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DETERMINATION OF MEANS TO SAFEGUARD AIRCRAFT 
FROM POWER-PLANT FIRES IN FLIGHT 

PART VI 

THE NORTH AMERICAN TORNADO (AIR FORCE XB-45) 

SUMMARY 

The results of a” ~“vest~gatm” of the fire-protectmn measures mcorporated I” the de- 
slg” of the North America” XB-45 airplane power plant are presented The study Includedthe 
evaluatm” of the ex,stl”g f,re-preve”t,o” and f,re-control measures and the development Of 
improved measures where needed Tests were conducted under simulated flight condltmns 
and represented the first flight-fire studies conducted on a modern Jet power plant by the 
Tech”,cal Development and Evaluat,o” Center of the Cl”11 Aeronautics Admmlstratmn Results 
of the mvestlgatmn are presented I” three sectlons entltled (1) Fore DetectIon, (2) Fire 
Extlngmshment, and (3) Deslg” Aspects of Fore Protectmn 

The effectiveness of the unit type of fire-detectlo” system used I” the XB-45 test article 
and I” B-45 productmn-model arplanes 1s lndxated, and means for ,mprov~“g these systems 
are presented The co”t,“uous type and the volume type of fire detectors which are now I” the 
late stages of development were mstalled I” the nacelle and were tested The system 
requ,reme”ts and the performance under the condltlons of testing are given 

Evaluatm” tests on the XB-45 fire-extmgmshmg system mdlcated that the dlstrlbutmn 
and the rate of discharge of the carbon dmxlde extlngulshmg agent by the system were 
generally I” accordance with the orlglnal des,g” calculahons for the system The results of 
th? fire-extmgulshmg tests and of carbon d,oxlde concentratm” measurements ,“dlcated that 
prov,s,o”s for extlngulshlng fires ,n the aft compartment of the nacelle were adequate and that 
such provisions m the forward compartments of the nacelle were Inadequate This Inadequacy 
was due to meffectlve sealing which resulted I” compartment air flows I” excess ofthe arlgmal 
design values on wh,ch the extlnguxhlng requrzments were based 

A comparative a”alys,s lndlcated that the B-45 productmn-axplane extmgulshmg system 
1s somewhat less effect,ve than the XB-45 system, and although probably adequate for extln- 
gulshlng nacelle aft-compartment fires, the B-45 system 1s Inadequate for extmgulshxng “a- 
celle forward-compartment fires Methods for improving the effectiveness of the extmgulshmg 
system are presented 

The flight-hre emergency procedure for B-45 arcraft was analyzed, and suggested 
improvements are presented 

The Influence of the engine-Inlet air pressure and of the engine rpm on the effectiveness 
of the XB-45 ext,“gu,sh,“g system was determxned by measurements of the carbon dloxlde 
concentrat,on and by fire tests High e”g,“e-Inlet pressures sermusly reduced the extln- 
gulshmg effectiveness I” the forward nacelle compartments, but they had little effect I” the 
aft compartment High engine rpm reduced the effectiveness somewhat I” all compartments 

There 1s presented a comparative analysis wh,ch ,“dlcates that the effectiveness of the 
carbon dmxlde extmgulshlng system may be mcreased by dxcharglng the agent from open-end 
tubmg rather than from perforated tubing 

A comparlso” of ext,“gu,shl”g agents 1s made o” the barLs of quantity requirements 
when the XB-45 perforated-tuhng extmgulshlng system was utlllzed and when a” open-end- 
tub,“g system was utrlleed 

The factors of design and constructIon of the XB-45 power plant wh,ch were be”ef,c,al 
and those which were detrlmental to the preventlo” and control of fires are presented and 
dIscussed 

INTRODUCTION 

Fire protectm” of turbojet-powered arcraft 1s a SubJect whzch has been of xmmedlate 
concern to the mlhtary services and to alrcraft manufacturers during postwar years It 1s 
also of rnterest to the CAA because of the prospectxve use of such arcraft commercially and 
because of the des,re on the part of th,s agency to aId m. provldmg maximum operatmnal 
safety Fire testrng of the power plant of the North Amerrcan XB-45 axplane was a result of 
th,s mutual interest 
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The test nacelle was received from the Department of the Al= Force I,, September 1949, _ 
and actual testmg commenced m April 1950 The program was essenttlally completed ,n Sep- 
tember 1951, although use of the power plant for speclal studxs which were requested by the 
Department of the Air Force contmued beyond that date 

The general purpose of the mvestvgatmn was to obtam mformatmn pertment to the pre- I 

ventmn and control of fires in the XB-45 and the B-45 axplane power plants The mterpreta- 
tmn and the appllcatmn of test results in the design of turboJet power plants was also of 
prunary Interest The method used 1x1 nwestlgatmg fire protectmn I,, the XB-45 power plant 
conslsted of an evaluatmn of ensting design and the development of unproved design where a - 
need for such development was mdlcated 

TEST FACILITY 

The tests were conducted at the TDEC, Indianapolis. Indiana A photograph and a a 
schematIc layout of the test fac&ty utlllzed are shown I,, F,gs 1 and 2 Th,s faclhty con- 
szsted essentially of a test chamber, a control room adlacent to the chamber, and two large 
blowers wh,ch supplled al= to the engmes The control room contamed the engme-control 
panel , temperature recorders, a mult,ple manometer. and other equipment used III the 
conductmg of the tests A v,ew of th,s room and of the equpment 1s shown I,, F,g 3 

a 

Fig 1 TurboJet Fire-Test Faclllty 

TEST ARTICLE 

The test article was the right-hand twm-engme nacelle of a North American Tornado e 
medlun, bomber (Au Force XB-45. Serial No 45-59479) A photograph of the axplane 1s 
shown ,n F,g 4 The nacelle on wh,ch tests were conducted 1s shown mstalled I,, the test 
chamber III Fig 5 a 

The test nacelle. an Integral part of the airplane-wmg center sectmn, housed two 
Allison turbo,& engines (Models J-35-A-9 and -11) rated at 3750 pounds thrust each at 7700 
rpm Au Intake was at the forward end of the nacelle, and exhaust discharge was at the aft 
end Access +,a, the engmes and to the attachment pomts was provided by the use of removable I 
hmged doors located on the forward lower Inboard and outboard side of the nacelle and made 
from l/4-Inch alun,uxumflak plate for protectmg the engme Access to the exhaust tall p’pe 
was provided by three removable sectlons which comprrsed the aft lower portmn of the na- 
celle Small mspectmn doors were provrded 1.1 the upper portIon of the nacelle for access to 

d 

the ml-tank filler caps, the spark plugs, and the eng,ne connections Louvers, ducts, and 
openmgs were provided for compartment venhlatmn, dramage. and ventmg 

Each engme was supported by two horlzonttal-trumon type of mounts near the eng,ne m,d- 
pomt and by a steady support assembly that connected the top forward mountmg pant of the .s 

aft frame of the engme to the nacelle structure The two side mounts transrmtted the engme 
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Fig 2 SchematIc Layout of TurboJet Fzre-Test Faclhty 

Fig 3 Control Room and Instrumentatmn 



Fig 4 North American “Tornado” ? 

loads to the nacelle, and the adJustable steady support permltted vertical allgnrnent of the 
engme A view of the No 4 engine Installed III Its mountmg posltlon 1s shown 1x1 Fig 6 

The nacelle was dlvlded Into three compartments by stamless steel fire walls, as mdl- i 
cated m Fig 7 These compartients were designated (1) No 3 engme-compressor compart- 
ment, (2) No 4 englne-campressor compartment, and (3Ynacelle aft compartment Each 
compressor compartment housed an engine-gear case and a compressor case and contamed 
numerous combustible-fluld, compressor air-bleed, and engme-drain lines as well as the 
spark-lgmtlon harness and the “11 tank The compressar compartments were separated from 
the engine air Inlets by engine air-guide seals (see Fig 6) They were also separated from 
the nacelle aft sectlon by stamless steel fire walls The aft compartment was common to the 
burner can, turbme. tall-cone and tall-pipe sectmns of both engmes 

_ 

The prnnary nacelle compartments were ventilated by the use of flush-type louvers and 
aspirators as shown and described m Fig 7 lnsulatlon of the nacelle aft structure from 
exhaust-system heat was provided by msulatmg blankets and by ventllatmg air lsolatlo” 
provisions of the nacelle conslsted of 

1 A transverse fire wall separating the compressor compartments from the aft 
compartment 

2 A longltudwml fire wall separating the compressor compartments 
3 A stamless steel houslng around the man fuel stramer and the fuel lines and 

httnxgs located along the nacelle keel structure, whwh was also of stamless 
steel 

4 Stanless steel shields protecting the wmg structure, the man landmg-gear 
trunxm, and the fuel cell 

5 Stanless steel constructlon of the extreme aft portIon of the nacelle to provide 
resistance to exhaust heat and fire 

Fig 5 Test Nacelle Fig 6 No 4 Enene lnstallatlon 
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In addltmn to the prunary nacelle compartments, the power plant Included an engme- 
accessory compartment at the frorlend of each engrne These compartments were housed by 
bullet-shaped alummum cowl pieces bolted to the engmes They each contamed the fuel, o,l, 
and hydraulic pumps. the fuel regulator, the alternator, the starter generator, the tachometer, 
and the necessary connectrag lines whrch pass across the engme a,r ,nlet through ,slands to 

.a 

the compressor compartment A flew of the No 4 engme-accessory compartment uncovered 
1s shown I” Fig 6 The cowl piece whxh covers the compartment 1s shown I,, posItIon m 
Fig 8 Wlthm the compartment, a separate blast tube srovlded the generator with coolmg air 

L 

Fig 8 Engme Air-Gmde and Accessory-Sectmn Arrangement 

Mod,ficat,ons were made on the power-plant test artxle prior to fire testmg These 
modlfrcatmns mcluded 

1 Removal of the fuel bladder cells located H, the Wang structure above the aft co,,,- 
partment of the nacelle Fuel lmes were connected to the man fuel filter from the 

* 

faallty pump room to provide engme fuel and fuel for test fues 
2 Covermg of the engme spark-plug qnltmn ~011s with asbestos and water glass to 

protect them from damage by test fires c 

3 Closmg all cab,n air-heater ducts 
4 Dlsconnectmg and pluggmg the anti-vxng system 
5 Makmg the hydraulic system moperatzve 
6 Dxconnectmg the engme generators from the battery r 

FIRE DETECTION a 

ObJectwes 
The obJectIves of this phase of study were (1) to evaluate the detector systems used II, 

the XB-45 and m B-45 arcraft and to make recommendations for unprov~ng such systems, 
(2) to determme requrements for contmuous and volume types of detector systems mstalled 

v 



I m the XB-45 power plant, and (3) to obtam mformatxon on the operatmg characteristics of the 
various systems used In the tests 

* Scope 
Tests were conducted on fire-detectlo” systems of the umt type, the contmuous type, and 

the volume type Unit-type systems are those which utllrze sensmg elements that occupy a 
pcunt I” the nacelle space and that operate from excessive temperature or excessive rate of 

t temperature ruse at or Immediately surroundmg that pamt Continuous-type detectors are 
those which occupy a lme In the nacelle space and are slmllar m shape to a ullre Thxs type 
operates from excessive temperature or excessive rate of temperature ruse at any locatmn 
In the nacelle space occupied by and surrounding the wire Volume-type detectors are those 
which “see” or morutor a volume m the nacelle space and which ~111 operate from the 
occurrence of f1r.z anywhere wlthm Its volume of vlsmn 

Tests on the varmus systems were conducted to obtam data regardmg these obJectIves 

I 1 The number or length of sensing elements necessary In each nacelle fire zone to 
give satisfactory coverage 

2 Desirable and effective locatIons of sensing elements for each fire zone 
3 Desirable and effective mountmg or posltlonmg of sensmg elements m each fire zone 

When practical to do 50. the following addltmnal lnformatmn was obtaned 

4 The time required for each system to alarm III full-scale testxng 
5 The se”s,tlvlty of the systems 
6 The operation and mamtenance characterlstlcs of the system 

Procedure 
The mvestqatzon of fire detectIon m the XB-45 airplane power plant conslsted essen- 

tlally of tests on various detector systems rather than on mdlvldual sensmg elements of these 
systems Such tests were made by causmg gaeolme fxres to occur at different locatlans wIthIn 
nacelle compartments and by observmg the abrllty of the separately Installed systems to de- 
tect them The tests were conducted in most Instances with engmes operatmg at normal 
crulslng rate (from 88 to 92 per cent maximum) and with ram pressure provided at the engme 
Inlets Test fires were of sizes which would not serrously damage the nacelle structure wlthm 
ten seconds 

The study of unit and cantmuous types of detector systems Involved an mvestlgatron of 
the air-flow and flame patterns occurrmg m each compartment This was accomplished by 

)I observmg, through Plex~zlas wmdows Installed on the sides of the nacelle, the flame patterns 
and condltlons exlstmg durmg a fire Thermocouples mounted vnthm the compartments and 
connected to recordmg pyrometers were also used to determIne effective sensmg-umt 
1ocatmns 

