvay of an evaluation of an . ultraviolet detection system. The
system was mounted on the burner-£an section of a J-47 engine in a
number of different  positions .to simulate possible. in~-flight
detector configurations. It was concluded that it is feasible to
use a surveillance detection rsysten which operates in the
wltraviolet light frequency range for detection of burner-can
burn-through type fires. R

~PERTINENT FIGURES- -

TaB. 4 CHARACTERISTICS OF BUEN-THROUGH FLAME AT 4 IN. FROM THE
BUENER-CAN PAGE 207

~SOURCE INPCGRMATION-

CORPORATE SOURCE -
NATIONAL AVIATION FACILITIES EXPEBIMENTAL CENTER, ATLANTIC
CITY, N.d.

BEPORT NUMBER -
AD-730179

JOURNAL ‘PROCEEDINGS -
IN: FAA AIRCRAFT FIRE DETECTION CONF, WASHINGTON, D.C. (NOV.
16-17, 1970) (SEE F7200765) .

OTHER INFORMATION -
0022 PAGES, 0008 FIGURES, 0004 TABLES, 0000 EEFERENCES
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key 1066

STATE-OF-~THE-ART REVIEW OF FIRE AND OVERHEAT DETECTION
TECHNIQUES DEVELOPED EY THE UNITED STATES AIR FORCE

by
TRUMBLE, T.lM.

00,/00/71

=ABSTRACT-

An overview is presented of the fire and overheat detection
techniques developed by the U.S. 3ir Force. An optical £fire
detction system was develcped using the £irst environmentally
gualified, coheremt 12 1/2 ft. fiber optical bundle, coupled to
an electronic light semsor wusing a 20 hz. 1low pass electronic
filter. The fiber bundles exhibited excellent transmissionrn dim the
visible spectrum and were gualified for use in 1000 deg. ¥. areas
wvhere existing dinfrared, ultraviolet, visible sensors could not
operate. The feasibility o¢f using ultraviclet sensitive gas
multiplication tubes for hydrogen flame detection was proved. Work
was done on the way fire and overheat detection could be used
best. An integrated fire and overheat system was developed <for
aircraft. A computer tied together & each imfrared, ultraviolet,
and continunous elements in S modes. The normal mode regquires one
sensor . to detect and another sensor to verify the préesence of a
fire or overheat. 3 survey was made of the state of the art of
fire and overheat sensors.

wr ~PERTINENT FIGURES~-

FIG., 17 MICEOCIRCUIT COMFUTER FOR INTEGRATED . FIRE 48D OVERHEAT
DETECTION SYSTEM PAGE 228//FIG. 2 TYPICAL SENSOR CHARACTERISTICS
PAGE 230

=SCURCE INFORMATION-

CORPORATE SOURCE. -
AIR FORCE AERO FROPULSICON LAB., WRIGHT-PATTERSON AFE, OHIC.
REPORT NUMBER -
AD-730179
JOURNAL PROCEEDIKRGS -
IN: FAA AIRCRAFT FIRE DETECTION CONF, WASHINGTON, D-C. (XNOV.
16-17, 1970) (SEE F7200765)
OIHBER INFORMATICN -
0015 PAGES, 0002 FIGURES, 0000 TABLES, (0000 REFERENCES
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key 1085

US/FRG ¥/STOL TACTICAL FIGHTER PROGRAM. DEFINITION PHASE.
FINAL REPORT. PARTR2. V(L. 8. FIRE PROTECTION SUBSYSTEHN.
DESIGN ANALYSIS AND DESCRIPTIVE DATA (US-283)

by

BROLL, G-d-
BOWERS, ¥.G.

11,20/67

=ABSTRACT-= "

The selected approach taken to design a fire protectiom subsysten
for the V/STOL Tactical Fighter Weapon. System aircraft is
detailed. Generally, £fire protection requirements for aircraft
were Teviewed including firesoverheat and smoke detection systenms,
aircraft fixed and pcrtable fire extinguishing systems, engine aad
other fire =zone isolation systems and venting systens. The
technical approach and design analysis were based on the existence
of five fire zones in the aircraft. Each zone should have a fire.
detection and extinguishing systen. The detailed egquipment choices
nade for each zone are described, Jjustified, and priced.

-SOURCE iﬁrbaﬁamlou-

COBPORATE SOURCE. -

EWR FAIRCHILD INTEBNATIGHAL, EUNICH {WEST GERMANY).
REPORT NUMBER -

AD-890642L//DP-200-N-262~- 750//X72 72767

SPONSOR =~

AERGNAUTICAL S¥ DIV., WRIGHT-PATTERSON AFB, OHIO.
CONTRACT NUMBER -

CONTERACT .F33657 0630
QTHER INFORHATION -

0034 PAGES, 001 RES, 0000 TABLES, 0000 REFERENCES
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keys 1086 through 1087
SAFETY EVALUATION OF EMULSIFIED FUELS. FINAL REPGRT
by
SHAW, H.L.

06,/00/71 .

-ABSTRACT-

A series of screening tests was formulated and conducted to obtaia
fuel characteristics for enulsified amd gelled fuels as a function
of hot surface ignition, wind shear, amnd impact dynanmics
associated with fuel breakup, atomization/dispersion, and
ignition. The. date obtained from these tests were used to
establish enulsified fuel safety evaluation. criteria. A simulated
full scale experiment was designed to simulate the. full  scale
helicopter crash environment adegquately and, in addition, to be
reproducibly contrecilable at minimal cost. The screening tests
revealed that for the emulsified fuels, safety was directly
dependent upon tke fuel yield stress and its internal rhase base
fuel. A safety evaluation criterion was established in terms of anm
ignition susceptibility parameter which was showr to be related to
an enmpirical egquation containing €£uel properties. The data
‘obtained from the simulated fall scale: tests provided the
definition of a nonkazardous limitinmg value for the ignition
susceptibility parameter. Three of the emulsified fuels tested
were found to result in a nonhazardous post-crash £ire:z (1)
EF8R-104H enulsion, (2) EF8R-104 epulsiom, and (3) Jet- A EXP-4
enulsion. The gelled fuels d4did not perform as well as the
emulsified fuels; however, one gel, Jet-A gel-1, dindicated a
sizeable advantage over liguid fuels.

-PERTINENT FIGURES-

FIG. 39 IGNITION SUSCEPTIBILITY PARAMETER VERSUS NOZZLE SHEAR FUEL
VELOCITY FOR JP-4 EASE EMULSION EP4R-104 PAGE 69//FIG. 71 IGNITION
SUSCEPTIBILITY PARAMETER VERSUS WIND SHEAR VELOCITY FOR JP-4 BASE
ENULSION EF4R-104 PAGE S4//F16. 74 IGNITION SUSCEPTIBILITY
PARAMETER VERSUS WIND SHEAR VELOCITY FOR JP-4 BASE EMULSION
EF4R-104H PAGE 98//FIG. 90 AVERAGE MAXIMUM TEMPERATURE DATA
OBTAINED FROM SPARK AND HOT-SURFACE IGNITER TESTS PAGE 125//TAB. 3
SIMULATED POSTCRASH FIRE RESULTS PAGE 141.

-BIBLIOGRAPHY~

STUDIES RELATING TG FUEL SAXETY. PAP. 2.P., U.S. ARMY FUELS AND
LUBRICANTS RES. LAB., MAR. 1-2PR. 1, 1969/ROTHE, V.E.: POSTCRASH
FIRE RESEARCH. AVAITION SAFETY ENG. AND RES., A DIV. GF FLIGHT

SAFETY FOUNDATION, FLIGHT SAFETY . FOUNDATION INTERNATIONAL AIR
SAFETY SEMNINAR, N.Y¥. CCTE. 1964
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-=SOURCE INFORMATION-

COEBRPORATE SOURCE: - -
DYNAMIC SCIENCE COHP., FHGENIX, ARIZ.
REPORT NUMBER -
AD-729330//N72-14784/ /USAARRDL-TR=-71-29
SPONSOR. -~
ARMY AIR MOBILITY RESEARCH AND DEVELOPEENT LAB., FORI EUSTIS,
YA.
CONTRACT NUMBER -
CONTRACT DAAJO02-59-C-=0030
OTHEB INFOBRNATIQN -
0207 PAGES, 0102 FIGURES, 0007 TABLES, 0008 REFERENCES

267



key 1096

THEE FUTBRE OF FIRE TECHNOLOGY: UTOPIA OR REALITY?
(ZUKONFSTECHNOLOGIEK DES BRANDSCHUTZES: UTOPI ODER
§IRKLICHKEIT?) (L*AYENIR DE LA TECHNOLOGIE INCENDIE: UTOPIE

: OU REALITE?) -

by
ACHILLES, E.

00,00/72

<ABSTRACT-

Efforts to obtain a more effective fire €ighting potential in the
case of fires in crashed large transport aircraft are suggested to
be concentrated on the following points: {1)  improved fire
prevention measures in aircraft by means of structural measures;
{2) improved fire extinguishing nedia, both as regards
effectiveness and their fields of application; (3) improved fire
appliamces and equipment; (4) revision of regulations and
instructions for action in case of fire; and {5) more. inteansive
fire protection research. Emphasis is placed onR the improvement
of fire appliances and eguipment, specifically on an improvement
of the effective load and a significant increase in the amnount of
extinguishing medium carried. Fire fighting systems have bDeen
developed using small rockets and repeater launchers, using remote
controlled nissiles, and using larger rockets. These
super-appliances with 6,000, 12,000, 18,000, and 24,000 liters of
extinguishing media have Leen successful at fires, makimg an
essential contribution tosards extinguishing aircraft fires
guickly. The technical aspects of these rocket systems are
detailed.

-PERTINENT FIGURES- -
FiG.2 THE FLIGHT PATH OF THE ROCKET LEADS ABOVE AND ACROSS THE
SEAT OF THE FIRE PAGE 39
-SOURCE INFORMATION-
JOURNAL PROCEEDINGS. -
FIRE INT, SPECIAL ISSUE, 30-45 (1972) -

OTHER INFORNATION -
0012 PAGES, 0006 FIGURES, 0003 TABLES, CO0OC0 -REFERENCES
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key 1101

PIPE FLOW TESTS WITH NORMAL AKD ANTI-MISTING {FN4) AVIUR
FUEL

by

TiMBY, E.&.
WELLS, R.PF.

10,00/72

" =ABSTRACT-

Pipe flow  tests were. conducted tc compare: the flow indexed  of
normal AVTUR fuel and anti-misting {FM4) : kerosene fuel, cover a
temperature range 24 deg. C. to =U0- deg C. The anti-misting
kerosene . (FM4 fuel) increases the fire suppression properties of
aviation kerosene. The pipe used in the tests vas a 12.7 mm. bore:
jointless Perspex tube. Measurenments were made of pressure and
flow rate of the +two fuels. The results were. treated by the
standard method for the flcw of non-Newtonian £luids, and the
theoretical explanation of this nethod is presented in . the
article. Conclusions drawn from the experimental results weresz {1}
githin. the:. lapinar regime, at  ambient temperatures,: FHi
{anti-mistimg kerosene) -hehaves as a power law fluid with a flow
index of 0.9 and an effective viscosity of 5,000ths Newton
-sec./sgq. m. at: ambient: temperature; - (2) - the flow resistance.
{pressare drop per unit leagth -at any velocity) of FM4 is
approximately twice +that of AYTUR amd this factor is maintained
down to <40 deg. c.3- {3)  in the  turbulent regime, at: room
temperature, the flow resistance: of FM4 is less than that of
AYTUR. o

=-BIBLIOGRAPHY- -

CANSDALE, J-T., AND WELLS;, Bo.F.: SIMULATED CRASH FIRE TESTING OF A
LOW MIST AIRCRAFT . FUEL. RAE TECH. REP.. 70114, 1970//MILLER, R.E.,
AND WILFOBD, S.Ps: SIMULATED CRASH FIRE TESTS AS A MEANS OF EBATING
ATRCRAFT SAFETY FUELS. BRAE TECH. REP. 71130, 1971.

=SOURCE INFORMATION-

CCGRPORATE SOGURCE - -

ROYAL AIBCRAFT ESTABLISHMENT, FARNBOROUGH (ENGLAND) .
REPORT 'NUMEER =

AD-=-907166//RAE-TR-72146
OTHER INFORNATION =

0052 PAGES, 0016 FIGURES, 0011 TABLES, 0007 REFERENCES
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key 1103
AIRCREW AND PASSENGER FIRE PROTECTION
by
MEADE, J-P.

10/26/69

<ABSTRACT-

The inflight and rpost-crash hazard, the human tolerance to fire,
and the current status of personnel <clothing fire protection and
fire suppressiom systems are defined so that future research and
development regquirements may be ‘more clearly seen. The total U.S5.
Air Force inflight fires for the period 1965 to 1967 are-
supmarized; only 4 percemt occurred in cockpit/ cabin eavironment,
most were caused by engine/systems. The cause. factors for
initiating these inflight fires, and contributing factors which
sustained the fires are alsc tabulated for the same period. ZThe
post-crash fire hazard accounted for U8 percent of all @major
aircraft accidents, and is comsidered the most serious threat to
personnel involved in aviation. Flammability factors, £fuel, ligquid
oxygen, and igmition sources were. considered in.the post-crash
environment. Under <crash. conditions, the fuel on board is the
greatest fire hazard. Fire rprevention and control factors, both
from a material aand a human. protection standpoint, were also
discussed.

=SOURCE INFORMATICN-

CORPORATE SOURCE -
DEPUTY INSPECTOR GENERAL FOR INSPECTION AND SAFETY, NORTION
AFB, CALIF. LIFF SCIENCES DIV.
JOURNAL PROCEEDINGS -
NATIONAL SAFE SYMP, 7TH, LAS VEGAS, NEVADA ({0CT. 26-30,13969) -
OTHER INFORMATION -
0016 PAGES, 0000 FIGURBES, 0005 TABLES, 0000 REFERENCES
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key 1110
SURVLIVA N EMERGENCY ESCAPE FROM PASSENGER AIRCRAFT
by
SKOW, C.C.

CARBOLL, J.dJ
ALLGOQD, MoAd.

10,00/70 :

-3ABSTRACT-
A biobehavior: ppreach is used to study several humam factors in
3 aircraft ace nts. In-all, 261 passengers were involved, 105 of
whon lost the: ives. The aircrafts were jet transports of types
still in servi and likely to be used for some years. to come. IR
each accideni decelerative forces were mild and structural
deformation ir ing escape was RDinimal. Fractures and other

mechanical trauma, with few exceptioms, were minor and sustained
during escape rather than at impacty -all deaths and najor imjuries
were caused by fire and smoke. Thus, variables introduced by crash
forces were insignificamt and survival was largely determined by
the ‘ability of uninjured passengers to leave their seats and find
an -exit before succumbing to firé or smoke. The ineffectiveness of
“inflatable aircraft escape slides, indeed their contcibution to
burn injuries, - is the most important technical finding of this
conprehensive study. S

<~SOUBCE INFOERMATION-

 CORPOBATE SOURCE -
FEDERAL AVIATION ADMINISTRATION, WASHINGTON, D.C. OFFICE OF-
AVIATION HEDICINE.

REPORT NUMBER =
AD-735388//AKM-70-16

OTHER INFORNATION - ‘
0058 PAGES, 0040 FIGURES, 0024 TABLES, 0016 REFERENCES
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key 1152

POST-CRASH FIRE-FIGHTING STUDIES ON TRANSPORT CATEGORY
AIRCRAFT, DATA SUPPLEHENT

by
CONLEY, D.%.

04,00/65

-ABSTRACT-

2 fire test program was cazried out to provide information on: (1)
The escape time and sarvival time for occupants of a large
transport. {2) To what extent, if any, and how, the downwash
effect of helicopter rotors can extend the escape. and survival
times for c¢rash sarvivors. (3} - To what extent, and how, ground
fire fighting, rescue equipment, and helicopters can extend the
escape and survival times for crash survivors. The survivors inm
each .instance are uninjured from impact forces, but are exposed to
post crash heat and toxic gas hazards. {4) The minimum standards
for a rescue path for providing safe entry and exit for rescue
personnel or aircraft occupants when aided by ground support
equipment and helicopter downwash. {5) The ability of a
helicopter and ground fire fighting eguipment to jointly establish
and maintain a safe rtescue path by employing opne handline from a
1500 gal. water foam truck, and both the turret and handlimes fronm
a 1500 :gal. water foam truck. Escape and survival times are
defined relative to human tolerance parameters. The aircraft used
in the ‘simulated crash fire %ests was C-97.

=PERTINENT FIGURES-

FiG. 2 THERMAL AND TOXIC .GAS DATA-TEST NO. 1 PAGE 13//F1G. 5
HBELICOPTER TINE POSITION LATA AND AMBIENT WIND CORDITIONS-TEST NO.
2 PAGE 18//F1G. 22 EFFECT OF HELICGOGPTER DOWNWASH ON THE THERMAL
CONDITIONS IN A RESCUE PATH-TEST 5 SERIES PFAGE U46//FIG. 24 THERMAL
DATA AND TEST ARRANGEMENT FOR TEST 6 SERIES//TAB. 7 EXTINGUISHING
DATA OF TEST SERIES 7 AND 8 EAGE 52

=BIBLIOGRAPHY-

TARBELL, L.E.: REVIEW OF TRANSPORT AIRCRAFT CRASH FIRE EXPERIENCE
AND SURVIVABILITY. PRELIXINARY DRAFT OF PROPULSION BRANCH, REP.
NG. 5, FEDERAL AVIATION AGERCY, JUNE 12, 1961//BUETTNER, K.z
EFFECTS OF EXTREME HEAT ON MAN. J. OF AMERICAN MED. ASSOC., VOL-
W4, NO, 9, 732-738, 0OCT. 28, 1950// PESSMAN, G.J.: APPRAISAL OF
HAZARDS TO HUMAN SURVIVAL IN AIRPLANE CRASH FIRES. NACA T.N. 2996,
SEPT.  1953//MARCY, J.F., NICHOLAS, ©E.B., DEMAREE, J.E.z
FLAMMABILITY AND SMOKE CHARACTERISTICS OF AIRCRAFT INTERIOR
MATERIALS. AIRCRAFT DEVELOFMENT SERVICE TECH. REP. ADS-3, FEDERAL
AVIATION AGENCY, JAN. 1964//SIMNS, D.L., AND HINKLEY, PoL.:
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,PROTECTIVE CLOTHING AGAINST FLAMES AND HEAT. FR SPECIAL REF. NO.
3, HER MAJESTY STATIONERY OFFICE, LONDON,  1960//DOMINIC, Ro.dJd.:
INSTRUMENTATION FOR FAA C-97 FIRE TEST PROGRAM. TECH. REP. 64-112,
UNIV. OF DAYTON RES. INST., SEPT. 1964

=SQURCE INFORHEATION- -

CORPORATE SOURCE -
FEDERAL . AVIATICN AGENCY, WASHINGTON, D.C. SYSTEMS RESEARCH

AND DEVELOPMENT SERVICE.
REPORT NUMBERE =
REP. NO. BD=-65-50 .
OIHER INFORNATION =
0098 PAGES, 0037 FIGURES, 0008 TABLES, 0023 REFERENCES
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key 1153

POST=-CRASH FIRE~-FIGHTING STUDIES ON TRANSPORT CATEGORY
ATRCRAFT. FINAL EREPQRT

by
CONLEY, D.W.

05/00/65

-~ABSTRACT~-

Information was obtained on the effectivemess of helicopter
downwash and ground foam egquipment in extending the escape time
for aircraft occupants in a post crash fire environment by burning
five C-97 aircraft under similar conditions. Additional tests wvere
conducted relative to rescue path studies. Test data indicated
that helicopter downvash extended the escape time when fire
existed solely on the upwind side of a C-97 fuselage, but reduced
the escape time when fire was on both sides or solely on the
downwind side of the fuselages It was also found that helicopter
downwash provided a considerable redaction in the radiant heat and
air temperature in a simulated rescue path. For the standard fire
condition used and the eguipment employed, the ability of ground
crews to extend the escape time was found to be deperdent upon the
preburn time and the fuselage integrity with respect to emergency
doors opeh or closed. An escape time of 50 sec. was computed for a
C-97 with emergency doors open as compared to 138 sec. with
emergency doors closed.

-PERTINENT FIGURES-

FIG. 1  STANDARD TEST CCNDITIOKS PAGE 3//F1G. 2 GENERAL
DESCRIPTIONS OF THE €-97 FIRE TESTS PAGE 4//FIG. 3 C-897 CABIN
THERMAL. CONDITIONS AND ESCAPE TIMES FOR TESTES 1, 2, 2B AND 4 PAGE
S//FIG. 4 C-97 CABIN THER#AL CONDITIOKRS AND ESCAPE TIMES FOR TESTS
1, 3, 32 AND 3B PAGE 10//FI€. 5 TEST CONDITIONS AND THERMAL DATA
FROM SIMULATED RESCUE PATH TESTS 14// FIG. 1 APPENDIX FOAM
DISCHARGE DATA AND SPECIAL KOTES FOR TEST 4 PAGE 1-2
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FLAMMABIELITY AND DESIGN CONSIDERATIONS FOR COMMERCIAL
AIRPLANE INTERICR MATERIALS

by

CHEATHAH, R.G.
PERKOWSEKI, ¥.S.

00/00/71 .

=ABSTRACI-

A general discussion is presented on the approved flammability
test methods for establishing the <£flammability properties of
plastic materials and the three types of aircraft fire igmnition
sources which ares small in-flight observed and attended - fires, -
anobserved and unattended small ignition sounrces, and large fauel
ignited amd fuel fed fires associated with airplane accidents. The
state of the .art of nonflammable materials is then reviewed. After
this background data, design considerations are outiimed for use
in. chosing materials for aircraft interiors. The: materials
specifications, flammability requirements, and ausage zones are:
then discussed. Co-

-SOURCE INFORBATION- -

CORPORATE SOQURCE. =
BOEING CO., RENTON, WASH.
REPORT NUMBER =~
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FLIGHT TEST EVALUATION OF A TE-25N AERIAL TANKER. FINAL
REFORT

by

JORDAN, K.E.
KLUEVER, E.E.

09/00/62

=ABSTRACTI~

A limited performamce, stability and control test was conducted im
conjunction with a retardart drop survey on a North American
TB-25N Monoplase. A standard TB-25N was modified to acconmnodate .a
1240 - gallon capacity tank, comsisting of two sections of
approximately the same <capacity, in the bomb bay. The test
airplane was powered by two RE-2600-20 engimes. With one exception,
the stability and control characteristics of the modified plane
met the stability requirements of Specification MIL-F-8785 (A5G)-
The exception was the aft center of gravity stick force gradients.
The . tested airplane  was unsatisfactory for. use as a retardant
bomnber because it was not stressed to withstand the loads imposed
on it by dropping retardant from the bomb bay. The amount of
retardant that caa be dropped f£from the plane without isducing
loads tco great for the strength of the airframe is limited to
3000 pounds or less with the airspeed kept within a nazrov range
of reconmended drop airspeeds. No satisfactory escape system 1is
provided.

=SCURCE INFORMATION-

COBRPORATE SOURCE -
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OPERATIONAL TEST AND EVALUATION OF FIRE RESISTANT FLIGHT
COVERALLSy CWU-20/P. FINAL REPORT

by
KASSON, H.D.

07,07/70

=ABSTRACT- ¢

A total of 83 summer flight coveralls made from polybenzimidazole
{PBI}j, a f£iber which is highly flame resistant, were tested for a
5 month period by aircrew members while participating in regularly
scheduled missions. DPata were. cellected by the use of mBponthly
questiomnaires and a final questionnarie on the subjects of
confort, acceptability, and compatibility of the PBI summer flight
suit while performing aircrew duties. Seventy-one percent of the
test subijects reconmended adopting the coverall as a replacement
.item for other coveralls in use., However, the madjority of the test
pacticipants alsc recommended that am entirely new flight suit be
developed for - transport aircrew ‘members, enphasizing comfort,
appearance, and durakility.

~SO0URCE INFORMATION-

CORPORATE SQURCE - ‘
MILITARY AIRLIFT COMMAND, SCOTT AFB, ILL. OPERATIONAL TEST
AND EVALUATION DIV, o
BEPORT NUMBER - _—
AD-883487L//X71-78588//¥AC OTR-7-7-70
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EXPERIMENTAL DETERMINATION OF THE IGNITION LINITS OF JpP-i
FUEL WHEN EXPOSED TO CALIBER -30 INCENDIARY PROJECTILES

by
PEDRIANI, C.HN,

07/00/71

=ABSTRACT-

Experiments were carried out to define the ignitiom limits of JP-4
vapors subject to 0.30- caliber incendiary projectiles. A test
fixture was fabricated which allowed a functioming incendiary
projectile to pass through a known, uniform fuel/air mixture. The
resultant reaction was observed using high speed photography.
Ignitions betweean fmel/air ratios of 0.5 and 3.0 perceat JP-4
volume were observed. Additiomal tests were conducted to observe
the flame suppression properties of reticulated polyurethane foanm
and to determine the fact that the impact flash £from imert
projectiles can ignite combustible fuel/air vapor. It wvas
concluded that reticulated foam is an effective method of
suppressing explosions of flammable mnixtures which would be
extremely hazardous in an unprotected tamk. It was also found the
flammable mixtures could be ignited by the impact flash caused by
an . otherwise inert projectile. Conparison with spark . ignition
shows the upper limit to be lower for the projectiles.

=SOURCE INFORMATION-

COERPCRATE SOURCE -
ARMY AIR MOBILITY RESEABCH AND DEVELOPMENT LAB., FORT EUSTIS,
Va.
BEPORT NUMBER -
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MININUM NEEDS FOR ATRPURT FIRE FIGHTING AND RESCUE SEBRVICES
by

COHN, B.M
CAMPBELL, J.A.

01/00/717 .

-ABSTRACT-

In order to develop minimun standards for airport fire fighting
and rescue services cecmplying with the intent of the Airport aad
Airway Development Act of 1970, a study was nade of the needs for
different categories of airports serving air carriers certified by
the Civil Aeronautics Board. The study consisted of a review of
the state of the art, analysis of accident reports, extrapolatiom
of data from various sources, and discussions concerning these-
services with various owner and wuser . oriented organizatioas.
Eecomnmendaticns are presented for adoption . as the npinimum
reqguirenents covering guantities and application rates for fire
extinguishing agents, the number of vehiclies to transport the
agents, vehicle response times, manning, and other related
elenents which comprise these services.

~PERTINENT FIGURES- -

FPIG. .1 EFFECT OF -THERMAL RADIATION EXPOSUBE ON UNPROTECTED HUMAN
SKIN PAGE 38//FIG. 4 CONTRCL TIME FCR LABGE JET @ FUEL FIRES PAGE
50// F1G. 5 DISTANCE FRCOM FIRE STATION TO FARTHEST POINT ON RUNWAY
AND TIME REQUIBRED TIU BREACH FARTHEST POINT ON RUNWAY//TAB. 1.
INCIDENTS REQUIRING FIRE~-BESCUE SERVICES AT AIRPORTS PAGE 5//TAB.
2 AIRCBAFT CRASH FIBE INFCREMATICN FROM NFPA FILES AND OTHER
SOUBRCES PAGE 16//TAB. 3 U.S. CERTIFICATED AIR CAERIER INCIDENTS,
1564-68, WITH FIRE OR KITH LAMAGE HAVING FIRE POTENTIAL PAGE 1§
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ADMINISIRATION, WA SHINGIOK, DoCoy - 1970// STANDARD OPERATING
PROCEDURES~AIRCRAFT BRESCUE AND FIRE FIGHTING. PAMPHLET NO. 402,
NATIONAL FIRE PROTECIION ASSCGC., BOSTON, MASS., 1969//. SALZBERG,
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279



CATEGORY AIRCEBAFT-DATA SUEFLEMENT. REP. - 5RDS BD-65-80,
AVIATION ADMINISTRATION, ®ASHINGTON, D.C., NAY 1965

~SQURCE INFORMATION-

COBRPORATE SOURCE. -

GAGE-BABCOCK AND ASSOCIATES, INC., WESICHESTER, ILL.
REPORT NUMBER -

AD-720512//871-15426//88-71-1
SPONSOQCR: = :

FEDERAL AVIATION ADMINISTRATION, WASHINGTON, D.(.
CONTRACT NUMBER -

CONTRACT DOT-FATIWA-2487
OTHER INFORMATION -

0094 PAGES, 0008 FIGUBES, 0007 TABLES, 0035 REFERENCES

280 -

FEDERAL



key 1180

THE INFLUENCE OF FIRE AND SMOKE EMISSIOGN PROPERTIES ON THE
- SELECTION OF MATERIALS FOR AIRCRAFT INTERIORS

by

DENNEY, M.A.
ERQADLEY, D.

11/03/71 .

. =ABSTERACT-

Six major hazards which arise from an aircraft fire are identified
and discussed. Regalations relating to fiammability of nmaterials
are defined, together with test methods for determiming the smoke-
emission .characteristics of the  materials under direct flame and
radiant heating conditions. The influence. of smoke and fire
regulations on. selectiorn of materials. is illustrated in a number
of areas withim civil passenger aircraft., Some of the requirements
for ideal -new plastics materials for use in aircraft:are given.
The ideal material will be required to {1}, be mon=burning or
rapidly self-extinguishingg; §2y have low  smoke  enmission
characteristics if involved in a fire; (3) evolve no highly toxic
gases when heated; (4) -have 1low fabricating costs; and {5) 'still .
maintain the low weight targets set and achieved with presently
used materials.

-PERTINENT FIGURES-

TdB. 1 GASES EVOLVED BY ORGANIC MATERIALS DURING FIRE PAGE 6//TAB.
2 DATA ON TOXIC GASES PAGE 9//TAB. 3 REGULATIONS GOVERING
ACCEPTANCE STANDARDS RELATIVE TO FLAMMABILITY OF MATERIALS . USED
WiITHIN CONCORDE AIRCEAFT ARE SUMMARISED PAGE 13
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DENNEY, M.A-.: THE USE OF LOE FLAMMABILITY MATERIALS IN AIRCRAFT.
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CIVIL AIRCBAFT INSPECT ION PROCEDURES BL/10=2, FEB. 15,
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DEVELOPMENT OF CRASH-RESISTANT AIRCRAFT FLAMMABLE FLUID
SYSTEHMS. PART 1. DELINEATION OF THE FRUBLEM

by

BERNETT, C.V.
RODGERS, JBR., E.3B.

03/00/59

~ABSTRACT-

4 study was carried out on reports and data pretaining to
on-the-scene aircraft accidents. Particualar attention in this
study  was devoted to determining the contribution of rost crash
fires to aircraft accident fatality rates. It was found that the
fatality rate in crashes of fixed and rotary-wing aircraft, when
such crashes are followed by fire, is approximately 25 aand 39
percent greater, respectively, - than ir crashes not followed by
fire. & recent investigatica was conducted using some helicopter
drop crash tests. Two types of investigations were:  pursuved in an
effort to establish a c¢riteria for the severity of crash impact
which could be used {1} in the ‘design of crash resistant flammable
fluid system {particularly fuel tanks and their appeandages), and
(2} ‘in determinming the safest 1location on a fixed or rotary wing
aircraft in respect to fixe protection. It was concluded that a
crash load factor in the crder of 35 may be considered likely iam
aircrafts under severe but survivable c¢rash conditions. Therefore, -
a 1load factor of 35 is recomnended for  the design of
crash-resistant flamprable fluid systems installed in fuselages of
fixed and rotary-wing aircraft. In respect to ilocation on
fixed-wing aircraft 4it: is recommended {1) that fuel tanks be
located inm the outboard portion of the wings, {2} -that fuel tanks
be located amdsor protected such. to prevent groumd scraping
action, -and {3} that fuel +tamnks not be located forward of the
plane of the wing front spar. In the. case of helicopters
{rotary-wing aircraft} almost any location appears: to be smitable
for the aircrafts crash-resistant filammable. fluid system. The
design of . crash-resistant fuel tanks for interval fluid pressure
loads resulting from squashing conditions is now recognized as
being feasible, They should ke eguipped with accessories anrd
conponents which will - not tear the cell 'and which are capable of
sealing the fuel inside the c¢ell.

-PERTINENT FIGURES- -

FIG- 4 SIDE ELEVATION REFERENCE TOR ACCELEBATION MEASUREMENTS DN
HO5S=1 HELIGCOPTER. FULL~-SCALE GRID SPACING IS 1 FT.//F1G., 5 SIDE
ELEVATICN EREFERENCE FOB ACCELERATION MEASUREMENTS ON SIMULATED
H-13 HELICOPTER FULL-SCALE GRID GSPACING IS ONE HALF FT.//FI1G. &
ANTHROPOMORPHIC DUMMY NO. 3 ACCELEBATIONS EXPERIENCED DURING TEST
NO. 2 ANTHROPOMORPHIC DUMMY NG, 2 ACCELERATIONS EXPERIENCED
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DURING HOS5S~1 .DROP CRASH TEST NO. 2//TaB. 1 .SUMMARY OF FATALITIES
IN SCHEDULED PASSENGER AIR CARRIER OPERATION PAGE 18//TAB. 2
RESULTS OF SOME DROP-CRASH TESTS OF SIKORSKY HO55-1 HELICOPTERS
AND SIMULATED H-13 HELICCPTER STRUCTURES PAGE 19//TAB. 3 RESULTS
OF ON-THE-SCENE STUDIES GF HELICOPTER ACCIDENTS BY TDC .
INVESTIGATORS PAGE 21//TAB. &4 ACCIDENT DATA RECEIVED . FROM
ON-THE-SCENE MILITARY INVESTIGATIONS PAGE 22/TAB. 5 FLIGHT-PATH
ANGLES AND VELOCITIES AND FUSELAGE ATTITUDES AT A PCINT 50 FT.
ABOVE THE GROUND FGR 4 HELICOPTERS MAKING AUTOROTATIVE LANDINGS TO
A PANEL PAGE 24
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PERFORMANCE OF PRUTEIN-BASED FCAMS ON VARIOUS FUELS
by

FITTES, D.¥W.
RICHAEDSON, D.D.

00,/060/00

=~ABSTHACT-

A. study was wmade of the performance of representative. protein
based foams on the extinction of fires of variocus flammable liguid
aviation fuels. Fire test results are imcluded and the following
conclusions were made: (%) Fires in aviation kerosene :{AVIUR) were
more readily controlled than fires in AVTAG {wide cut .  aviation
fuely, AVGAS f{aviation gasoline}, AVPIN {isopropyl nitrate), and
motor fuels. (2} A stiff foam will control fires in aviation
starter fuel {AVPIN} more readily tham a more fluid £foam. {3}
Pires in motor fuels are gemerally more difficult to control tham
fires in aviatiom fuels. {4) Some fuels, especially when burning,
may cause accelerated foam breakdown, but the results show that
this is generally mot more than 1.35 times the breakdown with
parrow boiling poimt range motor fuel, the reference fuel. Serious
deterioration in foan performance. in the field is uniikely to be
due to the effect of the fuel, and other sources of variation need
to be considered.

—~PERTINENT FIGURES- -

TaB. 3 PERFORMANCE OF FOAX¥ ON AVIATION FUELS PAGE 5//TAB. 4
PERFORMANCE OF FOAM ON MOTIOR FUELS PAGE 5
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SOME NOTES ON THE PROPERTIES OF FOANS PRODUCED BY A GAS
TUREINE OPFRATED FOAM GENERATOR

FITTES, D.W.

06,/00/67

-ABSTRACT-

The physical characteristics of proteim foams, produced by the gas
" turbine operated foam generator, were measured by stamdard methods
which included the properties of expansion, critical shear stress,
and foam drainage. The following conclusions were reached: (1) The
overall critical shear stress range of foams made by the generator
at three discharge rates and three expansion values of 50, 125,
and 200 gal./min., and 6, 13, and 20 respectively, used in the
simulated aircraft fire test program, was between 150 and 1,400
dyne/sq.cm. {2) Independent variation of foam drainage and
critical shear stress could not readily be achieved with the
generator, but there was a general relation between the two
properties over the +whclie expansion range examiged. {3)
Experiments with the  generator using ammonium lauryl sulfate, a
detergent normally used to make high expansion foam, showed that
this agent may also be suitable for the manufacture of low
expansion form for fire fighting.
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ADVANCED FIRE EXTINGUISHERS FOR AIRCRAFT HABITABLE
CGHPARTMENTS

by

ATALLAH, S,
HAGOPIAN, J.H.
KALELEAR, A.S5.

08/00/72

=ABSTRACT-= -

Resulits are described of a program at developing and optimizing
portable one-guart and two-gallom size extinguishers for use with
a new foamed halon agent {(Halon Foam}. The program involved
several tasks including the study of material compatibility of
common materials of construction with Halom Foam; conparative:
effects of Halon Foam and CB (bromochloromethane} on electrosric
circuits; optimization of the extinguisher system and subsequent’
testing on several fire configurations; and appropriate
specification- developnent. Prototype extinguishers were
constructed in both the desired sizes and the pew system was found
to be far more effective. ip fire control than the eguivalent CB
systems. It was also found that the constituentis of Halon Foam are
ipdividually less toxic than CB in both their neat and pyrolyzed
forms. The Halon Foam systewr is also less detrimental than CB as
far as damage to electronic circuits is concerned.
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EVALUATION OF INSULATICN FOR CRASH FIRE PROTECTICN FCR NEW
FLIGHT BECORDERS

by
RUST. JR., T.

09/00/72

-ABSTRACT-

New flight data and voice recorder insulation arrangements were
evaluated relative to their ability tc provide adequate thermal
protection for recocrd tapes under conditions of crash fire. Flane
and simulated fire testing encompassed 10 experimemtal insulated
boxes at 3 different time-temperature fire environmeants. All boxes
were fabricated with a 1/8 in. thick stainless steel shell, the
interior of which was 1lined with a 1 in. 2000 deg. F. insulating
material pad. Inside this pad, Style A box had 1 in. of gelled
water heat sipk material; Style B had 1. in. of <commercial
paraffin; Style € had 1 in. of a low cost stable insulation
material; and Style D had 1 .in. thick solid material capable of
evolving water vwhen heated. It was found that a combination of
high temperature iamsulaticon amnd a heat sink material employing
water as the heat absorber, provided the best protecticn for the
record +tapes when exposed to a realistic severe thermal
environment.

-PERTINENT FIGURES-

FIG. 1. BECOMMENDED TIME-TEMPERATURE TEST PROFILES FOR FLIGHT
RECORDERS PAGE 15//F1G. 2 LRAWING OF EXPERINENTAL BOX INSULATION
ARRANGEMENT PAGE 16//TAB. 1 EXPERIMENTAL BOX REIGHT LGSS AND TAPE
TEST RESULTS PAGE &
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AQUEQUS FILM-FORMING FOANS, FACTS AND FALLACIES
by
MELDRUM, D.N.

01,/00/72

-ABSTRACT-

The prackical differences in the fiammable 1liquid petroleun
product fire fighting capabilities are discussed for conventicnal
protein base mechanical <foams, fiuoroprotein foams, agqueocus film
forming foams {AFFF), and miscellamecus other symthetic foams. The
advantages of the mechanical hydrolized protein fceams are: their
flexibility, relatively 1low cost, and the existence of world wide
standards. Their main disadvantages are relatively pcor resistance
to burnoff from fuel saturation if the foam is plunged into a
depth of fuel, and relative incompatibility with several of the
dry cherical agemts. Flucroprotein foams have +he advantage of
regular type foams as well as good resistance to saturation by
hydrocarbon fuels, and better compatibility with dry chemicals.
Although slightly more expensive, the fluoroprotein foams have
been found to be better - than both the regular protein foams and
the AFFF for securing fuel against reflash, and <Tesistance to
overhead water application and radiant heat. Tests made with AFFF
toillustrate how rapidly an - AFFF can knock down a spill fire are
discussed at length. Comparisom data are depicted for the various
foams on - tank fire control and extinguishment. An AFFF has the
advantage of speed of spill fire knockdown and is best with dry
chemicals; its disadvantages include. fast draining, relatively
poor leng range fuel security, and high costs Various
extinguishment experiments with AFFF are described in detail.
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'SUPER ®GABAGES"™ FOR JUMBO- JETS REQUIRE SUPER FIRE
PROTECTION SYSTENMS

by
AVERILLp 'Cm Fu

03/00,72

~ABSTRACT-= "

4 typical hkangar £for the. jumbo Jets can accommodatefour 747s at-
the same time. There are: two 230 ft. by 448 £ft. bhamgar areas
separated by a 100 ‘ft. by 448 £t. core area for offices and shops.
The tremendous cost of the. buildimg and the. aircraft requires
careful <consideration. of fire protection. Low expamsion protein
foan was «hosen as the extinguishing agent by one airline.
Foam/water sprinkler systems at the roof provided the principal
protection, supplemented by monitor nozzles mounted on the core
wall to  cover areas shielded from overhead discharge, suck as
under the wings. Wet pipe sprinkler systems are. used in - the core
area where occupancy - reguires protection. All systems were
designed to meet Factory Mutual standards and City of Los Angeles
requirements. The applicable NFPA Stapdards were alsc used as
design guides. The fire protection. systems are comnpletely
independent of outside utilities. There are 16 systems protecting
the hangar areas with a total of 2,480 foam/water sprinklers. Eack
sprinkler covers an average of 85 to S0 sg. ft. of floor area and
discharges foam at "an ‘eguivalent solution rate of 0.2 gpmn/sg. ft.
The :Los Angeles Fire Department requested actual fire testing of
the = detection system, ' because of the. lack of experience with
buildings of that height, and the. results of the tests are
described. .
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PROTECTION OF AIRCEAFT IN GROUND CRASH FUEL FIRES
by

NEEL, C.B.
FISH, R.H.

05/27/71

=ABSTRACT~

Passengers caught in am aircraft ground accident that has resuited
in fire have only a very short time to .escape. Those failimng to
exit guickly probably will die from exposure to heat and fumes. 1
concept for passenger survival was directed toward the approach of
surrounding the passesnger compartment with a fire retardant shell
that would protect the occupants 1long enough for the fire to burn
out or for fire fighting equipment to reach the airplane and
extinguish the fire. The approach was made possible by the recent
development of 2 new fire retardant materials: a lightweight foanm
plastic, polyisocyanurate foam, anrd an intumescent paint. Tto
demonstrate their wuse in a full scale application, an airplane
fuselage was fitted with the materials and tested in a jet fuel
fire. The fire tests are described and the results analyzed.
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NATIONAL AERONAUTICS ANL SPACE ADMINISTRATION, MOFFEIT FIELD,
CALIF. AMES RESEARCH CENTER.
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OTHER NASA-DEVELOPFD MATERIALS AND SOME INDUSTRIAL
APPLICATIONS

by
RADNCFSKY, H.I.

05,27/71

~ABSTRACT- -

Some : of the fire retardant materials which NASA has available for
nonspace applications include beta fiberglass, Durette .and Fypro

{aromatic - polyamide fibersj), - Scheufelen paper {nonflammable
papery, Fluorel elastomers, Viton elastomers, aonflammable
insulating foams, pelyguinoxalate, and polymides Specific

applications of these materials include ceiling and wall panels,
interiorxr furnishings, floor coverings, paper products, and
protective clothing. A brief description is given .on the fire suit-
fabrication program. Tc demoanstrate the mamy possibilities for use
of these materials in the building apd . interior. furnishings
industries, NASA as constructed 5 miniatare housing modules to be
used in a controlied flammability test program. A brief
description is also given om NASA aircraft refurbishment with.
these new mataeials-

~SOURCE INFORNATIGN-

CORPORATE SOURCE -
NATICONAL AERONAUTICS AND SPACE ADMINISTRATION, HOUSTON, TEX.
MANNED SPACECRAFT CENTER-

REPORT NUMBER -
N72-15899

JOURNAL PRGCEEDINGS -
IN: UNIV OF :SOUTHERN CALIF FIKEPROOFING AND SAFEIY SYNP PROC, -
109-129 {MAY 27, 1971} (SEE F72010453) -
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U.S. ARMY AIRCRAFT IN~-FLIGHT FfIRE DETECTION AND AUTOMATIC
SUPPHEESSION SYSTEHNS

by

DE ROUVILLE, K.
JGNES, R.B.

07,00/72

.=ABSTRACT-

In-fiight Army combat reports and non-combat reports for UH-1,
AH-1, and CH-47 helicopters were stmudied to determine the cause
and locatiom of helicopter compartment fires. Two Army helicopter
operating bases were visited for first hamd information. The
in-flight fires were divided intc groaps, and from the number of
incidents in each group, a priority was established to secure the
rost effective results toward the development - of automatic
suppression systems. A survey was pade of fire detectors and
nethods of extinguishment and suppression, and the characteristics
of such systems were evalivated for possible use in the fire
suppression systems. System concepts were developed and methods of
detection and extinguishment/suppression were . selected as most
suited for ipntegration into the aircraft system. Desigs criteria
for the various concepts were developed and recommendations made
as to systems to be used im the test phase. Simulations of emngine,
oil <¢ooler, apd electronics compartments were fabricated, and
selected systems were tested.
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FIRE DETECTION SYSTEM PEEFCRMANCE IN USAF AIRCRAFT
‘ oy
DELANEY, C.L.

08,00/72

-ABSTRACT-

Data on false fire warnings and aircraft engine nacelle fires mas
taken from Air Force accident/incident reports., This data included
the time .period 1965 through 1970 and is restricted to nonconbat
related accidents. Apalysis of the data showed that false fire
warnings are.a major problem in the majority of USAF aircraft (83
percent of all repcrted alarms are. false). These false fire
warnings resulted in damage or destruction .to aircraft as well as
crew irjuries and fatalities. 1In addition, it was found that in
approximately 50  percent of the engime nacelle fires, where the
performance of the detection system <c¢ould be deterrpined, the
system did =not provide am alarm. It was also found that the fire
detection system in a number of aircraft had deen partially or
totally removed to reduce cr eliminate the false fire waraning
problem. As a . conseguence the pmajority of the fires which
occurred in these aircraft were not detected.

-SQURCE INFORMATIORN-

CORPORATE SOURCE. - -
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keys 1364 through 1365

EVALUATION OF AIRCRAFT GROUND FIREFIGHTING AGENTS AND
TECHNIQUES

by
GEYER, G.B.

02,/00/72

-ABSTRACT~-

A summary, based on previous research and on full-scale and
laboratory tests, is presented of the effectiveness of agents,
equipment, and technigues used in aircraft ground crash fire
fighting and rescue operatioss. The agents selected for study were
categorized im 2 major groups, depending upon their primcipal
function inm the extinguishment of Class B fires: (1) foan
vapor-securing and +tlanketing ageats, and (2) auxiliary fire
fighting agents (dry chemicals, dry powvders, vaporizing liguids,
carbon dioxide, and magnesium agents). Several kinds of chemical
and mechanical foams were tested, and the results are reported.
Special attention was given to the performance. of aquecus filn
forming foam {AFFF) and to the compatibility of foams and powders
in .fire extinguishing systems. The chief results and conclusions
wvere: (1) the most effective fuel vapor aand blanketing agents are
AFFF and 6 percent protein-type foan, (2) there is no
incompatibility between ©proteim foam and AFFF when they are
dispensed from separate mozzles, and (3) both AFFF and & percent
protein agents demonstrate acceptable degrees of compatibility
when paired with dry chenicals. Evaluations of various foan
dispensers are reported, and comparisons are .pade between the
effectiveress of proctein foam and AFFF in extinguishing JP~4 Jjet
fuel fires. Beconmendations are made for the kinds and uses of
foam dispensers which will be. most effective in applying fire
fighting agents to crash fires.

-PERTINENT FIGURES~- -

FIG. .10 THE EFFECT OF SCLUTICN CONCERTRATION ON FIRE CCNTROL TIME
USING PROTEIN FPORM AND AFFF PAGE 58//TAB. 11 EFFECT. OF WATER
HARDNESS ON FIRE PERFORMANCE EMPLOYING PROTEIN FOARM AND AFFF
(MANUFACTURER E-~3) PAGE 34
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key 1369

A SELF-GENERATING OVERHEAT DETECTION SYSTEM FOR USE ON USAF
AIRCRAFT

by
EIEMER, Q.

08/00,72

~ABSTRACT-

A self-generating overheat detection system for USAF aircraft was
developed, designed, <fabricated, and tested. The system consisted
of a loop of sensor cable ccnnected by way of a junction bozx and
thermocouple type extension wires to a control unit. The developed
sepsor consisted of a continuous coaxial cable which changes its
electrical properties as cable temperature. is changes. <C(able
thermo-electric vwoltage as well as impedance is wutilized din
establishing alarm signal levels. Theoretical work involving such
factors as thermocouple signal transnmission and detection,
together with an investigation of cable nmaterials and electronic
componentry available for aircraft use is described. Test results
of the sensors and associated electronics used for the prototype
systems together with a description of operation is supplied. The
performance testing of twc completed systems under simulated
environmental conditions is reported. A set o©of installatioa
instructions and engineering drawings for the system are appended.
It is concluded that, from the standpoints of long term cable
stability, discrete alarm detection, and false alarm free
operation, the use of cable voltage as well as impedance in
establishing alarm levels provides an effective means of overheat
detection.
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keys 1371 through 1379

AN APPRAISAL OF HALOGENATED FIRE EXTINGUISHING AGENTS.

by
NATIONAL ACADEMY OF SCIENCES-NATIONAL RESEARCH COUNCIL

00/00/72

=-ABSTRACT-

Contents: Bauman,; M.R., Comparative Effectiveness of Halocgenated
Agents and Other Extinguishants {See F7300023)//Stokinger, H.E.,
Primciples and Procedures for Toxicologic and Physiologic
Evaluation of the Safety c¢f Materials {See: F7300024)//Stewart,
B.D., Use of Human Volunteers for the Toxicological Evaluation of
Materials {See. F7300025)//Zikria, B<A., Inhalation Injuries Ain
Fires {See. F7300026)//MacEwen, J.D.,  Toxicology of Pyrolysis
Products of Halogenated Agents (See F7300027)//Clark, D .G.y-
Toxicology of Halom 1211 (See F7300028)//Reinhardt, C.F., and
Reinke, R.E., Toxicology of Halogenated Fire Extinguishing Agents,
Halon: 1301 (Bromotrifluoromethane) (See F7300029)//Rainaldi, N.,
Appraisal ¢of Halogenated Fire. Extinguishing Agents {See
F7300030)//Back,  X.Ce, and Van Stee, E.¥W., Cardiovascular and
Nervous System Effects of Bromotrifluoromethane: A Short Review
(See F7300031)//Harris, #®.S., Cardiac Effects of Halogenated
Hydrocarbons {See F7300032)/,Call, D.W., Human and Rat Exposures
to .Halon 1301 Under Hypobaric: Conditions (See  F7300033)// Ford,
Col., Extinguishment of Surface and Deep-Seated Fires With Halon
1301 . (See F7300034)//Gassmann, J.J., and Marcy, J.F., Application
of Halon 1301 tc¢ Aircraft Cabin and Cargo Fires (See
F7300035)//Steinberqg, M., Toxic Hazards from Extinguishing
Gasoline Fires Using Halon 1301 .Extinguishers in Armored Personnel
Carriers {(See F7300036)//McDaniel, D.E., Evaluation of Halon 1301.
for Shipboard Use {See F7300037)//Botteri, B.P., Cretcher, R.E.,
and Kane, W®.R., Aircraft ‘Applications of Halogenated Hydrocarbon.
Fire Extinguishing Agents (See F7300038)//Carbart, H.W., and
Fielding, G.H., Applications of Gaseous Fire Extinguishants in
Submarines fSee F7300039)y/ Kauchta, J.4., and Burgess, D.,
Effectiveness of Halogenated Agents 2gainst Gaseous Explosions and
Propellant Fires {See F7300040)//Edmonds, A., Use of Halon 1211 .in
Hamd Extinguishers and Local Application. Systenms {See
F7300041).//Languille, E., Applicatioms of Halon 1211 Fixed Systenms
in. Normally Occupied Area (See F7300042) //Wickham, ReTo,
Engineering and Economic Aspects of Halon Extinguishing Equipment
{See F7300043) //Grabowski, G.J., Fire Detection and Actumation
Devices for Halon Extimguicshing Systems (See F73006044)//Kerr,
J.W., Practicalities of Halons from the Firefighter's Viewpoint
(See F7300045)//Wands, R.C., Toxicology of Halogenated Agents
{Halon  2402) {See. F7300046)//Yamashika,  S., Dependence of
Extinction Time and Decomposition of Halogenated Extinguishing
Agent on Its Application Rate {See F7300047)
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APPLICATION OF HALCN 1301 TO ARICRAFT CABIN AND CABGO FIRES
by

GASSMANN, J.Jd
MARCY, J.F.

00,00/72

=-ABSTRACT=

Test procedures and test results are summarized om the application

of Halon 1301 to aircraft cabin and cargo fires. Based on an

analysis of the results of the cabin mockup tests, it was

determined that: €1) ‘a2 high rate discharge system utilizing Halon

1301 at a concentratiom of 5.8 percent in air is effective: in

rapidly extimguishing a Class A fire inm urethane seat padding; (2) -
prolonged exposure in a cabin fire to flames and heat from

incandescent - hot bodies cam cause pyrolysis of Halom 1301. into

extremely toxic gases im concentrations that may be harmful; and

{3} -although Halon 1301 concentrations as 1low as 3 -to 4 percent in

air were sufficient to extinguish Class A fires, the propane gas

burner could still be 1ignited to flame by electrical sparking. It

was concluded from the cargo compartment tests that: (1) -the use:
of Halon 1307 . released at the time of -detection: of a - cargo fire

can -prevent the occurrence of flash fire, greatly reduce the

maximum temperatures, amd provide effective. fire. control for

periods of at 1least 2 hours; and (2) the use of as little as 3

percent by volume of Haion 1301 can effectively control cargo

fires im a compartment with a 10 percent and a 50 percent lcad

configuration.

~PERTINENT FIiIGURES~"

FiG. 2 REGULAR URETHANE FOAY¥ FIRE PARAMETERS IN CLOSED CABIN PAGE
181 .
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AIRCRAFT APPLICATIONS OF HALOGENATED HYDROCARBON FIRE
EXTINGUISHING AGENTIS

by

BUTTERI, ‘BoP-
CRETCHER, R.E.
KANE, W%.BH.

00,00,72

<ABSTRACT-

In apalyzing the applications of halogenated hydrocarbon fire
extinguishants to the aircraft fire problems found in engine aad
auxiliary power imstallations, fuel tanks, and habitable aad cargo
compartments, the mnature of the fire problem in each area is
defined, the state of the art fire suppression technigues which
could be applicable is reviewed, the preferred technigue and the
basis for  its selection is identified, and, in those cases vwhere
use of halogenated hydrocarbon extinguishants is preferred, their
overall practical performamce Trecord is reviewed. Halon agents
presently offer the greatest advantage for the following aircraft
fire. protection applicationss extinguishment of engine
installation fires; suppression of fuel tank explosions induced by
point type ignition sources, although complexity of intermal fuel
tank configsration may pose an installation problem; fire
suppression in large cargo and habitable compartments by means of
total flooding; and £irst aid fire extinguishers for Class A,B,
and C fire protection capability. Halon fire extinguishing agents
were not -recommended for fuvel tank inerting or multipoint ignition
explosions caused bye €.9., gunfire.

—PERTINENT FIGURES-

TAB. 6 TYPICAL A/C ENGINE FIRE EXTINGUISHER SYSTENMS PAGE 224 .
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STUDIES OF MECHANICAL FO2MS FGR AIRCRAFT CRASH FIRE
EXTINGUISHMENT, PROGRESS REPORT

by

PETERSON, H.B.
REILL, R.BR.
JAELONSKI, E.d.
TUVE, R.Ll.

12/00/52

<BBSTRACT-

Studies are reported of the effectiveness of some mechanical foanms
ased in - aircraft crash fire: fighting. . The equipment used im
dispensing the foams were tested to determine the :optimum kind for
rapid fire comtrol, which is necessary for rescue .of the trapped
occupants of -the aircraft. gasoline fires were used in the fires
tests, and measurements were made of the rate of diminution of
heat radiation from the burning gasoline as mechanical foams were.
applied. Eesults showed that the higher expaansion foams produced
an extremely rapid flame knockdown power while the low expansion
foams had a much slower initial effect. The ‘higher expansion: foams
are knovs . to be . nuch more: stable foams with respect to their
water-holding capacity than ave: the  low expansion . types,  thus
increasing the burn-back resistance. of the :higher expansion foans
when  actually in contact, with the gasolime surface. It:G was
concluded that high expansion, high water stability foams, when
applied in:. a dispersed, wide area coverage pattern, achieve a
quick rate of gasoline fire knockdown and contrecl time which
cannot be attained by the lower expansion foams applied in the
sape coverage pattern. It was recommended that foam generating
equipnent be developed capable of producing foams of expansions of
10 ‘to 12, and projectimg : it im dispersed amnd straight stream
patterns.
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DEVELOPMENT OF HALOGENATED HYDROCARBGN FOAM (HALOFOCAMN)
EXTINGUISHANTIS

by

ATALLAH, 5.
BUCCIGROSS, H.L.

00/00/71 .

~ABSTRACT-

Several halogemnated hydrocarbon f£foams were developed which vwere
found more effective than bromochloromethane {(Halcon 1011), the
agent presently ased in.aircraft compartment fire extinguishers.
Several «riteria wers established for the new ageats (1)
ef fectiveness on Class &, B, and C fires in confined spaces; (2)
equivalemt fire extinguishing capability when compared to Halon
10113 {3)  low toxicity; (#) <capability of preventing ignition of
combustibles for least 6 min.; {5) compatibility with construction
materials 1in the <comppartments; and (6) -minimum generation of
visibility-impairing smoXe and/or. vapors under fire conditions.
Several halons{Halons 130%,1211, 2402, and 122) - were selected on
the basis of their +toxic and other physical and chemical
properties. In addition, several additives which could serve as
foaming agents vere selected. Several hundred foam formulations
were prepared and tested for fcaming actiom, foam stability,
solution stability, resistance to freezing, viscosity, electrical
conductivity, chenmical stability after long storage, and
compatibility with materials of construction. Comparative fire
tests vwere conducted with the followimg fuels: cotton waste, JP-4
jet fuel, hydraulic. ecil, gasoline, and cellulosic sponge sheets
{simulating walls and ceilings). The results showed that three.
foams vere more effective fire fighters tham Halon 1011 . and that
Halon 1211 foam/C was the best of all the formulations. It was
concluded that it :is possible to foam halon liquids (and mixtures
thereof) with commercially available  surfactants and to produace a
fire ‘extinguishing agemt with low toxicity which is more effective
than -Halon 1011,

=SQURCE INFORMATION- -

COBPGRATE SOURCE -

LITTLE {ARTHUR D.), INC., CAMBRIDGE, MASS.
JOURNAL PROCEEDINGS: =~

PITCAA, FIRE TECHNOL, VOL. 7, NO. %, 307=-320¢1971)
OTHER INFORMATION -

0014 PAGES, 0000 FIGURES, 0008 TABLES, 0003 BEFERENCES

304



key 1427

FACTORS WHICH GOVERN THE CHOICE OF MATERIALS FOR AIRCRBAFT
INTERIQRS

by

DENNEY, Mo
BEOADLEY, D.

03/00/72

<ABSTRACT-

The development of 'the Concorde aircraft will bring new .safety
requlations im Great -Britain to cvontrol not only the flanmability
but also the smoke.emission characteristics of materials withia
aircraft. Tthe flammability regulations will -employ a test based
on the vertical strip test {method 5902) -and the horizontal strip
test {(Method 5906) : of American Fede=al Specification CCC= =191 b,
smoke emission regulations have not been issued yet, but it is
generally accepted that smoke ewission characteristics of burning
materials will be assessed using the Aminco-NBS smoke density
chamber. The current widespread ase of rigid polyvimyl chloride
(PVC), polyester or epoxy resins, and polyurethane foams 1in
aircraft cabin interiors will change completely when the smoke
emission standards go into effect. Both PVC. and poiyvimylidene
enit hydrogen chloride in fires and their use is likely to be
banned. . Polyester amd epoxy . resin lamimates emit considerabie
snoke. Materials which mse flame .resistant coatings to meet the
flammability standards may not . meet -the smoke emission stapdards
because the added halogen cocmpounds in the . coating increase smoke
emission to an unacceptable 1level. Some materials, still :in the
development -stage, which may be able to meet both flammability and
smoke emission standards are. aromatic pelyamides, polyinides,
fluorocarbons and perhaps certain grades of .silicones. There are
no plars for standards for ' the +toxicity of gases evolved from
burning materials; data are presented on the relative toxicity of
gases.

-PERTINENT FiGURES-

TAB. 1. GASES EVOLVED BY ORGANIC MATERIALS DURING FIBE PAGE
19//TAB. 2 DATA O©ON TOXIC GASES PAGE 21//TAB. 3 SUMMARY OF
REGULATIONS GOVERYNING ACCEPTANCE STANDARDS RELATIVE TO
FLAMMABILITY OF HMATERIALS  USED WITHIN CONCOEBDE AIBCRAFT. TEHE
BRITISE AIRCRAFT CORP. AND SNIAS HOPE TO. AVOID USE OF ANY
MATERIALS IN GRADE 4, AND TC - CHOOSE MOST MATERIALS MEETING THE
CRITERIA REQUIRED FOR GRADES 1 AND 2 PAGE 35
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THEE THERMAL DECOMFOSITICGN OF P.V.C. IN AIR AND NITECGEN. FIRE

ASSOC. NOTE 769, JULY |96S
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FIRE RETARDANT FLEXIBLE URETHANE FOAHM

by

BAUMARN, G.F.
SZABAT, J.F.

00/00/72

=ABSTRACT-

Technology is reviewed on fire retardant flexible. urethane
slakstock foam based on MNobay raw Materials Mondur TD-80,
Muitranol 7100, special additives E-8200 and E-9402 with
Momsanto’s nonreactive fire retardant Phosgard 2XC20. Special
emphasis is also given to the self-extinguishing (S.E.) - high
resilient foams that <can be produced in different grades without-
the use . of any phosphcrous balogen containing fire retardant. A
sunmary 1is presented of the wmajor fire. safety regulatioms
presently proposed as standards for home furnishings, carpets and
rugs,  bedding, automotive interior comnponents, alrcraft
-applications, and furnishings for offices and. other public places.
Several flame retardant foam grades are described as to their
suitability in satisfying the <flampability specificatioans of the
standards for carpet underiay, automotive . interior conmpoments,
bedding, - and other applications. A high resilient foam is also.
described; they offer 1latex 1like feel and are. smitable:  for
luxurious seating and bedding applications. They can pass a wide
variety of flame tests without the use of any phosphorus halogen
coptaining fire retardant and have a very low flame spread.
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INVESTIGATION AND EVALUATION OF NONFLAMMABLE,
FIRE-RETARDANT MATERIALS, FINAL REPORT

by

ATALLAH, S.
BUCCIGROSS, H.L.

11/00/72

-ABSTRACT~-

A TEST PROGRAM ¥AS OUNDERTAKEN TO EVALUATE FIRE PROTECTIVE
MATERIALS AND TO TEST THEM IN¥ PULL-SCALE HELICOPTER FIRES. THE
GOAL WAS TO CONTAIN OR RESTRICT IN-FLIGHT OR POSTCRASH HELICOPTER
FIRES TO ALLOW THE CREW AND PASSENGERS TO ESCAPE OR REMAIN WITHIN
4 LIVABLE ENVIRONMENT UNTIL THE FIRE COULD BE EXTINGUISHED OR THE
BURNING FUEL CONSUMED. LAEORATORY TESTS SHOWED THAT INTUMESCENT
PAINTS PROVIDE INADEQUATE FIRE PROTECTICN TC EXTERIOR WALLS 1IN
HELICOPTER FIRES AND MOST OF THEM PRODUCE NOXIOUS FUMES. A NUMBER
OF COMPOSITE MATERIAL SYSTEKS WERE FOUND PROMISING FOR INTERIOR
WALL PROTECTION IN TEHE EELICOPTERS. VARIOUS COMBINATIONS OF
ISOCYANURATE FOAMS, SODIODM SILICATE HYDRATE PANELS, A MINERAL
INSULATION, AND INTUMESCENT MASTIC PAINTS WERE APPLIED TO THE
WALLS OF TWO TEST HELICOPTERS AND FULL-SCALE FIRES SINMULATING
IN~-PLIGHT AND POSTCRASH FIRES WERE OBSERVED. THE IN-FLIGHT TESTS
INDICATED THAT SODIUM SILICATE HYDRATE PANELS PLACED ON THE FIRE
SIDE PROVIDED SUFFICIENT PROTECTION FOR A HABITABLE COMPARTMENT
AGAINST A FIRE OCCURING IN AN ADJIACENT COMPARTMENT. POSTCRASH FIRE
TESTS SHOWED THAT  TOTAL WALL PROTECTION OF EXISTING HELICOPTERS
COULD NOT BE OBTAINED. PENETRATIONS OCCURRED IN THE CH-U47 WALLS
WHERE THE PRESENCE OF WIRING, AIR DUBCTS AND HYDRAULIC OIL TUBES
HAD PREVENTED THE APPLICATICN OF ISOCYANURATE FOAM, AND IN THE
UH=-1D WALLS #HERE THE SODIUM SILICATE HYDRATE PANELS COLLAPSED
BECAUSE OF THE ABSENCE OF STRUCTURAL SUPPORT. HEAT FLUXES AFTER 5
MIN. WERE TO0 HIGH FOR HUMAN TOLERANCE, - AND CONCENTRATIONS OF
SMOKE AND TOXIC GASES WERE HIGH.

- =PERTINENT FIGURES~-

FIG. 34 LIGHT TRANSMISSION AT THE 4-FT AND 1-FT LEVELS DURING THE
CH-47 POSTCRASH FIRE TEST PAGE 58//TAB. 1 FURNACE TEST RESULTS FOR
PAINTS AND COATINGS PAGE 1i0//TAB. 2 FURNACE TEST RESULTS FOR
INORGANIC INSULATIONS PAGE 13//TAB. 3 FURNACE TEST RESULTS FOR
ORGANIC FOAMS PAGE 14

=SOURCE INFORMATION- -
CORPCGERATE SOURCE. -
LITTLE {(ABRTHUR D.), IBC., CAMBRIUGE, MASS.
REPORT NUMBER -
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VA. EUSTIS DIHECTORATE.
CONTRACT NUMBER -~ -
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OTHER INFORMATION -~
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key 1542
FIGHTING FUEL STORAGE FIRES WITH SUBSURFACE FOAM
by
FIRE INTERNATIONAL

10/00/65

-ABSTRACT-=

tESTS OF SUBSURFACE FOAHMS ON CRASH FIRES AND OTHER KINDS OF FUEL
FIRES WERE CARRIED OUT. tHE GOALS OF THE TESTS WERE TC FIND A FIRE
EXTINGUISHING AGENT WHICH CCULD HOLD FUEL PICK-UP TO A MINIHUX AND
PRODUCE A FOAM THAT WOULD NOT IGNITE WHEN USED IN BULK STORAGE
FUEL CONTROL. FOAM PRODGCED FROM A pURPLE k AND LIGHT WATER
MIXTURE, W¥AS MORE LIKE A LATHER THAN A TRUE FOAM AND OSOME
DIFFICULTY WAS EXPERIENCED AT THE ERIE OF THE FUEL TANK NHERE
VIGLENT BOILING OF THE FPRCDUCT TOOK PLACE DUE IO THE HOT TANK
WALL. +tHE NEXT TYPE OF FOAM TO BE TESTED WAS AN AQUEGUS LiQUID
BASED CN HYDROLIZED AND PURIFIED NATURAL PROTEIN POLYMERS
CONTAINING SPECIFIC FLUOROCHEMICAL SURFACE ACTIIVE AGENTS AND OTHER
COMPOUNDS. tHE PRESENCE OF CLECJPHOBIC FLUOROCARBON CHAINS PROVIDED
PROTECTION AGAINST FUEL PICK-UP BY THE FOAM AND PEERMITTED BURN-OFF
OF PETROLEUM PRODUCTS TRAPPED IN THE FOAM WITHOUT DESTROYING THE
FOAM ITSELF. uP TO 25 PERCENT OF FUEL IN THE FOAM CAN BE TOLERATED
AND STILL PBODUBCE SUCCESSFUL RESULTS FROM THE STANDPOINT OF
EXTINGUISHMENT. a FIRE CAN BE CONTROLLED W®ITH UP T0O .40 PERCENT
FUEL PICK-UP IN THE FOAM. 1T HAS FOUND THAT THE PERCENTAGE OF FUEL
ACTUALLY PICKED UP IN ITS TRAVEL THROUGH THE FUEL FIRE RANGE FRONM
35 TOC 49 PERCENT IN CNE TEST, AND . FROM 14 TO 27 ©PERCENT IR
ANOTHER. tESTS WERE ALSO CARRIED OUT ON A FLOATING ROOF- TANK, AND
IT WAS FOUND THAT THE FOAM TRAVELED THRCUGH APPRCYIMATELY 50 FI.
OF 'GASOLINE WITH ONLY 22.9 PERCENT FUEL PICK-DP. iT WAS CONCLUDED
THAT THE SUBSURFACE FQAM, INJECTED AT THE PROPER VELOCITY AND
CONSISTENCY, WILiL EFFECTIVELY EXTINGUISH FUEL FIRES WITH LITTLE QR
NO EXPOSUERE OF PERSONNEL.