No testing was consIdered necessary for estabhshmg requirements for the engme- 
accessory compartments because of therr small size A smgle umt-type detector element 
wulthm these compartments was believed to provide adequate coverage 

Since the nacelle structure was essentially symmetrical about a vertzcal longltudlnal 
plane, tests were conducted on one side only 

1 
TESTS ON UNIT-TYPE DETECTORS 

. Descrlptmn of Systems Tested 
The Edrsan n/pe A rate-of-rise detector system or~grnall~ Installed by the air-frame 

manufacturer and a Fenwal overheat detector system mstalled in the test nacelle by TDEC 

a personnel were used m the determmatxo” of u”lt-type fire-detector requirements 
The Edison fire-detector system as mstalled m XB-45 and B-45A airplanes consIsted of 

four separate warrung clrcu,ts, one for each engme Each clrcmt contamed 21 detector units 
wired m serws, a sensltlve relay, a slave relay, a thermal test umt, and a hre-warning light 
The full-scale fire-detectmn tests on the Edison system were conducted with the sensing ele- 
ments located and mounted as shown I” Fig 9 The system was that mstalled by the al=-frame 
manufacturer except for the changes lndlcated on the drawmg The resistance of the Edison 
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Fig 9 Test Locations of Edison Detectors. No 3 Engme. XB-45 Nacelle 

clrcult was 

Resistance of sensmg-element clrcult = 3 6 ohms 
Reslstance of sensltlve relay = 3 4 ohms 

The Fenwal sensmg elements (Model 17343-7) were the thermoswltch type of overheat 
umts which operated by the difference m coefflclent of expansion of two dxslmllar metals and 
which were factory-set to operate at 525’ F Sensltlvlty of the Fenwal system was unaffected 4. 
by the number of elements m the clrcult or by clrcult resistance The Fenwal overheat detec- 
tor system used on B-45C alrplanes conslsted of eight separate crrcutts. two for each engme 
The forward-nacelle clrcult for each engine contalned one sensmg element In the engme- Y 
accessory compartment and three elements In the compressor compartment, plus a smgle ele- 
ment located m the fuel-lme compartment and common to both engine crrcults The aft-nacelle 
clrcult for each engme contamed mne elements plus a single element located between and com- 
mon to both engme clrcults The mounting positrons of the Fenwal sensmg elements In the test . 
mstallatmn were slmllar to those used In B-45C alrcraft and are mdlcated In Fig 10 

Procedure 
Requirements for umt-type detectors were determmed by separate studies and tests 

l 

which were conducted m the No 3 engme-compressor compartment and on the No 3 engme 
side of the nacelle aft compartment Fire testmg was conducted by lgmtmg gasolme released 
at a rate of 0 6 gallons per minute (gpm) for 10 seconds from l/4-mch pmched-end supply lrnes 
placed at varl- posltmns wlthm the nacelle 

~ 
Durmg the tests, both engmes were operated 

under simulated flight condltmns The fire pattern and effective detector-umt locatIons were 
determmed by the observatron of fires through Plexiglas windows, by the use of thermocouples, 
and by the use of lndlvldually connected detectors 4 

The test-fire locatmns were selected as bemg representtattve of locatrons of potential 
fire hazards such as flammable-fluld leaks or burner-can failures For the No 3 
compressor-compartment tests, fire locatmns corresponded to those shown m Fig 11 for the 
No 4 engme The fxe locations used m the aft-compartment tests are hsted In the tables of a 
results and are Illustrated In Fzg 11 



Results and D~scussmn 

A Compressor-Compartment Tests 

‘, 
Durmg tests in whrch air was supplled to the engme Inlets to srmulate the pressures 

exlstmg for normal flight, test fxes were observed to be of a blow-torch nature mdlcatrve of 
high air flow There was no evidence of a collectlo” of excess fuel, and fire emerged from 
mlet and outlet nacelle louvers The fire pattern lndlcated that posltlve pressures exIsted m 
the compartment because of ram-a= leakage and because of meffectlve sealmg between the 
compressor compartment and the engme mlet duct Such leakage was not m accordance with 
design Intentmn However, subsequent xnspectlon of operatmg B-45 arcraft rndlcated that 
appreciable leakage eusted around the seal m productmn models Test condltmns m the 
XB-45 were therefore considered representative of serwce condltmns m this respect 

Fire tests conducted with thermocouples and wulth detector sensing elements both 
mounted m the Inlet and outlet Louvers of the No 3 englne-compressor compartment showed 
that Lhese opemngs were effective locatmns for detectmg compartment fires Test results I”- 
dxa+ed that the botto.m outlet louver. the bottom Inlet louver, and the top outlet and mlet lou- 
vers, respectively. were the most effective and dependable locatmns Detectors m the outlet 
louvers were mounted m the annular opemng between the elector exhaust and the louver duct 

m Tests were conducted with the engme-Inlet static pressure at zero gage. thereby elum- 
natmg the effect of leakage around the axr-guide seal Under these condltlons. the fires were 
observed to be of a type mdlcatlve of low, nondxectlonal ar flow An excess of fuel was 

h noted to exist durmg the tests and to dram toward the aft portron of the longltudmal fire wall 
and keel structure whxh separate the two engme-compressor compartments This dramage 
pattern caused a concentratmn of fire m the area adlacent to the fire wall, regardless of the 
posltmn at which fuel was released or xgmted Temperature surveys made m thrs area with 

* 
thermocouples mdlcated that maxmum temperatures occurred approximately SIX Inches 
above the bottom doors adJacent to the fire wall and m the rear half of the compartment Both 
Edison and Fenwal sensmg elements mounted m this region consistently detected the fires 
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Fig 11 Fire-Nozzle LocatIons for Detector and Extlngulshmg Studies. XB-45 Nacelle 

The average txme for alarm was 6 seconds by the Edison system and 14 seconds by the Fenwal 
system Subsequent bench tests on three of the Fenwal sensmg units mdlcated that, when they 
were exposed to a 1500’ F flame 1x1 accordance with Socrety of AutomotIve Engmeers (SAE) 
speclficatlons AS-401, therr operation was slow The time for operation was m excess of the 
5-second requirement of this speclficatlon 

B Aft-Compartment Tests 

Results of the fire tests conducted III the aft compartment are show” III Table I, which 
lists the time required for alarm by each detector system and also llste the mdlvldual Fenwal 
elements causmg an alarm From Table I, It ~111 be noted that the Edxon system detected the 
fires at all nxne fire locations with the exception of LocatIon J, whxh was aft of the fuel 
stramer The Fenwal system detected the fires at all mne locatxons with the exception of . 
Locatlon U (lower burner-can region) and Locatlon J All Fenwal sensmg elements detected 
one or more of the test fires 

Addltlonal testmg mdlcated that a smgle sensmg element mounted 12 Inches from the 6 
keel and 24 mches aft of the fuel stramer on the aft bottom nacelle door would detect fires at 
LocatIon J 

The velocity of coolmg ar flow through the aft comparixnent was noted to be relatively 
high Thus was mdlcated by observatlo” and by air-flow measurements It resulted m fxre l 
belng carried large distances downstream Fires orlglnatmg near the forward end of the 
compartment adJacent to the engme burner cans were detected by sensmg elements as far as 
13 feet downstream However, detectors placed at the eJector outlet did not detect such fires 
The placement of sensrng units below the engme m the lower nacelle regions was found to be 

_ 

desirable because draInage of flammable flmds was toward these areas The relatively high- 
velocity channelmg of coolmg air 1” the aft comparbnent permItted effective detection of fires 
by unit-type systems The utlhzatlo” of nacelle statlons that were more restrlctlve to air 
flow than others was found to be effective Such statlons 1” the XB-45 nacelle were -40, t20. 
and +lOO 



11 

TABLE I 

AFT-COMPARTMENT TEST RESIJLTS FOR UNIT-TYPE DETECTORS 

Test C ondltmns Eng,ne rpm. 90 per cent of rated, gasolme supply to fire. 0 b gpm 

Test Fire Locatmn Edison System 
Number (See Fig 11) Alarm Time 

1 

2 

3 

4 

5 

b 

7 

8 

9 

10 

11 

12 

13 

14 

15 

lb 

17 

18 

19 

20 

21 

22 

23 

24 

25 

i 26 

27 

2.9 

29 

30 

L 31 

32 

33 

T (Burner-can regmn) 

T 

W (Burner-can regmn) 

W 

V (Burner-can regmn) 

V 

U (Burner-can regmn) 

u 

u 

u 

u 

u 

u 

X (Turbme regmn) 

X 

Q (Tkbme regmn) 

Q 

Q 

Q 

Q 

G (Tall-cone regmn) 

G 

S (Tall-cone regmn) 

S 

S 

S 

J (Aft of fuel stramer) 

J 

J 

J 

J 

J 

J 

(seconds) 

2 

5 

4 

4 

b 

b 

4 

4 

5 

6 

5 

4 

8 

2-l/2 

2 

8 

10 

b 

b 

5 

2 

4 

2 

2 

2 

2 

No detectmn 

No detectmn 

No detectmn 

No detectvan 

3 

No detectmn 

2 

Fenwal System 
Umts Which 

Produced Alarm 

5. 6. 9. 10 

5, 6. 9, 10 

5 

5 

8. 13 

a. 13 

13 

No detectmn 

No detectmn 

13 

No detectmn 

No detectron 

13 

7, IO, 11. 14. 15 

7, 10. 11, 14, 15 

12, 13. 14 

12. 13 

12, 13 

12. 13 

12, 13 

12. 13 

12, 13 

11, 14, 15 

11, 14 

11. 14. 15 

11, 14. 15 

No detectmn 

No detection 

No detectmn 

No detectmn 

No detectmn 

No detection 

No detectmn 

Respective 
Alarm Tunes 

(seconds) 

5-l/2. 8, 4, 4 

4. 6, 4. 4 

4 

3 

5. b 

5. 5 

7 

5 

4 

7. 8. 8, 6. 28 

6, 9, 6. 6. 8 

8. 6, 0 

10. 5 

7, 8 

10. b 

8. b 

4. 4 

13, 4 

4. 4. 7 

6. 5 

4. 5. 5 

3, 4. 4 
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The following was concluded from the study of unit-type detector-system requirements 
of the XB-45 nacelle 

1 The most effective locatmns of sensing elements for a umt-type system were those P 
show” I” Rg 12 

2 The locatIons and mountmg of the Edison system elements mstalled by the air-frame 
manufacturer were satisfactory, provided the modlfzcatlons shown I” Fig 12Awere 
mccrporated 

3 The locatmns and mountmg of the Fenwal system eleme”ts installed m accordance 
wxth the B-45C nacelle system were satisfactory, provided the modlficatmns show” 
m Fig 12B were made 

4 Air-flow and dramage conslderatmns provide the most logical basis for the effective 
placement of umt-type sensing elements I” compartments such as the XB-45 nacelle 
compressor and aft compartments 

5 For effectxve operation, sensmg elements must be exposed I” the air stream and must 
not be recessed behxnd structural members or protected by their own ju”ctlo” boxes 

Fig 12 Recommended Detector LocatIons. 
Unit-vpe Detector System 

No 3 Engrne, XB-45 Nacelle 
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13. IR 1 “. 

Fig 12A Recommended Locatmns of Edison System Umt-Type Detectors 

Fig 12B Recommended LocatIons of Fenwal System Umt-Type Detectors 



Fig 13 Contmuous-Type Detector LocatIons, XB-45 Nacelle 

TESTS ON CONTINUOUS-TYPE DETECTORS 

Descrlptmn of System Tested 
Contmuous-type detector tests were conducted with the Walter Kldde contmuous detector 

The sensmg elements of this system were composed of 20-foot lengths of 0 06%mchOD mconel 
tubmg contamIng two wxes fused mto and Insulated by prevmusly broken ceramic spaghetti 
DetectIon occurs because the resistance of the ceramic decreases sharply at a predetermmed 
elevated temperature and I” sodomg completes aclrcult to an amplifier which slgnals an alarm 
When the source of heat IS removed the element cools. the electrrcal resistance of the ceramic 
Increases, and the slgnal clears 1 The elements used In the tests alarmed at 500’ F when 
heated slowly m a furnace 

Procedure 
A brief senes of tests which used a smgle sensmg element mounted on the lower-nacelle 

hinged door was conducted in the No 3 engme-compressor compartment Tests were also con- 
ducted m the aft compartment Two elements located around the engme tall pipes, as shown m . 