~SOURCE INFORMATION-
JOURNAL PROCEEDINGS -
FIRE INT, VOL. 26, 25-25 {OCT. 1969)

OTHER INFORMATION -~
0005 PAGES, 0000 -FIGURES, 0000 -TABLES, 0000 REFERENCES
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key 15458
PIRE AND EXPLOSION DETECTION FOR ADVANCED FLIGHT VEHICLES
by

AFRAHAH, J.
GUMHBICK, J.IL.

05/00/66

. ~BBSTRACT- -

a FIRE AND EXPLOSICN DETECTOR FOR - ADVANCED FLIGHT VEHICLES WAS
DEVELCPED THAT USES EBADIATION IN THE ULTRAVIOLET BELOW 2900 a. tHE
RADIATION TRIGGERS A GAS MULTIPLICATION TUBE. tHE DETECTOR USES A
LIGHT TRANSMITTING PHOTOCATHQODE OF PURE METAL WITH OPTINUN FILM
THICKNESS TO MAXIMIZE YIELD. nOLYBDENUN WAS. CHOSEN AS THE METAL
FOR IDEAL RESPONSE MATCH TO THE TYPE OF :SIGNAL EXPECIED INE ORDER
TO .IMPROYE SIGNAL-TO-NOISE RATICG. a FILLER GAS OF HYDBOGEN WAS
USED TO PRODUCE ELECTRON MULTIPLICATION IN THE DEVICE SO THAT
YIELD APPROACHED OR EXCEEDED THAT OF: CONVENTIONAL TULTBAVIOLET
DETECTORS. a¥ ALL QUARTZ ENVELQOPE WAS USED FOR MAXINUM THEERMAL
STABILITY. +fHE DETECTOR ®WAS FOUND TO OPERATE SUCCESSFULLY AT
TEMPERATURES UP TO 590 -DEG. c.

~SOURCE INFCORMATION- -

CORPGRATE SOURCE. -
ITT INDESTRIAL I1LABS., FORT WAYNE, -IND.
BREPORT NUMBER ="
AD-4B4614//AFAPL-TR-66-19
SPONSOR -~
AIR FOBRCE AERO PROPULSICN LAB., WRIGHT-PATTERSON AF¥B, OHIO.
CONTRACT NUNBER -
CONTRACT AF 33{615)~2479
OTHER INFORMATION =~
0050 -PAGES, 0026 PIGURES, 0000 -TABLES, 0009 REFERENCES
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keys 1556 through 1557

HUMAN AND RAT EXPOSURES TO HALON 1301 UNDER HYPOBARIC
CCNDITIONS, FINAL REPORT

by
CALL, D.¥.

07,/19/72

=ABSTRACT-

RALON 1301 (BROMOTRIFLUOROMETHANE) HAS BEEN PROPOSED AS A FIRE
EXTINGUISHING AGENT IN OCCUPIED AIRCEAFT SECTIONS. tO TEST
POSSIBLE TOXICITY OF THIS €AS UNDER HYPOBARIC CONDITIONS, SUCH AaS
WOULD ACCONPANY ITS USE IN-FLIGHT, MALE <CHAELES rIVER RATS ANRD
HUMAN VOLUNTEERS WERE EXFOSED FOR THREE MINUTES TO VARIOUS
AIR-MIXTURES OF hALON 1301 IN A HYPOBARIC CHAMBER MAINTAINED AT
760 TORR {SEA LEVEL), 632 TORR (5,000 FT.), AND 380 TORR (18,000
FT.). eLECTROCARDIOGGRAMS (ecgS) AND LUNG HISTOLOGY DATA WERE
COLLECTED FROM THE RATS. pHYSICAL EXAMINATIONS, PULMONARY FUNCTION
MEASUREMENTS, PSYCHOMOTQOR PERFOERMANCE EVALTATIONS AND ecgs WERE
OBTAINED FROM THE HUMAN SUBJECTS. rESDLTS INDICATE THAT EXPOSURE
70 BROMOTRIFLUOROHETHANE OUNDER REDUCED ATMOSPHERIC PRESSURES IS NO
MORE HARMFUL THAN SIMILAR EXPOSURES AT SEA LEVEL. tHEREFORE, hALOR
1301 MAY BE A SAFE FIRE SUPPRESSANT FOR USE IN OCCUPIED CAaBIN
SECTIONS-

~-BIBLIQGGEAFHY-

HINE, C.H., ELLIOTT, H.W., KAUFMAN, J.W., LEUGN, S., AND HARRAH,
M.D.: CLINICAL TOXICOLOGIC STUDIES ON FREON FE1301. PAPER NUMBER
11. AMRL TR 68-175, AEROSPACE MED. RES. LAB., PROC. 4TH AKNUAL
CONF. ATHOS. CONTAKINATES IN CONFINED SPACES, WPAFB, CHIO, DEC.
1968/ /0ACFARLAND, HoNo: ACUTE INHALATION EXPOSURE-MONKEYS,
RABBITS, GUINEA PIGS AND RATS-FREON FE1301. FINAL REPORT. HAZLETGON
LaB., INC., FALLS CHURCH, VA., NOV. 7, 1967//STEE, E.W., AND
BACK, K-Coz2 SHORT-TERHM INHALATION EXPOSURE To
BROMOTRIFLUOROMETHANE. TOXICCLOGICAL APPLIED PHARMACOLOGY,  VOL.
15, 1684-174, 1569

=SOUERCE INFORMATION-

CORPORATE SOURBCE -
NAVAL AIR DEVELOPMENT CENTER, WARMINSIER, Pa.
REPORT NUMBER -
AD-T747958//NADC-T72125=CS
OTHER INFORMATION -
6015 PAGES, 0001 FIGURES, 0000 TABLES, 0012 REFERERCES
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key 1616

THE FEASIBILITY OF BURNER-CAN BURN~-THRCOUGH THEEMAL
DETECTION PRIOE TO ENGINE CASE RUPTURE. FINAL EEPORT.

by
HIlii, R.

0.1/00/7 3

=ABSTRACT-

FIRE TESTS WERE PERFORHMEDR TO DETERMINE THE FEASIEBILITY OF
DETECTING A BURNER-CAN BURN-THROUGH PRICR TO. AN ENGINE CASE
REUPTURE BY MONITORING JET- ENGINE DIFFUSER CASE AND BURNER CASE
SKIN TEMPERATURES. A J57 ENGINE WAS MOUNTED IN A B57 AIRPLANE, AND
HOLES WERE CUT IN THE DIFFUSER CASE AND 1IN THE FUEL LINES,
ALLOWING FUEL TO FLOW INTO PARTS OF THE ENGINE NOT DESIGNED FOR
COMBUSTION. FOUR THERNOCQUFLES WERE SPACED 90 -DEG. APART AROUND
THE DIFFUSER CASE. THE ENGINE WAS THEN ACCELERATED TO FULL PCOWER
AND SHOETLY ' AFTER EURN-THEQUGH THE ENGINE WAS SHUT DO¥N. THE
RESULTS SHOWED THAT THE THERMOCOUPLES IN THE GENERAL PROXIMITY
{WITHIN 45 DEG.} :OF THE BUERN-THROUGH RECORDED A4 RAPID AND LARGE
INCREASE 1IN TEMPERATURE BEGINNING 40 SEC. PRIOR TCO BURB-THEOUGH.
THE THERMOCOUPLES LOCATED APPROXIMATELY 150 DEG. AROUND THE ENGINE
FROM THE BURN-~THROUGH ALSO -SHOWED AN INCREASE IN SKIN TEMPERATURE,
BUT OF ‘A MUCH LOWER MAGNITUDE. EVEN IN A FULLY-COVWLED-ENGINE TEST,
A BAPTD TENMPERATURE RISE SHCEKTLY BEFOGRE BURN-THROUGH WAS FOUND. IT
WAS CONCLUDED THAT iT 1S POSSIBLE TO. DETECT A . BURRER-CAN
“BURN-THRCUGH PRIOR T0 ENGINE CASE RUPTURE BY MONITORING DIFFUSER
CASE AKD/OR BURNER CAN:-CASE SKIN TEMPERATURE. A5 PFEW AaS- 4
THERMOCOUPLES SPACED 90  DEG. APART ON THE DIFFUSER CASE, AND/OR
THE BURNER~CAN. CASE, CAN DETECT A BURNEE-CAN BURN-THROUGH PRICR TO
ENGINE CASE RUPTURE.

~BIBLIOGRAPHY~-

~ BUST, - T.3 INVESTIGATION OF «J ET ENGINE COMBUSTION  CHAMBER
BURN-THROUGH-FIRE. FINAL REPORT. REP. NO. FAA-RD-70-68, MaR., 1971.

-SOURCE INFORMATION- -

CORPORATE SOURCE. -
NATIONAL AVIATION FACILITIES EXPERIMENTAL CENTER, ATLANTIC.
CITY, N.d.

REPORT NUMBER -

FAA=-NA=T72-92//FAA-RD-72-134

OFHER INFOERMATION -

0036 PAGES, 0030 FIGURES, 0000 TABLES, 0001 REFERENCES
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key 1625
A NEW DEVELCPMENT IN DRY POWDER EXTINGUISHANTS
by
BARPUR, W.W.

00/00,70

=ABSTRACT-

TESTS WERE PERFORMED WHICH DEMONSTRATED THE EFFECTIVERESS OF
MONNEX, & NEW DRY PCGWDER FiIRE EXTINGUISHING AGENT, IN
EXTINGUDISHING FUEL FIRES. UNLIKE POTASSIUM GXALATE, WHICH IS5
HIGHLY TOXIC, MONNEX IS NCK-TOXIC. IT READILY DECOMPCSES 1IN A
FLAME PRODUCING SUB-MICRON PARTICLES WHICH QUICKLY KNOCK DOWN THE
FLAME. POCL FIRES RERE USED TO MEASJRE THE DISCHARGE RATE FOR
MONNEX IN EXTINGUISHING CERTAIN SIZES OF FIRES. RESULIS SHOWED
THAT MONNEX HAS A CRITICAL RATE OF APPLICATION ABOUT 10 TIMES
LOWER THAN THAT OF SODIUM BICAEBONATE, A WIDELY-USED. FIRE
EXTINGUISHING AGENT. TESTS WERE ALSO PERFOBMED TO MEASURE THE
EFFECTIVENESS OF MONNEX IN EXTINGUISHING FIRES 1IN WHICH THE FUEL
IS IN MOTION, SUCH AS GAS LEAKIRG FROM A PIPE FLANGE. WHILE THE
SODIUM BICARBONATE EXTINGUISEER COULD RARELY EXTINGUISH THE FIRE,
THE HMONNEX EXTINGOUISHER QUICKLY EXTINGUISHED THE FIRE WITH
COMPARATIVELY SMALL AMOUNTS CF POWDER. IT WAS FOUND THAT MONNEX IS
COMPATIRLE WITH PROTEIN FOAM, WHICH MAKES IT USEFUL IN AIRCRAFT
CRASH PIRES. TESTS SHOWED THAT POWDER APPLIED OXN TOP OF A BLANKET
OF FOAM TFORMED AN EXTINGUISHANT ®HICH EFFECTIVELY CONTAINED AND
EXTINGUISHED THE TEST FPIRES. IT WAS ALSO FOUND THAT #HONNEX HAS
GoOD STORAGE STABILITY, RETAINING ITS EFFECTIVENESS EVEN AFTER 6
MONTES.

~PERTINENT FIGURES-

FIG. 5 APPLICATICN RATE EXPERIMENTS ®ITH MONNEX AND 5S0DiUHN
BICARBONATE POWDERS ON 800 AND 1200 SQ. FT. FIRES PAGE 61.

<~ SOURCE INFORMATION-

CORPCRATE SOURCE -~

IMPERIAL CHEMICAL INDUSTRIES 1LTD., BIRMIKGHAM {ENGLAND).
JOURNAL .PROCEEDINGS =

FIRE INT, VOL. 3, NO. 29, 57-63 {1970)
OTHER INFORHEATION -
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keys 1641 through 1642

REMOTE-CONTROLLED MINI-TANK GIVES CLOSE AFPROACH TO
ATECRAFT FIRES

by
WITT, W.

00/00/70

. =ABSTRACT-

A REMOTE-CONTROLLED MINI-TANK HAS BEEN CONCEPTUALIZED TO INITIATE
FIRE FIGHTING DURING AIRCRAFT CRASH FIRES., THE BATTERY-POWERED
VEHICLE WOULD MEASURE 1.2 M, BY 1.5 M. AND WOULD PULL A FIRE HOSE
REEL WHICH WOULD UNWIND AS THE VEHICLE APPROACHES THE BURNING
FUEL, THUS LAYING DOWN A FOAM CARPET AS A RESCUE PATH THROUGH THE
FLANES. BECAUSE OF THE SMALL SIZE OF - THE MINI-TANK, ONLY MEDIUM
EXPANSION FOAM NOZZLES ARE ENVISAGED. THE NOZZLES ON THE TARK
YOULD PROJECT FOAM I0 THE SEAT OF THE FIRE, THUS BEDUCING THE
EXTINCPION TIME AND INCREASING THE PASSENGERS CHANCE OF 'SURVIVAL.
TESTS . CONDUCTED WITH FUEL FIRES HAVE SHOWN HOW MUCH FOAM IS
NECESSARY TO EXTINGUISH FIRES OF . CERTAIN SURFACE ABREAS. OTHER
TESTS LED TO RECONMENDATIONS CONCERNING THE FOLLOWING VARIABLES:
{1) QUABTITY OF: EXTINGUISHING AGENT, (2) FLOW BRATE, (3) : FOAH
NOZZLES, {4) - HOSE-TOWING, {(5) ‘MOTOR AND BATTERY SPECIFICATIONS,
{6) CONTROL FUNCTIONS, {7) REQUIRED QUANTITY OF COOLING WATER, (8)
WINDING .CAPACITY OF HOSE REEL, AND (9) KIND AND QUANTITY OF -FOAN
GENERATION.

=SOURCE INFORHATIOR- -

CORPORATE SOURBCE -
MINIMAX AG, BAD OLDESLOE (WEST GERMANY}.
JOURNAL PROCEEDINGS -
FIRE INT, VOL. 3, NO. 30, 26-36 (1970)
OTHER INFQERMATION. -
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key 1678

THE ACUTE TOXICITY OF BRIEF EXPOSURES TO HYDROGEN FLGURIDE;
HYDROGEN CHLORIDE, WITRCGEN DIOXIDE, AND HYDROGEN CYANIDE
SINGLY AND IN CCMBEINATION ¥ITH CARBON MOKOXIDE

by

DIPASQUALE, L.C.
DAVIS, H.V.

12/00/71

~ABSTRACT-

THE TOXICITY OF PYROLYSIS PRODUCTS PRODUCED DURING THE COMBUSTION
OF AIRCRAPT INTERIOFE MATERIALS SUCH AS POLYURETHANE FOAMS ¥AS
STUDIED IN EXPERIMENTIS WITH KATS AND MICE. THE TOXIC GASES USED 1IN
THE EXPERIMENTS WERE HYLROGEN CHLORIDE, HYDROGEN FILUORIDE,
HYDROGEN CYANIDE, AND NITECGEN DIOXIDE, USED BOTH SINGLY AND IN
CGHEBINATION WITH CARE IN MORQXIDE. RESULTES ENABLED THE
DETERMINATION OF LETHAL L[ )SE VALUES FOR FIVE-NIN. EXPOSURES TO
EACH OF THE TOXIC GASES. 14E FOLLOWING LiST RANKS THE TOXIC GASES
IN ORDER OF THEIR FIVE-MIN. LETHAL DOSE VALUES, FROM MOST TOXIC
TO-LEAST TOXIC: d1) HYDROGEN CYANIDE, {2) NITROGEN DIOXIDE, (3}
HY DROGEN FLOURIDE, AND {4%) HYDROGEN CHLORIDE. IT WAS CONCLUODED
THAT BY KNOWING THE RELATIVE AMOUNTS PER UNIT MASS OF SPECIFIC.
TOXIC PRODUCTS, ONE CAN CCMPARE THE HAZARDS OF VARIOUS AIRCRAFT
CABIN MATERIALS. THE RESULTS ALSO SHOWED THAT CARBON MONOXIDE
CONCENTRATIONS WHICH ARE NOT HAZARDOUS TO .LIFE DO NOT ENHANCE THE
TOXICITY OF THE FOUR COMPCUNDS AS TESTED.

-~SOURCE INFORMATICN-

CORPORATE SOURCE. -

AEROSPACE MEDICAL RESEARCH L1ABS., WRIGHT-PATTEBSON AFB, OHIO.
REFPORT NRUMEBER ~--

ANRL-TR-71-120 PAP. 20//AD-751442
SPONSOR. =

AEROSPACE MEDICAL RESEARCH LABS., WRIGHT-PATTERSON AFE, OHIO.
CONTBACT NUMBER -

CONTBACT F33615-70-C=1046
OTHER INFOEMATIOGN -

0013 PAGES, 0009 FIGURES, (0002 TABLES, 0008 REFERENCES
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key 1686

PODIFICATION OF JET FUELS TO DECREASE THE FIRE HAZARD 1IN
SUBVIVAELE AIRCRAFT CRASHES

by

ERICKSON, B.E.
ERRAJEWSKI,R.M.
CCHRS, W.E.

03/26/72

—ABSTRACT~ -

SOME HIGHLIGHTS OF -THE DEVELGPMENT OF MODIFIED JET FUELS TO REDUCE
THEIR FIRE HAZA8SDS ARE BRIEFLY REVIERED. THE SPECIFIC FUEL
MODIFIED WAS BASED ON JET 2-1, THICKENED ®¥ITH A HYDROCARBON
POLYMER. THE MISTING TENDENCY WAS REDUCED IN THE SHEAR RANGE
ASSUMED TO BE ENCOUNTERED 1IN A SURVIVABLE AIRCRAFT CRASH
ENVIRONMENT. THE CALORIFIC VALUE OF THE FUEL WAS FOT DECREASED.
PRELIMINAKY TESTS SHOWED ADEQUATE COMBUSTION IN THE BURNER CAN.
FLOW RATES WERE INCREASED SIGNIFICANTLY COMPARED TO THE FORMER
THICK GELS AND EMULSIONS. PREVIOIS CORROSION TEST DATA SHOWED NO
PROBLEMS A WITH VARIQCUS GRADES OF ALUMINUM,  MAGNESIUM, BRASS,
TITANIUM, AND STEEL. A NOTICEABLE DECREASE IN FLAME SPREAD RATE IS
ACHIEVED. THE POLYMER ADDITIVE IS A FINE POWDER AND CAN READILY BE
DISPERSED IN THE JET FUEL WITH AGITATION AT AMBIENT TEMPERATURE.
NO . ADDITIONAL ECOLOGICAL PROBLEMS ARE ANTICIPATED SINCE THE FUEL
MODIFIERS WILL PRODUCE CARBON MONOXIDE AND WATER WHEN DECOMPOSED
DURING COMBUSTION. PRELINMNINARY FIRE FIGHTING TESTS INDICATED NO
CHANGE REQUIEED IN CCNVENTICGNAL METHODS.

=SOURCE INFORMATION-

CORPORATE SOURCE -~
DOW CHEMICAL. CO., MIDLAND, HICH.
JOURNAL PROCEEDINGS -
GAS TURBINE AND FLUIDS ENG CONF AND PRODUCTS SHOW, SAN
FRANCISCO, CALIF. (MAR. 26-30, 18972)
OTHER INFORMATION =
0015 PAGES, 0016 PIGURES, 0008 TABLES, 0005 REFERENCES
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key 1719

INVESTIGATION GF FREON FIRE-EXTINGUISHING SYSTEMS WITH A
NUCLEONIC GAGE

by

NOTEA, A.
SEGAL, Y.

07,/00/72

-ABSTRACT-

THE DYNAMIC .PROPERTIES OF THE FIRE EXTINGUISHING SYSTEM 1IN AN
AIBCRAFT WERE EXANINED USING A 3 CHANNEL-GANMA ATTENUATION GAGE
CONNECTED TO EACH OUTLET OF THE SYSTEM. THE EXTINGUISHING AGENT
WAS HALON 1301, AND THE TUBE SELECTED BY OPTIMIZATION OF THE
STANDARD DEVIATION LHE TO STATISTICAL: COUNTING FLUCTUATIONS. THE
COLLIMATOR ARRANGEMENT ALLOWED CHECKING OF 65 PERCENT OF THE TUBE
CROSS SECTION. THE RESULTS OF HMASS CHANGES WITH TIME DURING
DISCHARGE OF THE SYSTEM ARE SHOWN. THE CHANGES OF CHARACTERISTIC
PARAMETEES (DISCHARGE TIME AND FULL WIDTH HALF MAXIMUM TINE) ARE
PRESENTED FOR DIFFERENT NOZZLE CONFIGURATIONS. THE MEASUREMENIS OF
THE DISCHARGE TI®E OF THE AGENT AND OF THE DENSITY VARIATIONS AT
EACH NCZZLE CAN BE USED TO VERIFY DESIGNER DETERMINATIONS AND TOC
OPTIMIZE FLOW THRO¥GH THE SYSTEM OUTLETS. THE SAME RUNS WERE ALSO
INVESTIGATED BY USING HIGH PRESSURE TRANSDUCERS, HINIATURE
THERMOCOUPLES, AND HIGH SPEED CAMERAS. THE NUCLEAR GAGE GAVE THE
MOST RELJIABLE RESULTIS.

=SOURCE INFORMATION-

CORPORATE SOURCE -
TECHNTON-ISRAEL INST. OF TECH., HAIFA.
REPORT NUMEER -
A72=-36674
JOURNAL PROCEEDINGS. -
MATERIALS EYALUATION, VCl. 30, 153-156 ({JULY 1972)
OTHER INFORMATIOK. -
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key 1729
LIGHT WATER QUELLS FATAL JET FUEL FIRE
by
WOOLLEY, R.

12/00/68

-ABSTRACT~

A JET FUEL FIRE IS DESCRIBED IN WHICH LIGHT WATER WAS USED
SUCCESSFULLY TO CONTEOL AND EXTINGUISH THE FIRE IN EXCEPTIONALLY
PAST TIME. A TANK TRUCK WAS BEING LOADED WITH JP-5 JET  FUEL WHEN
AN ELECTBOSTATIC SPARK IGNITED THE FUEL. TWO MEN DIED AS A RESULT
GF THE EXPLOSION AND FUEL FIRE. THE FIRE DEPT. RESPONDED WITHIN
" 90 -SEC. AND GSED LIGHT WATER, PURPLE K, AND - CARBON DICXIDE POWDER
TO .EXTINGUISH THE FIRE. THE FIRE WAS KNOCKED DOWN AND CONTROLED IN
45 SEC. AND EXTINGUISHED IN 3 HMIN. RESULTS OF: INVESTIGATIONS
SHOWED: (1) THE FILL PIPE HAD NOT BEEN INSERTED ALL THE WAY TO THE
BOTTOM OF THE TANK LOADED; {2) -THE DISCHARGE VELCCITY IN THE FIILIL
PIPE WAS NOT LIMITED TO 3 FT./SEC., WHICH IS RECOMMENDED WHEN THE
PIPE DOES NOT REACH THE TANK BOTTOM; (3) - A SAHMPLING CONTAINER ¥AS
BEING MOVED 1IN THE TANKER DURING FILLING OPERATIONS; {4) THE
FILTER USED IN THE TANK DID NOT PERMIT ENOUGH RELAXATION TIME
AFTER THE FUEL PASSED THROUGH THE FILTER; AND (5) THE FUELING
SAFETY VALVE WAS WIRED OPEN, PREVENTING ITS OPERATION DURING THE
FIRE. IT WAS CONCLOUDED THAT THE FIRST 4 FACTORS CONTRIBUIED TC THE
STATIC IGNITION OF  THE FUEL, AND THE LAST FACTOR PREVENTED
SHUTDOWN OF THE FUEL WHEN THEE EMERGENCY OCCURED.

<-SQURCE INFORMATION-

JOURNAL PROCEEDINGS -

FIENA2, FIRE ENG, 'YOL. 121, NO. 12, -38-39 (DEC. 1568) -
OTHER INFORMATION -
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keys 1730 through 1731

AIRCRAFT GROUND FIRE SUPPRESSION AND RESCUE SYSTEMS-EASIC
RELATIONSHIPS IN HILITARY FIRES. PHASES 1 AND 2. INTERIY
REPORT~12 JANUARY TO 1 SEPTERMBER 1971

by

ALGER; R.S-
CAPENER, E.L.

DL 0072

<ABSTERALT-

EXPERIMENTAL POOL FIRES OF JP-5 JET FUEL 3 FT. AND 10 FT. IN DIA.
YERE INSTRUMENTED TO MEARSURE HEAT FLUXES, - BEERNING RATES, AND
SUPPRESSION CHARACTERISTICS. TEST SUBSTRATES INCLUDED WATER, SAND,
AND GRAVEL. IN THESE TESTS THE IDEAL EXTINGUISHMENT SYISTEM WAS
DESIGNED TO GIVE A UNIFORE RATE OF APPLICATION OVER THE BURKING
FUEL SURFACE. THE SUPPRESSANT SPRAY WAS CHARACTERIZED AS TO
UNIFORMITY, AVERAGE DROP SIZE, - AND INTERACTION KINETICS WITH THE
FUEL SUBFACE. RADIATICN FLUIES AT VARYING DISTANCES FROR THE FiRE
WERE AFFECTED BY WIND VELOCITY, LOCATIGYN OF MEASURING STATIOR,
TYPE OF SUBSTRATE AND THE WATER CONTENT OF THE SUBSTEHATE. FUEL
BURNING ERATES WERE INFLUENCED BY WIND VELOCITY AND SUBSTRATE
CHABACTERISTICS. SUPPRESSION EITH 6 PERCENT AQUECUS FIl¥ FORHING
POAM SOLUTION WAS FOUND TO BE INFLUENCED PRIMARILY BY THE FIRE
SIZE AND, SECONDLY, BY THE TYPE OF SUBSTRATE. TEST PLANS FOR THE
50 -PT. BY 50 FT. FIRES WERE CONPLETED AND THE WORK INITIATED.
SITE PREPARATIONS HAVE BEGUN FOR THE 100 FT. BY 100 FT. FIRES.

-~PERTINENT FIGURES- -

FIG. 2.2 FLAME TEMPERATURES 1IN JP5 FIRE-POOL SIZE 8 BY 16 FI. PAGE
10//FiG. 2.3 BURNING RATES AND FLAME HEIGHTS OF -LIQUID FUEL FIRES
PAGE 15//F1G. 2.13 EFFECT OF APPLICATION RATE ON THE AREA
EXTINGUISHED AS A FUNCTION OF TIME FOBR A 35 FT. BY &3 FT. TEST
FIRE PAGE 36//TAB. 4.3 AQUEQOUS FILM FORNING FOAM SUPPRESSANT BATE
VS POSITION OF SAMPLING BEAKERS IN 3 FT. PAN PAGE 98//TAB. 4.7
EXTINGUISHMENT OF 10 FT. FIRES ON SAND SUBSTRATES PAGE 108

-BIBLIOGRAPHY-
BLINOV, V.I., AND KHODIAKOY, G.N.: CERTAIN LAWS GOVERNING
DIFFUSIVE BURNING OF LIQUIDS. FIRE RES. ABST AND REV., VOL. 1, NO.
41, 1959

~SOURCE INFORMATION- -

CORPORATE SOURCE -
NAVAL ORDNANCE LAB., WHITE OAK,. MD.//STANFORD RESEARCH INST.,
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MENLC PARKX, CALIF.
REPORT NUMEBER -
AD-745122//AGFSRS 72-1.
SPONSOR: -
AIRCRAFT GROUND FIRE SUPPRESSION AND HESCUE, WRIGHT-PATIERSON
AFB, OHIO. TRI-SERVICE SYSTEM PROGRAM OFFICE.
CONTRACT NUMBER -
CONTRACT HIPR FX 2826-71-05233
OTHER INFORMATION -
0328 PAGES, 0054 FIGURES, 0011 TABLES, 0016 REFERENCES
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EVALBATION OF CRYOGENIC NITROGEN AS A FIRE-EXTINGUDISHING
AGENT FOR AIRCRAFT POWERPLANT INSTALLATIONS

by

CHAMBERLAIN, G.
KLUEG, E.P.

11,/00/71

<-ABSTRACT-

PROPOSALS HAVE BEEN MADE TC CARRY RELATIVELY LARGE QUANTITIES OF
LIQUID NITROGEN ABCARD CCMMERCIAL AIBCRAFT FOE THE PURPOSE OF FUEL
TANK INERTING. SECONDARY USESy SUCH AS POWERPLANT FIRE
EXTINGUISHMENT, HAVE BEEN SUGGESTED. TESTING WAS CONDOCIED AT THE
NATIONAL AVIATION FACILITIES EXPERIMERTAL CENTER TO DETERMINE THE
FEASIBILITY OF USING LIQUID NITHROGEN AS AN AIRCRAFTI POWERPLANT
FIRE-EXTINGUISHING AGENT AND ALSO TC DETERMINE THE CHARACTERISTICS
OF LIQUID NITROGEN WHEN USED AS AN EXTINGUISHANT. THE TESTS WERE
CONDUCTED USING A FULL-SCALE ATRCRAFT TURBOJET ENGING AND NACELLE
FOR SUBSONIC LOW-ALTITUDE FLIGHT CONDITION SINMULATION AND ALSO IN
A MOCKUP ENGINE/NACELLE FACILITY WHERE NACELLE VOL. AND AIRFLOW
COGULD BE VARIED.. FOR ALL TESTS, THE LIQUID NITROGEN WAS DELIVERED
FROM A DEWAR WHERE IT WAS STORED UNDER PRESSUBE AS A SATURATED
LIQUID. ALL FIRE TESTS WERE CONDUOCTED USING JP-4 JETI FUEL WHICH
WAS SPRAY RELEASED AND SPARK IGNITED. IT WAS CONCLUDED TBHAT IT iS5
FEASIBLE TO USE CRYOGENIC NITROGEN AS A FIRE EXTINGUISHIKRG AGENT
POR ATRCRAFT POWERPLANT FIRES. THE EFFECTIVENESS OF THE
EXTINGUISHANT DEPEKDS UPON THE APPLICATICN RATE OF THE LIQUID
RITEGGEN.

=S30URCE INFGERMATICR~-

CCRPOEATE SOURCE =
NATIONAL AVIATION FACILITIES EXPERIMENTAL CENTER, ATLANTIC
CITY, NodJ.
BREPORT NUMBER -
AD-732622//FAA-RD-71-58//FRAA~NA-71-3
OTHER INFORMATION -
0148 PAGES, 0031 FIGURES, 0008 TABLES, 0002 REFERENCES
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keys 1762 through 1763
HANGAR FIRE PROTECTION ®ITH AUTOMATIC AFFF SYSTEHNS

by
EREEN, D.E.

05/00/73

. «ABSTEACT-

PEEVIOUS RESEARCH HAL SHOWN THAT AQUEOUS FILM-FORMING FOAM (AFFF) -
IS APPROXINATELY TWICE AS RAPID IN ACHIEVING CONTROL AND 2-1/2

TIMES AS RAPID 1IN ACHIEVING EXTINGUISHMENT AS PROTEIN FOAM.

HOWEVER, THERE WAS NO PERFORMANCE EVALUATION FOR HIGH~CEILING

SYSTEMS IN BUILDINGS SUCH AS AIRCRAFT HANGARS. TESTS WERE

CONDUCTED TO COZPABE AFFF AND PROTEIN FOAM IN B HIGH-CEILING TEST

BUILDING. THE FUEL USED WAS JP-4 JET FUEL. THREE TIPES OF-
SPRINKLER SYSTEMS WERE USED IN BOTH THE AFFF AND PROTEIN FOAH

TESTS: 1) - THE GRINNELL FOAM/WATEE-UPRIGHT; {2)  THE GRINNELL

STANDARD SPRINKLER-BPRIGHT; AND (3) THE GRIMNES OLD SITLE

SPRINKLER-UPRIGHT. RESULTS SHOWED THAT THE GRINNELL: STANDARD

SPRINKLER-UPRIGHT WAS SUPERIOR TO THE GRINNELL FCAM/WATER-UPRIGHT, -
PROBABLY . DUE TO NORE EFFECTIVE PLUME PENETRATION AFFORDED BX

HIGHER FOAM PARTICLE DENSITY. AFFF IS 1.3 TO 1.6 TIMES QUICKER IN

SUPPRESSING A FIRE WHEN DISCHARGED THROUGH THE STANDARD SPRINKLER

SYSTEM THAN WHEN DISCHARGED THRQUGH A FOAM-WATER SYSTEM, AT

APPLICATION RATES OF 0.16 GPM/SQ. FT. IT WAS CONCLUDED THAT THE

CONTROL AND EXTINGUISHMENT CF FUEL FIRES USING AFFF DEPENDS NOT

ONLY ON APPLICATIGN RATE EUT ALSO ON THE TYPE OF DISCHARGING

DEVICE. IT WAS ALSO FOUND THAT IT IS MORE EFFECTIVE TO APPLY THE

SUPPRESSANT DIRECTLY TO THE BURNING FUEL SURFACE THAN TO DEPEND ON

FLO®W OF A FOAM BLANKET INTU THE FIRE FROM THE PERINETER.

-PERTINENT FIGURES~-

FIG. 4 CONTROL AND EXTINGUISHEENTY TIMES VS APPLICATION RATE FOR
LIGHT WATER AFFF AND PROTEIN FOAM PAGE 129

-SOURCE INFORMATICN-

COBPORATE SOURCE - :

FACTCORY MUTUAL RESEARCH CORP., NGRWOOD, MASS.
JOURNAL PROCEEDINGS -

FITC2A, FIRE TECHNCL, VOL. 9, NO. 2, '119-131 (MAY 1973) -
OTHER INFORMATION -~

0013 PAGES, 0004 FIGURES, 00071 TABLES, 0026 REFERENCES

323



key 1785

A4 STUDY OF HALON 1301 TOXICITY UNDER SIMULATED FLIGHT
CONDITIONS

by
CALL, D.W.

62/00/73

=ABSTRACT-

HALON 1301, A FIRE SUPPRESSANT COMHMORLY USED IN UNOCCUPIED
AIRCRAFT SECTIONS, HAS BEEN PROFOSED FOR SIMILAR USE IN CCCUPIED
CABIN SECTIONS. I0 TEST POSSIBLE TOXICITY OF THIS GAS  UNDER
HYPOBARIC CONDITIONS, SUCB AS WOULD ACCOMPANY ITS UYSE IN FLIGHT, 8
MALE MILITARY PERSONNEL {AGES 20-35 YEARS) WERE EXPOSED FOR 3 MIN.
70 EITHER 4 PERCENT OR 7 PERCENT HALON 1301 .IN AIR IN A HYPOBARIC
CHAMBER MAINTAINED AT 760 TOER {SEA LEVEL), 632 TORR {58000 FT.),
OR 380 TORR {18,0C00FT.). ELECTROCARDIOGRAMS OF THE SUBJECIS
DBTAINED DURING AND AFTER EXPOSURES SHOWED NO CHANGES FRUM CONTROL
TRACINGS. POST-EXPOSURE PHYSICAL EXAMINATION RESULTS AND PULMONARY
FUNCTION MEASUREMENTS WERE SIMILAR TO PRE-EXPOSURE VALUES. MEAN
REACTION TIMES OF THE SUBJECTS, AS MEASURED BY A COMNPLEX REACTION
TIME TASK ADHINISTERED BEFORE, ©DUORING, AND AFTER ALL EXPOSURES,
WEBE SIGNIFICANTLY INCREASED DURING INHALATION OF 4 PERCENT OR 7
PERCENT HALON 1301. HOBEVER, NO HALGN 1301-RELATED PERFORMANCE
CHANGES WERE NOTED ON MAZE TRACKING TASKS. BESULTS OF THIS STUDY
CORROBORATE THE FINDINGS OF OTHER TESTS . CONDUCTED AT ORE ATN. AND
SUPPORT - THE CONTENTION THAT  HALON 1301 . MAY BE A SAFE FIRE
EXTINGUISHING AGENT FOR USE IN CCCUPIED AIRCRAFT SECTIONS.

~SOURCE INFORMATION-

CORPORATE SOURCE -

NAVAL AIR DEVELOPMENT CENTER, WARMINSTER, PA.
JOURNAL PROCEEDINGS =

AEMEAY, AEROSP MED, YOL. 44, NO. 2, 202-204 (FEB. 1973)
OTHER INFORMNATIQW =

0CG03 PAGES, 0001 FIGURES, 0000 TABLES, 0611 REFERENCES
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HUMAN EXPOSURE TO HALCN 1301 DURING SIMULATED AIRCRAFT
CABIN FIRES

by

SMITH, D.«G.
HARRIS, D-d.

02/00,73

-ABSTRALT-

HALON 1301 . ¥WaS TESTED FOR USE AS A FIRE SUPPRESSION AGENT 1IN
OCCUPIED AIRCRAFT CABINS. A NAVY E-2BE HAWKEYE AIRPLANE WAS
PROVIDED FOR THE TESTS. EECAUSE OF THE KNOWN INCIDENCE OF CARDIAC.
ARRHYTHMIAS AND CENTRAL NERVQUS SYSTEM DEPRESSION CAUSED BY
EXPOSURE TG HALON 1301, 2 CAREFUL BUILD-UP PROGRAM WAS ESTABLISHED
FOR THE INSTALLATION, GROUND TESTING, AND FLIGHT TESTING OF THE
AGENT IN THE AIRPLANE. FLIGHT TESTS CULMINATED IN EXPOSURE OF 3
VOLUNTEER SUBJECTS TO 4 PERCENT TO 7 PERCENT HALON 1301 IN AIR
MIXTURES IN-FLIGHT. CONTINUCUS ELECTROCARDIOGRAPH (ECG) MONITORING
AND VERBAL NARRATION BY THE SUBJECTS ON THEIR WELL-BEING WERE MADE
DURING THE EXPOSURES. DURING THE GROUND AND INITIAL FLIGHT TESTS
THE OPTIMUM METHOD OF MIXING, DISTRIBUTING, AND MAINTAINING
ADEQUATE AGENT CONCENTRATIONS ¥®AS DETERMINED. ANALYSIS GOF ECG
RECORDINGS, AND EXANINATION OF THE VOLUNTEER SUBJECTS DURING AND
AFTER EXPOSURE TO THE AGENT IN-FLIGHT,  REVEALED NO CARDIAC
ARREYTHMIAS OR ADVERSE BICMEDICAL EFFECTS. IT WAS CONCLUDED THAT
AIBRCREW AND PASSENGER SAFETY WILL NOT BE COMPROMISED BY BRIEF
EXPOSURE TO THE AGENT IN-FLIGHT.

-SOURCE INFORMATION-

CORPORATE SOURCE -

NAVAL AIR TEST CENTER, PATUXENT RIVER, ND.
JOURNAL FRCCEEDINGS. -

AEMEAY, AEROSP MED, VOL. 44, NO. 2, 198-201 (FEB. 1873)
OTHER INFORMATION -
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key 1815

EXTINGUISHING AGENTS FOR HYDROCARBON FUEL FIEES

by
GEYER, G.B.

00,00/69

~ABSTRACI-

A DESCRIFTION IS5 PRESENTED OF THE FiIRE EXTINGUISHING AGENTS
AVAILABLE FOR COMBATING HYDROCARBON FUEL FIRES. THE AGENIS ARE
CATEGORIZED INTO 3 MAJOE GROUPS, DEPENDING UPON THE PRINCIPAL
FUONCTIGN IN THE EXTINGUISHMENT OF CLASS B FIRES: {(1). - FGANM
VAPOR-SECURING AND BLANKETING AGENTS: CHEMICAL FOAMS ARD
" MECHANICAL TFOAMS, INCLUDING LOW EXPANSION PROTEIN FOANS,
FLUOROCARBCGN MODIFIED PROTEIN BASE AGENTS, HIGH EXPANSION
SYNTHETIC FOAMS, AND LIGHT WATER; (2) AUXILIARY AGENES, USED HITH
FOAM TO EXTINGUISH FIRES, INCLUDING DRY CHENICAIL POWDERS (SUCH AS
POTASSIUM BICARBONATE BASEL PURPLE K) AND LiIQUID VAPORIZING
LAGENTS; AND (3) NEW TYPES OF AGENTS, INCLUDING PABRTICULATED GEL
FOoaM, THIN WATER, AND L[RY WATER. THIS CATEGORIZATION OF
EXTINGUISHING AGENTS PRECELDES TESTS TOC EVALUATE THE PERFORMANCE
AND OTHER PROPERTIES OF THE .AGENTS.

«S0URCE INFORMATION-

CORPORATE SOURCE -

FEDERAL AVIATION ADMINISTRATION, WASHINGTON, D-C.
JOURNAL FROCEEDIRNGS -

FITCAA, FIRE TECHNOL, VOL. 5, NO. 2, 151=159 (1969)
OTHER INFORMATION -

0009 PAGES, 0000 FIGURES, 0000 TABLES, 0000 BREFERENCES

326



keys 1872 through 1873
FIRE PROTECTION OF THE CONCOEDBE
by
FIRE INTERNATIORAL

07/00/68

-ABSTRACTI- -

THE DESIGN OF THE FIRE PRCTECTION SYSTEM FOR THE OLYMPUS ENGINES
OF THE ANGLO~FRENCH CONCORLE SUPERSONIC TRANSPORT -HAS REQUIRED THE
STUDY OF CONDITICNS NOT PREVIQUSLY ENCOUNTERED IN ANY COMMERCIAL
AIBLINES AND THE EQUIPHENT FINALLY CHOSEN CONSISTS OF SEPARATE
FIRE AND OVERHEAT DETECPION SYSTEMS AND &4 FIRE EXTINGUISHING
SYSTEM SUPPLIED BY GRAVINER LTD., OF GREAT BREITAIN. THE DETECTION
SYSTENS EO® FITTED ARE BASED ON A CONTINUOUS DETECIGR KNOWN AS
FIREWIRE TRIPLE FD W®HICH IS SERVICE-PROVEN. THE EXTINGUISHING
SYSTEM CONSISTS ©OF A REBMOTELY GPERATED EXTINGUISHED - FOR EACH
ENGINE SUPPLYING A NUMBEE ©OF SFRAY NOZZLES FITTED IN SUITABLE
POSITIONS IN EACH ENGINE BAY. 1IN OPERATICGN, THE ELECTRICAL
IMPEDANCE OF THE DETECTOR®S SENSING ELEMENT IS SUCH THAT UNDER
NOEMAL TENPERATURE CONDITICNS THERE IS A SMALL CURRENT FLOWING
BETWEEN THE CENTER ELECTECODE AND THE CAPILLARY WHICH IS
INSUFFICIENT TO CAUSE THE WARNING CIRCUIT TO OPERATE. WHEN THE
ELEMENT BECOMES HEATED ABCVE A CERTAIN TEMFERATURE, ITS INPEDANCE
IS LOWERED, CAUSING AN INCREASED CUBRRENT TO FLOW WHICH OPERATES A
RELAY TO INITIATE THE WAENING. WHEN A FIBRE WARNING IS5 RECEIVED BY
MEAfls OF THE FIRE INDICATICN LIGHTS AND THE AUDIBLE ALARM, THE
APPROPRIATE FIRE CONTROL HANDLE ABOVE THE PILOT'S CONTROL PANEL IS
PULLED ALLOWING ACCESS TO PUSH BUTTONS BEHIND THE HANDLE WHICH
INITIATE EXTINGUISHANT DISCHARGE. THE EXTINGUISHANTS ARE CONTAINED
IN SPHERICAL BOTTLES HAVING DUAL OUTLETS TO THE SPBAY NOZZLES
MOUNTED ON THE ENGINE-. THE BOTTLES CONTAIN
BROMOCHLORODIFLUOROMETHANE (ECFj, A MATERIAL WITH HIGH EFFICIENCY,
HIGH STABILITY, LOW TOXICITY, LOW CORBOSIVENESS, LOW (OS5I, AND
AFTER USE EVAPORATES TG LEAVE NO DEPOSIT-.

-PERTINENT FIGURES-
FIG. 3 DIAGRAMMATIC ARRANGEMENT OF THE GRAVINER FIREWIRE TRIPLE FD
FIRE DETECTION SYSTEM FOR TEF OLYMPUS POWER PLANTS OF THE CONCORDE
PAGE 25
-SOURCE INFORMATION-
JGURNAL PROCEEDINGS - : ‘
FIRE INT, VOL. 2, NO. Zz1, 20-25 (JULY 1968)

OTHER INFORMATION -
0006 PAGES, 0003 FIGURES, 0000 TABLES, 0000 REFERENCES
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key 1878
FIRE DETECTION BY OBSERVATION
by
PETERSEN, R.C.

07,00,70

-ABSTRACT-

INFRARED SYSTEMS FCB FIRE DETECTION IN HANGARS AND OTHER LARGE
BUILDINGS HAVE BEEN LEVISED THAT GPERATE BY RESPONDING TO INFRABED
RADIATION AND FREQUENCY VARIATION BY MEANS OF A ROTATING REFLECTOR
THAT SCANS 360 DEG. HORIZONTALLY AND 200 DEG. OF THE VERTiCaL
EVERY 10 SEC. WHEN ONE OF THE SYSTEMS HAS DETECTED AND IDENTIFIED
A FIRE, A FIRE CALL OPERATES WHICH ACTUATES TRANSMITTERS, ALARN
BELLS, OR OTHEE ALERTING DEVICES. THE SYSTEMS, CALLED INFPRASCAN
400 AND INFRASTAT 200 -ARE BEST USED IN THE LARGE OPEN AREAS OF
AIBCRAFT SERVICING OR STOEAGE HANGARS, BUTI OTHER POSSIBLE
APPLICATIONS ARE IN OPEN-AREA . CEEMICAL PLANTS, OIL REFINERIES,
HIGH ONE-STORY ASSEMBLY BUILDINGS, GPEN YARD STORAGE (COMHMON TO
LOMBER YARDS), AND MARINE TERMINAL CONTAINER FACILITIES. HAVING
UNDERGONE A SERIES OF TESTS, THE DEVICES ARE NGWH BEING OBSERVED
AND MONITORED UNDER ACTUAL AIRCRAFT SERVICE AND HANGAR OPERATIONS
AT KENNEDY JINTERNATIONAL AIRPORT. THIS HETHOD OF DETECTLION Is A
DECIDED ADVANCE IN THE ART, AND, WHILE IT IS5 INITIALLY APPLIED FOR
QUICK FIRE DETECTING AND ALERFING, IT WILL UNDOUBTEDLY FIND USE TO
ACTUATE VARIOUS FORMS OF PROTECTIVE SYSTENS WHERE SPEED IN
APPLICATION OF THE MEDIA IS OF UTMOST IMPORTANCE AND WHERE CTHER
HEAT-CREATING CONDITIONS, EXTREME CEILING HEIGHT, OR SEVERE DRAFT
CONDITIONS TEND TO RENDER THERMALLY OPERATED SYSTEMS UNSUITABLE.

-SQURCE INTFORMATION-

CORPORATE SOURCE -

NATIONAL FIRE PHOTECTION ASSOCIATION, BOSTON, MASS.
JOURNAL PROCEEDINGS -

FIJOAU, FIRE J, VOL. 64, -15-17 (JULY 1970)
OTHER INFORMATION -
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FIRE RESEARCH IN HANGAE 2 OF -THE AIRFIELD REAL ESTATE
COMPANY ZURICH-KLCTEN ON 3RD TO 5TH MAY 1961

by
CERBERUS LID.

00,00/00

-ABSTRACT-

THESE EXPERIMENTS WERE DESIGNED TO DETERMINE THE SPREAL OF HEAT
AND COMBUSTION GASES RESULTING FRONM A LIQUID FIRE IN A VERY HIGH
BALL AND TO ESTABLISH ESSENTIAL DATA FOR THE DEVELOPMENT OF FIRE
PROTECTION PRQJECTS ®ITH RESPECT TO INSTALLATICNS WITH CONMBUSTION
GAS DETECTORBRS 1IN VERY HIGH HALLS. THE IBPORTANT PARAMEIERS WERE
THE DIMENSIONS OFf THE HAILL, THE POSITICNING OF THE NEASURING
EQUIPMENT AND OF THE DETECTCORS, AS WELL AS THE LOCATIION OF THE
FIRES. THE EQUIPMENT INCLUDED CONBUSTION GAS DETECTORS, COMBUSTION
GAS MEASURING ELEXENTS, AND TEMPERATURE SENSITIVE ELEMENTS FOR THE
MEASODREMENT OF AIR TEMPERATURE WITHOUT THE EFFECTS OF THERMAL
INERTIA. IN EACH EXPERIMENT THE DETECTOR IN THE GABLE GAVE AN
ALARM SINCE THE COMBUSTIGN GASES TENDED TO CONCENTRATE IN THIS
AREAZ. BASED ON THESE EXPERIMENTS IT WAS POSSIBLE TO PUT FOR¥ARD A
SCHEME TFOR THE OQOPTIMUN LAYQUT OF A FIRE ALARM INSTALLATION USING
CERBERUGS COMBUSTION GAS LETECTORS. SHOULD AN IBSTALLATION BE
CARRIED OUT ACCOEDING TO THIS PROPOSAL A BURNING AREA OF 0.5 S5Q.
M.. OF KEROSENE CAN BE EXPECTED TO GIVE AN ALAEM IN APPROXINATELY 2
MIN.

~PERTINENT FIGURES-
FIG. 1 PHCTOGRAPH OF AIRCRAFT HANGAR SHOWING BEGINNING OF KEROSENE
FIRE PAGE 5
~SOURCE INFORMATION- -
CORPORATE SQOURCE. = - :
CEBBERUS LTD., EHANNEDQRF (SWITZERLAND).

OTHER INFOEMATION. -
0012 PAGES, 0008 FIGURES, 0000 TABLES, 0000 REFERENCES
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EVALUDATION OF A FLAHE SURVEILLANCE-TYPE DETECTOR. FINAL
REFORT

by

EAMMELSBURG, M¥.F.
DIERDOEF; P.E.

04,/00,/60

—-ABSTRACT-

TESTS WERE CONDUCTED TG EVALUATE THE PEBPORMANCE OF  THE
SURVEILLANCE-TYPE FLAME DETECTOR SYSTEM OF THE PYROTECTOR DESIGN.
FIRE DETECTORS WERE EXPOSED TO MORE THAN 250 JP-4 JET FUEL TEST
FIRES OF SMALL MAGNITODE IN A MODIFIED KC-135 NACELLE HAVING A
COMPARATIVELY LOW INTERNAL AIRFLOW. DURING THE LAB. TESTING, 2
SINGLE UNIT WAS USED TO ASCERTAIN ITS MAXINUM FIELD OF VISION AWD
THE EFFECT OF AMBIENT LIGHT ON THE DETECTOR'S SENSITIVITY TO
ACTUAL FIRE. RESULTS OF THE LAB. BENCH-TYPE TESTS INDICATED THAT
THE SENSITIVITY DECHEASED AS THE AMBIENT LIGHT INCREASED. THE
EFFECTIVE FIELD OF VISION OF A SENSING UNIT WAS A SPHERICAL SECTOR
HAVING AN INCLUDED ANGLE OF 120 DEG. INCREASED AMBIENT LIGHT
REDUCED THE SENSITIVITY OF THE SYSTEM TO FLARE. SIX STRATEGICALY
LOCATED SENSING ELEMENTS IN THE BOEING KC-135/707 NACELLE PROVIDED
RAPID DETECTION OF SMALL, LOW-INTENSITY FIRES.

<SQURCE INFORMATION- -

CORPORATE SOURCE -
NATIONAL AVIATION FACILITIES EXPERIMNENTAL CENTER, ATLANTIC
CITY, N.J.
REPORT NUMBER -
AD-255460
OTHER INFORMATION -
0030 PAGES, 0008 FIGURES, 0003 TABLES, 0000 REFERENCES
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SOLID STATE ULTRAVIOLET DEVICES FOR FIRE DETECTION IN
ADVANCED FLIGHT VEHICLES

by

CAMPBELL, R.B.
CHANG ;' H.C-.

05700767

. =ABSTRACT~-

IHPROVEMENT HAS BEEN MADE 1IN BOTH THEGRETICAL ARNALYSES AND
FABRICATION TECHNIQUES OF SILICON CARBIDE PHOTGVOLTAIC DIODES FOR
USE IN SOLAR-BLIND FIRE DETECTION DEVICES. A P-I-N JUNCTION THEORY
OF PHOTODICDES HAS BEEN DEVELOPED W®HICH INCLUDES A&ALL CARRIEE
TRANSPORT PARAMETERS. THIS GENERAL THEORY IS COMPARED WITH THE
SIMPLE HMODEL DEVELOPED PREVIOUSLY FOGR THE EXPLANATICON OF THE
DEPENDENCES OF THE PEAK RESPONSE WAVELENGTH ON THE JUNCIION DEPTH
AND TEHPEBRATURE. DUERING THIS PROGRAM, 8 SILICON CARBIDE
ULTBRAVIOLET DETECTORS WERE FABRICATED. USING IMPROVED FABRICATION
TECHNIQUES, THESE DETECTORS HAD A& LOWER ELECTRICAL IMPELANCE AND
HIGHER RESPONSE THAN DETECTOES PREVIOQUSLY FABRICATED. RISE TINE OF
10-100 MICROSECONDS WERE MEASURED AT 30- DEG. C., WITH A SLIGHT
DECREASE AT 500 - DEG. C. AN ALUMINA ENCAPSULATION W®WITH A QUARTZ
WINDOW ®AS USED FOGR THESE DEVICES. THE FEASIBILITY OF USING
ALUMINUM NITRIDE, A HIGH TEMPERATURE SEMICONDUCTOR WITH A BAND GAP
WIDER THAN SILICON CARBIDE, IN THE FABRICATION OF ULTERAVIOLET
DETECTORS WAS ALSC STUDIED. THE SUBLIMATION TECHNIQUE WAS USED TO
GROW SMALL HEXAGONAL CRYSTALS ABOUT 2 MM. ACROSS, ANI SEVERAL
EPITAXIAL METHODS WERE ©OS¥ILC TO GROW SINGLE CRYSTAL LAYERS OF .
ALUMINUM NITRIDE ON BOTH SILICON CARBIDE AND ALUMINUM NITRIDE.
DEFINITIVE ELECTRICAL PROFERTIES WERE NOT OBTAINED ON THESE
CRYSTALS, POSSIBLY DUE TIC LOW MOBIIITY 1IN THE SAMPLES. THE
DETECTOR STRUCTURES PREPARED SHOWED NO PHOTOQCCNDUCTIIVE OR
PHOTOVOLTAIC EFFECT UP TO 80C DEG. C.

~SOURCE INFORMATION-

COBRPORATE SOURCE. -
WESTINGHOUSE ELECTRIC CORP., PITTSBURGH, PA. RESEARCH AND
. DEVELOPMENT CENTER. ,
‘'REPORT NUMBER -
AD~815895//AFAPL-TR-67~23
SPONSOR - SRR _ _ : o
AIR FORCE AFRC PROPULSICN LAB., WRIGHT-PATTERSON AFB, OHIO.
CONTRACT NUMBER -
CONTRACT AF 33{(615)-3624
OTHER INFORMATION - _
0123 PAGES, 0041 FIGURES, 0000 TABLES, 0018 REFERENCES
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key 1958
THE EXTINGUISHING THING
by
WILSON, R.

01,00/70

~ABSTRACT- -

A PORTABLE AUTCMATIC FIRE EXTINGUISBING SYSTEM HAS BEEN DEVELOPED
FOR USE IN AIBCRAFT CABINS WHILE STATICONARY EQUIPMENT IS5 INACTIVE,
AS DURING CONSTRUCTION. THE PERIHMARY CAUSE OF PROPERTY LOSS 1IN
AIRCRAFT FIRES IS HEAT, SINCE NMOST SHCOKE DAMAGE CAN BE EREPAIRED BY
CLEANING OR REPLACEMENT OF FINISHING MATERTALS. THE AGENT SELECTED
FOR THE SYSTEN WAas BALON 1301  BECAUSE: {1  IT WAS
PECPLE-CONPATIBLE; {2) IT WAS CLEAN AND COULD CONTROL FLAME, HEAT,
SHOKE, AND AGENT ILRMAGE; AND (3) IT WAS STABLE, WITH AR GOGOD
WEIGHT-EFFECTIVENESS RATIOC. AFTER MANY EXPERIMENTS, AN
IONIZATION-TYPE SMCKE DETECTCR ¥AS SELECTED AS THE PREALARM
DETECTION DEVICE AND A RATE -COMPENSATED THERMAL DETECTOR WAS
CHOSEN FCR AGENT BELEASE. THE COMPLETE UNIT IS 2 CU. FT. IN VDL.,
CONTAINING 30: LB. OF HALON 1301. UNITS CAN BE CONNECTED TC CTHER
UNITS BY A FLEXIBLE CABLE AS SIGNAL TRANSHITTER, AND ALL UNITS ARE
CONNECTED TO ‘THE ALARM STATION W¥HERE TREQUBLE SIGNALS, SMOKE AND
THERNMAL PREALAEM SIGNALS, AXND DPISCHABGE ALAERM SIGNALS ARE
RECEIVED. SEVERAL INLDUSTEIAL OPERATIONS WHICH THE FIREPAC DNIT CAN
PROTECT ARE SUGGESTED: WELDING AND CUTTING ACTIVITIES REMODELING
AND CONSTERUCTION WORK AND COMPUTER SYSTEMS. THE ADVANTAGES OF THE
SYSTEM ARE 1ITS PORTABILITY, FfLEXIBILITY, AND ABILITY TO CONTROL
ALL DAMAGE-CAUSING FACTORS.

=50URCE INFORMATION-

CORPORATE SOURCE -

FENWAL, INC., ASHTON, MASS.
JOURNAL PROCEEDINGS -

FIJOAU, FIRE J, VOL. 64, NO. 1, 17-21, 28 {JAN. 1970)
OTHER INFORBATION =
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RESULTS CGF THE ESBJERG EXTINGUISHING TESTS
by
fIBE INTERNATIONAL

00,00/70 -

-ABSTRACT-= -~

FIRE TESTS WERE CARRIED QUE ON AIRCRAFT FIRES TO COHPARE THE
EFFECTIVENESS OF THE FCLLOWING FOAB EXTINGUISHANIS: {1)
PROTEIN-BASED LOW EXPANSICN FOAH,  {2) - SYNTHETIC LOW EXPANSICN
FOAM, - {3) SYNTHETIC LOW EXPANSION FCAR WITH HALON 2402, AND (4)
LOW EXPANSION FOAM BASED ON FC-194 (LIGHT WATER). JP-4 JET FUEL
WAS . USED IN THE TESTS, AND OBSERVATIONS WERE MADE OF THE
EXTINCTION TIME AND OF RE-IGNITION, IF IT OCCURRED. THE SAME KINDS
OF FOAM EQUIPMENT AND EXTINGUISHING TECHNIQUES WERE USED IN EACH
TEST. TENTATIVE RESULTS SHOWED THAT: {1) - THERE WAS NO ESSENTIAL
DIFFERENCE BETWEEN LOW EXPANSION FoaHN PRODUCED FROM a
PROTEIN-BASED . FOAM COMPOUND AND THAT PRODUCED FROM A SYNTHETIC
FOAM COMPOUND, (2) THE CCNCENTRATICNS OF 3 PERCENT FCOR THE PROTEIN
FOAM COMPOUNDS AND 5 PERCENT FOR THE SYNTHETIC FOAM CONPCUNDS WERE
SUFPFICIENT TO ACHIEVE EXTINGUISHMENT BUT COQULD NOT PREVENT
RE-IGNITION, (3) THE LIGHT ¥ATER DID NOT COHE UP TO EXPECTATICONS,
(4) EXTINGUISHING TIMES ACHIEVED WITH & SOLUTION OF SYNTHETIC FOAH
COMPOUND AND HALON 2402 WERE NDT AS CONVINCING AS THOSE. ACHIEVED
IN PREVIOUS TESTS CARRIED OQUT ON A SHALLER SCALE, AND (5) LOW
EXPANSION FOAM CAN BE CONSIDERED MOST EFFECTIVE. FURTHER TESTS
WERE RECOMMENDED T0 MEASURE OTHER CHARACTERISTICS OF FOAN
EXTINGUISHANTS, INCLUDING FCAM STABILITY AND EFFECTIVENESS ON
METAL AND FUEL FIRES. o

=SQURCE INFQRMATION-

JOURNAL PROCEEDINGS -
FIRE INT, VOL. 3, NO. 30, 69-73 -{1970)
OTHER INFORMATION - ‘
0005 PAGES, 0001 FIGURES, 0002 TABLES, 0000 REFERENCES
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PRODUCTION OF HIGH EXPANSION FCAM FOR FIRE-FIGHTIKNG, USING
A JET ENGINE

by

RASBASH, D.d.
LANGFORD, B.
STARK, G.¥.

00/00/69

-ABSTRACT-

FIRE TESTS WERE CONDUCTED T{ CUMPARE THE EFFECTIVENESS OF AIR FOAM
AND DE-OXYGENATED FOAM IN EXTINGUISHING SCLID AND LIQUID FUEL
FIRES. THE HIGH EXPANSION FOAM PRODUCED BY A FAN HAS AIR BUBBLES
IN IT WHICH CAN SUSTAIN BURNING IF THE FOAM BREAKS DOWN. THE
DE-CXYGENATED FOAM IS PRODUCED BY A JET ENGINE INEET GAS GENERATOR
AND DOES NOT PRESENT THE PROBLEM ASSOCIATED WITH AIR FOAM. TESTS
WERE CONDUCTED USING 2 FOAMING AGENTS, WOOD AND LIQUIB FIRES.
RESULTS SHONWED THAT BOTH FUOAMS COULD EXTINGUISH THE WOOD FIRE IN
APPROXIMATELY THE SAME TIME. HOWEVER, IN THE LIQUID FIRE TESTS,
THE HIGH EXPANSION FCAM PECDUCED BY THE INERT GAS GENERATOR WAS
SUPERIOR IN EXTIWNGUISHING THE FIRES. THE QUANTITY (JF WATER
EEQUIRED FDR BQTH GASCLINE AND ALCOHOL FIBRES WaS APPROXINMATELY
0.007 GAL./5Q. FT. THIS IS TFAR LESS THAN THE 0.03 GAL. S5Q. F%.
REQUIRED WHEN THE TRADITIONAL AIR FOAM IS USED. IN ADDITICKE TO THE
ADVANTAGES 1IN EXTINGUISHING FIRES ®WITH JET ENGINE HIGH EXPANSION
FOAM, <THE APPARATUS USED 1IN THE PRODUCTION OF SUCH FOAM HAS
ADVANTAGES WHEN COMPARED WITH THE AIR FAN.

~PERTINENT FIGURES-

FIG. © APPARATOS FOR MAKING HIGH EXPANSION FOAM USING GAS FROM JET
ENGINE FAGE 68//TAE. 1 PERFORMANCE OF DIFFERENT HIGH EXPANSION
FOAMS AGAINST FIRES PAGE 71

~BIBLIOGRAPHY- -

BASBASH, D.J.: INERT GAS GENERATOR FOR CONTROL OF FIRES IN LARGE
BUILDINGS. ENG., VOL. 215, LONDON, 1963

=SQURCE INFORMATION- -

CORPORATE SOURCE -

FIRE RESEARCH STATION, BOREHAM WOOD (ENGLAND).
JOUBRNAL PROCEEDINGS -

FIRE INT, VOL. 1, NO. 9, 61=76 (1965)
OTHER INFORMATION -
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THE PERFORMANCE OF SCME PORTABLE GAS DETECTORS WITH
AVIATION FUEL VAPOURS AT ELEVATED TENPERATURE. PART Z.
TESTS WITH AVCAT, KERO B AND AYTUR VAPOURS

by
FARDELL, P.Jw

01/00/73

-ABSTRACT-

TESTS WERE CONDUCTED TO MEASURE THE PERFORMAEBCE OF SOHME PORTABLE
GAS DETECTORS WITH AVIATICN FUEL VAPORS AT ELEVATED TEMPERATURES.
THE FUEL USED WERE AN AVIATION TURBINE FUEL (AVCAT), A KEROSENE
FUEL (KERO .B) AND JP-1 JET FUEL (AVTUR). THE TESTS WERE CONDUCTED
AT 65 DEG. C. VARIOUS CONCENTEATIONS OF FUEL VAPOR IN AIR WERE
PASSER INTO A¥ EXPLOSION LIMITS TUBE AND SUBJECTED TO AN
ELECTRICAL SPARK. WHEN A VAPOR CONCENTRATION WAS FOUND WHICH, WHEN
EXCEEDED, GAVE RISE TO A SELF-~PRGPAGATING FLANE, THIS WAS TAKEN &S
THE LOWER EXPLOSION LIMIT {(LEL) :CONCENTRATION. THE LEL. MIXTURE WAS
THEN PASSED THROUGH THE DETECTOR AND THE READING CHECKED 1IN EACH
CASE. RESULTS SHOWED THAT THE RESPONSE OF THE DETECTORS WAa5 LO¥.
IT WAS RECOMXENDEL THAT A VAPOR BE FOUND WHICH, WHEN USED TO
CALIBRATE THE DETECTORS, WOULD INSURE CORRECT OR HIGH (AND THUS
ERRING ON THE SIDE OF SAFETY) READINGS WITH THESE FUELS.

~BIBLIOGEAPHY~

FARDELL, P.J.2 THE PERFORMANCE OF SOME PGRTABLE GAS DETECTORS WITH
AVIATION FUEL VAPQUR®S AT ELEVATED TEMPERATURES. PART 1. TESTS WITH
N-HEXANE, AVTAG AND CIVGAS VAPOUBS. FIRE RES. NOTE 938, JGINT FIRE
RES. ORG., JULY 1972 '

=S0URCE INFORBATION-

CORPOBATE SOURCE -~ :
FIRE RESEABCH STATiCOK, BOREHAM ¥OOD {ENGLAND).

REPORT -BUMBER. -
FR NOTE 957

OTHER INFCEMATION = _
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HEAT SHIELDS FOR AIRCRAFT-A NEW CONCEPT TO SAVE LIVES IN
CRASH FIRES '

by

NEEL, €C.B.
PARKER, J.3.
FISH, R.H.
 EENSHAW, J.
NEWLAKND, -J.H.
ET. AL.

11,00/71 .

-~ABSTRACYT-

A HEAT SHIELZD WAS DEVELOPED AND TESTED TQO PROTECT PASSENGEES IN
AIRCRAFT CRASH FIRES. TEE SHIELD USES 2 NEW FIRE RETARDANT
MATERIALS: A VERY LIGHTREIGHT FOARM PLASTIC, CALLED ISOCYANURATE
FOAM, AND AN INTUMESCENT PAINT. EXPOSED TO HEAT, THE INTUMESCENT
PAINT ABLATES AND INSULATES THE SURFACE UNDERNEATH IT. AS THE FOAHM
IS HEATED, A STABLE CHAR IS FORMED WHICH GENERATES GASES THAT BLOW
OUTWARD, COOLING THE CHAR BY TRANSPIRATION. THE GASES ALSO

- CHEBICALLY INTERFERE WITH THE FLAMES. IN THE TEST, A 26 FT. PIECE

FROM THE FUSELAGE OF A C-47 AIRCRAFT WAS DIVIDED 1IN HALF AND
CAPPED ON EACH END BY STEEL BEULKHEADS. ONE HALF WAS LEFT UNCHANGED
WHILE THE OTHER HALF WAS FIITED WITH THE HEAT SHIELD CONSISTING OF
LAYERS OF INTUMESCENT PAINT, WOVEN FIBER GLASS MATTING, AND
POLYISOCYANURATE FCAN. A JP-4 JET FUEL POOL FIRE WAS USED IN THE
TEST. HEASUREEENTS WERE MADE GOF TEMPERATURE RISE, TOXIC GAS
EYOLUTION, SMNOGKE PRODUCTIGN, AND EBURNTHROUGH WITHIN THE CABINS.
WITHIN 172 MIN. AFTER IGNITION, THE FIRE WAS FULLY DEVELOPED AND
SMOKE HAD ALREADY STARTED TO PENETIRATE THE UNPROTECTED SECTION.
WITHIN 2 MIN. THE UNPROTECTELD SECTION WAS DESTROYED. HOWEVER, BY 5

‘MIN. AFTER IGNITION THE TEMPERATUBE HAD CHANGED VERY LITTILiE IN THE

PROTECTED SECTIOR, THERE WERE NO TOZXZIC GASES, - AND NQ SHOKE HAD
BEEN PRODUCED. THE FIBRE BURNED OUT AFTER 12 MIN., AND THE
TEMPERATURE IK THE PROTECTED CABIN REACHED ONLY 300 DEG. F. WHICH
WAS JUDGED THE LINMIT OF HUMAN TOLERANCE. HEAT ENTERER THROUEGH
FISSUBRES IN THE FOAM AND BURNTHROUGH OCCURRED AFTER 12 MIN. IT WAS
RECOMMENDED THAT THE AIRCRAFT BE DESIGNED TO ELIMINATE HEAT LEAKS
ABD FLOOE LINE FAILURES, WHICH WOULD INCREASE THE FIRE PROTECTION
EFFICIENCY OF - THE HEAT SHIELD.