Fig 13. were used Each element was connected to an mdlvldual control box The alarm time 
was recorded by an operation-time recorder The contmuous detectors were tested under the 
same simulated flight and fire condltlons as were the urut type of detectors 

1 For more details, see descrlptlve hterature entltled “Kldde Contmuous Type Resettmg 
Fire Detectors. Sensmg Elements 801000, ” Walter Kldde & Company, Inc , Bellevllle, N J , 
June 25, 1952 



5 
Test 
No 

1 
2 
3 
4 

i 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

15 

TABLE II 

4FT-COMPARTMENT TEST RESULTS FOR CONTINUOUS-TYPE DETECTORS 

Engme Fire Locatlon 
RPM (See Fig 11) 

(per cent) 

90 
90 
90 

;: 
90 
90 
90 
90 

:i 

;Fl 

;: 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
45 
90 
90 
90 
90 
90 

T (Burner-can regmn) 
T 
W (Burner-can region) 
W 
V (Burner-can region) 
v 
U (Burner-can region) 
u 
u 
u 
u 
u 
U 

:: (Turbme regmn) 
X 
Q (Turbme region) 

: 
a 
Q 
G (Tall-cone regmn) 
c 
S (Tall-cone regmn) 
S 
S 
S 
J (Aft of fuel stramer) 
J 
J 

Alarm Txne From Start of Frre 
Detector at Detector at 
Statmn t23 Statlo” +100 

(seconds) (seconds) 

2 

i 8 
4 5 
5 
4 
4 
4 
6 
5 l/2 
3 l/2 
6 
3 
5 b 
3 4 
2 2 
7 7 
2 
7 : 
5 
3 

2 

i 
3 
2 

2 2 
2 
2 
3 
2 
4 

: l/2 
2 
3 
2 

Results and Dlscussmn 
The tests conducted zn the No 3 engme-compressor compartment verlfled the results of 

prevmus tests on urut detectors with regard to flame pattern and effectlxe locatmns for detec- 
tors The smgle contmuous element detected al1 test fires satlsfactorlly 

Results of the tests conducted m the aft compartment are shown ln Table II The two 
elements mounted transversely at nacelle statmns +23 and +lOO provided dctectmn of test 
fires at the nme locatmns used No false alarms or system malfunctmns occurred 

. 

1 1 Four sensmg elements, one m each compressor compartment and two m the aft com- 
partment, were sufflclent to provide adequate detectmn of nacelle fires 

2 The locatmn and mountmg of sensmg elements shown m Fig 13 provided satisfactory 
detectmn of nacelle fires The element mstalled in each compressor compartment of 
B-45 arcraft should be mounted so that parts of Its length wulll be adJacent to the lower 
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poltmn of the keel structure and ~111 also pass across the air-outlet louvers 
In -the aft compartment, the elements should be mounted m the restricted areas 
of axr flow and should not be recessed behznd structural components 

3 The sensltlvity, operation. and mamtenance characterxtlcs of the system were 
satisfactory 

P 

TESTS ON VOLUME-TYPE DETECTORS 

Descnptmn of System Tested 
The only volume-type detectmn system avaIlable for fire testmg in the XB-45 nacelle 

was the photoelectrlc system manufactured by the FIreye Corporatzon, CambrIdge, Mass 
This system was made up m the basic umts pxtured I” Fig 14, and It consIsted of an ample- 
fler or power-supply umt, a test-switch assembly, and nme Infrared-sensltlve detector umts 
The detector units were connected mdlvldually to the ampllfler by coaxial cables and to the 
test-switch assembly by a smgle lead One ampllfler was designated wipe 71BA2, Model 1000, 
Serial D-50, and the other was designated Air Force Part No D60-107-2 A variable reslstor 
was mstalled In the clrcmt for test purposes, and It permItted ampllfler-sensltlvlty 
adJustments durmg the tests 

Each detector umt conslsted of a small lead sulfide photoelectrlc cell mounted behmd 
a Cormng 2540 Infrared-transmlttmg filter glass The cell had a fvzld of view somewhat 
greater than a 90” cone A small test light (GE Type 329) mounted at the base of the detector 
umt provided a means for checking the aperatmn of each sensmg element as well as of Its 
associated components wlth~n the ampllfler Detector urnts used m the tests were Air Force 
Part No DbO-107-1 

The test-switch assembly (Part No DbO-107-3) consIsted of a selector switch for dl- 
rectmg test voltage to mdlvldual detectors and a dual-relay arrangement which interrupted 

Fig 14 Flreye Detector-System Components 
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TABLE III 

LOCATIONS OF FIREYE SENSING UNITS USED IN FIRE TESTS 
ON THE NO 4 ENGINE-COMPRESSOR COMPARTMENT 

Locatlon 

nns unit was mounted on the forward air-seal structure of the compressor 
compartment and was 7 Inches above the bottom of the keel and 5 Inches 
outboard of the keel plane The center of vxlon was 20’ outboard of the 
aft dIrectIon and m a horizontal plane See Fig 15 

This “rut was mounted 11 5 Inches above the Inboard-engme mountmg 
trunmn on the forward face of the vertical keel-support strut The center 
of v151on was 40’ outboard of the forward dlrectmn In a horizontal plane 
See Fig lb 

This unit was mounted at nacelle statmn -123 on the fxrst bulkhead aft of 
the forward x=-seal structure and 2 Inches above the forward outboard 
door-hmge lme The center of vlslon was horizontal and directly aft See 
F,g I7 

This was mcunted at nacelle statmn -132 on the forward air-seal structure 
2 Inches outboard of the langltudmal fire wall The center of YLS~OII was 
directly aft m a horizontal plane See Fig 18 

This unit was mounted at 1 30 o’clock on the forward face of the trumon- 
support-yoke bulkhead (statlon -90) The center of v1smn was slightly 
Inboard of, and 40’ below. a honzontal forward lme See Fig 16 

the d-c test-light voltage and caused the test lrght to flicker at approximately 10 cps The 
system was deslgned to respond to a gasolme fire burnmg ln a shallow contamer 2 l/2 inches 
m diameter and placed 10 feet from the detector umt 

Essentially. the detector system utlllees the light-modulatmn characterlstlcs of flames 
The sIgna from the photocell 1s amplified by a tuned ampllfler whose peak response 1s ap- 
proxrmately 10 cps The output from the tuned amphfier 1s fed to a llmlter clrcmt which 
llmlts strong signals to a value comparable to that from a weak slgnal A dlscrlmlnator 
clrcult and a slgnal ampllfxer then operate the fire slgnal 2.3 

A Compressor-Compartment Tests 

Procedure 
Full-scale fire tests were conducted In the No 4 engzne compartment only The results 

were consldered to be applicable to both the No 3 and the No 4 englne-compressor compart- 
ments because they were slmllar m size and configuration Five Fxeye sensrng umts were 
mounted m the compartment as described I” Table III and shown m Figs 15 to 18, mcluslve 

The fire used m the tests was very small m comparison to the size generally used m 
detectIon studies and was provided by supplymg avlatmn gasalme through a small oil-burner 
type nozzle at a rate of 0 02 gpm Each test consisted of lgnltlng such a fire and permlttmg It 
to burn for ten seconds The time reqmred for alarm by the detector system, or, In the event 
of no alarm, the maximum voltage of the slgnalrng clrcult was noted during each test Three 

. 
‘For the detailed descrlptxon and characterlstlcs of the Flreve detector svstem. see 

“Flreye Type FD-2 Fire Detectors for Aircraft,” Techmcal Info 
Corporatmn, CambrIdge, Mass , October 1950 

rmatmn Bulletm J, FIreye 

‘“Tests of a PhotoelectrIc Fxe Detectlo” System,” Memorandum Report MCREXE- 
664-491-L. U S Air Force Air Materlel Command, Wright-Patterson Air Force Base, Dayton, 
Ohlo, February 23. 1951 



Fig 15 Locatmn of Fneye Detector Fig 16 LocatIons of Flreye Detector 
umt X-l Umts 2 and 5 

Fig 17 Locatmn of Fneye Detector 
Umt 3 

Fig 18 LocatIon of F,reye Detector 
Umt 4 

tests mere normally made for each test cond,tmn 
hours of mterrmttent eng,ne operatmn 

A total of 188 tests were made durmg four 

Tests were conducted with the fire nozzle at six different locat,ons, show - I,, Fig 11, 
and with eng,nes aperatmg at 60 and 90 per cent of rated rpm The testmg 1n.r d measure- 
ments of amblent and sensmg-umt temperatures under the condltlons of testl, It wlthaut 
f,re 

Results and D~scuss~o,, 
I 

The sensmg umts which mdlvldually caused alarm are hsted for each fire locatmn ln 
Table IV Also hsted are the minimum ampllher-sensltlvlty settmgs at which alarm oc- 
curred vnth all sensmg units connected It IS noted from Table IV that all fires were detected 
either by umt X-l or by unit 3 Together, they provided complete coverage of the 
compartment 

- 

No testmg was done to determme the most effective posltlonlng and dlrectmn of mount- 
mg of each sensmg unit It was reasoned that optmnm, pos,tmnmg was obtamed by mountmg 
the sensmg eye so that Its center of vlsxon blsected the space to be monitored 
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TABLE IV 

TEST RESULTS ON FIREYE DETECTORS 
IN THE NO 4 ENGINE-COMPRESSOR COMPARTMENT 

Sensing Umts 
Causu,g Alarm 

SIgnal 

M,n,mum Sens,t,vlty Settmg 
for Alarm (All F,ve Connected)* 

Less Than Less Than 
10 Seconds 5 Seconds 
(per cent) (percent) 

F,re Locat,on 
(See F,g 11) 

A 

9 

B 

c 

C 

D 

E 

F 

X-l, 3 50 70 

X-l, 2 6 6 

X-l, 2 6 6 

X-l. 2, 4, 5 

EntIre System 45 3 

3. 5 8 8 

X-l. 3 50 50 

2. 3, 4, 5 45 8 

Eng,ne 
RPM 

(per cent) 

90 

90 

60 

60 

90 

90 

90 

90 

* Percentage values are based on rated se”s,t,v,ty of the ampl,f,er By compar,son, the 
m,“,mum sens,t,v,ty settmg at wh,ch the system would alarm on the manual TEST sw,tch 
was 8 per cent of the rated se”slt,v,ty 

The results llsted ,n Table IV show that all test f,res were detected w,th the ampl,f,er 
se”s,t,v,ty greatly reduced Detectlo” of all fires occurred w,th a” ampl,f,er sens,t,v,ty 
setting equal to 50 per cent of max,mum 

Durmg one ser,es of test runs, the temperature of each detector-““It mount,“g bracket 
and that of amblent a,= ,” the v,crn,ty of each detector umt were recorded by means of thermo- 
couples The max,mum bracket temperature recorded was 150” F. and the max,mum 
amb,ent-air temperature recorded was 170’ F 

Dur,ng the ,nvest,gat,on there were no false alarms by the F,reye detector system from 
test-cell operating cond,t,o”s and no ,“d,cat,o” of potentral sources of trouble I” th,s respect 
One ,nstance of detector-system malfu”ct,o”,“g occurred dur,“g the tests and resulted I,, an 
appreaable reductm” I” se”srt,v,ty The trouble was found to be the result of a worn spot on 
the msulat,on of a w,re I” the ampl,f,er u”,t, and ,t was corrected by us,“g a small p,ece of 
tape on the affected area 

In connectmn w,th the study of se”s,tlvlty requxements, a bench test was conducted to 
determme the effect which the “umber of sens,“g u”,ts mo”,torl”g a flame may have on the 
alarm-s,gnal strength Three sensmg u”,ts were mounted s,de by s,de on a panel and were 
connected to the ampl,f,er The alarm signal result,“g from the use of one, two. and three 
units was observed when the u”,ts were exposed to a flame from a 2 l/2-,“ch-d,ameter pot 
placed approannately ten feet away It was observed that u”der co”dlt,o”s I” wh,ch a angle 

. un,t produced a s,gnal below alarm strength, add,t,o”al u”,ts ,“creased the s,g”al strength 
shghtly However, I” no ,“stance was such a” increase of sufflc,e”t magmtude to cause a” 
alarm signal by the use of three or two u”,ts when one u”,t would not do so It was concluded 
that, from a pract,cal v,ewpomt, no add,tlve effect occurred from the mon,torr”g of a fire by 
a multlpl,c,ty of se”s,“g ““Its 

The followmg co”clus,o”s are made on the bas,s of the tests conducted 
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1 The “se of two Flreye sensmg elements in each engme-compressor compartment 
of the XB-45 nacelle was adequate for mdxatlng the presence of small fires at any 
locatlon wlth,n these compartments 
detected very small fires 

This number of sensmg elements consistently 

2 The optnnum locations for sensmg urnts in the engme-compressor compartments 
1 

were those designated X-l and 3 (Table III and Figs 15 and 17) 
was the th,rd most effective locataon 

Locatmn 2, Fig 16, 

3 In order that they might not be rapidly heated by fires which may occur, sensmg 
“mts of the volume type of detector should be mounted m recessed areas or I,, 
placts uh,ch are not in an a,r stream This 1s in direct opposltmn to the method 
used in the placement of conventmnal types of fire and overheat detectors wh,ch 
are actuated by exposure to heat from the fxe 

For optnnum coverage the center of vls,on of the Flreye sensmg “mt should, as 
nearly as possible, bisect the space to be monitored 

4 In a system “smg two sensmg umts m each compartment at the recommended Lo- 
catmns X-l and 3 and wtth maxxn”rn amplifier sens,tlvlty, the detectmn of small, 
nondamagmg ten-second fires was very rapld 

5 A sensltlvlty equal to 50 per cent of that available from the qpe 71BA2, Model 
1000, Senal D-50 amphfwr and used m CO~J”“CtlO,, with the two sensmg unrts X-l 

6 
and 3 was found adequate for detection of compressor-compartment f,res 
There were no mdlcatmns that normal operatmg condltmns of the B-45 anplane 
would cause the Fneye detector system to false-alarm This, however. should be 
the s”bJect of further mvestlgatmn under actual service condltmns 

B Aft-Compartment Tests 

Procedure 
In determmmg detector requirements for the aft nacelle compartment, fne tests were 

conducted under static condltlons and under sxnulated-flight operatmg condltmns The loca- 
tmns of sensmg umts of the F~reye system, mstalled for test purposes, are shown I,, Fig 19 
The test fire used in the static tests was the same as that used I,, the compressor-compartment 
studies and was produced by lgnltmg anatmn gasolme sprayed from a No 2 oil-burner nozzle 
at a rate of 0 02 gpm A photograph of the test fire 1s shown I,, Fig 20 

The tests under sxnulated fhght condrtmns were conducted “smg a fire burnmg 0 6 gpm 
of gasolme ,n order to obtam results comparable to those for other detector types It was 
also found that smaller fires would not burn at most fire locations because of the high, coolmg 
air flow erlstmg in the aft compartment 

In both the static and the snnulated-flight tests, the fire ,,ozzle was placed at varlo”s 
locatmns throughout the compartment, and test fires of ten seconds’ duration were conducted 
at each location Fire locatmns used n, the static tests are shown m Fig 19 Those used I,, 
the sn-nulated-fhght tests are shown I,, Fig 11 

1 
2 
3 

At each fire locatmn, the followrig kformatmn was obtamed 

Time far detection of the fire 
Magmtude of the slgnal produced by each sensmg “,nt of the system 
Mm~mum amphfler-sensltlvlty settmg at which the system would cause a signal of 
alarm magmtude wlthrn ten seconds 

Measurements of sensmg-umt and of amblent temperatures durmg engrne operatmn 
(90 per cent of rated rpm) and nnmed~ately after engme shutdown were obtamed by means of 
thermocouples and recordmg pyrometers 

Results of the tests under static condltmns and “sing 0 OZ-gpm fires are given ,n Table V 
This table shows the fires which were detected by each sensmg umt of the system, and It ads 
in the selectmn of the most effective combmahon of sensmg “mts 

- 

In arrlvmg at an optnnum combmatlon of units, geometrx conslderatmns led to the se- 
lectmn of centrally located units where possible and to the “se of a n-nnnnum number of “ruts 
located on the outboard sides of the engme tall pipes From Table V It 1s noted that umts 11, 
15, and 18, which are all located between the tall pipes, detected (m combmatmn) all test fires 
except those at fire locat,ons K. 0, and Q These locatmns. as noted m Fig 19, are n, the 
vlcmrty of the burner cans and in the forward portmn of the compartient As shown m 



Fig 19 Fmeye Detector-Unit and Test-Fire LocatIons 
Aft Compartment. XB-45 Nacelle 

Table V, umt No 22 alarmed fires K, 0, and Q, and It evidently provided effective coverage of 
fires m the burner-can regmn of the No 4 engme Umt No 23, correspondmg in locatlon to 
No 22 but for the No 3 engme, should llkewlse be expected to provide equally effective cov- 
erage of the burner-can region of this engme The opt,mum combmatron of umts for the 
entlre compartment was thus mdwzated to consist of “mts 11, 15, 18. 22, and 23 

Further mnterpretatmn of the test data of Table V along wulth gecmetrzc conslderatlons 
of the compartment mdrcate that the addltmn of units 12. 20, 13, and 14 to the afore-mentmned 
comblnatmn should perrmt an appreciable reductmn of amphfler sensltivlty 

The results of the tests conducted under sxnulated flight condxtions are given m Table VI 
and show that the 0 6 gpm gasolrne test fires were rapldly detected by a Fmeye system con- 
slstlng Of five umts Nos 11. 15. IS. 22, and 23 The ma~lmurn recorded temperatures of 
amblent air and of the Fmeye sensmg “rats during test condltlons sm-nulat~ng flight are shown 
1n Tables VII A and VII B The maxm-mm temperatures of the units during engme operatmn 
varied from 130” to 205’ F. and the ma~mum amblent temperatures ranged from 135” to 
207’ F Thus, m a number of mstances, the maxlrnurn recorded temperatures durmg opera- 
tlon exceeded the 180’ F lmxtatmn recommended by the Department of the Air Force for the 
model of sensmg unit tested More recent models, however, are understood to operate 

. satxsfactorlly at higher temperatures 

Concl”slons 
On the basis of the foregorng studxes, the followmg conclusrons were reached 

1 The use of a F’lreye system consxtmg of five sensmg urnts - Nos 11. 15,18, 22, and 
23 - provrded good d&e&on of fires and constituted an effectrve system for the aft 
compartment 

2 Optimum locations for those sensmg umts are shown m Fig 19 Addltmnal effective 
locatmns were those of units 12, 13, 14, and 20 
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Fig 20 Test Fare Used m F~reye Detector Tests 

TABLE V 

AFT-COMPARTMENT TEST RESULTS ON FIREYE DETECTORS 
(ENGINES NOT OPERATING) 

Fire LocatIon 

l-l 1 J K L M N 0 P Q R 

19 x 

20 X X X X 

*22 W-J (W (X) X X X 

Note X - Actual test data 

(X) - Based cm practical conslderatlons Unit No 22 was not Installed when tests . 

were conducted at fire locations H. I. and K 

t - Denotes sensing units whwh, when Lsed sxnultaneously. provided d&e&on 
of all f1r.s 
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TABLE VI 

AFT-COMPARTMENT TEST RESULTS ON FIREYE DETECTORS 
(SIMULATED FLIGHT CONDITIONS) 

Test Condltlons Engme rpm, 90 per cent, 
engme-Inlet total pressure. 1 5 Inches Hg, 
gasoline supply to fire, 0 6 gpm 

Test Fire Location 
NO (See Fig 11) 

Amphfler 
Sensltlvity Setting 
(per cent of rated) 

Alarm Txne Usmg 
Units 11. 15. 18. 22, 23 

(seconds) 

100 
50 
50 

100 

20 
1 5 
10 
1 3 

5 s 50 15 
b s 50 15 
7 G 100 15 
8 G 50 1 2 
9 100 20 

10 100 15 
11 
12 
13 
14 
15 
16 

50 1 5 
50 25 

100 10 
100 1 5 

50 
100 

17 U 50 
18 U 14 
19 V 100 
20 ” 50 
21 ” 14 
22 W 100 
23 W 50 
24 W 14 
25 X 100 
26 X 50 
27 X 14 

15 
1 1 
1 1 
30 
30 
30 
10 
4 011 
1 5 
20 
7 5- 
50 
40 

* The results for ftre locatIons W and X do not reflect the normal Influence of reduced ample- 
fler sensltlvlty The reason for reduced txme for alarm at lower sensltivlty setting was not 
determIned 

Sensmg umts should be mounted m recessed areas or in places which are not m 
an air stream and which xv111 not be directly exposed to fxes 
The txne required for detectmn of fires by the FIreye system was normally 
between two and three seconds from the Instant fuel was released 
The sensltlvity of the Flreye system was high m camparlson with all other types 
of detectors tested Effective detection of aft-compartment fires occurred when 
the five units llsted under Item 1 were used wth the ampllfler sensltlvlty set 
below 50 per cent of ma~xnurn 
The temperatures exlstlng m the aft compartment of the nacelle at some locatmns 
exceeded the 180’ F lm-ntatmn for the mstallatmn of the model of Flreye sensmg 
units tested Umts which ~111 give satisfactory serwce at higher amblent 
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TABLE VII A 

MAXIMUM TEMPERATURES OF FIREYE SENSING UNITS IN THE AFT COMPARTMENT 

Sensing umt Maxunum Recorded Temperatures 
Locat,cns-r DlJrlKlg DlIWlg 

Engrne Uperatmn,* Engme Shutdown 
(degrees F) (degrees F) 

11 157 167 

12 173 170 

13 160 155 

14 110 149 

15 205 191 

16 191 253 

17 135 157 

18 153 174 

19 201 191 

20 158 158 

22 125 224 

* For locat,ons, See Fq 19 
*I Engme operaho” varzed from 60 to 90 per cent of rated rpm 

TABLE VII B 

MAXIMUM TEMPERATURES OF AMBIENT AIR IN THE AFT COMPARTMENT 

Thermocouple LocatIons Maxxnum Recorded Ambrent Temperatures 

No 9 statmn PosItKnl 

1 -10 9 00 o’clock 

II t.80 9 00 o’clock 

Ill -30 9 00 o’clock 

lV t21 2 30 o’clock 

V t100 11 00 o’clock 

Vl +135 11 00 o’clock 

Engme No 

3 

3 

4 

4 

4 

4 

DuWIg 
Engme Operatmn 

(degrees F) 

207 

180 

189 

196 

135 

135 

Durmg 
Engme Shutdown 

(degrees F) 

218 

193 1 

229 

222 

238 

238 
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temperatures are needed Tests mdlcated that the strength of the test signal 
should also be Increased to provide for proper operatmn of the test clrcut 
under relat,vely high amblent temperatures 

C Effect pf Serwng-Umt Temperature on System Sensltlvlty 

Procedure 
A number of bench-type tests were conducted on the F~reye detector system to deter- 

mine the var,at,on XI system sensltlvlty with the temperature of the sensr,g umt The 
equpment consisted of a Flreye system ampllfxr uut, Type 7lBA2, Model 1000, Serial D-50, 
and of three sensmg umts, No 1 (unmarked) and Serial Nos 3 ano 82. Part No DbO-107-I 
These parts were connected in accordance w,th the manufacturer’s mstructmns, and the 
system was operated by a 400~cps, 115-volt power supply 

The testmg apparatus consIsted of a small. electrically heated box ,n whxch a sensmg 
umt could be mou,,ted and of a s,gnalmg dewce for prov,dmg an alternatrng source of mfrared 
radxatlon The s~gnalmg device conslsted of a slotted disk behmd wh,ch was mounted a 6-watt. 
IlO-volt lamp The disk was gear-driven at 600 rpm by a synchronous motor and provided an 
alternatmg source of mfrared radlatxon at a frequency of 10 cps The tests were conducted 
by heatmg each sensing unit to the desired temperature and then determmmg the maximum 
distance. between the lamp and the sensrng urut. at which the F~reye system would alarm 
wlthln ten seconds after mltlal exposure to the slgnalmg source The temperature of the 
sensmg unit was measured by means of a thermocouple mounted 11, Its base Results were 
obtamed over a range m temperature of 06” to 300” F 

Test Results 
Results of the tests are shown graphically III Fig 21 Sensltlvlty of the system at 

various temperatures 1s g,ven I,, terms of the maxrnum distance between the sensmg unit 
and the slgnal source, at which d,stance the system would produce an alarm wthm ten 

100 IS0 
TEMPERATURE OF EYE (DEGREES F, r .“:::“p,:‘:E%Y ,*o, “.rnL,I IWDS.“l 

Fig 21 Effect of Sensmg-Urat Temperature 
on the Sensltwlty of Flreye Detector Un,ts 
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seconds It 1s also grven I,, terms of per cent of the measured sensltlvrty at 02’ F The ele- 
vated sensmg-unit temperature 1s noted to reduce appreciably the sensltavlty of the F~reye 
system There 1s also an mdlcatmn from the shape of the curve that reduced temperatures 
(below 82” F) greatly mcrease sensltlvlty 

Conclusmns 
On the basz of test results, It IS concluded that elevated sensmg-umt temperature 

produces an appreciable drop 1” sensltlvlty of the detector system The influence of this 
temperature effect requxes canslderatmn when making mstallatmns of the detector system 
1n arcraft power plants 

FIRE EXTINGUISHMENT 

ObJectIves 
The prnnary ObJectlve of this phase of the test program was to evaluate the equpment 

and the procedures used m connection wrth the extmgushrnent of power-plant fires In the 
XB-45 alrplane 

An addItIona ObJectxve was to obtan test data whch would zndlcate the unportance of 
varmus factors Involved m the extmgulshment of fires and which would provide the basis of 
recommendations for xnprovmg fire control m the experunental Model XB-45 and m 
productmn-model B-45 airplanes 

Descrlptlon of Systems 

A The XB-45 System 

The XB-45 airplane hre-extmgulshlng system used carbon dloxlde and conslsted of a 
perforated-tubing dlstrlbutmn system for each tunn-engined nacelle and also conslsted of the 
necessary feed lmes. dlrectmn valves. and agent cylmders requred for operatmn It mcluded 
a mam bank and a reserve bank of cylmdcrs (two-shot system), each bank conslstmg of five 
853-cubic-Inch cylmders eqwpped with one-mch flood valves and with flexible slphon tubes 
lhe cylmders were stored m the fuselage, and the discharge could be dlrected to ather nacelle 

In the orlgmal design of the system. quantity requxrements for each nacelle compartment 
were computed by use of the formula 

Q=OZV (1) 

where 

Q = quantity of carbon dmxlde requred. In pounds. 