=-BIBLIOGRAPHY~

CONLEY, D.W.: POST-CRASH FIRE-FIGHTING STUDIES ON TRANSPORT
CATEGORY AIRCRAFT. REP. RD-65-50, FaA, WHASHINGTON, D.C., MAY
1365//RICCITIELLG, S$.R., FISH, R.H., PARKER, J.A., AND GUSTAFSON,
E.3.: DEVELOPMENT AND EVALUATION OF MODIFIED POLYISOCYANURATE
FOA¥S FOR LOWN-HEATING-RATE THERMAL FROTECTION. J. CELL. PLASTICS,
VoL. 7, NO. 2, 91-96, MaB./APR. 1971
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WHAT FIREFIGHTERS SHOULD KNOW ABOUT DEY CHEMICAL
EXTINGOISHING SYSTEMS. PART 7

by
EAHHE' Coﬁo

05,00/69

~ABSTRACT- -

DRY CHEMICAL EXTINGUISHING SYSTEMS ARE DESCRIBED. IT IS NOTED THAT
DRY POWDERS ARE GRAPHITE AND SPECIAL COHPOUNDS . USED IN
EXTINGUISHING FIRES IN SCDIUNM, HAGNESIUM, AND SIMILAR MFTALS,
WEILE DRY CHEMICALS ARE USUALLY SODIUE BICARBONATE, POTASSIUM
BICARBONATE (PUEPLE K), MCONOAMMQKRIUM PHOSPHATE, AND POTASSIUM
CHLORIDE {SUPER K). IDRY CHEHICALS CAXY BE USED ON FLAMMABLE LIQUIDS
FIRES AND ON ELECTRICAL EQUIFMENT FIRES. WHILE POTASSIUM CHLORIDE
IS COMPATIBLE WITH ALL KINDS OF FOAM, THE COMPATIBILITY OF EACH
DEY CHEMICAL USED WITH ©FOAM SIMULTANEOUSLY SHOULD BE CHECKED.
TYPES OF DRY CHEMICALS SHQULD NEVER BE MIXED BECAUSE THEY MAY
PRODUCE DANGEROUS GAS PRESSURES AND REDUCE THEIR EFFECTIVENESS. IT
IS RECOMEENDED THAT CAREFUL INSPECTION AND HAINTENANCE OF DRY
CHEMICAL SYSTEMS BE CARRIED O0OUT REGULABRLY TO INSUBE THAT ALL
MECHANISHMS ARE OGPERABLE. IN FIGHTING A FIRE IN WHICH A DRY
CHEMICAL SYSTEM HAS CPERATED, 1IT IS RECOMMENDED THAT THE FIRE AREA
NOT BE OPENED UNIIL THE DRY CHEMICAL HEAS FULLY EXTINGUISHED THE
FIRE. FINALLY, IT IS RECCMMENDED THAT THE EXTINGUISHING SYSTEM BE
BEACTIVATED AS SOON AS POSSIELE AFTER A FIRE IN OBDER TO PROTECT
AGAINST REIGNITICN.

—-SO0URCE INFORMATION~-

CORPORATE SOURCE ~

NATIONAL FIRE PROTECTICN ASSOCIATION, BOSTON, MASS.
JOURNAL PROCEEDINGS -

FIREMEN, VOL. 36, NO. 5, 37-39 (MAY 1969)
OTHER INFORMATION -
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FOAM GENERATCE FOR AIRCEAFT FIRE CONTROL

by

NASH, P.
PITTES, D.¥.

03/26/65

. =ABSTRACT- -

4 GAS-TURBINE-OPERATED FOAM GENERATOR HAS BEEN DEVELOPED I0C GIVE &
RANGE OF PHYSICAL PRCPERTIES AND APPLICATICN RATES OF FOAN. THE
PHYSICAL PROFERTIES WHICH ARE IMPORTANT TO THE EFFECTIVENESS OF
FOAM ARE: {1). POAM EXPANSICN, WHICH Is THE RATIO OF THE VOL. OF
FOAM TO THAT OF THE AQUEQCUS SOLUTION FROM WHICH IT IS PRODUCESD;
{2) CRITICAL SHEAR STRESS, WHICH IS THE STIFFNESS OF THE TFOAN,
CONTROLLED BY THE ENERGY SUPPLIED IN FORMNING THE BUBBLE STRUGCTURE;
(3) - QUARTER DRAINAGE TIME, 2 MEASURE OF FOCAM STABILITY; AND (4)
APPLICATION RATE, EXPRESSED IN TERMS OF ®GALLONS OF FOAMING
SOLUTION PER MIN. PER UNIT AEEA OF FIRE. FIRE TESTS WERE CONDUCTED
WITH SIMULATED AIRCRAFT FIRES IN ORDER TO LDEMONSTRATE THE
PERFORMANACE OF THE FOAM GENERATOR. IN THE TESTS, THE CONTROL TIME
WAS MEASURED AS THE TIME UNTIL THE INTENSITY OF HEAT EADIATION
FROM THE FIRE WAS REDUCED TC ONE-TENTH OF ITS INITIAL VALUE AT THE
START OF FOAM APPLICATION. IT WAS FOUND THAT THE FOAM GENERATOR
PROVIDES FLEXIBILITY IN SUPPRESSING AIRCRAFT FUEL FIRES. THE
EQUIPMENT COULD BE USED, FCOEK EXAMPLE, IN HELICOPTERS #HICH. COULD
FPLY STRAIGHT TOC THE SCENE OF A CRASH AND USE AN AIR-BLEELD SYSTEM
FROM THEIR GAS-TURBINE DRIVING UNITS FOR FOAN-MAKING.

-PERTINENT FIGURES- "

FIG. 1 DIAGRAMMATIC ARRANGEMENT CF FOAM GENERATOR PAGE 537

<~BIBLIOGRAPHY- -

NMASH, P.: RESCENT RESEARCH ON FOAM 1IN THE UNITED KINGDGHo QUART
INST. FIRE ENG., VOL. 21, NO. 41, 14=33, 1961 .
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JOINT FIRE RESEARCH ORGANIZATION, BOREHAM WOOD {(ENGLAND) .
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FIRE-WALL AND LOCAL GVERHEATING FAILURE PROTECTION
APPARATUS ANL SYSTEMS

by
LINDBERG, J.E.

1125770

=~ABSTRACT-

A FIRE #®ALL AND DETECTION SYSTEM HAS BEEN DEVELOPED WHICH PROTECTS
AGAINST OVERHEATING FAILURE 1IN JET ENGINES. THE INVENTION
INCLUDES: {1) ' A FIRE WALL (SOMETIMES KNOWN AS A FIRE BULKHEAD)
HAVING AT LEAST ONE OF -ITS SIDES SUBSTANTIALLY COEXTENSIVE IN AREA
WITH A HOLLOW CHAMBER WHICH IS HERMETICALLY SEALED; {2) &
PRESSURE-SENSITIVE DETECTION MEANS ARRANGED TIC BEE OPERATED BY
VARIATION OF PRESSUEE IN THE CHAMBER CAUSED BY FAILUBE DUE 7TO
LOCAL OVERHEATING; AND (3) & SIGNALLING HMEANS ACTUATED BY THE
DETECTION MEANS. IF A& LOCAL OVERHEATING FAILURE OCCURS, THE
PRESSORE IN THE CHAMBER IMMEDIATELY CHANGES TO ATHOSPHERIC OR
AMBIENT - (VERY LOW  IN HIGH-ALTITUDE.FLYING), AND THIS CHANGE. IS
USED TO .SET OFF THE ALARN.

- SOURCE INFORMATION-
BEPORT NUMBEER -
BRITISH PATENT 1,213,537
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PRINCIPiES'OF FIGHTING AIRCRAFT FIRES

by
LEE, W.R.

09,00/68

~ABSTRACT-

THE FIRE FIGHTING PRINCIPLES USED BY THE PORT OF ©NEW YORK
AUTHORITY AT THE NEW YORK AIRPORTS ARE MADE FOR THE MOST SEVERE
CONDITIONS: THE LARGEST AIRCRAFT, FUILY CCCUPIED, IN A BURNING
POOL OF HYDROCARBON FUEL. " THREE MIN. ARE ALLOWED FOR EMERGENCY
EQUIPMENT TO REACH AN AIRCRAFT DOWNED AT AN AIRPORI. THIS
CRITERION IS CONDITIONED EY THE REASONABLE FACTORS OF OPTIiHUH
VISIBILITY AND SURFACE CONDITIONS. TWO MIN. BRE ALLOWED TC BRING
THE CRITICAL FIRE AREA OUNLDER CONTROL, IN ORDER TO RESCUE
PASSENGERS BEFCRE FIRE REACHES THEM. EACHE OF THE FIRE HOUSES AT
KENNEDY AIRPORT IS EQUIPPED WITH A& 3,000 GALLON FOAM TRUCK, &
2,750 -GALLON SUPPLEMENTARY FOAN TRBUCK, AND A QUICEK RESPONSE
VEHICLE CABRYING 900 LB. O©OF PURPLE XK POWDER AND 125 GALLONS OF
LIGHT WATER. THE NORST CASE FCR AN AIRCRAFT CRASH FIRE WOULD
REQUIRE THE CONTRGL IN 2 MIXN.. OF AN AIRCRAFT 150 FT. LONG, ®ITH A
FUSELAGE DIA. OF 18 FT., AND A WING SPAN OF 40 -FT. ON EACH SiDE.
TQ ESTABLISH CONTRQL, A 2.4-IN. THICK BLANKET OF FOaAM MUST BE
APPLIED AT 0.15 GPM/SQ. FT. FOR 2 MIN. IN ORDER TO COVER THE TOTAL
AREA, 4,400 -GALLONS CF :FGAM MIXTURE WOULD BE REQUIRED, EXPANDED AT
A RATIO OF 8:1. AFTER THE FIKE IS EXTINGUISHED, HAND LINES MUST BE
USED TO . PATCH AND MAINTAIN THE FOAM BLANKET WHILE PASSENGERS ARE
REMOVED, REQUIRING AN ADDITIGNAL 2,600 -GALLONS OF FOANM,

=SOURCE INFORMATION-

CORPORATE SQURCE - ‘
PORT OF NEW YORK AUTHORITY, NEW YORK.
JOURNAL FROCEEDINGS - . ‘
FIENA2, FIRE ENG, VOL. 121, NO. 9, 114-115 (SEPT. 1968)
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FIRE-FIGHTING AND RESCUE AT 2IRCRAFT ACCIDENTS
by
LCDGE, J.E.

10/00/68

-ABSTRACT-=

LIFE SAFETY MEASURES A¥D JFIRE EXTINGUISHING AGENTS FOR AIRCEAFTS
FIRES ARE DESCRIBED. IT IS NOTED THAT 80 PERCENT OF ALL AIRCRAFT
ACCIDENTS OCCUR AT OR NEAR AIRPORTS, AND IT IS RECOMMENDED THAT
EFFECTIVE TRAINING AND ' FIRE FIGHTING EQUIPMENT BE PROVIDED. THE
HUGE SIZES OF MODEERN AIRCHAFT INCREASE THE DIPFICULTY OF FIRE
FIGHTING BECAUSE OF THE LACK OF VISIBILITY FROM ONE SIDE TO THE
OTHER, AND BECAUSE OF THE NEED TO APPLY THE EXTINGUISHING AGENT AT
A MUCH HIGHER RATE IN ORDER T0 SUPPRESS THE FIRE. 1T IS
ANTICIPATED THAT FOAM GENERATORS WILL HAVE TO HAVE RANGES OF 250
FT. OR MORE AND A LIQUID CAPACITY OF 1500 GPMN 1IN OBRDER TO DEAL
WITH LARGE AIRCRAFT FIRES. NEW EXTINGUISHING AGENTS, SUCH AS
FLUOROPROTEIN FOAMS AND LIGHT WATER, ARE SUGGESTED FCR USE IN
AIRCRAFT FIRES. AN APPLIANCE IS BEING DEVELOPED WHICH HAS 3
DRY-POWDER MONITOR CAPABLE OF RANGES UOF TO 120 FT., DELIVERING THE
AGENT AT OUTPUT UP TO 88 LB. PER SEC. OTHER FACTORS TO BE
CONSIDERED INCLUDE THE HAZABRDS POSED BY JUMBO-~JETS, THE NEED FOR
LIGHTING EQUIPMENT, POREERED RESCUE TOOLS, COMMUNICATIONS
EQUIPMENT, AND EFFECTIVE TRAINING OF FIRE FIGHTERS.

-SCUORCE INFGRHATION-

CORPORATE SOURCE -

BOARD OF TRADE (ENGLAND) -
JOURKNAL PROCEEDINGS -

FIRE, VOL. 61, NO. 760, 227-228, 232 {0CT. 1968) -
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AIRCRAFT CABIN FIRE ON THE GROUND
by
FIRE JOUBNBL_

03/00/70 -

-ABSTRACI- -

A FIRE IN AN AIRCRAFT CABIN STARTED FROM AN ELECTRICAL FAULT iN A
BAZOR OUTLET AND CONSUMED INTERICR FINISHES WHICH HAD PASSED
FEDERAL FLAMMABILITY STANDARLS. THE IGNITION SOURCE WAS A LAVATORY
RAZOR OUTLET WHICH HAD CAUSED A SHORT CIRCUIT WHEN WETTEL DURING A
ROBTINE CABIN-CLEANING OPERATION. THE FIRE BEGAN IN THE LAVATORY
AND SPREAD THROUGH THE CONCEALED SPACE ABOVE THE CABIN CEILING
WITHOUT - ANY FIRE DIVISIONS. THE COMBUSTIBLES INCLUDED ABS OR
VINYL-TYPE THERMCPLASTICS, WIRING INSULATION, WCOD FRANES FOR THE
VERTICAL AND CEILING PANELS, AND THE NEOPRENE/NYLON VAPOR BARRIER
COVERING OVER THE INSULATICN BLANKETS. THE INTERIOR FIRISHES HAD
PASSED THE REQUIREMENTS CF FEDERAL AIR REGULATIONS FLAMMABILITY
STANDARDS {FAR 25.853). ACRID SMOKE PRODUCED BY THE CABIN-LINING
‘MATERIALS AND THE WIRING . INSULATION PREVENTED ACCESS FOR FIRE
CONTROL. IT WAS RECOMMENDED THAT: {1) BETTER SHIELDING BE PROVIDED
FPOR LAVATOBY ELECTRICAL CCNNECTIONS ©TO PREVENT WETTING; (2) -
" NONCOMBUSTIBLE FIRE BULKHEADS BE PROVIDED AT INTERVALS IN THE
CONCEALED SPACE ABOVE THE CEILING; AND (3) INTERIOR FINISHING
BATERIALS BE MORE FLAME RESISTANT, SINCE THE FAA FLAME RESISTANCE
CRITERIA WERE OBVIOUSLY INADEQUATE.

~PERTINENT FIGURES-

FIG. 2 THE EXTENT OF DAMAGE IN THE LEFT-HAND AFT LAVATORY, WHERE
THE PIRE STARTED PAGE 6//FiG. 4 THE CONCEALED CEILING SPACE ABOVE
THE LEFT-HAND AFT LAVATORY AROUND THE WATER TANK PAGE &//F1G. 7 IN
THE FIRST CLASS CABIN AREA THE DANAGE ¥AS LESS SEVERE, LARGELY OF
A PLASH-FIRE NATURE, ALTHOUGE THE S00T AND  SMOKE DAMAGE EXTENDED
INTO THE COCEKPIT PAGE 7 ' '

-SCURCE INFORMATION-
JOURNAL PROCEEDINGS -
F1JOAD, FIRE J, VOL. 64, NO. 2, 5-7, 9 (MABR. 1970)
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THE PERFORMANCE OF SCME PORTABLE GAS DETECTORS WITH
AVIATION FUEL VAPOURS AT ELEVATED TEMPERATURES. PAET 1.
TESTS WITH N-HEXANE, 'AVTAG?! AND ?CIVGAS? VAPOURS

by
FARDELL; P.d.

07,00/72

~ABSTRACTI=

TESTS WERE CONDUCTED TO EVALUATE THE PERFORMANCE OF 5 PORIABLE
FLAMMABLE GAS DETECTORS AT ELEVATED TEMPERATURES. THE
CATALYTIC-FILAMENT TYPE FLAMMABLE GAS DETECTORS WERE BASED ON THE
PHENGMENON OF CATALYTIC OXILATION. THEY COULD GIVE AN INDICATION
OF THE EXYPLOSIVE NATURE OF A MIXTURE OF FLAMMABLE GAS OR VAPOR AND
AIR IN MANY SITUATIONS, JINCLUDING NEWLY EMPTIED AVIATION FUEL
STORAGE TANKS. THE DETECTORS WERE CALIBRATED IN PERCENTAGES OF THE
LOWER EXPLOSION LIMIT CONCENTRATION OF FLAMMABLE GASES. THE FUELS
USED IN THESE EXPERIMENZIS YERE N-HEXANE, AVTAG (JP-4 JET FUEL),
AND CIVGAS. N-HEXANE WAS TESTED AT 25 DEG. C. AND AT 65 DEG. C. TO
DETERMINE TEMPERATURE EFFECT. ALL COTHER TESTS WERE CONDUCTED AT
65 DEG. C. IT WAS FOUND THAT FOR N-HEXANE GAS, 4% OF THE DETECTORS
WERE LESS SENSITIVE AT 65 DEG. C. THAN AT 25 DEG. €. THE GAS5-AIR
MIXTURES ®ERE VARIED FROM 106 PERCENT OF THE LOWER EXPLOSION LINIT
TQ 10 PERCE¥T. RESULTS SHOWED THAT WHEN VWORKING WITH VAPOR
CONCENTRATIONS OF LESS THAN 25 PERCENT OF THE LOWER EXPLOSION
LIMIT CONCENTRATION, 2 OF THE DETECTORS DID NOT GIVE A STEADX
READING. READINGS TAKEN ABOVE 50 PERCENT OF THE LOWER EXPLOSION
LIMIT ¥ERE GENERALLY QUITE STEADY AND ALL READINGS WERE REACHED
WITHIN 1525 SEC. OF PASSING THE GAS-AIR MIXTURE THROUGH THE
INSTRUMENTS. IT WAS CONCLUDED THAT THE DETECTGRS COULD BE USED TG
GIVE AN ALARH WHEN THE CONCENTRATION OF A FLANEABLE GAS EXCEEDS A
CERTAIN VALUE, BUT THE DETECTCBS ABE ©NOT RELIABLE BELOW ABOUT 25
PERCENT COF THE LOWER EXPLOSION LIMIT CONCENTRATION.

=S5CURCE INFORMATION-

CORPORATE SOURCE -
FIRE RESEARCH STATION, BOREHAM WOOD (ENGLAND).
REPORT NUMBER =
FR KOTE 938
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CHARACTERIZATION AND SUPPRESSION OF.AIBCRAFT AND FUEL FIRES

by

CAPENER, E.l.
BALGER; R.S.’

1 10,00/70

-ABSTRACT-

TESTS #ERE CONDUCTED WITH FUEL FIRES TGO MEASURE HEAT FLUXES,
BUBRNING RATES, AND SUPPRESSION CHARACTERISTICS. THE POOLS OF JP=5
JET FUEL USED IN THE TESTS WERE 3 FT. AND 10 - FT. IN DI3. AND 50
FT. X 50 -PT. AQUEOUS FILM-~FORMING FOAM (AFFF) WAS DSED AS A FIRE
EXTINGUISHER IN THE TESTS. MEASUBEMENTS WERE MADE OF BURNING RATE
AND EXTINCTION TIME. A MCDEL WAS CONSTRUCTED OF THE IDEAL
EXTINGUISHMENT SYSTEM, WHICH WOULD GIVE A UNIFORM RATE OF
APPLICATION OVER THE BURNING FUEL SURFACE. THE SUPPRESSANT SPRAY
WAS CHARACTERIZED AS TO UNIFORNITY, AVERAGE DROP SIZE, AND
INTERACTION KINETICS WITH THE FUEL SURFACE. RADIATION FLUXES AT
VARYING  DISTANCES FROM THE FIRE WERE AFFECTED BY WIND VELOCITY,
LOCATION OF THE MEASURING STATION (VIEW. FACTOR), TYPE OF
SUBSTRATE, AND THE WATER COKTENT OF THE SUBSTRATE. FUEL BURNING
RATES WERE INPLUENCED EY WIND VELOCITY AND ' SUBSTRATE
CHARACTERISTICS. SUPPRESSION WITH 6 PERCENT LIGHT WATER SOLUTION
WA_. __FLUENCED PRIMARILY BY THE FIRE SIZE AND, SECONDARILY, BY THE
PYPE OF SUBSTRATE. -

-PERTINENT FIGURES-

FiG. 4 . RADIATION FROM 10 FT. DIA. JP5 ‘FIRES VS RADICMETER LEVEL
ABOVE GROUND PAGE 10//F1G. 5 RADIATION FROM 10 FT. DIA. JP5 FIRES
WATER VS SAND SUBSTRATES PAGE 11

-BIBLIOGRAPHY-

BLINOV, - V.3I.,  ANDR KHUDIAKCV, GoN.: CERTAIN LAWS GOVERNING
DIFFUSIVE BURNING OF LIQUIDS. FIRE RES. ABST. AND REV., VOL. 1,
§O. 41, 1959//WELKER, J.E., AND SLIEPCEVICH, C.M.: BENDING OF
WIND-BLOWN FLAMES FROM LIQUIL POOLS. FIRE TECH., VOL. 2, NO. 127,
1966 ‘ ' ‘

- SOURCE INFORBATION- -

CORPORATE SOURCE - - - :
STANFORD RESEARCH INST., MENLO PARK, CALIF.//NAVAL ORDNANCE
LAB., CORGNA,: CALIF. \ ‘

REPORT NUMBER -
WSCI 72-26
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_ key 2086
SENSOR FGH HEiT‘OR TEMPERATURE DETECTION AND FIRE DETECTION
: by _ .
LINDBERG, JR., J.E.

10/11/66

~ABSTRACT- -

A U.S. PATENT IS DESCRIBELC CONCERNING A HEAT DETECIGR WHICH DOES
NOT REQUIRE ELECTRIC POWER; THUS IT CAN BE USED 1IN AIRCRAFT FOR
ZONE-1. FIRE DETECTION, AHEAD OF THE FIRE WALL OF THE POWER PLANT,
SUCH AS THE REGION IN AN ENGINE NACELLE. THE DEVICE CAN BE MADE
INDEPENDENT OF THE RATE OF CHANGE OF TEMPERATURE, SO THAT IT
DETECTS 2 PREDETERMINED HIGH TEMPERATURE LEVEL. THIS ELIMINATES A
SOURCE OF FALSE ALARMS WHICH WILI SAVE COMMERCIAL AIBLINES THE
COST OF ' LANDING AFTER FALSE ALARKS. THE DEVICE CONSISTIS OF AN
IMPERFORATE ENCLOSURE FOR A METALLIC HYDRIDE WHICH RELEASES GROSS
QUANTITIES OF HYDROGEN WHEN HEATEL ABOVE A4 THRESHOLD TEMPERATURE
AND TAKES UP HYDROGEN WHEN COOLED. SEVEBAL JILLUSTRATIONS ARE
PRESENTED FOR USE OF THE HEAT DETECTOB BOTH IN THE HOHE AND 1IN
AIRCRAFT. '

~SCURCE INFORMATION-

REFORT NUMBER -
US PATENT 3,277,860
QTHER INFORMATION -
' 0022 PAGES, 0022 FIGUBES, 0002 TABLES, 0009 BEFERENCES
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UNIQUE FIBROUS FLAME AKRESTOB MATERIALS FOR EXPLOSION
FROTECTION

by

HCUGH, R.1L.
LAVY, M.N.

12/00/72

. =ABSTRACI~-

TESTS WERE CONDUCTED TO FIND HATERIALS TO REPLACE GCEGANIC FOAMS
NOW BEING UTILIZED IN AIRCR2FT FUEL CELLS AS FLAXE ARRESTORS. THE
LIMITATIONS OF TEE PRESENT ARRESTORS ARE HYDROLYTIC AND THERMAL
INSTABILITY WHILE IN THE FUEL TANK ENVIRONHENT. SEVERAL INORGANIC
MATERIALS WHICH CAN WITHSTANKD INDEFINITE EXPBCSUERE TO TEMPERATURES
OF 500 DEG. F. TO 1000 DEG. F. WERE TESTED. THE FOLLOWING
GEOMETRY-MATERIAL COMBINATICNS WERE EXAMINED: (1) FOAM-NICHROME,
CARBON, COPPER, AND ALUMINOUYM OXIDE; {(2) WOVEN FORMS-STAINLESS
STEEL, AND ©SILICA; (3) GRIDS-BORON AND SILICON CARBIDE; (%) -
MATS-BORCN, SILICGN CARBIDE, CARBON ALLOY, SILICA, AND ZIRCONIA.
THE FABRICATED MATERIALS WERE TESTED IN A . CYLINDRICAL FLAME TUBE.
THEY WERE ALSO EXAMINED FOER SUCH PRCPERTIES A5 AIR FLOW AND
DENSITY. RESULTS SHOWED THAT NICHROME FOAM, SILICON CARBIDE MAT,
BORON MAT, AND WOVEN MULTI-PLY SILICA WERE MORE EFFECTIVE THAN THE
CONVENTIONAL POLYURETHANE FOAM IN ARRESTING FLAMES. DATA ARE ALSO
REPORTED COMPARING THE PROPERTIES OF AIR FLOW, DENSITY, AND COST
OF - THE INORGANIC MATERIALS TO POLYGRETHANE FOAM. IN NMOST RESPECTS,
THE INORGANIC MATERIALS WERE SUPERIOR TO POLYURETHANE FOAM.

~SOURCE INFORMATIORN-

CORPORATE SOURCE. -
HOUGH LAB., SPRINGFIELD, OHIQ.
REPORT NDMEBER -
AFAPL-TR-72-108
SPONSOR. - -
AIR FORCE AERO PRCPULSION LAB., WRIGHT-PATTERSON AFE, OHIO.
CONTBRACT NOUNEBER -
CONTRACT F33615-72-C-2153
OTHER INFORMATION -
0032 PAGES, 0006 FIGURES, 0008 TaBLES, 0002 REPERENCES
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DESIGN CALCULATICNS FOR A HALOKR 1301 biSTBIBUTION TUEE FOR
AN AIRCRAFT CABIN FIRE EXTINGUISHING SYSTEHM

by

JONES, J.
SARKOS, C.P.

04,/00/73

-ABSTRACT-

THEORETICAL CALCULATIONS WERE PERFORMED TO . AID IN THE DESIGN OF A
PERFORATED TUBE THAT WILL UNIFORMLY DISTRIBUTE HALON  1301%
THROUGHQOUT THE UNVENTILATED PASSENGEXR CABIN OF A - COMMERBRCIAL AIR
TRANSPORT. CONDITIGNS FOR THE CALCULATIONS &ERE THOSE OF A&
PASSENGER CABIN OF ‘A DC-7 FUSELAGE, WITH & VOLUME OF 4000 CU. FT.
AND A LENGTH OF 72 FT., BEING USED AS & TEST ARTICLE FOR
EVALUATING THE PERFOBMANCE OF SUCH A SYSTEM. FOUR SEPARATE
CALCULATIONS WERE ¥ALE TOC DETERMINE THE (1} SIZE AND NU#BER OF
ORIFICES IN THE TUBE REQUIRED FOR VARIGUS HALON 1301 DISCHARGE
RATES; (2} PRESSURE LDROP AS A FUNCTION OF TUBE DIA. AND DISCHARGE
RATES; {(3) TIME REQUIRED TO FILL THE TUBE WITH HALON 1301 FOR
VYARIOUS TUBE DIA.; AND (4) CABIN TEMPERATURE AND PRESSURE AFTER
COMPLETION GF HALON 1301 DISCHARGE. THE FIBST CALCULATIONS
INDICATED THAT FOR A GIVEN DISCHARGE TIME, THE REQUIRED ORIFICE
DIA. DECREASED SLIGHTLY WITH INCREASING ORIFICE NUMBER FOR A
LARGE NUMBER OF OQRIFICES {ABOUT 40-50). THE PBESSURE DRCP WAS
SHOWN TO BE A STRONG FIONCTION OF BOTH TUBE DIA. AND DISCHARGE
TIME: HOWEVER, PRACTICAL TUBE DIA. COULD BE SELECTED TO ASSURE 2a
NEGLIGIBLE PRESSURE LOSS. IT WAS DEMONSTRATED THAT THE FILL TINE
WGULD BE LESS THAN 10 PERCENT OF MOST NORMALLY USED DISCHARGE
TIMES. THERMODYNAMIC CALCULATIONS PREDICTED & 38 DEG. F. CABIN
TEMPERATURE AFTER COMPLETE DISCHARGE OF AGENT. WITH AN INITIAL
CABIN TEMPERATORE OF 70 DEG. F- AND RELATIVE HUMIDITY OF 50
PERCENT. :

 -BIBLIGGRAPHY-

MANNACK, J.%M.: TALEING EXTINGUISHING EQUIPMENT-MGRE ABOUT HALON
1301. FIRE J., VOL. €6, NO. 4, JULY 1972//JENSEN, R.H. (CHAIRMAN):
REPORT OF COMMITTEE ON HALOGENATED FIRE EXTINGUISHING AGENT
SYSTEMS. 197171 NFPA TECH. COMM. REP., VOL. 1, 378-445, 1971.

—=50URCE INFORMATION-

CORPORATE SOURCE - | | x . o
NATIONAL AVIATION FACILITIES = EXPERIMENTAL CENTER, ATLANTIC
CITY. ‘

REPORT NUMBER =
FAA-RD-73-32
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IGNITION AND FIRE SUPPRESSION IN AEROSPACE VEHICLES (FHASE
2)

by

CATO, R.dJ.
MARTINDILL, G.H.
KUCHTA, J.H.

12,/00/72

=ABSTRACTI-

THE EFFECTIVENESS OF HALONS 1301, 1202, AND 1211 A5 POSSIBLE
EXPLOSION SUPPRESSANTIS FOR AIRCRAFT FUEL TANKS WAS INVESTIGATED IN
IGNITIONS WITH SMALL CHARGES OF AN IM-%1 INCENDIARY POWDER {BARIUH
NITRATE-MG-AL) - AND 30 CALIBER INCENDIARY AMMUNITION. IGNITIONS
WIiTH THE POWDER 1IN A 74 GALLGON FUEL TANK INDICATED THAT OVER 8
VOL. PERCENT HALON 1301 IS KREQUIRED TO COMPLETELY QUENCH FLAME
PROPAGATIONS OF NEAR STOICHIGMETRIC N-PENTANE MIXTIURES AND TO
LINIT THE PRESSURE RISES TO LESS THAN 5 PSI; THE SAME
CGNCENTRATIONS WERE ALSO REGUIRED UNDER GUN FIRING CONDITIGNS. THE
CRITICAL HALON BREQUIREMENTS FOR QUENCHING THE INCENDIARY IGNITION
OF N~-PERTANE-AIR MIXTURES ©DID NOT DIFFER GREATLY FOGR THE 3 HALONS
STUDIED. OTHER EXPERIMENTS %ERE CONDUCTED IN & 216 (U. FT. CHAMBER
TO EVALUATE THE EFFECTIVENESS AND TOXICITY HAZARD OF -HALON 3800 IN
EXTINGUISHING CLASS A FIRES BY THE TOTAL FLOODING MODE. THIS AGENT
WAS LESS EFFECTIVE AND PRODUCED A GREATER TOXICITY HAZARD THAN
HALON 1307 . IN EXTINGULISHING COTTON SHEETING OR PAPER SHEETING
FIRES. ABOUT 10:T0 12 VOL. PERCENT HALON 3800 WAS REQUIRED FOR
EXTINGUISHING COTTON SHEETING FIRES, ALTHOUGH INCANDESCENI BURNING
WAS POSSIBLE AFTEE EXTINGUISHMENT IN SOME CASES. PRODUCT HF
CONCENTRATIONS WERE AS HIGH AS 2500 PPl, DEPENDING UPON THE
EXTINGUISHING CONDITIONS. SCHE COMPARISGN DATA ARE ALSO GIVEN FROH
TOTAL FLOODING EXPERIMENTS WITH LIQUID NITROGEN, WHICH WAS LESS
EFFECTIVE THAN HALON 3800.

-PERTINENT FIGURES- "

FIG. 5 MAXIMUM RATE OF PRESSURE RISE VS HALON CONCENTRATION FOR
FUEL TANK IGNITIONS OF NEAR-STOICHIQMETRIC N-PENTANE-AIR MIXTURES
(1. ATM.} AND VARIOQUS HALONS WITH AN INCENDIARY PORDER PAGE
10//F1G-. © HMAXINUM RATE OF PRESSURE RISE VS ~ HALON 1301
CONCENTRATION FOR FUEL TANK IGNITIONS OF NEAR~STOICHIOMETRIC
N=PENTANE-AIR MIXTURES (i ATHM.) AND HALGN '1301. WITH 30 CALIBER
INCENDIARY AMMUNITION AND 0.55 GR. CHARGES OF INCENDIARY POWDER
PAGE 13//FIG. 7 PRESSURE RISE V5 TIME IN LIQUID NITROGEN TOTAL
FLOODING EXPERIMENTS WITH AND WITHOUT COTTON SHEETING FIRE IN A
216 CO. FT. CHAMBER FAGE 21 C ' : o

~SOURCE INFORMATION-

351



CORPORATE SOURCE -
BUREAU OF MINES, WASHINGICN, D.C.
REPCRT NUMBER -
AFAPL-TR~72~96//PMSRC REP. 4178
SPONSOR. -
AIR FORCE AERC PROPULSICN LAB., WRIGHT-PATTERSON AFB, OHIO.
CONTRACT NOMEBER -
CONTRACT F33615-72-M-5008
OTHER INFORMATION -
0030 PAGES, 0007 FIGURES, 0007 TABLES, 0000 REFERENCES

352



ABRAHAM, Jo¢ <« o«
ACHILLES, Eo o - -
ADVISORY GROUP FOR

‘ 912 913
AEROSPACE CORP.
AHLEBRS, RoHoe o o o

ALGEB, BuSec . o « o o o o« = o =« = =
1731 2076
ALLGOOD, M. A&. e o o e e e e e
ANDREWS, €o v « o'« o '« m o o = o
. 402
ARMY TEST AND EVALUATION COMMAND .
_ 649 907 -
ATALLAH, So '« w o o o's o o o o o
1417 1463 1464
ATKINSON, Rede o o o ¢ = 5 o o =
AVERILL, C.PF. e e e

BAHHE@ CoWo e © o
BAI:LF IIIg G-o Lo. ‘o

380
BARTKOWSKI, A. .
BAUMANN, G.F. .
BEERY, GoTe o '« =

122

BENNETT, C.V. .
BLACK, DeOv « o 'w
BOBERG, JuE« o « «
BOTTERI, B.P. .
' - 121 . 122
BOWERS, WoB.o « o =
BREEN, DeEe "o o

1762 . 1763

BRIDGES, J.W. a
508

BROADLEY, D¢ « - o
1427

BROLLF .GnJl) « ® ﬁo 7

BROOKLEY, W.Q. -
BROWN, PeCe o « o
BUCCIGROSS, HuLe -
' 1463 - 1464
BURDEN, K.A.H. .-
BURGESS, D-S. .
540

BURK, F-Co '« = «

CALL, DeWo v » =
1557 1785

CAMBEIS, L. =« « =

CAMPBELL, Jo o o <
318

"CAMPBELL, Jol. o

CAHPBEI‘Lé ‘RGBO ) o
CAPENER, E.L. .
1731 . 2076

INDEX OF AUTHORS NANMES

o « =
£ L] o % w® Ll o w-

AEROSPACE

o < L

L] o o
] - ©
0 o -

- - -
L @ .
o o o
o ] o
a o o
o -] o
< £ ] ©
Ll o o
o - ©
o [ ©
L o o
L3 o ©
L o ©
© ] o

- & w o ="

L LR ]

w o o = L

&
a-oﬂe

a

&

a

- o o ¢ = w
- o o <
5 o - = =
- - < L] °
- o o = « =
o © - « = ©
- © © L) o =
- o @ o wm -
© - © o
© o - o - L]
- 0 © L) © L
< - o = ®° m
o - L o w0 ©
" © o ©
- o - v © -
o © - wm o
L] v o o = -
o o o © o »
© o L o - ©
o L) o s =
L < - ) © L

© o
o

RESEARCH AN

-8 a & 4

[ ]

s B

& 8 & &

o "

DEVELOPMENT

o s
O n 40
© o w
o o <
- o D
- = "
@ o o
© © o
o o« ©
- ¢ ©
© ] o
L] © o
a L] -
o = o
- =® ©
o o °
& o ow
© © w
© o L
- ® ©
o o o
® © 0
° o’ =
o o o
- - .
o Ll ©
© © o
o o -
B ) o ‘m
o L a
m o o
- L4 -
8 o =
L ] o,
« W w0
o L
€O L o

Cw -

R

s & 4 8

& & & &

o )

&

s & &4 a

T8 8 & B

L]

4 ¢ & ¢

1548
1096
911

3356
134
1730

1110
401

314
1226

201
1283
2016

378

328
1460
121

1197

744
73

1085
901

507

1180

1085

161
1058
1417

812
539

25

. 1556

370
317

1179

1886
3730



CARROLL, D.Fo
CARROLL, J.J . + =
CATO, ReJe = - =
17 545
CERBERUS LTD. -
CHAMBERLAIN, G. =
1732
CHANG, HeCe o o =
CHEATHAM, B.G. .
CHLECK, De  « o =
CHRISTIANSEN, G. .
CLODFELTER, B.G. .
COCKRAM, R.W.J.
COCKS, FoHe o « =
COHN, B.H
COHRS, .

i. Eﬂ o
CONLEY, -

DaWe
508
COUCH, A.L. -
CRETCHER, ER-.E.
CUCCHIARA, Q.