V = net volume of the compartment, m cubic feet 

By use of this formula, all compartments were presumed to be Class C zones (zones through 
wtuch the quantity of flowmg air 1s relatively small compared to the volume of the regmn) In 
compliance wxth the Department of the Axr Force regulatmns for experImenta aircraft. the 
actual quantity suppLed was twice the calculated value Detaled computatmns are shown m 
Table VIII A total of five supply cylmders, each contalrnng 20 pounds of carbon droxrde, was 
used for each of the two shots 

The tests were conducted on the part of the axplane system that protected the right- 
hand nacelle, a schematIc drawmg of which 1s shown In Fig 22 Pertment dnnenslons and 
design data of the system are given m Tables IX and X For the tests, condltrons m the 
productmn-model airplanes were sxnulated by lccatmg two agent supply cylmders 1~1 the wheel 
well adJacent to the test nacelle and two at a posItIon srmulatmg that of the wheel well at the 
opposite nacelle A total of 61 6 pounds of carbon dmxlde was supplled by the four wmterlzed 
cylxnders, each contaming 15 4 pounds Reference In this report to the XB-45 extmgmsbmg 
system refers to that system which 1s shown m Fig 22 and which has the agent supply 
described in the foregang se&on rather than that supply used by the manufacturer in the 
XB-45 arplane 
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TABLE VIII 

COMPUTATION OF CO2 QUANTITY REQUIREMENTS FOR THE XB-45 NACELLE 

Hazard 

Engme No 3 
Accessory Compartment 

Net Design 
Volume (V) Factor 
(cubic feet) 

20 0 2v 

Engme No 3 
Compressor Compartment 

Engine No 4 
Accessory Compartment 

Engme No 4 
Compressor Compartment 

Fuel-Lme Duct 

Aft Compartment (Common) 

Total 

22 0 0 2v 

20 0 2v 

22 0 0 2v 

25 0 2v 

237 0 0 2v 

* Total quantity of CO2 actually used was 100 pounds 

co2 Requued 
(pounds) 

04 

44 

04 

44 

05 

47 4 

57 5 

CO2 Required 
for Experimental AIrcraft 

(pounds) 

08 

88 

08 

88 

10 

94 8 

115 o* 

Fig 22 Dlagrammatlc Layout of XB-45 Airplane-Nacelle Fire-ExtmguLbmg System 
Used m Tests 
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ml-45 A,rplane 

No of Lme Slzx No of 
hnes fOD x Wall1 Holes 

(m&s x die.) 

2 1 1/z Y 0 035 

I 1 1/4 x 0 035 

1 , x0028 

1 I x0028 

1 1 x0028 

1 I x 0 028 

2 1/4 0 OIZ x 

1 I x 0 028 

I 5/8 0 020 x 

L l/Z x 0 020 

1 l/2 0 020 x 

1 1/2x 0 020 

1 l/Z x 0 0.20 

1 1/4x 0 012 

1 1/4x 012 0 

__ 

3/32 

3/32 

3/32 

3/32 

3/32 

0 067 

-- 

-- 

l/16 

l/16 

l/16 

l/16 

0 135 

0 067 

LuIe Size 
(OD x wall) 

(Inches x Inches) 

2 x 0 035 

- _ _ 

1 x 0 028 

1 x 0 028 

Ix0028 

1 x 0 028 

l/4 x 0 012 

3/4x 0 020 

3/4 f,ttmg 

l/Z x 0 020 

l/2 x 0 020 

l/L x 0 020 

l/Z x 0 020 

1/4x 0 035 

L/4 x 0 012 

No of 
Holes 

0 

61 

61 

46 

49 

2 

0 

0 

19 

17 

1* 

13 

1 

1 

Diameter 
01 Holes 
(Inches) 

_- 

_- 

3/32 

3/32 

3/32 

3/32 

0 107 

_- 

_- 

1/16 

l/16 

1/16 

l/16 

0 107 

0 107 

A descr,ptmn of the extmgushmg system I,, B-45 a,rplanes and a comparison of tb,s 
system with the XB-45 system tested are presented to permit the appllcatmn of test results 
to productmn models 

The B-45 airplane fire-extmgushmg system used carbon dloade and conslsted of a 
perforated-tubmg dlstrrbutmn system of essentially the same general confrguratlon as that 
used m the XB-45 model In contrast to the XB-45 system, however, rt provided for a angle 
shot only and utllleed four g53-cub,=-Inch cylmders, two LD each wheel well Each cylmder 
contamed a wmterx.ed charge of 15 4 pounds. provldlng a total charge of 61 6 pounds of carbon 
dmnde 

In the design of the system, quantity requrements for each nacelle comparixnent were 
computed by assurmng that the nacelle compressor compartments were Class D hazards 
(zones through wtuch there 1s very lrttle or no al= flow) and that the aft compartment was a 
Class C hazard For the Class D hazards, the quantity of agent was computed with the use of 
the formula 

Q = 0 14V 

where 

(2) 

Q = quantity of agent requxred, ,n pounds, 
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V = net volume of the compartment, m cubic feet 

Far Glass C hazards, the formula Q = 0 2V was used Results of these computations are 
shown III Table XI, which also shows the design values of the compartment azr flow, the values 
on which the hazard classlficatlons were based 

For the purposes of comparxaon, the pertment dunensmns and design data of the B-45 
system are given m Tables IX and X with those for the XB-45 system 
differences III the systems are noted 

The followmg 

1 The total nozzle areas m the prxnary nacelle compar+xnents are smaller m the 
B-45 system 

2 The supply lme which carries the agent to the forward nacelle compartments 1s 
smaller in the B-45 system 

3 
4 

The feed-lme area for the B-45 system 1s smaller than the area for the XB-45 system 
The ratm of compressor-compartment nozzle area to total-system nozzle area IS 
smaller for the B-45 than for the XB-45 system 

TABLE XI k 

COMPUTATION OF CO2 QUANTITY REQUIREMENTS FOR THE B-45 NACELLE 

Hazard Classlflcatlon Net Nacelle 
of Hazard Volume (V) Coohng Air Flow 

Factor*** CO2 
Requred 

(cubic feet) (pounds per second) (pounds) 

Aft Compartment C 236 60 0 zv 47 2 

No 1 Compressor D 22 03 0 14v 3 08 
Compartment 

No 4 Compressor 
Compartment 

D 22 03 0 14v 3 08 

Total 280 53 36** 

Note The dtscharge pertod was calculated to be 2 45 seconds wrth the lxmtmg factor bemg 
the one-Inch flood valves on each cylmder 

* The mformatmn contamed In this table was taken from Proposal Drawng 147-953048. 
North Amer~ran Avmtmn, Inc Although not shown m the table, small quantltles of 
agent were supplled to the engine accessory compartments and to the nacelle fuel duct 

‘CC CO2 actually used was 61 6 pounds 

*+- Since August 1950. the USAF has made use of bromochloromethane extmgulshlng sys- 
terns rather than of CO2 systems m new arcraft Agent quantity requrements are 
based on the formula 

Q = 0 56 Wa + 0 16 V 

where 

Q = Quantity of bromcchloromethane requred for a L-second discharge (in 
pounds) 

Wa = Air flon through compartment under cruise condxtlons (in pounds per 
second) 

V = Cross volume of compartment (in cubic feet) 
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From the deszgn differences. the B-45 system would be expected to result m a lower rate of 
agent dlscharge and to be less effective than the XB-45 system tested. particularly m the 
forward nacelle compartments 

EVALUATION OF THE XB-45 NACELLE F IRE-EXTINGUISHING SYSTEM 

Evaluatmn of the XB-45 fire-extmgushmg system was accomplished by the 
measurements of 

1 Dlstrlbutron of the agent by the system to the various nacelle compartments 
2 The duratmn of agent discharge 
3 The concentratrons of agent resultmg from the dlscharge of the system under 

sxnulated flight condltmns 
4 The effectiveness of the system m extmgushlng actual fires under sxnulated 

flight condltlons 

Agent Dlstrlbutmn 
One of the prxnary functzons of an extlngulshmg system 1s to provide adequate dlstrlbu- 

tlon of an agent to all potential fire locatmns This requires the supply of adequate quantltles 
of the agent to each nacelle fire zone and requres Its proper dlstrlbutmn wlthm each zone 

An mdxatmn of the quantzty of an agent supplied to each fire zone of the nacelle by the 
XB-45 exhngulshmg system was obtalned by mock-up tests The system was removed from 
the nacelle and was supported In the open m Its normal posltmn Water was discharged through 
the system from supply cylmders that were equpped wrth siphon tubes and wrth one-mchflood 
valves lko cylmders were connected to each of the two prxnary feed Imes, Fig 22, and were 
posltmned to snnulate condltmns m B-45 productton arcraft (two cylmders m each wheel well) 
Each 853-cubic-mch cylmder contamed 15 pounds of water and was pressurlxed with nitrogen 
between 450 and 500 psi The quantity discharged to each forward zone or compartment was 
caught by large serology balloons which covered the perforated tubing of the system The 
quantxty dlrcharged from the aft portmn of the system was calculated as bemg equal to the 
difference between the total quantrty discharged and the quantity released from the forward 
portmn A ten per cent loss of agent wlthm the system was assumed In this calculation Three 
tests were made, and the results are given m Table XII 

From the dlstrlbutmn rates thus determmed, the quantltles of carbon dmxlde which the 
system would discharge rnto the varmus nacelle compartments were computed and are shown 
m Table XIII Also shown are the results of dlstributmn computatmns based on systemnozzle- 
area ratms for both the XB-45 and the B-45 systems The values llsted mdzcate that (1) the 
XB-45 system discharged less agent mto the forward compartments and more mto the aft 
compartment than expected from the design calculatmns based on nozzle-area ratios. and 
(2) the B-45 system wrll discharge less agent mto the forward compartments and more Into 
the aft compartment than xv111 the XB-45 system 

In addltmn to the foregang, some mformatran on the dlstrlbutlon of carbon dloxlde 
wIthin the varmns nacelle compartments by the XB-45 extmgushlng system was obtalned by 
agent-concentratmn measurements Ths IS discussed later In this report 
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Duratmn of DLscharge 
The discharge duratmn for 61 6 pounds of carbsn dmxlde by the XB-45 extmgushmg 

system was measured by means of colored m&on p,ctures With the system mounted ,n the 
open and with an air blast of approximately 90 mph passmg over it to make the discharge 
vlsable throughout the test, the carbon dmxlde was released and motion pxtures were taken 
A large clock, capable of bemg read to l/lOOth of a second, was placed wthm vie,., of the cam- 
era for tlmu-,g the discharge These tests showed that the total discharge time was 2 9 seconds, 
and the apparent full-strength discharge time was 1 0 second The total time llsted 1s the 
elapsed time between the first and the fmal visual md~catmns of d,scharge The apparent full- 
strength drscharge txne 1s that which elapsed between the mstant the rate no longer appeared 
to increase and the Instant ,t first appeared to decrease 

Agent Concentratmn 
The ob,e&ve of this phase of testmg was to determme the concentratmns of carbon 

dloxlde wrthm the nacelle compartments when the XB-45 extmgulshmg system ,s discharged 
under simulated flight cond,t,ons Speclflcally. measurements were made to determine 
(1) the average max~m,,m concentration of carbon dmxlde resultmg 11, each compartment from 
the discharge of the system, (2) the resultmg dlstrlbutlon of the agent wlthm each compartment, 
and (3) the resultmg time-versus-concentration relatmnshlp I,, each compartment 

The test procedure consIsted of measurmg, by the use of a gas analyzer. the concentra- 
tmns of carbon dmxlde occurrmg wlthm the XB-45 nacelle when dxchargmg the fire- 
extmgulshmg system under condxtions slmulatmg those whch exist in flight and which result 
from following the prescribed fire-emergency procedure for the B-45 airplane Smce this 
procedure calls for both engmes bemg shut down, the tests were conducted with engmes wmd- 
mlllmg Dependmg on the airplane speed and altitude, the total engme-Inlet air pressure 
would vary, so that tests \vere conducted at various values ran 

The tests covered a range of s,mulated speeds up to 
mg from 0 to 7 Inches of Hg 

approuma ely 425 mph at sea level or up f 

Fig 23 Pltot Impact (total) Pressures at 
Varmus Air Speeds and at Standard Altitudes 



Fig 24 Locatmn of Samplmg Pomts, Carbon Dmxlde Concentratmn Measurements 

to 490 mph at 10,000 feet altitude For purposes of mterpretatlon of results m tks and other 
sectmns of the report, the calculated standard-condltmn relatmnshlps between air speed, 
total pressure. and altitude are shown m Fig 23 

Instrumentatmn consxted of an mstallatmn m the nacelle of numerous samphng tubes 
through which the analyzer drew the gas samples durmg a test The deslgnatmns and locatmns 
of the samplmg pomts are shown in F,g 24 Each test was conducted by pravldmg the desired 
total pressure to the engine inlets and allowing the rpm of the wmdmlllmg engme to stablllze 
The analyeer was then operated durmg the discharge of the agent In all tests, 61 6 pounds of 
carbon dloxlde were discharged through the XB-45 extmgulshmg system The four cylinders 
used contamed wmterlzed charges of 15 4 pounds of carbon dmxlde each and were located two 
m each simulated wheel-well posrtmn 

This gas analyzer used m the tests was built by Statham LaboratorIes, Inc , and It was 
designed speclflcally for recordmg extmgulshlng-agent concentratmns as they may occur m 
arcraft It IS capable of recordrng rapidly changrng concentratmns and consists essentially 
of 18 analyzer umts, a vacuum pump for drawmg the gas samples through the umts, and an 
lg-channel oscillograph for recordmg the concentratmns as mdlcated by transducers m the 
analyzer umts A complete descrlptmn of this mstrument IS given I” a separate report 4 
These tests represented the mltlal effort to utl1lr.e this mstrument III full-scale tests 

The results of concentratmn measurements are presented by graphs and tables which 
show (1) the average maximum concentratmns occurrmg wlthm each primary nacelle com- 
partment for various engme-Inlet air pressures (various simulated flight speeds), (2) the 
dlstrlbutmn of carbon dmnde wlthm each compartment, and (3) the time-versus-concentr=t,~n 
relationshp resultmg m each compartment 
detail m the followmg paragraphs 

D~scussmn of these results IS given in greater 

4James D New and Charles M Middlesworth, “Aircraft Fire Extinguishment, Part III, 
An Instrument for Evaluatmg Extmgmshmg Systems,” CAA Technical Development Report 
No 206, June 1953 



Fig 25 Effect of Engme-Inlet Total Pressure on Carbon Dmude Concentratrxw, 
Resultmg From Dxcharge of XB-45 Extmgurshmg System With Engmes Wmdmlllmg 

1 The maximum concentrat,ons that occurred durrng discharge of the XB-45 extmgushlng 
system under various engme-Inlet air pressures are shown m Fig 25 Each plotted 
pant on the curves represents the average maximum ccncentratlon determlned from 
nll~~lerous pxkups and from two test runs The accessory-compartment data was ob- 
taned by one plckup, the compressor-compartment data from two plckups (except for 
the tests at 6 Inches of Hg.where 12 plckups were used). and the aft-compartient data 
from 13 pickups 

The requred value of average max,mun, ccncentratlon of carbon dmxlde for fire 
extlngushment cannot be speclfled exactly because of the nonumform agent dlstrlbutlon 
that may occur wvlthu, a compartment and because of the unknown magmtude of influence 
which the method of mtroducn,g the agent may exert It 1s generally recognued that 
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oxygen concentratmn must be reduced from the normal 21per cent to 15 per cent 
or lower, m order to prevent combustion of such flmds as gasolme and kerosene 
For homogeneous mixtures. this would require a carbon dmxlde concentration of 
at least 28 5 per cent On the basis of this figure and the comparative data ob- 
taxned by actual fire tests, a tentative value of 40 per cent carbon dmvxde concen- 
tratmn was selected as representmg a desirable mxnmum reqmrement 

From the graphs III Fig 25. It 1s noted that maximum average carbon dloxlde 
concentratmns occurrmg m the aft nacelle compartment were well above the 
m~~mum requirement and were unaffected by the air pressure at the engme m- 
lets In all forward compartments, the required concentrations were below the 
recommended mmlmum at high engme-Inlet ax pressures They were appreciably 
reduced bylncreasedpressure 
2 Dlstrrbutmn studies were made III the No 3 engme-compressor compartment 
and m the No 3 engme side of the aft compartment Tests were conducted under 
static condlt,ons and under sxnulated fhght condltlons The p,ckup locatxons are 
shown m Fig 24 The results were analyzed by calculatmg the average concen- 
tratmns for various regmns wlthrn the compartments from the maxImum concen- 
tratmns recorded For dzstnbutmn analysts. the compressor compartment was 
dlvxded Into three longltudmal regxons represented by the nacelle statlons -126 
(forward regmn). -110 (central regmn). and -96 (aft region) It was also dlvlded 
mto lateral regions represented by the engme clock posltmns 12 olclock (upper 
regmn), 6 o’clock (lower region), 3 o’clock (compartment outboard region), and 
9 o’clock (Inboard, or keel region) LIkewIse. the aft compartment was dlvlded 
mto four longltudmal regmns represented by nacelle statlons -70. 0 0. t70, and 
+135 For this compartment, mformatmn was obtamed concernmg the upper and 
lower lateral regions only 

The analysts of test results 1s shown m Tables XIV and XV In addltmn to 
average maxImum concentratmns for each of the regmns, the lowest single readmg 
recorded for each test condltlon IS llsted as an mdlcatlon of the weakest local 
concentration The fallowmg comments regardmg dlstrlbutmn of carbon dmxlde 
wlthm the compartments are based on the values shown m the tables 

a Discharge of the XB-45 extmgulshmg system under static condltmns 
produced an even dlstrlbutmn of carbon dloxxde in the compressor 
compartment However, under condltmns slmulatlng flight with ram 
air supplled to the engme Inlets and with engmes wmdmllhng, carbon 
droxlde concentratlan was much lower below the engme than It was 1x1 
the upper and side regmns of the compartment The mmlmum recorded 
concentratmn llsted m the table occurred in the forward lower region 
This mformatmn mdlcates greater ar-guide-seal leakage and greater 
air flow ,n the lower portlon of the compartment and a need for the 
dlstrlbutmn of greater quantltles of carbon dvxade m this area 



Fig 26 Time-Versus-Carbon Dmxlde Concentration RelatIonshIp 
Resultmg m Nacelle Compartments From Dxcharge of XB-45 Extmgulshlng System 

b Table XV shows that carbon dloxlde concentrations above and below the 
tall pipe were approximately equal Longltudmally, higher concentratmns 
occurred 1x1 the aft portmn of the compartment 

3 The duratmn and magnitude of carbon dmxlde concentratmns cccurrmg m the 
nacelle compartments from the dlscharglng of the XB-45 extmgwshlng sys- 
tem are mdlcated by the graphs of Fig 26 Actual tzme-concentration 
recordmgs obtamed with the gas analyzer are shown 1x1 this fxgure Results 
are plotted from smgle-pomt plckup locations and were obtalned with engmes 
wmdmllllng and with a total air pressure of 6 Inches of Hg at the engme 
Inlets 

From Fig 26, It IS noted that 

a The agent concentratmn m the No 3 engme-accessory compartment 
never reached the mxnxmum value of 28 5 per cent considered to be 
necessary for fire extlngulshment 
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TABLE XV1 

RESULTS OF FIRE-EXTINGUISHING TESTS 
CONDUCTED IN LOWER REGION OF NO 3 ENGINE-COMPRESSOR COMPARTMENT 

Test Condltmns Gasoline supply to fire, 0 6 gpm. agent dlscha=ged, 61 6 pounds CO2 

Engrne-Inlet 
Total Pressure 

(Inches Hg) 

00 
00 
01 
02 
1 0 
1 0 
10 
10 
10 
20 
20 
20 
30 
30 
30 
30 
50 
50 
50 
50 
70 
70 

Engme RPM 

No 3 No 4 
(per cent) (per cent) 

90 0 
0 

45 
0 

Wmdm~lhng 
Wmdmllhng 
Wlndmlllmg 
Wlndmllhng 
rVmdm11hng 
Wlndmlllmg 
Wmdm~lhng 
Wmdmzllmg 
Wmdm~llmg 
Wmdm,llmg 
Wmdrmllmg 
Wmdmlllmg 
Wlndmlllmg 
Wmdmllllng 
Wmdmlllmg 
Wmdm~llmg 
W mdmlllmg 
Wmdmllhng 

90 
45 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 
90 

Wmdm,llmg 
90 
90 

Extmgulshlng Air-Guide Fire 
Procedureb Seal Extlngulshed 

B 
C 
A 
B 
B 
B 
c 
C 
B 
C 
B 
B 
c 
c 
C 
B 
C 
B 
B 

Orlgmal 
Orlglnal 
O=Iglnal 
Orlglnal 
Orlgmal 
Orlglnal 
N.5” 
N-V 
Orlglnal 
Orlgmal 
Orlglnal 
Orlgmal 
Ongmal 
New 
New 
Orlglnal 
Orlglnal 
Orlgmal 
Orlgmal 
Orlgmal 
New 
NPP 

Yes 
Ye* 
Yes 
NO 
Ye* 
Ye* 

Yes 
Yes 
Yes 
Ye* 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 

90 
90 
45 
90 

Windmllhng 

* Extmgulshlng Procedure 
A - Throttle was chopped rapldly 5 seconds after start of fire 

10 seconds later 
CO2 was released 

B - CO2 was released 10 seconds after start of fire Engme was not shut down dunng 
procedure 

c - co2 was released 5 seconds after start of fire Engme was not shut down durmg 
procedure 

b Above the engme m the No 3 compressor compartment, the agent 
concentratmn exceeded 28 5 per cent for 3 9 seconds and exceeded 40 
per cent (the recommended mzmmum) for 1 2 seconds Below the 
engme, It never reached 28 5 per cent 

c The agent concentratmn exceeded 28 5 per cent for apprcrlmately 8 
seconds and exceeded 40 per cent (the recommended mm~mum) for 
approxnnately 6 4 seconds m the aft compartment both below and 
above the No 3 engme tall p’pe 

Full-Scale F’lre Tests 
The ablllty of the XB-45 fire-extmgulshmg system to extlngulsh fires was determmed 

by causing It to discharge the agent under varmus condltmns of engine operatmn and by ob- 
servmg the effect on fires lgmted at different locatmns wvlthzn the nacelle The maJorLty of 
the tests were conducted an a fire resultmg from the release of avmtlon gasolme from a 
pmched-end tube at a rate of 0 6 gpm In some Instances, standard hydraulic fluld 
(AN-VVO-366B) was also supplxed at a rate of 0 4 gpm The detalled condltlons for each test 
that was run are shown m Tables XVI and XVII Evaluatmn tests were conducted m the No 3 
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TABLE XYIl 

RESULTS OF FIRE-EXTINGUISHING TESTS CONDUCTED IN AFT NACE!JX COMPARTMENT 

Engme RPM Engme-met Fvel to E-Ire* Test Fire F,rr 
No 3 No 4 Total Pressure Procedure** Location Extlngulshed 

(per Cd) (per <e”t) (mches Hg) (See F1g 11) 

H J Yes 
H J Yes 
H J Yes 
H J Yes 
H J Yes 
H Y Yes 
H Y Yes 

+ “11 D Y Reflash 10 seconds 
+ 011 F Y Rdlash 22 *econds 
+ cl,1 E Y Yes 
+ 011 D Y Reflash LZ seconds 
+ Oil G Y Ye5 

Ga;olme was at a rate of 0 6 gpm OLl was standard AN-YYO-366B hydravllc fhld at 0 4 gpm 

**Test Pracedvre 
H - *gent was released 5 seconds after start of f,re Engines were not shut down 
D - Hydrauhc Il”ld was released for LO seconds, gasolme was released and lgnlted Agent was released 

5 seconds after start 01 fire Flow 01 gas and 011 was stopped 5 seconds after release Of agent 
Engmes were not ahut dawn 

E - HydraullC IlUld was released ior 10 seconds. then gaso1me was released and lgmted *gent was 
released 5 seconds after start af hre Flow of gas and 011 was shut off ?Jter extlngulrhment 
Engines were not shut dawn 

F - Hydrauhc flu.3 was released. gasolL”e “a5 released and lgnlted at 20 seca”ds.agentwas released 
at 25 seconds gasalme flaw was shut Olf at 30 seconds. 0,l I,om was shut off at 42 seconds 
Engines were not ahut down 

G - Hydraulic flUl.3 was released. gasoline was released and lgnlted at 20 seconds. throttles were 
chopped at 22 seconds, agent was releasedatL5seco”dS gasobne and OLl were skvtoff at29 Seconds 

Agent discharged = 61 6 pounds OI co1 

engme-compressor compartment and m the aft nacelle compartment The quantity of agent 
which was used was 61 6 pounds of carbon dloxlde The mmlmum quantity of agent requrred 
for extmgulshment was also determmed for each compartment 

A Compressor-Compartment Tests 

The fire tests conducted m the upper regmn of the No 3 engme-compressor compart- 
ment were made with the No 3 engme operatmg at 90 per cent of rated rpm, at engme-Inlet 
al= pressures of 0, 2, 3. 4. 5. and 7 Inches Hg The extlngulshmg system dxcharged the agent 
five seconds after fire lgnltlon No shutoff procedure was used prmr to the discharge Under 
these condltxons, all fires were extInguIshed by the XB-45 extmguzshmg system 