48 4
CUCCHIARA, 0.D.
392
H.BE. = &

1152
9

CUTLER,

198
DALLAS, A.¥. - - -
DALZELL, W.G. .
DAVIS, HeV. o« o =
DAVIS, J<Be =+ o =
DAVIS, Rele = = =

404
DE BOUVILLE, M. -

727
DELANEY, C.L. -
DEMAREE, J-E.

89
HOAQ - - .
1427
DEROUVILLE, M-
DIERDORF, P.R.
DIPASQUALE, L.C.-
DIQUATTRO, R.
600
DIQUATTRO, R.G.
DDDGE' Ho ©
DOLGICH, A. .
DONAGHDE, T. .
43
DONAGHUE, T.Jd.
392
DOWNS, WeBo - o
DRUMMOND, J.K.
EGGLESTON, L.A.
EKLUND, ToI. . .

DENREY,

o
o

s @
o We & & & 56 ¢ & @

&

L] [T Y )

]

¢« 8 & B 8

-

a 4 8

& a @ 8

s ¢ & & & 8 ¢ @ g ¥

e

olu_,_\annlauaoal

a ° 3

[]

s & 0 2

a & &

LI TR N |

=3} wn
¢ e 5 s lide e & s o0 4 e

.

DEFENSE DOCUMENTATION CENTER:

i
CEE TR I T B

4 @

4

. .

s & & & b ¥ 3 & 4 &

I T T B Y

« 8 & @

"R I ]

1 & ¢ 1

- L] L[] .

¢ & tNe & @
= .
. 3 =)0 ¥ @

¥ & & & 0 & & & 2 &

+ o« & §

4 a4 a &

P s & & B & B & b

1 3 &

s 4 s

- -
» -’
- -

-
- -
- -
- -
- -
- =
- L ]
- &
- » "
- -
- -
-
- -
- -
-
- -
- -
- e
- -
. =
- -
- -
- -
- -
- -
L] -
- o
- »
-
- -
- =
. =
- -
- -
L I
- -
- -
- =
- =
- -

354

« 9 8 & 85 & ¥ 4 0k

e« 8 & ¥ 0

¢ 4 2

» & 3

. » 2 @

1 & ¢ a

I S A

[ S T R

U TS O T B

« 4 0»

-~

4« & 8 ¥ @ " & & & v o 8 & e 3
[ I I T T

[ 2 T A ]

» I & & & o & & & & 3

s 3 =« 0 &

a» 8 4 4

& % 0

« & 8

4 * 8 ¥

a a4 4 B

[

P r al s

@ ¢ ® 8 & s 2 & 0 &

s & 4 8

a 4 » @&

[y} .
vy s @

e & 8 4 % ¢ b 8 &

a4 v o @

4

] & 4 *

« & s @

L s

[ S I T

« ¢ & a2 b 4 4 i e
e

L

)
pary
=
&

+

*» & 8 a @

s ¢ a @&

s & § 9

L] » L] | } L]

¢« @ 3 9

¥ & 4 a 8 1 5 & 3

& o + a1

@ 8 &

s & 4 8

¢ & 9

& » f 3 & & 5 2 ¥ »

4+ 2 * a8

« & a3 @

¢ e &

984
1110
16

1880
145

1886
1157
37
730
165
611
679
1179
1686
507

108
1395
37

391
187

461
642
1678
282
403

1334
715

1344

1180

643
1883
1678

599

729
282
653

37

391 .

906
964

20 -
201 .



ENTINE, G. .« -

EBICKSONp BaEn . = L Y
ETO ALo u.n o o o - L
FARDELL, P.J. o e e e

2062 -

FEDERAL AVIATION ADNINISTRATION

154 155 -156

FEDERAL AVIATION ADMINISTRATION.
451 .

448 489 450

FIALA, ‘Be  « o = o«
921 922

FIRE INTERNATIONAL .
1872 1873

FIRE RESEARCH STATION
, 799 800 :
FISH, Be o '« = o ="
PISH, R.H. « o o o e s
2002 :
DeWe ¢ = o =
526 732

FITTES, - o
1204
FOHLEN,

930*
1961
FIBE JOHBNAL ©« n';:cln n-

801

e o =

Gn HQ o - - o - =

-

157

. -
m -
-

L I
- »
-

FRIEDMAN, Re « 2« o = o = =
873 '
FRITSCH, Ko « o o o « v« » =

600 601. 729
FURNO, A.Le =« o o = o = «°
GANDEE, GeFo v o o = o = =
GASSHANN, Jud = ¢ o «'a
GASSHANN, J.de « = = < -

584 -
GEFFS, T. c e e e e e om
GEIGER, DeLe « 2 e o o o =«
GEOGHEGAN, HoBu =« o o = = «
GERSTEIN, Me o ¢ o v « o o o
91 904"
GoBe o« v « o'a .o =

GEYER, .

' ‘446 1364 1365
Hoﬂo - L

17 810

JaPe w o 0 o o =
168" 642

GILBERT,

GILLIS,

‘GILHEEp‘cho - = © = & w w

GIPEFRQI‘D .‘ﬂ L] o o = L
524 736 737

GOODMAN, Pu = « < o o =

391 392
GOODWINg Ge "¢ c o a- = =

GRABOHSKIf'GQJQ - o= ® o2 = ©

GRAVESQ Knﬁn = o n‘n'a

GRIFFIN,

526 732
GUHHICK; Jo Lo ° ® ¢ W

HAGOPIAN, JeHe o < o o
kqaop JO-I‘G = L] « B-

_HALEY,

772

JRc’ EoNc“ -w e ©
GRIFFITHS, D-J. o« o < .

- -
© -
- -

-
- ©

L
- L
© ©
- L3
- o

8 & & 8

931;

L]
-

o
-

" A B &

a8 8 & #& &

¢ & & 8
’

LI
- L]
- =
-

- L)
= L)
-~ -
o o
o "
LI
v =
-
o ®
- -
- L
- -
o =
- ©
- w0

-

-
- =
- .

"
L] Ll
o -
= -
o -
® =
LI -

s & & 9

a

L] a LI )

« & & & A

6 & o 4

4 v o 8

e & & & &

¢ o 4 ¥
'

& 8§ & @&

g & & A

8 & & & &

L N

a & & @

° s 6 'y

3 & & &

s 8 & &

s & a3 @

LI |

& B s &

L}

s & a5 @

& 8 4 -]

4 4 A a

6 8 a &

& 4 0 L]

6 # 8 8

679
1686
2002
1995

153

447

920
1542

2060
798

665
1309

525

773
872

589
928

1382
332

284
844
385

S0

445
16
197

665
523

108

771 .
1056
438
773
525

1549
1226
984



HAMMOND, J.L- -
HANSBERRY, H.L. =
HARPUR, W.W. « + =
HARRIS, Ded. =
HATHAWAY E.R. .
HAUN, CoCe o = =

HEADRICK, R.T. -«
HEBENSTREIT, L.V.

HENNEBERGER, H.G.C.
HENSHAW, Je = =« =

»
L]

HEREFF, TaG. « »- =
HEWES, BoVe « o =
HEWES, Vo o & =
HILL, Bue o« = o« =
HILL, B-Gu w» = -«
HOFFMAN, H.I. -
HOLMES, RoL. « « =«

821 .
HONSBERGER, B.A« -
ryn
HOPKINS, G.C. .
HOPKINS, W.AR. .
HOREFF, T<Gu « o =
457 458
HOUGH, Rele = o =
HUMPHREY, R o o =
JABLONSKI, Eed.
1405
JEWELL, E. <« » =
JOHNSON, C.L. -
JONES, J. . e oa
JONES, ReBe + = o
1055 1334
JORDAN, K.E. = « -
KALELKAR, RA.S-
KANE, W.B.  « .
KASSON, HeD. . .
KEEGAN, E.W. . .
568
KESTER, Fele « = =
1. 904
KLEUG, EoPo =« o o
287
KLUEG, BuPe o « .
89 1732
KLUEVER, E.E. .
KLUSMANN, E.B.
KOROLEV, A.I.
KRAJEWSKI, R.M-
KOCHTA, JoMa o« o o
17 33
928 2163
KUNBEUTHER, E.M. .
543
LANDESMAN, He .
LANGFOBRD, Bo + . «

a4 8 u

s 2 o &

e & 3 @

] . a " o

- L]
- -
- -
- -
- =
- -
- -
- -
- -
- -
- =
= e
- -
. -
- -
o -
- -
. =
- -
- a
= =
» =
- -
¢
-

-

-

- -»
- -
L
- -
- -
- -
- -
- -
<« =
= &
© -

L -
- - "
- -

+ [ ] [ ] -

»

[ I T T )

e o8 & & & 4 & s

- -

LI I
LI

- -’
- @

- =

- -
* =

" -

.« w»

- .

.‘-‘
- -

- -

- .

- =
- =

- -

. =

-« -

- =

- -

- 3

- -

- L
- *

- .

- -

- -

- =

- -

- -

- -’
- -

o

- -

-

-

-

-

-

- =
- -
- -
- -
- -
- -
- L]
- -
- »
- -
- -
» -
- -
- - -
- -
- & =
- s =
- - -
- - »
- - -
- - £l
- » -
- -
-+ ® -
- u
-« » =
- - -
- - -
- =
. =
-« =
- -
- -

- - -
- - -
- - -
- - -
L - -
-» - -

- - L]
= m -
- - *

W 4 s s & ¥ & & & 3 & 8

§ s & &

e & o 0

[ ] 4 4 [ L ]

L} + L) L

[ D I S I ]

« & & 3 & B 9

& & & &

@ 8 » & 4 @

& b 92 2

a * 9§ 4 @

s 4 s & @

@ 2 & & 0 ) 4 s 0

[

. L » L & »

. 4 8

a ¢ 5 0 8

s & ¢ 1

- -
- -
- -
- ®
- -
- -
. =
LI
-» -
- -
- -
- -
» -
o' -
- -
- =
.- -
- -
- -
- -
- L]
- =
- -
- .
- -
- -
- -
- -
- b
[} -
- L]
-
- -
» -
- -
- -
- -
- -
- -
- -
- -

.- -
-
- -

P T R T B

¢ & 5 4

] =
- -
L] L
- -
» =
- -
-

o
-

»

-
- -
- -
- -
s »
- -
- -
- -
- -
- =
- -
- »
- -
- -
- -
» -
- .
- -
- -’
- -
- -
- L]
- -
- -
- »
. -
- -
- -
- .
- »
- -

[ S ]

v 3 & 3 8 208 & s

+ & 3 1

8 & & & 0

[ T R S

LI BT B T

L]

8 4 4 4 8 & b 0 @ [ ]

" & 8 & ¥

983
557
1625
1797
1060
844
152
643
370
2002
244
108
460
1616
584
20
820

463

1061
794
456

2132
811
523

983
73
2136
729

1159
1226
1395
11740

567

9¢
164
88
1159
730
621
1686
16
772
542

730
1969



LAVY, M.¥.

I‘EEp Hc Rc o = =
LEEN, Bo o « = o =
LEVIN' Snﬁo . - "o -

347
LEVY, J.Ba =« <«
873
LEWIS, A. « o e
924 925

LINDBEBG, Jn En L
LINDBERG, JR., J-E

LODGE, JeBe .« « o
2043
LYDIARD, W.G. .
MACDONALD, J<B« -
; 929
MACEWEN, J<D.
MAGRI, Jol. . .
MALHBERG, Q. C.
MALMBERG, 0Q.C.
MARCY, JoFo w -
1392
MARTINDILL, G.H. «
516 545

MCEKASKLE, A.J. - =

554 -

MCNERNEY, J.M. ET AL«

 MEADE, JuPe . . .
1103
MELDRUM, D.N. .
MIDDLEWORTH, C.M.
508
MILLER, BoEe v = «
MINICH, Jo. <« '« =
MITCHELL, C.B. =
MORRISEY, D.J. .
MOSER, J.C.

MULLER, E.8. < « =
MURPHY, JceNo o o
NASH, P. - < .o

526 732

1005 10068
1373 1374

493 - 494
527 528

NEEL, C.B- «'s @
2002

737 1405
NEMECEK, Ju.Fo = .
NEWLAND, J.H: .
NOTEA, A o e e
O*NEILL, J.H. .
775

8 & F 8 8

4 & a8 8 »

o -

4 s & 8

B & & a

- L
o o
] o
- L]
© ©
- =
- -
- ©
L} -
o -
o -
© L
- ®
o -
- o
- «
- -
o e

- -
- ©
- <
% o
- -
- -
= -
- ]
“« -
L] L]

808

1007
1375

485
5289

o o
-« -
a L]
- L
- -
e

'iau'a;

A

o A & 8

8

8 &8 & o

4 35 & 8 @

4 ¢ 8

2033
NATIONAL ACADEMY OF SCIENCES-NATIONAL EESEARCH
1008
1376

s & & 8

£

BB & ¢

& » 4 3 B

B 4 5 @

- o
© E ]
a <
- Y
L] -
- L
- L]
° ©°
L] -
= o
] -
- a
- -
L -
o -
= -
© -

- o
o =
w %
L] L]
LI
o L3
s =
- =
°o =
® 9
© ©
» =
- L)

1009
1377 1378
NATIONAL FIBE PROTECTION ASSOCIATIGCN .
496
765

497"

733

© =
- -
- -
© ©
L]
LI

357 .

B s & &

s 4 B 4

E-] L] -
o o -
o £
-8 - o
o - =
o L] -
LI L]
E R -
o -
- - -
- - <
- o o
@ w °
% ® £
o0 L )
. = @
- -

2164

L L]
2 = -
- L] =

"= o =
- o =
° @ L}
L o w
LI -
- e =
« ® -

1010 -

498

734 .

] o
L [
L] o
€ L L]

 w©
LR
« o
v o
. s
- -
-« =
T =
o -
- o
- o
- =
o~ -
2 ®©
o e
e w

L -
o -

-

- -
e m
- -
o -
o =
-4 -
- -
L] -
o w
o -

o e <« o
* © L3 o
= = - -
< - LI
- o ° o
L1 - o -
- - - o
- o - L]
- - - L

L]
L]
L]
L]

- - 0w -
- L] R -
© o L I
o L LI
- = ° L

- - ©

- - L) o
© - a «
L o - D
- o o o
- o~ o &
- © L] L
- o w» R
- - o o

- -w a
- o - L

COUNCIL

1011 . 1012
1379

499

500

735 7387

e «©
- =
& -
® -
- L]
L] -

o - LI )
© - © o
- © - o
LI 1 © ©
- - o -+
- - - -

- o -
o o o
o o ©
I ) -

- L} o
- L ©
- L) -
- - -

L ® -
o « ©
L - ©
a - -
L L7l 0
on - o
0 - o

- L]
- o v
o - o
® W v
- = o
= o <o
- = ©
- 0 %

o - [
- L] -
L © -

2132
2042
13
346

872
923

2037
2086
810

815
815

au
1062
1023
151
333

33
553

844
796

1271
507

932
730
679

744
1063

928

525

1004
1372

592
502
892
1309

523

475
2002
1718

774



J.G=K- -
Foho ¢ o =

773 - 200z
JQEQ L o

PARDOQE,
PARKER,

PARKER,

PEDRIANI, C.M. =
PERKOWSKI, WoS-
PERLMUTTER, 2.
PETERSEN, R.C- o

H. B. .
524 736
PHILLIPS, B.G. =
PINKEL, T.I. . o
PLUMER, JcBe « -

91 166

RADNOFSKY, MoI. -«
BRAMMELSBURG, M.F.
RASBASH, D-dJ. .
RASKAUSKAS, Bedo
BEED, Te0c o « =

605 9495

REED, W.BE. -
REIDA, D.Le
REX, Ro o o o ¢ o
BICCITIELLC, S-R.
RICHARDSON, D.D. -
RIEMER, O. . o e
ROBERTS, II, J.¥W.
ROBERTSON, W.D. -
ROBINSON, P.R.
RODGERS, JR., R.R.
ROEBUCK, JR., J.A.

325

ROEGNER, H.F. .

BOLLE, SoHe =« o -
10571 1052

RUSSELL, JR., Ro.A.

926

FPETERSON,

-
- o ©

RUST-
RUST, JR., T- .
86
RUSTy T: = o « o =
RYAN, J.J« ° o =
508
SALYERy Tx0s <« o =
3890
SALZBERG, Fe » - =
318
CePo o o @
2136
SARKO,; PoM. - o
SCARFF, JRB., J.P.
SCHAEKEL, F.W. -
SCHEICHLy Lo o ¢ =
202
SCOTT; GeSe = o =
540

SARKOS,

JRO’ Tu -

L]

o -
- L
- -
o« -
= -
E L]
- -

o o
- ]
° ©
0 -

- L+l

= ©

E -
@ -
- a
- L]
-« =
° L3
° @
-

- o

o0 L]
L] o

- o
o L
o -
L L]
- v
L] -
o L]
-» L
o a
. -
L] o
- L]
- L]

- ] -
- -« -
o -

o @ °
- - -
-» - -
- - -
L] < o
- -
- -
- L]
o o
o o -
o . -
- - -
© - =
L] -
« - -
- - L3
L] - -
10&L
o - -
- - -
o o L)
- < =

- - a
b LI
- . =
] « =
o o °

. »
- -
- -
- .
- e
- -

-

-
- ©
- -
- -
- L
© o
- o
- W
- -
° o
o ™
< °
- =
- -
o o

-
- -
- -
- -
- -
- L]
-« =
* %
- -
L] -
- L]
° o
- -
- -
L] - -
- -
o -
LI I
- <
- -

358

* o &

o+ & &

[ L ] 4 ]

[ T S |

*

4 - a a

I T T ]

b & s B @

s & 4 2 & & 5 © @ 8

v & & @

-

816
665

505
1175
1157

103
1878

523

888
469
90

1311
1883
1569
47
160 -

584
1064
63
665
1204
1369
398
506
108
1197
324

376
1050

474

1254
85

1065
507

3758
317
887
773
1035
927
101

539



SEGAL, Y. .
SEIDEN, L. =

49 106

SHAPLAND, J.D.

SHAW, M.L. o o

‘ 1087

SIMON, S<Sc¢ <« «
SLATER, A. . -
SMITH, DeGu « o
SHITH, H Mo o «
SNO¥, C.C. o o
SOMMERS, D.E.

377 774

SPOLANg I. . ° w

17 33 516

STAMPLEY, JBR., O.
STARK, G.Wo =« o
STARRETT, P.S.
STEVERS, J.R.
SPTRAWSON, H. . -«

924 925

SZABAT, J.F. < o
TALBOT, JoEe« o =
THIBODEAU, J.E-
THORSELL, E.R-
TIMBY, EcBc o «
TIMMINS, G.¥.
TORRAVILLE, G.Ve
TOWLE, P. . o

600 - 60

TRUMBLE, T .M.

1

355 1066

TURNBOWR, J.¥W.
TUVEy RoL. o o
1405
VAN DOLAH, B.¥W. .
540
VERNOT, E-H. « - .
VERSAMy; E-F. - -
VESUVIO,; V.d.

VINOGBADOVQ ‘Aws-n LS

WAINRIGHT, R.B. .
WALD, F.V. o -
WATROUS, L.D. -~
WEATHERFORD, JR.,
WEATHERSBY, J.M.
WEISE, Cclec o w-
¥ELLS, B-F. . =«
HIGGINS, Eo W
WIGGINS, E.W.
WILFORD, S.P-.

WILLIAMS, E-J.C. .

WILLISFORD, W.M.
WILSON, R. o o
WINTER, J<S¢ « =
WINTERFELD, G-

© = - o

L] -] - L

- © o ©
© © o o
o E I o

N.Do

« & w -
- n o -
© - o -
- = o o

- o = L)
£ - © -
o = - ©

o -
o v
=
o -‘
- =
- m
o =
6 0

a -
- o
° -
= o
o ®
- £
L] -
[ L]
° o
- o
- -
o =
o -
o =
- «
= e
.- L]
- o
= -
L. -
o -
< -
b o
© -
n L
- o
- o
£ -
- o
o L)
- -
L
- -
L] o
o L]
L) -

- - -
- © o
o L] o
° - L]

© .
- n o
L] - -
- - L]

o ° -
o« - -
o £ L:)
- - o

s °
- -
n -
L] -
- L
e =
o -
547
° ’ -
» w©
a’ ®
. e
- a
o o
= -
L -
o ©
o @
- -
I
- -
L] A
e =
- -
» =
2 7 =
L. L]
- L
s =
- =
£ -
- -
c =
w -
- ©
- <
- -
v .
- -
v =
o O
- -
- L
- o

o -
PR
- =
@« -]
- »
L] L
®  ®
o ®
k] -
o °a

- 3
= =
- ©
- o
L -
- e
“w -
k] :
- e 2
- ©
L
- ®
v w
- o
o =
o a
» <
o -
° -
L ®
- -
e o
- =
v w
= o
2 &
w -
= ®©
- ©
- 0
- -
- o
- ©
- «
- -
L3 L.

1718
48

812
1086

204
570
1797
290
1110
310

16

563
1969

73 -
899
923

1460
570
677
989

1101
667
504
59%

274

584
523

53%

B4y
465
1059
621 .
103
679
647
927
357
462
1101
1023
151
932
809
245
1958
1057
930 -



231
WITT, ¥W. - - =
1642
WOJTOWICZ, A.
380 -
WOOLLEY, R. .
WRIGHTy TuGe .o
WYETH, H.W.G.
929
YANCEY, M,B. .
YOILL, C.H. .
ZABETAKIS, M.G-
540

360

1641
379

1728
459
667

152
20
539



INDEX OF MAJOR DESCEIPTORS

. o R [ -“ - - 0 £ 0 L - £ o = 2002
o o o o - o L © - = < o - o © 773
©« ®m w w ® ¢ @® @ © w© % ® 502

ABLATIVE MATERIALS © o 8 s =

ABRASION RESISTANT COATINGS -

ACCEPTABILITY ©c % w o w o om v ow o=
549 733 734 735 1170 -

ACCIDEHT INVESTIGATION © © © © % ® o © ® ¥ ® W W © v W u e 370

' 377 398 447 448 449 450 451 . 452 453 454
493 494 563 - 647 705 798 799 800 - 8G1. 802
803 804 805 806 1334 1346

ACCIDENT INVESTIGATICHS 5 o « o = o o » o o o a v o « = o o 1187
ACCIDENT STATISTICS =« © o v = =« o o« = = © o o- o = o o-a o o 1178
1254
ACQUSTIC SENSORBRS « v w © » © = o o« o o o o« «a = » o ¢« o = o o 1065
BCBYLICS ¢ c © « « o o o o« o = o o o = a » & o v o v o = « o 542
543
ADHESION o « ¢ © ©« © © « o © o o v« s o © o = o = o« © « % o o - 173
ADSOBPTIGN . . - 6 68 @ o ®w w e v s v © 0 e v o a s o 103
'AERODYNAMIC HEATING - o w = o v o o« w 0 o o o o o o« o« ¢ o = 729
' 730
AERODYNAMICS ©« © w o « o o = = » o © v « = o« s« ¢ < « = «-« « 1158
AEROSPACE ENGINEERING @ 6 w o o v 86 v s v s e o o w v o 984
1085
AEROSPACE ENVIRONMENT e m o wm 5 o 8 e @ v 6 o e o e © v 539
540

AIR CIRCULATION ¢ « = © ¢ o' o o o o o o o = s o' % o % o = o 332
447 448 449 450 451 452 453 454 456 457
458 2132

ATR CONDITICONING EQUIPMENT : < < < ©« = » = ¢ o & o = o = o = 475
AIR FLOW ¢ ¢ ¢ © ¢« © © © 5" o e v s @« @ = o © e o w u« = u =« o 584
ATR TANKERS <« =« ¢ ¢ s ©» v ©« ¢ « v v« o o6 ©« » s o « = = o = 1129
AIR VELOCITY ¢ v « ¢ © 6 v % » ¢ % 5 o » ® © = o' = = = " ® o o 447
4up 4y 450 451 452 453 454 456 457 458

610 -
. AIBRHORNE EQUIPMENT = o ® w ® ® ¢ ®w = v s o ® ° @ ° v v w = 166

570 - 599 600  601. 653 891. 892 915 916 1004
1005 1006 1007 1008 1009 10310 1011 1012 1035

AIRCRAF < < o = ¢ © w © © w o o =« o = « o o o o o = « o 1000
1005 1606 1007 1C08 1009 1019- 1011 1012
AIRCBAFT <« « ©» ©« © © « = © © o= © ©« v ©» © w » e « ©» a s » o = 1.
' 33 47 355 621 . 653 773

ArRCRAFT ACCIDENTS o [} Ll o o -’ ©° m L © " % o o u” o ® - - - p-1 o 101
' 108 152 324 325 346 347 370 456 457 458
469 493 506 5z3 567 568 621 1110 1175 2043

AIRCRAFT CARRIERS o a o ® o m 8 w' e me » e v e 5 v o o o. I8

: 737 794

AIRCRAFT COMPARTHMENTS © © ¢ v o 6 s = e = o v s w o o = o 1395
1779 1785

AIRCRAFT CRASH EQUIPHEENT o <« o ¢ o o o o = - S e m e m o w 108
202 - 317 318 5C4 . 505 506 50? 508 524 553
554 567 568 5¢s 600 601 . B47 649 733 734
735 744 758 783 . 800 - 801. 802 BG3 804 805
gos6 809 810 811 812 815 984 . 2042 2043

AIRCRAFT DESIGHN o o w © v ® ©° € ©v W W W © @ =+ o .-n & © © ® o 984

AIRCRAFT ENGINES « <« ¢ © o ¢ » o « ©» v ©« m = o« o ©« o = © & = 888
1346 1395 1616 1872 1873

361;



LIRCRAFT FIRES °

839 g0
42 447
496 502
547 553
665 677
775 794
806 808
S01 307

1050 - 1051
1060 - 1061
1157 1179
1405 1417
1785 1797
2043 20860 -

AIRCRAFT FIRESCRASH
ATRCRAFT FUEL TANKS

2163 - 2164
AIRCRAFT FUELS .
151 152
445 450
462 463
599 600
912 913
1023 1086
AIRCRAFT HANGARS .
458 527

1880
ATIRCRAFT HAZARDS .
370 - 527
AIRCHAFT INTERIORS
204 333
984 1157
1376 1377

AIRCRAFT LANDING .
AIRCRAFT REPAIR .
AIRCEAFT RESCUE .
AIRCRAFT SAFETY .

49 73
121 122
160 162
447 byg
465 493
529 542
705 774
804 805
983 984

1055 1056
1066 1086
1732 2132

AIRFLOR . s « o =
AIRFRANES © w
AIRPORTS . v « o =
202 317
505 5086
ALKALI METAL SALIS

L

L3

©

a L] [ &

o~ ©

91 .
448
504
554
679
798
810
311

1052
10862
1205
1549
1815
2076
FIRES

2165
284
451
464
601 .

923
1087

528

528

496
1180
1378

85
145
163
449
495
543
775
806
989

10657
1087

¢ (ilae 8 8
U -
s Wood 8 8

- - -

145
449
507
557
7¢5
789

811

§12

1053 -

1063
1254
1625

1883 -

2086

°

L] o «

346
452
465
732
924
1101

-

529

" 529
499
1226
1379

o

8 & e e

86
123
1£5

450

496

563

797
808
935
1058
1157

445
554

o
o o
©

202
450
508

570

715
800
812
913
1054
1664
1309
1641
1886
2136

o £ o

- Q ©

347
453
492
744
925
1204

- £ o

797
667

1382

204
451 .

499

370

798

810 -

1023
1059

1159 -

446
733

362

500 -
1311.

310
451
523
584
727
801
815
920
1055
1065

1334

1642
1958

L]

495
172
926

1730 -

904
54
1371
1427

89
155

244

452

500 -

584
- 788
815

1650 -
1060 -
1180

k93
734

901.

4 & b &

317
452
525
605
729
802
816
921
1056
1066
1346
1686
1861

318
453
526
611
732
803
887
922
1057
1103
1364
1730
2002

332
454
545
647
744
804
888
929
1058
1152
1365

1731 .

2033

447
458
526
904
929
2062

1763
1616

667

1374 .

2060

4 5 8 a
&
°

a8
401
494y
S4é
6us
774
B80S
899
1035
1059
1153
1395
1732
2042

796
1023

103
448
Lel .
563
911 .
985

4387
1878

166
1886
73
705
1375
i01
797
1179
48
108
158
402
461
528
667
803
964
1054
1064
1549

570
984
108
504

1625



ALKANES . +« <

, 91 610 904

ALUMINUM © = « o o o = =

g1 772 774

ALUMINUM COMPOGNDS . .
o 631 . 1886

ALUMINUM OCTOATE GEL - .

ALUMINUM OXIDES =« - « o
, 49 .

AMMONIZA <« =@ ¢« « o o« o =
540 -

AMMONIUM LAURYL SULFATE
AMMONIUH, K PHOSPHATES . -
_ 1372 1373 1374
AMMUNITION o o o « o <
S 2164 . 2165
ANIMALS =« ¢ o o = « o
‘ 1371 1372 1373
ANTIMISTING FUELS = . «
APOLLOC PROGJECT e e o a
APPLICATION DENSITIES

APPLICATION RATE o « o =
- 1731 . 1732 1762
AQUEGUS FILNS e ¢ o e
1365 1730 1731.

AQUEOUS FOBM « o © o = o
AQUEOQUS FOAHNMS o w6 e
: 901 1271 1364 -

-

oo

©

L]

ARMORED . PERSONNEL CARRIERS

1372 1373 1374 .

AUTOIGNITION « o © « o =
729 798 799
815 887

AUTOIGNITION TEMPERATURE:
154 155 156
AUTOMATIC DATA PROCESSING
AUTOMNOBILE FIRES © « < «
-AUTOMOTIVE FUELS ¢ © o = .

AV GAS « o % © @ 9 wm B
- 446 1204

AVGAS e v e 6 o o = &

B-25 AIRCRAFT e e e o

BIBLICGRAPHIES . « « <
- 557 . 715 727
BOEING 707  AIRCRAFT . .
‘ 799 800  80%1.
BOEING 747 AIRCRAFT . .
799 800  B8O1.
 BORANES & « o « o o = =

540
BGRON © v o e & o & =
BREATHING APPABATUS . .
- 892
BROMINE COMPOUNDS 5 e
4o2

BROMOCHLORDDIFLUOROMETHAN

-

-

o -

©

E

& a8 s »

1763

1762

o

1365

P

13735

800 -

b 3
‘ N
e A & & w]@

a 4 & &

L]
&
]

a & § 3

&

a a ] L]

2 a 3 B b P
' (=}
s & 4 & pos

& a ) L]

L]
°

e B A &

8

s 8 B8 @
4 & o A

90
90
930

926
48

539

1205
1371 .

21863

Buy
1101
1311

523
1730
1364

1542
502

1371

516
806

153
475
1460
1204
445
523
1159
370 -
798
798
1283
53%

2132
891

401

401



Q2 403 404
BROMCTRIFLUOROMETHANE

287 332 516
BUILDING DESIGE .« « = -
BULK STOEAGE - « < « + =
BUBNERS < ¢ =« » = o = o
BUENING RATE ¢« ¢« » » = o

545 5486 547
BURNING TIME - « o = = o
BURKROUT .« « « e o

86 1065
BURNTHROUGH (FAILURE)
86 403 404
2002
BUTIARNE e 0 v ® o x o o o
CABIN ATMOSPHERES a =
1797
CABINS e s ° o w
402 2060
CARBON DIOXIDE v o v =
287 385 401
1372 1373 1374
CABBON MONOXIDE <« o o =

o

CARBOXYHENOGLOBIN c

CARGO SPACES « . «
584 1371
1362
CARPETS =« <« « « =« « = =
CASE HISTOEIES -

°

1372

705 1729 2060

CASUALTIES ¢ v o o o o
567 568 647

CATALYSTS e e e e e e
165

CATALYTIC .COMBUSTION . .
153 154 155
459

CATALYTIC OXIDATION . .-
49 106 351

CEILINGS o © 2 o a s o o
CELLULAR PLASTICS o =

245 379 380 -

CELLULOSIC MATERIALS . «
2163 2164 2165
CHEMICAL AGENTIS . .