The results of fire tests conducted m the lower regmn of the compartxnent are given m 
Table XVI From the table It IS noted that fires m the lower reg~an were extInguIshed by the 
XB-45 system when the engine-Inlet air pressure was below 2 Inches Hg For pressures 
above this, the fires were not extInguIshed Failure of the system to extmgulsh fires was ob- 
served to be due to ram-ax leakage through the lower half of the engine air-guide seal, which 
leakage caused al= flow m this regmn to be greatly in excess of the design value During the 
course of testmg. the seal was replaced with an xnproved seal of the type which was used m 
the production-model B-45 arplanes This, however, did not noticeably Improve the 
extmgulshmg effectiveness 

B Nacelle Aft-Compartment Tests 

The extlngulshmg studies made III this compartment Included tests (a) wvlth engrnes wvlnd- 
mlllmg and with engmes at 45 per cent and at 90 per cent of rated rpm. (b) with engme-mlet 
air pressures of 0 and of 6 Inches Hg, (c) with both gasolme and oil and with gasolme alone 



40 

used for producmg the test fire. and (d) with test fires located at two pos~tmns, J and Y See 
Fig 11 The condltmns and the results of each test are given in Table XVII 

All gasolme test f,res were exhngushed by the XB-45 extmgushmg system with engmes 
wndm~lhng and also under the more severe ar-flow cond,tions resultmg from engme opera- 
tmn at 45 and at 90 per cent of the rated rpm Hydraulic-flud fires were extmgulshed I,, all 
tests, however. ln th,s mstance, contmued engme operatmn after agent dlscharge caused fire 
reflash DetaIled studxes of the reflash hazard were made and are reported elsewhere I* this 
report 

C Agent-Requrement Tests 

In addltmn to the evaluatmn tests, stud,es were made to determme the m,nnnum quan- 
tlty of an agent that 1s requned to extmgush fnes ,n the compressor and aft compartments 
when the perforated-tubmg system 1s used I,, the XB-45 nacelle The prevmus test results 
when the standard B-45 amplane supply of 61 6 pounds of carbon dmx,de was used mdlcated 
that the quantity of the agent discharged mto the aft compartment was possibly in excess of 
requmements and that the concentratmn of agent m the compressor compartment was made- 
quate Agent-requrement tests were therefore designed to md,cate the extent of unbalance 
and to mdlcate the ieaslblllty of overcommg exxstmg madequacres by supplymg addltxonal 
quantlt,es of the agent Such addltmns were not expected to increase the rate of d,scharge or 
to change the balance of the system The test condltmns as well as the test results are g,ven 
in Table XVIII The quantltxs of agent hsted are those dmcharged through the entIre nacelle 
system to all nacelle compartments 

As shown m the table. a total system ducharge of 123 pounds of carbon dmx,de was 
necessary to extmgush compressor-compartment ilres A total system dxcharge of 26 
pounds was necessary to extmgush aft-compartment f,res Previous dxtrlbutmn measure- 
ments mdlcated that. of the total charge, 5 84 per cent was dxcharged Into the No 3 com- 
pressor compartment and 85 66 p er cent Into the aft compartment See Table XIII On the 
basis of these values, the tests mdlcated that 123 x 0 0584. or 7 16, pounds of carbon d,oxlde 
to the compressor compartment and 26 x 0 856, or 22, pounds to the aft compartment were 
necessary to extmgmsh fires The ratm of agent quantity requ,reme,,tts for the two compart- 

ments was s = 0 33, whereas the measured system-dxscharge ratm was &&= 0 07 

These figures mdlcate the degree of dlstnbutmn unbalance 
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Conclusions 
The evaluatlan studleT of the XB-45 anplane-nacelle fue-extmgulshmg system ,ndl- 

cated that Inadequate protection was provided to the forward nacelle compartments and that 
adequate protectvan was provided to the aft nacelle compartment A compansan of the B-45 
production-auplane extmgushmg system with the XB-45 system zndlcated that nacelle 
forward-compartment protectmn in the B-45 models 15 probably less effective than ,n the 
XB-45 airplane 

The iollowng spec~ilc conclusions are drawn from the test resLlts 

The supply of carbon dloxlde to the nacelle forward compartments by the XB-45 
extmgushmg system was somewhat less than expected from design calculations 
The air flow in the compressor compartments was a great deal higher than was 
or~gmally estimated, and the class~f,catmn 11, design calculatmns of these com- 
partments as Class D hazards was II, error Inadequate sealmg between the 
compartments and the engme ml&s resulted ,n a,r flow that was 11, excess of 
ongmal estimates The an-gude seal was particularly meifectlve in the lower 
half of the compartment where It was atiached to the nacelle forward hmged 
door Thx resulted ,n relat,vely high compartment air flow at high engme-Inlet 
al* pressures 
Measurements of the duratron of carbon dmxlde dlscharge mdlcated that the rate 
and duration were in appronmate agreement vnth design values 
The concentration of carbon dloxlde resultmg from the dlscharge of 61 6 pounds 
of carbon dloxlde (the standard charge for the B-45 productmn anplanes) through 
the XB-45 eatmgushmg system was found, by gas analysts and by f,re tests, to be 
adequate in the aft compartment of the nacelle and to be madequate in the forward 
accessory and compressor compartments under condztmns slmulatmg those 
iollowmg flight-i,re procedures 

Fig 27 Forward PortIon of XB-45(M) Extmguxshmg System 
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The dlstrlbutlon of carbon dmxlde wlthm the nacelle compartments by the 
XB-45 extmgulshmg system was adequate in the aft compartment and made- 
quate m the compressor compartments Under condltmns for whxch the 
extmgulshmg system was desIgned, the dlstrtbutmn of the agent wulthm the 
compressor compartments was adequate. but barely so 
The time durzng which the carbon dlovlde concentratmns remamed above the 
recommended mmlmum value of 40 per cent was mdlcated to be about 6 4 
seconds m the aft compartment and to be about 1 2 seconds m the upper 
regmn of the compressor compartments This was under condltlons slmula- 
txng those durmg flight-fire emergency procedure when the engmes are 
wlndmlllmg and when ram air 1s supplled at the engme mlets The recorded 
cancentratmns m the lower compressor-compartment regions and m the 
engme-accessory compartments never reached 40 per cent 
The quanttlty of agent (61 6 pounds of carbon d,ox,de) provided by the XB-45 
extmguxshmg system for the entlre nacelle was adequate However, the dls- 
trlbutmn of the agent by the system to the various nacelle compartments was 
such that excessive quant,txes were discharged Into the aft compartment and 
Inadequate quantltles were dacharged mto the forward comparknents F,re- 
extmgulshmg tests mdlcated that a change m the characteristics of system 
d,strlbutmn rather thanan ,ncrease in the agent quant,ty was needed to 
Improve the eiiectlveness of the system 

DEVELOPMENT OF AN IMPROVED CARBON DIOXIDE EXTINGUISHING SYSTEM 

The evaluatmn tests prevmusly conducted on the XB-45 system mdlcated that addltlonal 
protectmn was needed m the forward compartments of the nacelle T,vo rev1smns were con- 
sldered desirable. namely, (a) to replace meffectxve seals between the englue air mlets and 
the compressor compartments to reduce ax flow m the compartments. and (b) to modify or 
supplement the extmgulshmg system m order to provide higher concentrations of carbon 
dmxlde m the lower regrons of the compressor compartments and m the engme-accessory 
compartments The studies made here were for the purpose of accamphshmg Item (b) 

Modlhcatlon of the XB-45 System 
The ablllty of the XB-45 extmgulshmg system to extxngulsh fires m the forward nacelle 

compartments was improved a great deal by modxfymg the forward partIon of the system 
TABLE XIX 

DESCRIPTIONS OF VARIOUS MODIFIED EXTINGUISHING SYSTEMS 
USED IN THE FIRE TESTS ON THE XB-45 

System 
Des,gnat,on 

XB-45 (1) 

XB-45 (2) 

XB-45 (3) 

XB-45 (M) 

Descrlptmn 

This system consIsted of the forward portIon only of the XB-45 system The 
extmgulshmg-agent cylmder was connected at the upstream end of feed line G 
See Fig 22 

This system was almost the same as system XB-45 (1). but It had the ends of 
the d,stnbutlon lmes H and II opened and had a 90’ angle attachment on the 
end of lme II for dr&ng the CO2 blast across the air stream below the 
eng,ne See Fig 22 

This system was almost the same as the XB-45 extmgulshmg system, but It 
had the ends of lmes H and II open and had a 90’ angle attachment on the end 
of lme II for dlrectmg k?x CO2 blast acras the air stream below the engine 

This system was almost the same as the XB-45 extmgulshlng system, but It 
had the forward portlo” replaced with a dlstrlbutor block and smgle-outlet 
open-end lmes See Fvg 27 
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The modlilcatmn consIsted of the replacement of the perforated tubing in the compressor 
compartients with open-end tubing as shown m F’lg 27 Descrlptmns of the varmus can- 
ilgurahons or systems tested m arrlvmg at the irnal modlflcatlon are given m Table XIX 
The condltmns and results of lndlvldual tests on these systems are given m Tables XX, XXI, 
and XXII 

The mltlal series of tests using the forward portmn of the XB-45 system, which 1s des- 
lgnated system XB-45( 1). lndlcated a need for greater protectlo” m the lower reglo” of the 
compressor compartment See Table XX The second series of tests. usmg system X8-45(2), 
showed that the eiiectlveness of the system was greatly Improved by dlrectmg carbon dmxlde 
across the lower regmn of the compartment See Table XXI The third series of tests mdl- 
cated that openmg the ends of lmes I” both compressor compartments. as 1” system XB-45(3). 
did not materially reduce the extmgulshmg eifectlveness I” the aft compartment See Table 
XXII In the imal serxs of tests conducted on system XB-45(M), 0 6-gpm gasohne test hres 
were extmguxhed under high ram-pressure condxtlons Very severe test i~res (2 5 gpm), 
however, were not extmgulshed 

From these studxs. It was concluded that a modlilcatmn m the deslg” of the XB-45 
extmgulshmg system m accordance with that designated as system XB-45(M) was a means by 
which the efiectlveness of the orlgmal system could be apprecrably Increased However, the 
modliled system did not extmgulsh sevaeflres which completely enveloped the compressor 
compartment The Improved efiectlveness of system XB-45(M) was consldered to be a resCllt 
of (1) a slight addltmnal supply of carbon dloxlde to the forward compartments and (2) a 
m”re efiectlve dlstrlbutlon of the agent from the utllwatlon of a blast effect obtamed by 
dlschargmg the agent from open-end tubmg across the air stream 

TABLE XX 

RESULTS OF FIRE-EXTINGUISHING TESTS USING SYSTEM XB-45( 1) 
IN THE NC 3 ENGINE-COMPRESSOR COMPARTMENT 

Test Cond,tlons Gasolme supply to ilre. 0 6 gpm. 
No 3 engme operatmg at 90 per cent rpm, 
5-second ixe, engme not shut off 

Engme-Inlet 
Total Pressure 

(Inches Hg) 

5 

5 

5 

5 

0 

0 

0 

3 

5 

5 

5 

Fire 
Locatlo” 

(See Fig 11) 

B 

B 

B 

E 

A 

A 

A 

A 

A 

A 

A 

CO Discharged 
by E?ntlre System 

(pounds) 

12 6 

60 

50 

40 

80 

60 

50 

80 

12 0 

15 4 

20 0 

Fire 
Extmguls hed 

Yes 

Ye* 

Ye* 

NO 

YES 

NO 

NO 

NO 

NO 

NO 

NO 



44 

TABLE XXI 

RESULTS OF FIRE-EXTINGUISHING TESTS IN THE NC, 3 
ENGINE-CGMPRESSOR COMPARTMENT AND USING SYSTEM XB-45 (2) 

Test Condlt,ons Gasoline supply to fme, 0 6 gpm, 
No 3 engine operatmg at 90 per cent rpm, 
5-second f,re, engme not shut off, 
Engme-mlet total pressure. 5 Inches Hg 

Fire 
LocatIon 

(See Fig 11) 

B 

B 

B 

A 

A 

A 

Total CO2 Discharged 
Into EntIre System 

(pounds) 

60 

40 

30 

15 4 

10 0 

SO 

Fire 
Extmgushed 

Yes 

Ye* 

NO 

Yes 

Ye* 

Yes 

A 

A 

A 

A 

A 

A 

C 

C 

50 

50 

40 

40 

30 

2.0 

50 

40 

Yes 

YE 

Yes 

Yes 

NO 

NO 

Ye* 

Yei? 