202 282 287

715 727 732

1008 1009 1010

1376 1377 1378

CHEMICAL ANALYSIS T e«

CHEMICAL COHPOSITION . .
912 913

CHEMICAL FIRE FIGHTING
727

CHEMICAL FORMS © e % =

1365 1815

& & & 8
e B8 & B
'] ] [ ]
& L] ] L] -] ®

8 e ] ]

2136

1283
357
1065
73

438
85

85
1065

842
1785

401

202
1371

1678
1110

332
1378

1460
370

370
106

103
392

48

2060
204

1417
108
526

1007

1375

282
911

- 715

1364



CHEMICAL INHIBITION
873 930 -
CHEMICAL PLANTS . .
CHEMICAL STABILITY
CHEMILUMINESCENCE
-CHLORINE TRIFLUORIDE
5389 540
CHLOROBROMOMETHANE ° =
844 1226
CHLCROPRENE RESINS o =
CIVIL TRANSPORT . .

Vel ]
W
PR ]

s 5 B 8
8 & A p

799 800 801.

CLASS A FIRES o w

545 546 547
CLASS B FIRES o o
1365 1405 1417
CLASS C FIRES o o o &
CLATHRATES ¢ « « = o =
CLEANING « ¢ « « o = = o
528 529 605
CLEANING AGENTS - o . o .-
500

COATINGS ¢ « = « © o = =

COAYIAL: CABLES v o = o
1365

CODES {STANWDARDS) © =
1729

COILORED NOMEX FABREIC . .-

COMBUSTIBILITY . « « «
474

" COMBUSTIBLES ¢ o < = «

: 89 377 385
COHBUSTION o L] w o . o
385 . 539 540

COMBUSTION CHAMEBERS . o

86 153 15

1052 1053 1054

COMBUSTION CHEMISTRY . .
‘COMBUSTION INHIBITORS

546 547 665

COMFORT &+« v w « w o = =

1460
COMMERCIAL AIRCRAFT . .

447 448 449 .

‘ Loy 453 494
COMMERCIAL AVIATION . -
493
COMHUNICATION EQUIPMENT
A 325
COMNUNICATION NETWORKS
o 1005 1006 1007
COMPARTMENTS © ¢ « « = =
: - 667 - 1463 1404
COMPATIBILITY s ¢ o o
. 516 605 920
1625 1961 2016

8 o & 8
6 & B &

Y

o -

a & & ]

1008

921 .

4 8 o &

5086

1009
922

365

8 4 & &

5 8 & &

¢ 4 a &
@

611

- 1011

¢ o o

1226

s ° 8 9

]
a & 5 8
a

872
1878
1417

37
63
516

333
798

33
1364
1417

63

527
489

1023
1059

1460

204
33

88
165

85
1051

665
545

1170
108
463

1157

25
324

1004

332

161
1363



CONPUTATION = © = = =« =«
COMPUTERS © ® v v o =
CONCORDE AIRCHAFT © =
404 570 1872
CONSTRUCTION MATERIAILS

1311
CONSTRUCTION METHODS . o

498
CONTAMINATION o © = o

CONTINUDOUS SENSORS

355 403 404

1056 1058 1059
CONTROLLED BURNING

799 800 . 801.

CONVAIR 580 ALRCRAFT . -
CONVECTIVE HEAT TRANSFER
COOL FLAMES < = = o = =

122
COGOLING < « © © © © & o=
202 287 599
COPPER ©w o © © ® © w o
COBROGSION “« = 8 v o =
1686

CORROSION INHIBITICOHN . .
COST EFFECTIVEHESS . =
346 347 525
803 BO4 805
1375 1376 1377

COSTS e T
no2 524 525
COTTON FABRICS o o wu =
2164 21765
COTTOKR FIBERS o =

545 546 547

CRASH PIRES + o o - =
73 101 108

465 469 474

563 567 568

744 798 799

808 809 810

928 932 964

1008 1010 1011

1179 1187 1254
1641 1642 1961 .

CRASH INJURIES 0 e ® =
CRASH LANDIRG o =

108 152 317
1110
CRASH SENSOBRS e o o

1463 - 1464
CRASHWORTHINESS < . <« «

134 152 244

912 913 926
CRYOGENIC FLUIDS « ¢ <« «
CRYOGENICS &= ¢ o « = <

732
816
1379

1179

201
506
600
801
816
a89
1035
1364

. 2042

324

347
928

366

798
1271

- - o

© o L

799
1371

621
803
921
1005
1087
1405

- 2076

469

542
964

L]

730 -

2136
475
403

1226
497
282

47

1055
798
647
438
121
164

8906
282

906
284
802

1373

401
2163
33

20
Lye
557
728
806
927

1008
1153
1625

1110
101
621.

264
932

73
911

1732
284



. 1732
CRYSTALLINITY

CURTAIN WALLS v e 6w o
DAHAGE CONTBROL < + o «
DC-9 AIRCRAFT e s ® w
4S8
DECOMPOSITION PRODUCTS
' 546 547
DETECTION 6 o o o e o

DETECTION TIME <« v o =

. 392 1616 1880
DETECTOR LOCATIOR ‘.. e

DETERGENTS o e o m u-e

DETONABILITY LIMITS . .

. 5490 '

DETONATION "o o o = = =
- 540 .

DIBROHGTETEAFLEOBDETHANE o

DIFFUSION FLAMES . =« o =«
-, %20 921 922
DILUENTS o u = e = o =
o o 154 155 156
‘DISCHABGE PRESSURE . <
737

DISCHABGE RATE - o e o
' 164 . 287 445

. 1364 . 1365 1382 .
DOHNHBSH o & v © ® 6 e -0

_ 508 .
DROP TESTS =« ¢ o < = o
. . 474 928 1158
DRY CHEMICALS e o = e
504 553 554
1271, 1364 1365
DRY POWDER o e m o w

611. 911 912

DRY POWDERS ' . . . .
T ues T aue 798
806 808 920
_ 2016 2042
DRYING © & « o o = o o« «
DURABILITY + < <o « =

DYES n‘ﬂ‘p; - o o o n - om L

- DYNAMIC CHARACTERISTICS
ECGHGMIC FACTORS « o - o
: - 325 505
'EFFECTIVENESS = e

545 S46 547

800 ~ 801. 802
911. 912 913
1364 . 1365 1405
1763 . 1883 1958
2164 2165

EFFECTIVESNESS o « o o

EGRESS o o « o w « = o
325 . 346 347

-] a . ] L]

s b &8 @

1625

1187
715
1815

o “©

313

s a8 8 N B
4 5 8 & &

610 -
803 -
920 :

15#2

1561 .

487

6 &4 & &

1€7

446

799

8 8 & & b

& o 8 &
B oa s s

158

545

1641 .

] o o=

& 8 & 8
4 & 8 3
a s & &

159

1642

546

8 a # .
B & &

802
1385

4 s & u 0
B s & 4 &
5 » 4 & @

772
806

930 -
1730 -

727 809
2016 2043
930 931.
® 800 . 801
922 1364
643 737
804 805
921 9§22
1625 1729
1969 1985

498

367

om - o=

506

2016

563

8 4 & &

[] 4 & g

a & L] a

737
1729

803
1625

48 4 & 5 A
8 5- 4 o =
& 5 & A &

811.

931
1731
2033

647

T

4 ¢ 8 2

8 & &5 & B8

a » 4 9

a 8 8 a

798
812
1152
1732
2132

a
4 3 & o 6

1886
333
1958
244

545

2037
391.

1880
1205
538

538

794
274

153
33

33
1283

507
134

108
931

202

398
805
1961

103
173
282
1715
324

502
799
501
1153
1762
2163

1417
324



ELASTORERS a ¢ & & ° o =
821
ELECTICAL EQUIPMNENT . . «
ELECTRIC SPABES o o < =
17 904 923 -

ELECTRICAL CIRCHITRY . . -

154 . 155 156
ELECTRICAL EQUIPMENT . . «
734 735 907

ELECTRICAL EQUIPHENT FPIRES

2016 2080
ELECTRICAL HAZARDS o o =
154 155 156
501. 527 528
ELECTRICAL HAZARDSAIRCEAFT
924 825
ELECTRICAL INSTLATION s
ELECTRICAL MEASUREMEXNT “
ELECTRICAL RESISTIVITY
924 925 14137
ELECTRONICS . ¢ « ¢ = = =
€679 899
ELECTROSTATIC CHARGES -
923 924 925
EMERGENCY PLANS .« ¢ = o =
EMULSIFIED FUELS - o = =
122 456 457
EMULSIFYING AGENTS -
812 913 927
EMULSIONS e © o m o o
912 913 928
ENCLOSURES © v v o o =
333
ENGINES < ¢ o o o o
ENTHALPY - = ¢ =« =« =«
ENTBOPY . ¢ o o« «© o
ENVIRGRHMENT MODELS
EPQXY RESINS - - = -
543
EQUIPMENT DESIGN . . o
165 245 274
5839 600 5017 .
1050 - 1051 . 1052
1060 - 108671 . 1062
ESCAPE MEANS . « o o ¢ »
508 984 1152
ETHYLENE OXIDE c v o o =

a

.1 a o ] &

540
EVACUATION © o o m = = 9w
325 49y 563 .
EXHAUSET SYSTEMS . o ¢ o »
EXITS e m w o % & o =
347
" EXPLODING WIRES . o =« « «
546 347

EXPLOSION DETECTION . . «

1886

4 5 6 o @

1153

924

157

© W

L o o

157
529
FIRES

a & & B8 &
a & B 8 @

L] o o

284
621 .

1053 -
1063

567

o LI A

o < -

B & o & @
a & 8 » &
4 o 8§ » B
LI T e‘ []
a4 o 8 8
& 4 8 8 @
8 & a2 a &
» 3 8 a &

¢ 8 8 § o

382
729
1056
1369

L]

4 a4 8 & 8
4§ & 8 8 B
4 a8 8 & =
4 & 4 3 20
4 e a8 & 8

820

653
16

153
1226
733
906

153
498

823
806
1369
923
355
611
20482
121
1087
911
S11
332
1616
676
676
730 -
542
106
570
964
1059
567
53¢
324

459
346

545
197



198 642 1549
EXPLOSIONK HAZARIDS P

- 88 89 153
161. 162 163

'§23 924 925
"EXPLOSION LIMITS o « o -«
EXPLOSION SUPPRESSIORN

380 459 545

995 1023 1175

1378 1379 2132

EXPLGSIONS s 8 @ a ® e
805
EXPGSTURE TIHE e ® o .m
84y )
BEXPOSURE TIHMES o ® ¢
EXTINCTION TIME . =

1365 1405 1417
EXTINCTION TIMES « « « o

BEXTINGUISHING e v o =
' 1642 .
EXTINGUISHING AGENTS . -
FABRIC FLAMMABILITY . o
. 204
FABRICS v« o o = © o o =-
' 1392 '
FAILURE « o e a o = o =

-

FALSE ALABMS ¢ < « = = =

' 907 1346 2086

FIBER OPTICS o« = o = = =
1066

FILTERS '« « < o o o o =

FIR EXINGUISHING AGENTS

FIR EXTINGOISHING AGENTS .
‘ 799 800 - 801.

FIRE ALARM SYSTEMS

88 89 310

1283 - 1346 1369
FIRE BARRIERS a5 m w
86 245 310

FIRE DAMAGE ¢ = © = = «-

1958 2060 -

FIﬁE DANGER RATIRG . -

FIRE DEPARTMENT . . « »
1005 1006 1007
FIRE DEPARTMENTS . .

497 498 505

FIRE DETECTION . . « -
FIRE DETECTION SYSTEMS

. 88 89 121

404 570 599

888 907 1004

1012 1050 1051

1062 1663 1064
1878 2037

FIRE DETECTORS « s o e
198 274 310

2062
154
274
gz9

546
1371
2163

122
600
1005
1052
1065

355

L L]

1010 -

s = o

- n o
L I

310

611 .

1007

1054 .

1085

775

314
642

1008

1056
1283

888

355
653
1009
1057
1334

899

539

63
160 -
540

1885
379

316
1377

33

1385
1364

1395
1641

333
73

1157

2037
355

888
1729
808
758

63

. 1063

85
399

438
1004

493

557

47
403
815

- 1011

1061
1369

197
1051



FIRE
FIRE

PIRE
FIRE

FIRE

FiRE

FIRE

FIRE

FIRE

FIRE

FIRE

FIRE .

1052 1053 1054 3055 1058 1549
DURATION c o o o m s = e v e e = =
EXTINGUISHERS 6 v 5 v o % @ v e ® o«

345 310 385 401 . 402 403
5086 507 508 527 528 529
642 643 649 765 715 727
799 800 801 802 803 803
912 913 920 9z1. 922 1085

1385 1417 1719 1732 1872 1873
EXTINGUISHERS BECGMOTRIFLUOROMETHAXNE .
EXTINGUISHING AGENTS s 8 o v e o w

85 108 145 1:3 154 155
161 164 197 198 202 284
332 357 385 388 385 401
446 460 494 496 504 516
546 547 553 . 554 557 611.
715 727 730 732 736 79%
802 803 804 . 805 806 809
872 873 911 912 913 520 -

1096 1179 1226 1283 1364 1365

1542 1556 1557 1625 16417 1642

1732 1762 1763 1785 1815 1958

2076 2136 2163 2164 2165
FIGHTERS © e & o ® & © © s @ o o o

438 796 1110 1173
FIGHTING © o © © o © s v o o © ° @

284 357 370 399 b4s 446
524 557 798 759 800 801
806 808 810 g11 . 912 913

1006 1007 1008 1009 10710 1011

1371 1372 1373 1374 0 1375 1376

1641 . 1642 1969 2042 2043
FIGHTING AIRCRAFT s v e w6 o = » =

1004 1005 1006 1007 1068 1009
FIGHTING EQUIPHENT .- c o « = o © = =

202 317 318 385 359 438
506 523 525 526 553 554 .
736 737 796 798 795 800
805 806 809 811 . 936 1004

1008 1010 1011 1012 1035 1096

1365 14085 2033
FIGHTING EQUIPTHENT o ¢ ¢ o o » « » =

1005 1006 1007 131008 1009 1010
FIGHTING TRAINING v 4 @ v @ a- 0 = ®

398 493 494 505 567 568
FIGHTING VEHICLES © o & o o o w o
202 494 504 5¢5 524 647
799 800 801 802 803 BG4
812 1096 1152 1153 1641 1642
HAZABRDS < v c o o © v o o o o o o = o

88 89 90 - 81. 121 122
318 324 325 333 377 385
457 458 460 - 469 495 499
611 798 799 800 - 801 802
891 882 904 911. 912 813 .

1110 - 1180 1427 2002 2076

370

-

-

-

-

-

1883 -

£l o E

] L]

404
553
737
805
1226
1958

o ©

- ©

156
287
402
523
642
798
810

921.

1392
1719
1961

504
802
936
1012

1377

1010

445

653 .

801
1005
7152

1011

733
805
2042

134
403
500
803

927

810 .

1886

496
554
774
806
1334
2136

- £ ©

157
310
403
525
643
798

811 .

922
1395
1729
20186

505
803
989
1179
1378

446
715
802
1006
1153

1012

- - o

734
806

404
539
804

1055

1011

274

2086

487

611 .

775
812
1364

809

310 -

438
540
805
1056

901
108
498
621
798
911
1365

584
88
159
318
445
545
705
801
844
931
1417
1731
2043

357

08
508
805
1005
1365
1405

653

108
493
732
804
1008

- 1364

1004

357

108
758
811

73
317
456
557
806

1103



FIRE

FIRE

FIRE
FIRE
FIRE
FIRE

FIRE

FIRE

FIRE

FIRE
FIRE

FIRE
FIRE
FIRE

FIRE
FIRE

FIRE
FIRE
FIRE

FIRE
FIRE

FIRE

FIRE
FILRE

HAZARDS ASSESSMENT o o =

91 . 201. 398 474

928

HOSES s e v ®w e = 6 ® @
1004 1005 1066 1007
1641 1642

INCIDERCE © t u s e =
789 300 801 802

LoAD « o o v ® ® o =

LOSSES « = =
MAPPING . - = « = ©
1005 11006 1067 1008
PREVENTION < < © = « o =
101 . 377 385 362
936 1004 1005 1006
1157
PROTECTION . < < -
17 121 122

- o = © -

] » L

o

153

164 165 245 284 .

404 462 454 4387

600 601 610 611 .

' 984 1004 1005 1006
1085 1103 1197 12&3
2037 2043 2132
PUMPS s o e © o o o =
498 733 734 735
REPORTING © = o s 6 o o

L]

RESISTANCE TESTING . « o

1686

RESESTANCE TESTS L] o L
774 775 g83 1463
RESISTANT COATINGS <« +» o

821 . 1463 1464
RESISTANT CONSTRUCTION .
557
RESISTART FLUIDS ‘e 8 e
RESISTANT MATERIALS . . -
86 346 347 7171

RETARDANT MATERIALS + o =«

1463 1464
RETARDANT TREATHEENTS -
821 .

RETARDANTS <« - = o
1004 1005 1006
1460 -

RETARDED MATERIALS -« <« o

SAFETY =+ =« = o v =

8BS 121. 122

1007

-

201

448 449 450 4351
465 506 542 543 .

SIMULATION o o o o o o =
525 526 732 736
1205 1254 1463 14¢c4
SIZE © o' m o e e ® o o
SPREAD < ¢ « <« « = © = =
91. 310 462 1730

888

1608
803

a  w® o

1009
492
1007

310
498
705
1007
1309

452

557

887

0

- 1731 .

371

154 .

911 .

1008

804

L] ] L]

T e - L

1010 -
605
1008

155
357
553
729
1008
1463

Ll

912
1010

805

- £ ]

611
1009

156
377
554

771
1009 .

Tuelh

1011 .

913

=

806
1012

677

1010

157
401
557
820
1010
1958

1011

©

]

515

E

1012

815

S0
816
737

1035

798

1392
398
1004

20
815
1012

16
159
403
599
964

1012
2016

497

936
773

3i0
820
152

983
85

1460
820

282
1158

1311
88
547
4604

474
1153

2076
90



FIRE STATISTICS .

567 268

806 815

PIRE SUPPRESSION .
20 33
159 160 -

318 332

449 450

469 493

567 568

737 771

803 804

891 892

1005 1006

1101 1103

1364 1365

1379 1392

1732 1762

2136 2163

FIRE TEBST © o =
FIRE TESTS ©« © o
85 86

445 444

771, 773

1205 1226

463 1464

1763 1880

2164 2165

FIRE TUNNELS . <« -
FIRE WALLS © e e
86 2037

FIREPAC 360 {TRADE
FIREPROOFING . . o
FIRES « @ © o .=

uug 449
FLAME ARRESTERS .
FLAME ARRESTORS .

17 456
2132
FLAME CONTACT TEST
86
FLAME DETECTORS .
274 . 460
1058 1060

FLANE ENISSIVITY .

17 153
333 403
b54 460
547 610
FLAME EXTINGUISHMENT
163
FLAME FLICKER o
FLABE IMPINGEMENT
86

FLAME INTENSITY .

1 - ©

798
1061
88
161
333
451
502
570

774 .

805
801
1007
1152
1371
1395

1763 .

2164

- © o

- w L]

88
374
774

1254
1542

1883 -

a o [

FLAME EXTINGUISHMENT . .
154 .

404
k61
773

Ll o o

0 O

- o0 -0

463 .
1061 .

E - <

799
1103
85
1€4
357
4352
5Co
5¢4
775
806
815
1008
13153
1372
1405
1797
2165

0 L 0

L - n

89
545
775

12773
1616
1958

&
a
-]

8 8 e a e
o

1062

< - L

125
447
463
g872

o o W@

800
1178

153
187
385
453

523

611

794 .

808

916
1009
1179
1373
1542
1969

- o -

- - -

197
546
794
1283
1625
18961

o 8 S8 8 e
in
Wwe 5 e e e

) © o

464 .

888
1064

o o

o o -

156
448
464
873

o o - L]

801

154
198
399
454
525

627 .

798
B80S
920
1010
1204
1374
1556
2016

198
547
887

1334

1641
2002

Lo o e 4 &
. w
o8 3 e & @

eyl

© L

1050
1883

L o

o5 © o

157
449
469
1175

FUEL-AIR MIXTURES ®

802

202
445
459
526
642
799
811
921
1011
1205
1375
1557
2033

557
1023
1364
1642
2033

158
450
539
1625

o - L]

155

310

803

15¢
287
By
460
345
665

800 -

815

922
1012
1226
1376
1729
2042

332
643
1152
1365
1730
2076

wWe o e 8o
¥
Wt o he s s

45171

540

-

804

157

310 -

447

461 .

5456
677
801
872
529
1035
1271
1377

1730 -

2043

e el ©

333
665
1153
1405
1731

2132

D& s s 8 s
wn
e 8 w38 8 @

506
805

158
317
448
462
547
732
802
873
1004
10386
1334
1378
1731
2076

1732
73
357
677
1204
1417
1762
2163

570
85

1958
310
447
458
772

16

1023

85

13
1054

274

16
287
453
546

162

888
85

570



FLIGHT DATA RECORDER

FLAME LUMINOSITY = <« « o o
FLAME OPTICS v « v © © o «
1060 1062 1064
FLAME PROPAGATION c o
17 a0 . g1
539 540 - 610
FLAME QUENCHING o « « o =
2164 _ 2165
FLAME RADIATION . « o = <
FLAME RESISTANCE . ¢ « « =
FLAME RESISTANCE TESTS o
FLA#E RESISTANT COATINGS .
820 - 821
FLAME RESISTANT FABRICS -«
FLAME RESISTANT MATERIALS
507 508 563
FLAME RETARDANTS « « = o« =
1159
FLAKE SPREAD o + « o © o o
91 310 333
FLAME SPREAD RATE v e
: 799 800 - 801.
FLAME SPREAD TEST o o x
86 BR7 4ug
457 458
FLAME STRUCTURE . o < =« o
89 274
FLAHE THROUGH ¢ o 8 o w-
FLAME VELOCITY o « « =« =
FLAMMABILITY ¢« « © o o u =
ung 448 449
458 542 543
FLANMABILITY LIMITS . « =
153 154 155
820 B21 915
FLAMMABILITY MEASUREMENTS
540 '
FLAMMABILITY STANDARLS o
FLAMMABILITY TESTIEG - = -«
771
FLAMMABILITY TESTS « o e
820 821 311
1427 1460
"FLAMMABLE FABRICS « o =
FLAMMABLE GASES + v o o =
49 106 172¢
FLAMMABLE LIQUIDS v o o
152 ug2 495
FLAMMABLE MIXTURES . « =
FLASH FIRES .« ¢ © ¢ © o =
584 887
FLASH POINT v « w v =« » =
528 529
FLASHBACK cm m e © o o
FLEXIBILITY ¢ o o ¢ o ¢ o

&

o - .

1066

151 .

872

o ©

]
.}
a & a8 ¢

< -

s & = 8

4 & o &
e

- g

a 4 & &
-]
8

L
L]
L}

L]
s
2 8 a

888
888

16
458

2163
888
932

1254
773

1170 -
204

333
90
758
1686
85
456
88
1616
201
25
457

151 .
244

539

2060
333

73
1311

1427
48

20 -

1175
333

527
1271 .

1958
475



1254
FLIGHT SAFETY

145 162 163
1006 1007 1008
FLIGHT SIMULATION v o
89 151 197
451 452 453
1087
FLIGHT SIMULATORS «
FLIGHT TESTS ¢ < » <« < =
153 154 155
282 284 642
1008 1008 1010
FLOODING ¢ o o © o = = =
545 54 547
FLOW RATE P
1107 . 3641 1642
FLOW RESISTANCE . « « o
1101 .
FLUID FLOW © & o o« o =
1101
FLUOQRESCENCE ¢ <« <« « o o
FLUORESCENT QUENCHING
FLUORINATED ALIPHATICS
FLUGRINE « « © ¢ w 2 « =
539 540
FLUORINE DETECTORS c =
FLUOROCARBONS © s ® =
1815
FLUCROPROTEIN FOAMS . .
446 502 525
'M4 (FUEL MIST INHIBITOR)
CBM ¢ = © ¢« o = =« o = o
1542 1815 1961
FOAM (MATEBIALS) « o - -«
51 . 204 379
1006 1007 1008
2002
FOAM BARBRIERS © o v w©
685 772 555
FOAY DRAINAGE e o w o
1205 2033 ‘
FOAM EXPANSION e v o ®
1641 . 1642 2033
FGAM GENEBRATION o o o «
498 502 523 .
1205 1364 1365
FOaM STABILITY © o % =
380 - 901 1204
FOAMING AGENTS . . o .«
504 507 508
1417

FOANB{MATERIALS) -

FORMS o e
1642

1961

FOAMS {HATERIALS)

164
1009
198
454

126
888
1011

L o o

-

o & & @

4 & & 8

526

2016

155§

= o B

8 o s L]

- o

166
1010

456

B L] L]

157

899

1012

s & K &
s & p 4
L] L] 4 a

]
L]
]

391.

- -

415

1011

392
4357

- » -

- o -

158
989
1155

- o -

& B ¢ B
s N & 4

a ] a ]

557

1012
447
458

158
1004
1170

a b & &
8 & & B

4 & g4 8

989
1334
448
469

= L a

°

1005

a L] 'y [}
2 & 4 =B
s & B &

161 .

o a =

1004

© -

449
643

£ - ©

%

244
1006

& 0 5 &
a 8 &5 &
s & a 8

73
1005

88
450
1086
310
145
245
1067
33
737
610 -
926
282
37
730
63

37
1542

445

1101 .
1417

90
1005
1460 -

245
1204
1205

497
1204

379

202
1365

108
1641 .

333



1311

FOG - » - 2 - - . L] - - - - L] - L] - L] - - L] - - - - 1: - - L] 151

FOREST FIRES o w o g o o « o ¢ o « m o v o o o @ o o o o = $36
1004 1605 1006 1007 10C8 1009 1010 1011 1012

FREON 1301 v o v m o o o o = o « s a o s a o 2 a o o+ . 676

FRICTION REDUCTION o @ & o o o o o o o o s a v s o =« o+« 1107

FRICTION SPARKS + o « « o o o o o s o v o o o a o o o o o 20
101 ' | |

FUEL ADDITIVES & o = o s s '« o « « s = = = « « o « s = = o 158
799 800 801 802 803 §04 805 BO6 923  H2u

945 g32 1101 186¢&6
FUEL CELLS » - - - - l. . o L] - -y - - - Q - " - - L] - L ] - » 133“
EUEL COHBUSTION - - - « w -« = L) ] = ¢« m o = - . © - « w 399

469 557

FUEL CONTAMINATION e e w e s e e e e m e e e e s s 37¢
380 605 _ ,

FUEL DROPLET SUSPENSICNS & v & & « o« o « + o 2 = « s = » = « 151
201 :

FUEL FILTERS & « o o 2 o = a s s « =« o s o o o s = = o o » o 523
824 825

FUEL FIRES B T T 357
523 642 €77 737 772 773 774 775  7%% 887

901 511 512 913 915 g16 920 921 322 927
S64 9B4 1023 1086 1087 1096 1101 130% 1384 1365
1405 1463 1464 1542 1625 1641 1642 1729 1730 1731
1762 1763 1815 1561 2033 2076 2163 2164 2165

FUEL FLOW e o = a4 4 m © s m s = = % % + 4 a4 a4 = m o = = o= 1023
EUEL FLGH BATE - - - - . - - » - - L] L a - - - L] T - - Q‘ .0‘ 1101
FUBL FLOH RATES - - L] - - - - - L - - - - - - - 1686

FUEL SAFETY & = o o =« = . - “ e e . - . . 25
48 49 121 122 134 284 346 347 357 b47
448 449 450 451 452 . 453 454 462 463 64
474 465 501 557 ° 563 599 600 601 667 772
774 775 758 759 800 801 802 803 804 805
806 815 816 SCH4 511 912 913 $15 516 523
924 925 928 32 9¢5 1023 1086 1087 1686
PUEL SPILLS =« « « T e e o = 134
152 317 448 TV, 450
451 452 453 454 461 469 474 495 557 74y
794 798 799 800 801 802 803 804 805 806
808 932 1271 ‘ S
FUEL SPRAY G et s % « % s v e w4 e o e e m s e s = & « « 1686
FUEL SPRAYS . . . . .
122 134 151 201 245 G32 :
FUEL STOEAGE . . . : s e v 6 ae e e m 399
495 311
FUEL TANKS .« e = . . . o . e o e v
16 17 30 51 103 106 151 152 153
154 155 156 127 158 159 161 162 163 165
166 197 148 245, 2854 357 379 360 yu7 G548
549 450 451 452 453 54 456 457 458 45¢
460 4671 462  WE3 464 465  L4%2 485 545 546
E47 605 610 642 877 744 7172 774 775 c0u
15 316 323 SZ4 925 929 g32 85 1175 1157
1271 1385 2132
FUEL TANKS FIRE SUPPEESSION & 4 ¢ v 4 w o ¢ v o o o o o = 240

" = - + ° .0 . = - © = o a 121

¢13



FUEL VOLATILITY . .« <« =«
399 460

FUELING HOSES v« @ = o

FUEL-AIR MIXTURES -

48 49 90 -

1589 545 546
1373 1374 1375
FUEL-AIR RATIO « & o =
FUELS e w o e & m = e
1995
FURNITURE v v o ¢ = =
FUSELAGES ¢ ®w o 5 o w®
347 507 508
GAS ANALYSIS ¢ w < © = =
GAS DETECTORS e o w w
774 775 1880

GAS MIXTURES « « = = « =
821
GAS STORAGE < <« < o < =«
892
GAS TURBINE ENGINES . .
524 2033
GAS-AIR MIXTURES « o o
2062
GAS-METAL INTEBACTIONS
GASOLINE « o © o o = = =
377 399 1405

GELLED FUELS < - = o = =
798 799 800
1086 1087
GELLED JET ENGINE FUELS
122 474 526
GELLING AGENTS © =

912  $13 926

GELLINGAGENTS = v o =

GELS o ¢ o © 5 « © o o =

GEOMETBY < <« ¢ © o o« = =
1730 - 1731

GLASS c e w o © e w ©
380

GLASS FIBERS o <« © o =
888 2002

GLYCOLS ° =} < 0 Ll @ E -
GRAVITATIONAL EFFECTS

GEEAT BRITAIN e = = e

GROURD FIRES <« . ¢ o o «
1365

GROUND SUPPORT EQUIPMENT
§895 507 508

GRECOURD VEHICLES . « « =
318

HALOGEN COMPCUNDS © o .

873
HALOGENATED ALKANES . «

164 287 401 .

HALOGENATED COMPQUNDS

a4 & &
s & & »
] L] ] L]
L] [] ] L]
s N & B
& o a1
L3 d 4 4
e 0 4§
& & g‘ a
. ] a ]
s & g A&
& 8 » &
s q * *
a8 & @

106

495
25
158

1372

1175
1101

1460

346

145
63

820
891
459
274

516
25

557
928

121

911 .

1254
1815

737
379
204

906
385

1427
1364

492
317
872
145

33



516
HALOGENS . -
HALON 1011

546
1379
1202
546
1211
546
1379
1301
546
1379

HALON

HALON

HALON

2164

1310 -
1372
2402
‘ 546
1378
38 . &
546
3800
2164
HALONS . &
920
1375
HANGARS . «

HALON

HALOHN

HALQON

HALCHN

HAZARDOUS MATERIALS

892

HAZARDOUS VAPORS . . .

48

665 1417
547 1371
1517
547 2163 .
547 1371
1417 1872
547 1371
1392 1556
2165
1373 1374
547 642
1379 1961
547
2165
921 922
1376 1377

L £ L] - o £

49 63

HAZABRDS ANALYSIS < « «

357 370
HAZARDS CONTROL .« - - .
465 492 497
797  911. 912
HEALTH HAZARDS . . =« .
1372 1373 1374
HEAT BALANCE - <« « « «
HEAT DETECTORS o o = =
11051 1052 1053
1958 2086
HEAT EVOLUTION . . . .-
HEAT FLUX . ee e e =
887 1463 1464
HEAT GENERATION . . « .
1058 '
HEAT INTENSITY .« o o o
HEAT RESISTANT COATINGS
HEAT RESISTANT PLASTICS -
HEAT SENSITIVE DETECTORS
907
HEAT SHIELDING « « « =
HEAT SINK e v e e =
HEAT STRESS « o o = =
HEAT TRANSFER o o . s

Towo

-

o

R 3

B B & a

o -

1372

21¢

1372

1873 .

1372
1587

1375

1371 .

o & & o

o

.

4 8 & o

- -

L

1373
2165

1373

2163

-

1373

1719

a & o 8

8 8 a 8
a

377

£ 4 B &

1376

1372

a & & A

4 &4 s a

n

)

T

o

o

s« 8 H

& 8 o 4

©

1374
2164 .

1374

©

-«

1785

1377

1373

500
824

P

1377 .

o L.} -1 [

13

& 85 & 8

o

L] o« =

] o o

1375
2165

-

1375
1797

1378

1374

6 8 8w
a & & &

s & 4 8

.
8
L

°

- -

1376

o

]

-

a & a2 8

] 8 L] &

L]

o -

Lo

1374 1375 1376

o«

1376
1858

1379 .

1375

¥ & a3 o

A 5 &

[ ] s 8

& & 8 g

© -

1377

a 8 5 8

4 4 8 a

©

1377

1377
2136

4 8 a @

] @ o @

a4 & & o

1460
545
1378

545

545
1378

545
1378
2163

1371

545
1377

545
2163

516
1374 .
21865
1880

891

37
355
398
528
929

1371

103
1050

- .1878

1055
474

438

570
173
887
653

2002
1254

888
1880



2002

HEATING <« o « = = © = © = s o a = ®» 3 = « e + e = = = o = o B87
498

HELICCOPTER DESIGN e © ®» = © % ® w ® = s = ®» w % ® % =5 = ® 984

HELICOPTERS ¢ = = = © = = = = % = = = & = » = = = o o o = ® 282
317 318 377 587 508 649 805 927 936 988

1004 3005 3006 1067 1008 1009 1010 1011 1012 1035
1050 . 1051 1052 1053 1054 1061 1062 1086 1087 1152
1153 1197 1334 1463 1464

HELICOPTERS FIRE FIGHIIRG e e v o o @ = 2 s o = s = = = « 1004
1005 1006 1007 1008 1009 1010 1011 1012

HELIPORTIS e © & © v @ ® ® w @ W w e m mw © = w v & = = w = 494
y595

HEXANES © <« o ©» @ = = ¢ = o - © o = = o ¢ = = = = = = o 2 o 2062

HIGH ENERGY FUELS e o o w o ®© @ & o 5 o o s o o o = s e o 1993

HIGH EXPANSIGON FOAM ¢ « o = o = s s« = » =" a =« = = o = = = = 611

HIGH EXPANSION FOAMS © = © = = = © s s + s © = ¢ o » = = = o 101
445 445 705 774 775 1364 . 1365 1405 1641 . 1642
1815 1989

EIGH SPEED PHOTOGRAPHY T XA

HIGH TEMPERATURE ENVIRONMENIS - o« = o e
198 3758 380 679 930 931 1886
HIGH TEMPERATURE GASES o o w % & 8 o 8 e o o » w v v e » o 1995

2062

HIGH TEMPERATURE MATERIALS v m ®w & ®m m s ® © ® ® m = o ® = 887
1254

HISTORIES @« o o © o © ® % % = @ ©®v e % 5 & w v = v a4 W o« = 504

HONEYCONB STRUCTURES ¢ ¢ © ¢ = w o o =2 = © @« » = » & ® = © a 712

HOT BOPTLE EXTINGUISHERS « <« =@ = 5 @ = 2 « & @ = s = © % o = 920
921 g. 2

HOT SUBFACES v =« © v« = © » » @« 5 » o @ » = = © =« 4 @ © = = = 310
729 a4 _

HOT WIRES 6o w © 6 8 mW-®w © w ®w ®w ® w = ® ° @ B .mw v e = ® ® 545
5446 57

HUMAN BEINGS ¢ « o = v o = o < 2 «iswe o .o = o = = « « » = 1103
1140 1309 1371 1372 1373 -1374 71375 1376 1377 1378
1379 1785 1797

HUMAN PACTORS w & © ® w 5 w ® © = @ ® w & W % w s w w © o 1110

HUMAN FACTORS ENGINEERING ¢« m = ® ®w o © m = 6 w ® © ®w == 314
376 - 524 S07

HUMIDITY o = o o ¢« = © % m =« « © » o @« ¢ & » o ©» o ° & a » = 48

49 .
HYDRAULIC FLUIDS © © = o« = = m- % o @ = o » ©» %= ¢ = = © = = = 983
HYDROCAEBCON PFUELS ®m w o ® e ® ® w'w © © % ® 5 ©B w s & = & 48
49 90 - 91. 106 153 154 155 156 157 158

159 162 163 391 . 392 438 539 540 872 873

1271

HYDROCARBONS o ¢ o © o ¢ = ¢« 2 = o =" = = = @« =« ® o = = = 2 3 516
1497 1556 1557 1815

HYDROCHLORAC ACID © ¢ w5 s o ® a6 @ = ® e s s = w o e = 844
1678

HYDROGEN - « <« <« =« ‘
i3 63 274 539
HYDROGEN BEOMIDE . - 5 e o =« o o
HYDROGEN CYANIDES e o e o e @
HYDROGEN DETECTGRS @ o % 4 e e

" = = 5 & = LI ] L3 84“
L 2 = = - o = = 1678

4 & o LNe
F=3
e 8 Do
[\%]
5 & 8 OF
[s#]
« 8 3 Oha

378



HYDROGEN FIRES o « « =«
HYDROGEN FLUORIDES o o
2163 2164 2165
HYDROGEN PEROXIDE - -
' 540
HYPERSONIC AIRCRAFT @ . .
HYPOBARIC ATMOSPHERES
1557 1785
IGNITION v = o = =
73 90 91
450 451. 452
540 610 642
IGNITIGN DELAY - e = =
546 547
IGNITION LIMITS o o- = =
. 1087 . 1175
IGNITION PREVENTION . -
245 447 448
462 463 464
IGNITION SOUBCE <« « o o
o 30 - 9%t 38
454 456 457

- 964 . 1157
IGNITION SCURCE DETECTION
4s9

IGNITION SOURBRCES . - «- =«
IGNITION SUPPRESSION . o
: 153 154 . 155

546 547 598
2168 . 2165
IGNITION TEMPERATURE . .
91 904

IGNITION TESTING < « o =

89 310 333

IMPACT o o o 'm ©« o wm- o

346 347 474

IMPACT FLASH ¢ ¢ < o = =

INCENDIARY MIXTURES . .

" 546 547 2163
INCENDIARY PROJECTILES

2164 2165

INDUCED VOLTAGE o o « =

154 155 156

INDUCTIVE SPARKS ¢ o« <« «

INERT ATHOSPHEBE ¢ o o «- o

INERT GAS QUENCHING . .
153 - 154 155
447 4u8 449
463 . 4b64 589
INERT GASES < .

1732 1969
INERTING o o D o o. LI =
1371 1372 1373 .

INFRARED DETECTORS o w
49 1004 1005
1878

458

o 1] L]

156
500

932

2164 .

© L

157
156
450

600 -

L] o o

1374

0

4u7

621 .

L o

1006

157
451

601 .

1007

379

1375 -

449
e

158
Ta4

451 .
744

o -]

453

451
823

E- P

162

584

274
1678

53%

643
1556

25
449
539
545

1086

151
k61

20
453
925
377

1103
101
545

2163

S0

88
134

1175
545

2163
153

166
492
103
385
460

492
165

1395
48

- 1012



INFRARED EMISSION s s m
INFRARED FIRE DETECTORS .
INFRARED RADIATION © © =
679 1060 1064
INFRARED SEMSORS ¢ - =

355 1050 1051,

INHIBITION © o © e = o =
1763

INJECTION e ® o & =® = =

INJURIES < = © © = = o » =

INORGANIC SALTS < o =« « =
872 873

INSPECTICHN s o o ® e v w
2416

INSTALLATIONS © v o o =

INSTRUMENTS <« = = =« = =

INSULATING MATERIALS . . -
1464

INSULATION « ¢ v & ® e ®

INTEGRATED CIRCUITS <« « o

INTERIOR FINISEHES v e w
20690

INTERIOR FURNISHINGS . - »

INTUMESCENT COATINGS . - .
773 1309 2002

INTUMESCE! T PAINTS - e m
11 64

IONIZED P. RTICLE DETECTORS
1 58

IRRADIAKCE s o v o = e =

ISOCYANURATES o o = ®m o
1464

ISOTOPES v« ¢ < « s o = » =

JET AIBCRAFT . - < =« « = =
448 445 450
1130

JET ENGINES ¢ w = o = =
392 475 729
1616 1883 1969

JET FLAMES o ¢ ® © 2 o o

JET FUELS © ® o ®m e & o .
198 201 377

JET TRANSPORTS “w & © ® =

JdP-1 JET FUEL v e ® e o
1204 1995

JP-4 JET FUEL e e = o e
845 Lig £47
456 457 458
1763 1883 2062

JP-5 JET FUEL © v w o =
380 523 642

dP-6 JET FUEL ® 0w o =

KEROSENE ¢ = « o ¢ v o o w-

S0 - 91 121 .

449 450 - 451
1101 . 1886 1880

1054

- - -

399

Tow - L

- - -

1175

377
454

1051 .

450 -

1731

1061

1064

- Ld -

496

1063
20862
1463

1309
355
1678

1460
771

1463
18846

274
1463

1718
447
1057

391
1065

1883
197
1728
926
1101

201
454
1762

375

106

25
448
474



KRYPTON « o o o« ¢
KRYPTONATES . . .

.49 63
LAMINAR FLOW . « «
LANDING GEARS .
LEAK DETECTORS .

392
LEAKAGE v o = o

584 932

&
4
&

- o o

LETHAL CONCENTRATIONS

LIFE HAZARDS « « o

325 808
LIFE SAFETY . . =
881 . 892

LIGHT SCATTERING .
LIGHT WATER .« «

318 357
554 732
804 805
1762 1763
LIGHTING EQUIPMENT
325
LIGHTNING . oo
‘ 1. 153
¥O4 . 447
457 458

LINE DETECTORS = .-

1873

LIQUID FIRES o o »

665 872
LEQUID FUEL MOTION

1163

398
737
806
1815

- ©

154
448
463

198 642

LIQUID FUELS <« o
. 151 . 665
LIQUID NITROGEN .

154 155
287 557
LIQUID OZYGEN °
891 892
LOAD CAPACITY .
LOH DENSITY FOAMS
154 155
LP-GAS ‘e v v © =
LUGBRICANTS o o =

' LUMBER YARDS ¢ « =
MACHINERY ROOMS .

1372 1373

MAGNESIUH FIRES -

.- 873 1334
HAINTENANCE e o 0.
© 492 496 -

7135 797

_ . 1010 1011

MANAGEMENT = .« < o

- 1005 - 1006

HANAGENENT SYSTEMS

8 a8 8

b
=

8

—t

a fad a8 2 Lad 8 aab
-] n :
S8 = 8 6 e o S

L]

891
1012

1007

o o

11310 -

873

439 .

© ©°o w

1180 - 1197
130 1785
399 445
793 798
808 809
1961 . 2042
155 156
449 450
864 465
"1271 1762
1763
157 158
808 1732
" 957 158
1375 1376
500. 527
852 1004
2016
1008 1009

o = o

381

a a8 & M

-t
5 {8 8 &4 o Lac 18

© o

¢ wm

1678

1797

446

7935
811.

2043

157

451 .

497

1263

TR

EN |
8 w]e o s 8 pHE s

L]

528
1005

© o L]

8 8 s 8
(]
]

1010 -

2043
523
800

S01

2076

158
452
498

529

1006

1011

- O o

2002.

1880

525 526
801 802
1729 1730
158 166
453 454
611 S04

o L Ll = - =

1969 2016

a B g & B g
sk
& Lue 9 o 8 3o @
] ~J]
s e 2 g & 4k 4
s & s & a
s 5 g M ]
48 & o @ ]

®»° o & & ®

705 733
1007 1008

1012

= a o a o o

37
48

1101
621
391
134

B4y
324

649
1060 -
317
553
803
1731
324
90
403
456
1872
502
197
103

153
284

20 -

105¢6
153

1271

983
1878
1371

872
475

734
1009

1004

1004



1005 1006 1007

MASS CONSUMPTICN RATES

MASS TRANSFER e v =
MATERIALS HANDLING -
492 495 50

MATERIALS TESTS .« - «
MATHEMATICAL MODELS -
MATTRESSES e o o o =
MB-5 CRASH TRUCK . . -
MEASOREMENT . ¢« = = =
931
MEASURING INSTRUMENTS
MECHANICAL EQUIPMENT .
MECHANICAL FOAM . . -«

& a4 & 8 B

o

1364 1365 1405

MECHANICAL FOAMS . . -
MECHANICAL PROPERTIES
380 -
MEDICAL SEBRVICES -
METAL COMNBUSTIOCN
METAL FIRES
METAL FOAMS
METAL SALIS

T e

s g B 4 M
a o ] a ] ]
L] & ] L] L] &

6 a o &

METALS ° .
g1
BICROCIRCUIT COMPUTERS
355

MILITARY AIRCRAFT .

©

17 153 154
166 245 314
802 803 804
984 1050 1051
1334 1346 1369

MILITARY AURCRATFT -
MINE FIRES = e e e

1372 1373 1374

MISSILE SYSTEMS .« o -«
MIST « « o © o o = « =
1686
MODELS v o o o .« «
MOLYBDENUM - . « .

MONNEX {TRADENARK)
MOTOR VEHICLES . .

8 b 5 6 s 8

NACELLE FIRES ° o
89 355

NITRIC ACID . - - -
540 -

NITRCAROMATIC AMINES
NITROGEN

L ]

NITROGEN DIOXIDE .
NITROGEN TETROXIDE .
NOMEX FABRICS e e
NOZZLE DESIGN e

8 O44 o 8 o 8

o

* e

1.

a6 5 & ]

]

[

L

.l

459 460 677 820

« 3 4 4 0
« « % & 3 Ol
« & & & & uas 0
PR T T 1 .
@ 4 3 s ¢ De 3
w0
1 8 2 & B »
*« ¢ @ 4 2 8

a 8 & & 8 &
] -] -] a L] l
i & e &
a« o 4 a . B
« 4 & & & & -
I ¢ &« 8 » @&

4 4 4 ¥ b @

' e
» B
| I}
[ I }
. »

- R
 WWe & a4 8 @

010 10711 1012
907 923 924 925

s 4 & & W
a * &8 & 5 A
4 & a2 & 8 2
s & @8 & 4 @
A & g » B B
e & 5 & 3 @
s b 8 5 &5 @
3 & & ©o 8 4
e 5 8 ¥ 3 e
s & s B & &

157 158 159 161
€05 798 798 800 -
803 915 916 - 964
1054 1063 1066 1085

L]
L]
L]
L]
[ I 1
L]
[ ]
é
[ ]

a4 6 ¢ @

- LI S
s 8 2 & @
. @ .- . 8
s & ) & a
& o K 80 @
3 & 8 &
# & & K @

e ® - W & @®# = ©» W =2 =

821 1371 1372 1373 1374
1376 1377 1378 1379 1395

1 . . . . . . L] L] *

33
103
282

1226
907
2136
1460
736
930

1718
653
1271

1813
37¢

494
516
516

2132
730

90

47

16
165
801
983

1158

160
1371

1096
832

2076
1549
1625
501
88

538

773
103

1375

1678
539
772

1719



NOZZLES . . -

OXYGEN EN
OXYGEN MASKS .

821

£ -]

o

< ©

PACKING CONFIGURATION

: : 17
PAINTS . s w®
: 528
PAPERS © © o

5486

PARTICLE SIZE
PATERTS < < <

529
547

o ©

©

a

o

o o

1311

L o

o ©

2086
PATHLOGICAL EIFYECTS . .
PATHOLOGY © v v e w ow
PBI - (FABRICS} « e o o
PENTANES ¢ v © ¢ v o o o
2163 2164 2165
PERFORMANCE EVALUATICON
649  73¢ 901
1373 1374 1375
1763 - 1961 . 1995

PERFORMANCE EVAULATION
PERSONNEL EVACUATION . .

347

370

PEEROLIC -RESINS .

543

o

5086

a -

737 901 1364 1365
- 1763
NYLON e v % w ow v s oo u e
543 545 546 547
NYLON RESINS « <« o © © o - v « e
, 380 -
ONBOARD EQUIPMENT c o o o =
216 . 920 921 822
OPERATIONAL HAZARDS <« <« « o o
499 500 527 528
OPTICAL MEASURING INSTRUMENTS
403 404 888 1050
. 1064
OVERHEATING v « o o o o o o o
88 89 310 355
1052 1053 1054 1056
1369 1872 1873 2037
OXIDES c o oo w . o s & o
OXIDIZERS e o o w e 0 6 o w e e
. 63 536 540
OXYGEN ¢ ¢ o'e o o w o o o o
' 539 540 820 821.
OXYGEN ANALYZERS v« ¢« ¢ o = n o
‘ 391 . 392
OXYGEN COMSU#PTION c o o w =
OXYGEN CONCENTRATION « < « o «
i53. 153 155 156
165 244 284 385
QXYGEN DIFLUORIDE ' . ¢ o o =
ENRICHED ATMOSPHERES .

o L] L

O o -0

4 8 & s
5 A & 5
L] L] [} El

907
1376
2062

-

o

L]

647

© o o

a

528

o w

1051 .

o

1057

B

1405

677

© o L

1334

o3

1417

4 A a2 A
a
a

1170
1378

.

.

1641

8 o a B ]
&
a & & ] ]

- TR

1364
1379

o

0

]

5 & a o

1642

-]
a

a & o 8

& o u 8

©

s
[l
¢ & & B

1719 .

151
1762

542
379
915
461

274
1062

47
1051
1085

2132
37

103
106
1180
106
163

63
385

611
16

527
545

1625
621

84y
1678
1170
- 172

524
1372
1762

1883
346

542



PHOSPHORQOUS COMPOUNDS

PHOTOCATHODES s o = =

PHOTOCHE#ICAL REACTIORS
49
PHOTOELECTRIC CELLS - .

PHOTOGRAPHY . =« o =« = o

1175

PHOTON DETECTORS . « « «
679

PHYSICAL PROPERTIES . .
730 927 1364

PHYSTOLOGICAL EFFECIS
1372 1373 1374
1678 1785 1797

PIN SENSQRES .« « « = = =«
PIPES ©c o ® o 5 ° o© =
2136
PLSTON ENGINES e a o =
PLASTICS o = = « o o =
333 542 543
PLEXIGLAS {TRADE MARK)
1464
POLYBENZIMIDAZOLE o e
POLYCARBONATES « « o =
542 543
POLYESTER RESINS . . - -
543
POLYESTERS 5 e om oo e w
380 -
PGLYETHERS e o e e ® =
POLYETHYLENES s & w =
POLYIMIDES s = o e e w
380 - 1311

POLYISOCYANURATE FOAN
1463 464 2002

POLYMNERIZATION = = e ow
POLYSULFONES - ¢ w o =+ =
542 543

PCLYURETHANE FOAM ° =

POLYURETHANE FOAMS . =
16 17 134
245 379 380
454 459 874
1678 2132
PGLYURETHANE POANS o »
POOL BURKRING . ¢ «

438 445 446

PORTABILITY . .
4986 1226

1958

POTASIUM COMPOUNDS P

931

POTASSIUM BICARBONATE
1372 1373 1374

POTASSIUM CARBONATES . .
318

POTASSIUM CHLORIDES . .

154

448
610

1460
1549
48

899
282

13
502

1371
1557

47
1101

729
73

1463

1170
204

542
379
1460
610
378
1309

773
204

665
159
453
1175

160
201

274
930
1371 .
2016
317

1815



2016 |
PGTASSIUN SULFATES . .
POWDERS < w ¢ © o« « = «
POWER PLANTS < « « « = «

-89 145 164
POWER SUPPLIES ~.w - .« »

PRESSURE-« o s « o < « o
2136
PRESSURE DROP - e e ® e

PRESSURE EFFECTS © 5 o o
- ‘ 163 .7 332 . 391

-1052 1053 1054

. PRESSURE GRADIENTS “ e

17 610 .
PRESSURE REGULATORS . .
892
PRESSURE RISE o o = «
i 2164 2165

PRESSURIZED CABINS = ¢ - «

PRESSURIZING o « « o =

677 920 921 .

PRODUCT INSPECTION - . .
. 649 :
PROJECTILES © e v e o o

: 774 775 1175
'PROPE&LANTS ‘¢ ¢ e'v 5 =
‘ ' 643 ‘

PRGPEB?Y CLASSIFICATIONS
' 498
PROTECTIVE CLOTHING . &
- © 796 1170 1311
PROTEIN FOAMS " <« o o« =
318 445 446
799 800 801
812 ¢ 901 . 1204
1625 1762 1763
‘PUMPER SPECIFICATION“
PURGING v o o o o « o o
' 677
PUEPLE Ko ¢ o o = o o .o
: c uas 523 1729
PYROLYSIS . e e e e
PYROLYSIS PRODUCTS " e e
1371, 1372 1373
_ 1678 - . '
PYROTECHNICS « o w o o«

QUABTZ e Vn ‘o % 6 & o . 6°

.. 1549
QUENCHING s e e e e
© 153 - 154 155
284 377 447

0. 461 . 463

. QUENCHING DIANETER . .
QUENCHING DISTANCE. .
QUENCHING FUEL TANKS o
RADIANT HEATING . . .

562

802

1205
1815

o L

o o

L -3

4 & 4 A

1815

© -

1374

a .8 6.5

803
1271
1961

o < a

1375

157
445

B e &

385

523

a ] ] a

.-

T

LI -}

2016

. a8 -] L] &

525
804

1283
2033

L L

- o

2042-

L

1376

8 & & @

5286
805

1364 .
2043

a & a A

& 8 A 3

i61
452

8 ] & &

o B 4 a

. ] -3 & a

794

808
1405

165
453

] 4 o &

] ] .} -]

1815
1625
88

1732
676

2037
162
1051
16
891
2163

611
643

502
677
37
497
438
317
798
811
1542

736
459

445

1392
844
1417

643
13

51
244
454

202
502
160
438



1180

BADIANT PANEL TEST METHOD
RADIATION DETECTORS

679

RADIATION HEAT FLBX

1730

RADIOACTIVE KRYPTON

49

1058

1731

63

1066

- -

RADIQACTIVE MATERIALS
RADIOCHEMICAL RELEASE

48 45 - 63
RADIOMETERS o ¢ =« « = =
REACTION KINETICS o v

872 873
REFINERIES e e 5 8 © =
REFRACTORY MATERIALS . -
REFSET c v o v e ° W

821
REGULATIONS .« =«

REINFORCEMENT w = m e e

RELIABILITY . - .
1886

RESCUE OPERATION - - « -~
1005 1006 1007

RESCUE OPERATIONS s =
317 318 370
568 649 733
802 803 804
1006 1007 1008

2043
RESPIRATION =« o < ¢ = =
844 1556 1557
RESPONSE TINE s ® o =
1886 2042 2062
RBESPIRATION .« « = = =« «
RETICULATED FOAMS o o
16 17 134
60 375 380
454 459 474
BETIMET < = = o o « = =
RHEOLOGY ¢ = v = = o o =
927 1086 1087
ROCKET ENGINES « & w» «
ROCKET PROPELLANTS - s
873
BUNWAY FOAMING o © o =
493
SAFE HANDLIKNG © v e o
447 448 449
8392
SAFE SEPARATION DISTANCE
497 498
SAFETY ® o % © o & ® =
1005 1006 1007
1373 1374 1375

SAFETY CHECELISTS

© ©

1009
1377

386

798
936
1012

» = =

1011
1379

73
ol2

438
48

493
37

438
103

1878
2132
820
73
134
314
1004
108
567
801 .
1005
1178
796
1883
1678

159
453

2132
92é&

1096
872

101

25
891 .

357

1004
1372

492



495 797

SAFTEY STANDARDS <
'SAND o e o 4 o < o

1731

SATURATIGN e 4w
SEALERS o = o.o o
SELF- EXTINGUISHHENT
SEMICONDUCTORS .-
SENSITIVITY '« . &

355 679

| SnNSITIZERS Ceie -

SHIPBGARD FIRES
SIKORSKY - AIRCEBFT

SILICA © » « v v o-

SILICON CARBIDES .
1886 2132
SILICGNE OXIDES .
931 -

. SILICONES . - « ..

983

SILVER . o0 o o

"SIMULATION me a
o u55 457
SLOSHING . . D o
SKOKE - 'b*n*; -

543" ‘887

SHOKE CHAMBER  TEST
1427 -
SHOKE.DETECTORS .

1012
SAFETY DEVICES o
' 733 734
SAFETY ENGINEERING
89 34
_— . uso . 451"
SBFETY FACTORS o
891 892
SAFETY STANDARDS .
108 WS
454 . 862
1004 . 1005
1051 . 1052
1061 1062

°

o

11

4

-

o

10
5

° ©

20

o

©

. 1050 - 1051,
/ SMOKE HAZARDS - .
T U 862 . 542
SHOKE PRDDUCTIGN
ST 27 2002
SODIUM BICARBONATE
1815 - 2016
SODIUN comgouuas .
' - 93%. : -
SODIUA SILICATES .
. 1u6u o
'SOLaa BLIND .

-

o

e
B8 QOodoe B & @

-

58

o

10 -

52

43

60

©

-8 8 3 & a-

[}

] a o e -a
] ] 2 8 a

&
L)
L]

oea‘!!'

1007

3 4 & & B
L T T T
L]

1]
L)
L]

401,
461

b & 4 & 3

1008

]
s & 8 &8 & 4
-]

4 & 4 8 s

4
a
a

8 ¢ 4 &

1008

447
475

451

563
1011
1058
1427

L]
a

»

¢ & g 8 &
4 ¢ a & 3

8 & 5 &

1010

448
1283

]
5 4 4 8 2

a 4 & 8 2

1011
501.

88
449

465

73
453
907

1050 -
1060 -

989
1730

676
887
1460
679
274

47
398

1062
2132
47
330
887

806
165

605
542

1180
611
1880
333
1180

1625

930

1463

13



SOLAR CELLS =« o« = =« o = = = o
SOLAR RADIATION - =« o o o = =
SOLID PUELS ©© « » o = = o = =
873 :
SOLID SURFACES “ o ® w ® o @
SOLVENTS ¢ o« « « = ¢ o o o = ‘="
500 527 528 529
SQGNICS w o o @ = © ® ° ® ® =
1051 1052 1053 1034

SPACECRAFT CABIN ATMOSPHERES .
SPACECRAFT FIRES ¢ o = v = » =
727 1556 1557
SPACECRAFT MATERIALS <« « o = «
906
SPARK IGNITION b e e = - e
17 101 153 154
163 377 3989 4399
803 804 805 806
SPECTRAL EMISSIVITY =« » =« o =«
679
SPHERES ¢ ¢ © o © ©» = o =
SPRAYING o« w < ¢ = = o o =
SPRINKLER SYISTENS s o
404 469 497
STABILITY o v e 5 e = =
STAINLESS STEELS . < = =« =
774 775

a & =8 &
D
P s oo & B

STANDARD FLAMMABILITY APPARATIUS

STANDARDS o w .o & = v = o =
4956 733 734 735

2165
STATIC ELECTRICITY « = ° =
91 495 904 523
STATISTICS © 8 = o o % = ®© =

475
STEEL STRUCTURES o « < o « = =
498
STOICHIOMETRIC MIXTURES .+ « «
2184 2165
STOL AIRCRAFT = o ® % < © =
STORAGE < ¢ o ©« ¢ o mw o = = =
1880
STORAGE LIFE ¢ « « a = = =« o =
STORAGE TANES e & 8 & uw-we w
891 892

STRESS {MECHANICS) - - - -

STRUCTURAL ENGINEERIKNG v = =

347 487 4398

STRUCTUBRAL FAILURE e 6 o w e

STRUCTURAL STABILITY o o « < «
152 .
SUBMARINE ATMOSPHERES o = =
1372 1373 1374 . 1375
SUPERSONIC AIRCRAFTI <« < =« = «
a9 106 121, 1122
730 930 931 .

©

1179

924

- - -

1427

925

1377

198

47
B9S
872

610
499

1050

385
715

7

16
162
802
438
610
282
403

1159
20

73
435
2164
90
370
497
2163

1085
332

1625
730

1205
348

282
134

1371

48
643



SUPERSONIC TRANSPORT
SURFACE PROPERTIES

SURFACE TEMPERATURE
SURFACE TENSION .o .
SURFACTANTS "o - < o

‘B oy o B
4 A & L]
4 5 o &
8 & & &
s & a&a & &
" ]
8 s & @
o

]
4
¢
(]
a
4

N L1417 | _
SUBVEYS © n. 0. :; o wm W oo oW bl = e o -
' 204 . 557

SURVIVAL 2 o o' w o w o « v o o =

325 - 346 387 506 563

1464

' SURVIVAL EQUIPEBENT® « « v o o o o o s

SURVIVAL ESCAPE HMEANS = . o o o- o s
SURVIVAL RITS < o « o = o = o = @
98y SR
SURVIVAL PRAINING' o o <« o o o o o
- 325 o S

SHELLING e el v v e e
SHITZERLAND . o o o =«
SYNERGISTIC EFFECTS
SYNTHETIC FIBERS . =
SYSTEMS ANALYSIS . -«
- 325 ‘ ;
SYSTEMS ENGINEERING © o w o v o =

L R
a8 5

d

[

[

’

[

[

106 . . 145 165 147 198

1334

SYSTEMS ﬁENGINEERING o o e e o o e =

SYSTMES ENGINEERING . = «

154 155 156 157 158

QANK FAILUBES « o ° o - ‘ v o = o
- 347 357 461 . :

TANK FIRES x © % o n" e« ™= =®» w" @ » o

- 610 - 1542 1729 _
TANKS . KCONTAINERS} “ © w © w s e w

) . 495 _ :

TANKS (STORAGE) q‘c x ®w ® o & @ w w®°
. .. 892 :

'TECHNOLOGY SURVEY e e % s e e o w
. TECHNQLOGY UTILIZATICN £ ®m B o e owC

TEMPERATORE - © v o o « o o « o o o =

1463 - 1484 2136

‘TEHPERATUBE DISTRIBUTION e o w e wo-

887 R :
ThHPEBATURE EFFECTS © o 6 o = = o

71057 . 1065 1101 1152 1153

12132
ThMPERATURE GRADIENTS e e e e e
L I A 2
TEHPEﬁATUBE HEASUBEHENT c o e o"

469 1055 1056- 1057 1059

TEMPERATURE HEASURING INSTRUNENTS

: 1051 71052 1053 1054 2086
TLM?BRATEBE EISE - ,‘t‘g .o.' © ® e o o ® o

. 1616 .
TLHPERATURE ?BRNING SYSTEMS ‘e @ e e

. TEST EQHIPHENT ‘ 1‘1‘ 0 : = [ © - w o w© 'n.‘ L

8 o A a &
& 8 b 8 &
_3005
s 4 a 8
8 & & 8
a & 8 &
a 4 o &

]
é

L]
L]

B & & B .5
4 & 5 B p

& & & &

20
1271
730
730 -
801
108

324
1463

245
1110
108
324
1880
19671 .
333
324

63
1085

160
153

346
357
282
891
653

1311
676
332

201 .
2037

16
438
20848
1050
106

1369
13



570

TEST FACILITIES « <« = = =

85 86 145

TEST FIRES o © o e w
154 155 156

507 508 525

1371 1372 11373

TESTS o o o -n - - o -
907 1101 1719

THERMAL CONDUCTIVITY . . .

773
THERMAL INSTABILITY <« <« =«
"THERMAL IRSULATION © s w®
730 796 887
THERMAL PROTECTION < e
- 665 1254 2002
THERMAL ERADIATION © o w

642
THERMAL RESISTANCE s o
380

THERMAL STABILITY s e
930 9371 983
THERMISTORS « ¢ © <« = =
1050 1051 1052
THERMOCHEMISTRY . < + » =

THERMOCOUPLES o v w o=

1616 1719
THERMCDYNAMIC PROPERTIES .

1023
THERMOCELECTRIC GENERATORS
THERMOPLASTIC RESINS . « o

543
THERMOPLASTICS s © ® e o
380
THERHOSETTIRG BESINS - . -
543
TITANIEM O -0 L] o - L 0 = o '
516 887
TITANIOM ALLOYS . o < o =«

TOLERANCES (PHYSIOLOGY)
TOXIC GASES « o = © o =
63 1152 1153
TOXIC PRODUCTS .« « o -«
325 333 545
TOXICITY « « « « © « o o
401. 402 545
1371 1372 1373
1417 1427 1556

2165
TOXICOLCGY . « «
1372 1373
TRAINING ¢ o o « «
2042 2043
TRANSDUCERS o« « « = o o =
TRANSPGRT AIRCRAFT . .
325 332 346

1374

® = o -

" 507
158
584

1375

" 508
159
610

1376

1886

» - =

448

584
164
642

1377

1969

- L] )

" 930
201
729
1378

1995

© - -

" 931
287
732

1379

2062

73
153
438

1309

1392
314
771 .

2132
502

438
438
379
730
106

773
1369

676

1369
542

379
542
20

516
1103
33
2002
324

33
1365
1395
2164

1371
496
1719

324
452



453 454 456 457 458
543  611. 989 1096 1152

-‘tTEANSPUBTﬁTION h'n'oﬁm.n w0 e ®©° o = ©
TEECKS }Ta“u £ o m o o - = o - - 0 w®

S os24 733 734 735
TUHNELS “. © o n’_‘ - o_ ‘o - - o

- TURBINE ENGINES © 5 e e w e me om o

86 - 557

 TUEB0FAN ENGINES m:o m'c o’ o © alg .

89 . : :
TURBOJET ENGINES ;‘m'o o'o”o“¢ nﬁn'0
© 03100 447 448 449 450

729 L :
TURBQPBOP EHGINES . } c w o o o ® »®
: . 1057 1064 ' : '

. TUBBULENT FLOW  « « o o o « v v « =
: U 448 - 449 w50 4571 452

Co1101 -
TUEGOJET ENGINES o « e v = o o'o o @
.~ 15%. 155 156 157 158

‘ ULERGE”‘-;' ‘e ‘b b mim om e © ©om
i ' 151 : 197‘ 198 284 772
ELTEAVIOLET DETECTORS e ee o we
. . 403 - 04 642 774 775
ULTEAVIOLET RADIATION R T
: 899 - 1065, '

'ULTRA?IOLET SENSORS - n. o v « o = o o
\ 47 . 197 -198 355 403
1054 . 1058 1065 1066

UNSYHHETRICAL DIHETHYLHYDRAZINE e om

. 540 , o
UPHOLSTE&Y e e e e e e e e e
_ 1392 L |
URBAN FIRES =« « v < o o « = «' o « @

1004 © 1005 1006 1007 1008

-URETHANES P
542 543 1392 1460 .
V : ‘o 0.‘11?‘0 © o_.“n- c ©® ® mw w w e ® o

! YAEDR‘DETECTION © i'# © o o o o ° W .
48 63 106 121 122

" VAPOR'PRESSURE v « v = w « o o = o

. 539 ‘Suo-‘ o _
VAPORIZATION o o' o w o % o « o © =
| 17863 | ' o
-VAPOBIZIHG LIQUIDS o o o'a « = o =
1365 o

YAPORS S e e v v oo are e o
' 391. 392 492 774 775
VENTILATION e e e e v o v wow
: 91 121 122 332 456
,-4a98”' 584 1958 : ‘
. VENTING. o 2 o v « « & ¢ o .= s o = =
~ A58 155 156 157 . 158
VENTS « c' o o o o = = = = o % o =«
.7 byg 449 430 451, 452
463 464 904 :

391

158

929

1995
457
159

453

453 -

899 .

404

458

161 .

454 .

462

456

403

492
BOY

457

542

495
495

1958
85

88

164
468

729

447
458

153
106
274
274

13
1053

539
333
936
333

1085
48

1762
1364
151

30
497

153
1085
447
458



VE?IFICBTION ACCEPTANCE
VERIFICATION INSPECTION -

Lo2
VYINYL RESI¥S « - -
543
YISCOSITY - » e
983 11Q1

VISUAL INSPECTION
VOID SPACES <« « =«
380 677
VOIDING CONCEPT
154 155
VOLTAGE SPIKES “
VGLUME “ o o © =
WALL FINISHES o
HAREHOUSES s v
WARNING SYSTEHS .

4% 1110

WASTE DISPOSAL v
528 529

WATER 0 os o e ow
49 103
1009 1010 -

WATER SERVICES -

498
WATER SPRAYS o <o »-
318 469
WATER TANKS . « -

WEIGHTLESSNESS -

WELDING o« « =« = =
1558

HETTING -2 o o o «
17

WRETTING AGENTS <

WHIFFLE BALLS -

WIND DIRECTION °

WIND EFFECTS . « -

737 1152

WIND TUNNELS - - «

89 i53

457 438

WIND VELCGCITY o

794 1730

WINDCWS < ¢ o« = =
1464 .

HIRES o o & LI

WOODEN STRUCTURES
1005 1006
ZERO GRAVITY « «

L ] [] & a

¢ i s

4 8 B8 B

[ ]
L]
L

N 8 & wdw
4 & 4 & & (Do

s » 5 0

392

s

]
e 8 §F ¢ & W

s & & &

s ® & & @&
s * 4 & 4
e & & ¥ &
a 1} 'y [ ]

2 4 e

I T B ]
"I I T
¢« 4 » @
e B a @
v & g 3
[ al []
“ b e
s 4 o &
s 4 8 &

1010 - 1011

314 .
401

S42
474

151
378

153
13
676
1311
1880
48
527

48
1008

497
317
504
385
787
16
1023

438
201

88
456

438
1463

906
1004

3835