Development of a S upplementary System 
A supplementary carbon dmx,de extmgushmg system, l&ended to provide addltmnal 

protectmn to the forward nacelle compartments, was des,gned and mstalled 1x1 the test nacelle 
Tins system. desqnated S-l, 1s shown III Fig 28 It ut,lmed open-end tubmg for dwcharglng 
the agent By d,rectmg the outlets as shown 11, the Illustratmn. the agent was dlstrlbuted 
around the eng,nes by a h,gh-velocity swrlmg a&an, thereby utlhzmg dynamrc as well as 
static effects to accompl,sh extmgushment 

The test condltlons and the results of fire tests conducted with the system are shown 1x1 
Table XXIII, and they mdlcate that (1) g asolme fires (0 7 gpm) in the lower reg,on of the 
compressor compartment and under high ram-air condltmns were eatmguzshed by utllwmg 
system S-l alone with a m,nmnum of 4 pounds of carbon dmnde, (2) very severe gasolme fires 
(2 5 gpm) covermg the ent,re compartment were estmgushed by 7 0 pounds of carbon dwxlde, 
and (3) under extremely severe fire cond,tmns created by the release of 2 5 gpm of gasollne 
and by the pr,or removal of the lower portmn of the am-gude seal, 9 pounds of carbon dmxlde 
extmgushed the fire 

It was concluded that system S-l usmg a standard 7 5-pound charge of carbon dmxlde 
should provide adequate protectmn agamst fires m the compressor compartments of the 
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RESULTS OF FIRE-EXTINGUISHING TESTS “SING SYSTEM XB-45 (3) AND SYSTEM X%45(M) 

Test Condltlons ~uant,t~ of co2 discharged, 61 6 pounds. 5-second he. engme not shut off 

XB-45 (3) 7 90 Wlndnnlilng A 06 Yes 

XB-45 (3) 7 90 Wlndmllllng A 06 Yes 

XB-45 (3) 6 90 W,ndmllmg J 06 Yes 

XB-45 (3) 6 Wmdrmllmg Wlndnnlllng J 06 Yes 

XB-45 (M) 8 WmdmLllLng Wlndmllmg A 06 Yes 

XB-45 (M) 8 90 Wlndrnllhng A 06 Yes 

XB-45 (M) 3 Wmdrmllmg Wlndmllllng Z* 25 No 

x3-45 (WI) 8 Wlndmllllng Wlndmllllng z 25 No 

XB-45 (M) 8 Wmdrmllmg Wnldmllhng 7. 25 NO 

XB-45 (M) 8 Wmhrnllmg Wlndmlllrng 2 25 NO 

* Ehre Locatmn z - NO 3 engme-compressor compartment This he fllkd the ent1l-e compartment and was 
produced by releasmg gaso1me froma3/8-mch perforated rmg mounted at the forward f,re 
wall around the engme A xery SeVere fire resulted 

nacelle The use of this system to supplement the regular XB-45 or the B-45 nacelle system 
was consIdered to be a saksfactory means for promdIng adequate protectIon to the forward 
nacelle compartments 

FLIGHT-FIRE EMERGENCY PROCEDURE 

The emergency procedure to be followed m the event of a frre m alrcraft m flight 1s a 
fire-control measure carried out to reduce the mtenslty and the destructiveness of the fire 
and to establish optmnum condltlons for extmgmshment In the hght of these obJectIves. a 
study was made of the emergency procedure for the B-45 axrplane 

The procedure estabhshed by the Department of the Au Force for B-45 aIrcraft In the 
event of a power-plant fire 1s as follows 

1 Close the sxwtches of the fuel shutoff valves for both engmes In the affected nacelle 
2 Press the fire-extmgulsher switch for the affected nacelle 
3 Turn off the power controls for both engmes 
4 Shut off the fuel supply from the wmg tanks on the related side of the axplane and from 

the cross-flow shutoff valves 
5 Do not restart either engme of the affected nacelle 

The followmg comments on thx procedure are made an the basis of fire tests and 
observatmns durmg these tests 

The procedure uvzludes shuttzng off the engine fuel at all possible pants m the system 
However, unmedlate and sunultaneous shutoff at all pomts should stop fuel flow more rapldly 
than the foregomg procedure Further. shutoff of hydraulic-flud pressure and of engme 011 
1s nck Included 
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Fig 28 Supplementary Extmgushmg System (S-l) 
for the Forward Portion of the XB-45 Nacelle 

The prwnary lgnltmn source, the hot exhaust surface, 1s gradually elmmnated by shutting 
off the engmes as prescribed l&l-pope lgmtmn tests on the XB-45 nacelle were conducted In 
wluch both gasohne and hydraulic flud were sprayed on the tall surfaces In all mstances 
where the engmes were shut down by movmg the power controls to OFF prmr to dlschargmg 
the extmgushmg system. aft-section fires were extmgushed wIthout reflash occurrmg 
Exhaust-surface temperature measurements, however, mdlcated that durmg such a shutdown 
procedure the temperature of the tall pope remamed dangerously high for several seconds 
after the power had been cut off Preventmn of relgrution may have been due to the relatively 
long permd of t-e durmg which carbon dloxlde concentratmns m the aft se&on remamed 
bgh See Fig 26 

The final Item (5) of the prescribed procedure IS obviously advisable to prevent 
relgmtmn 

The reductmn of au flow m nacelle compartments 1s desirable because It reduces the 
extlnguslung requrrements appreciably Such reductmn 1s not effectively accomplxhed by 
the establrshed procedure Engme shutdown m the case of the XB-45 actually increased the 
air flow In the compressor compartments because the flow was a result of air-gude-seal 
leakage This leakage increased with the Increased static pressures at the engine Inlets 



durmg engme shutdown In the aft compartment, the ar flow was found to be mfluenced by 
engme rpm as mdlcated m Fig 29 If It IS assumed that by followmg the establlshed emer- 
gency procedure the etimgulshmg agent LS discharged lmmedlately after the fuel 1s cut off, 
then the engme rpm ~11 not be greatly reduced at the time of discharge This 1s Illustrated 
by Fig 30, m which the engme rpm versus the txne from throttle cutoff has been plotted for 
various engme-Inlet ax* pressures Failure to reduce the am flow In the aft compartment 
did not prove to be crItIca because of the large quantity of carbon dmxlde discharged mto the 
regmn 

In connectmn with the evaluation of fire control m the XB-45 nacelle. measurements of 
carbon dloxlde concentratmns occurrmg m the different compartments were taken under 
varmus condltlons of engme operatmn Both engme-mlet air pressure and engme rpm affected 
the compartment ar flow and m so domg Influenced the concentration of carbon dmxlde re- 
sultmg from the discharge of the extmgulshmg system The effect of the mlet pressure on the 
carbon dloxlde concentratmn 1s shown m Fig 25, and the effect of the engme rpm 1s shown In 
Fig 31 From these figures, It 1s noted that condltlons of low Inlet pressure and low engme 
rpm produced optimum condltlons for extrnguzhment 

Another air source which may exxt and which 1s not elmnnated by the faregomg emer- 
gency procedure IS that resultmg from the discharge of thermal ant,-zclng am Into the 
compressor compartments The elmmnatmn of this source of air prmr to the dxcharge of the 
extmgulshmg agent should be accomplished 

EXTINGUISHING-SYSTEM DESIGN 

Although no specific study was made regardmg the details of the extmgulshmg-system 
design, the tests conducted In connectmn with the evaluatmn of the XB-45 system and with the 
mnprovement of thm system provided some mdlcatmns regarding the weakness of present 
methods for abtalmng fire control and regardmg the Influence of certan factors on 
exttlngulshlng-system effectiveness 



49 

Fxg 30 Engme RPM Durmg Shutdown by RapId Throttle Cutoff 

TABLE XXIV 

COMPARISONS BETWEEN PERFCRXTED-TUBING .%ND OPEN-END-TUBING SYSIEMS 
(PhysIcal D~rnenj~ons and Performance V IthLn the No 3 Engine-Compressor COmpartment) 

Quanrlty of CO2 discharged Into 
comparrment, In pounds (Based 
ond~strlbutlontests usLnguater) 

Number of discharge lines 

Size of discharge lmes (Inches 
ID) 

Type nozzle outlets 

Total outlet area(square Inches) 

Location of outlets 

Effectiveness by fire tests 

Average of maximum CO2 con- 
centratmns durmg dtscharge, In 
per cent 1 

T,me-versus-concentration re- 
latlonshlp resultmg from CO2 
discharge 

XB-45 System 

36 

2 

0 460 

46 holes. l/l6+nchdlameter 

0 161 

Perforated tubing over top 
and down one side of engine 
at nacelle statloll -122, 13 
inches aft of foruard fire 
Seal 

Extmgulshed 0 6 gpm local 
gasoline fires only \>hen 
engine-inlet total pres sure 
was less than 2 inches Hg 

when 

28 

See Fig 32 See Fig 32 

s - 1 system 

2s 

2 

0 315 

open-end tubIn@ 

0 156 

One outlet on P a c h side of 
engine atnacelle *tAtIon -130, 
5 ,nches aft of foward Ilre 
seal Outlets dlrectrd to 
produce swtrllng actlon 
around rngme and normal to 
longltudmal axi5 

Eatmgulshed 2 5 gpm gaso- 
hne f,res co\er,ng entire 
compartment when engme- 
tr&t to ta1 pressure was 6 
Inches Hg and wzth part of 
pngme al=-guide se al re- 
moved 

41 

*The value llsted for the XB-45 extmguxshxng system was determined wzth engmes wmdmllllng 
and with an engxne-mlet total pressure of 6 Inches Hg The corresponding value listed ior 
system S-l was determmed with engines wmdmllllng and with an engme-inlet total pressure 
of 8 inches Hg 
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Evaluatmn of Desrgn Method Used for the XB-45 Azrplane 
Test results ,nd,cated that fue control II, the nacelle compressor compartments was 

madequate It 1s Important to note that such fzulure was prunar~ly a result of meffectlve 
sealmg which perrmtted excessive air flow III these compartments rather than a result of em- 
proper design of the extlngushlng system Itself Essentially, the XB-45 extmgushmg system 
provided the rate and duration of dxcharge as well as the quant,tles of carbon dloxlde Intended 
for the var,ous compartments The drstrlbutmn of the agent wlthm the compartments was 
satisfactory for condltlons of a,r flow assumed in the design 

Use of the empirical relatmnsh~ps Q = 0 2V for Class C zones and Q - 0 14V for Class D 
zones appeared to prov,de adequate quantltxes of an agent However, a more direct relatmn- 
ship between quantity Q. volume of the zone V. and a,r flow 1s needed The generalwitmn 
made III the use of the present zone class,flcatmns 1s not sufflcrent bas,s for good desvgn 

The design of the system plumbmg appeared to provide adequate rate and dlstrlbutmn of 
carbon dmade for the presumed values of compartment a,r flows and volumes. and ,t was 
generally ,n accordance with that mtended by the designer 

Comparison of Open-End and Perforated-Tubmg Systems 
In the tests mvolvmg modlflcatmn of the XB-45 extmgulshmg system and the develop- 

ment of a supplementary system for the forward nacelle compartments, a much higher order 
of effectiveness was reahzed from the use of the open-end-tubmg system S-l than from the 
XB-45 perforated-tubmg system Although system-dxtrlbutu,n measurements mdlcated that 
the quantity of carbon dmxtde discharged into the No 3 engine-compressor compartment was 

Fig 32 Comparison of TmwVersus-CO2 Concentratron Measurements III the 
No 3 Engme-Compressor Compartment for Perforated-Tubmg and Open-End-lkbrig Systems 
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in comparative tests 2 8 pounds and 3 6 pounds, respectively, system S-l was much more 
effective III extmgulshmg fires For comparison. a lrstmg of differences m the two systems 
and theu relative effectlvenesses IS presented m Table XXIV The difference m time-versus- 
concentratmn relatlonshlps resultmg from the use of the two designs 1s shown m Fig 32 
These curves represent the average length of time, as determmed at 12 plckup locatmns. that 
carbon dmxlde exlsted wlthm the compartment. and they lndxate the types of dlscharge re- 
sultmg from the use of the two extmgulshmg systems The peak concentratmns shown. however, 
are not representative of the average for the compartment 

The differences wbch contributed to the greater effectiveness of the system S-l are 
consIdered to be as follows 

1 By ehmxnatmg the gradual mcrease and decrease of the discharge rate, there was 
more efflclent utlhzatmn of the agent Motmn pxtures showed that I* the case of 
the XB-45 system the rate of discharge at the outlets gradually Increased for one 
second, remamed at full strength for one second, and then receded for a permd of 
0 9 second The time-versus-concentration curves of Fig 32 mdlcate that thx type 
of discharge resulted I” a gradual mcrease and decrease 1x1 agent cancentratlon 
In comparison. the dxcharge of the agent by system S-l LS noted to have resulted 
m a very rapId mcrease and decrease m concentratmn 

2 The utlllzatmn of mechanIca as well as of mertmg effects of the agent resulted 
from the use of system S-l By blastmg the agent across the air stream, an 
effective mechanIca actmn was created Such actIon was not obtamed with the 
perforated-tubmg system 

3 There was improved dlstrlbutmn of carbon dmxlde by high-velocity discharge across 
the air stream and by utllleatmn of the pressure or expansion effects from the higher ! 
discharge rate, thereby xnterruptmg the exxtlng air flow and forcmg carbon dmxde 
III all dlrectlons 

Comparison of Extmgmshmg Agents 
The quantity of varmus agents requred to extmgush nacelle fires when dxfferent sys- 

tems were used was determmed by fire-extmgulshlng tests By such tests, the relative effec- 
tlvenesses of the agentsunder the different condltxons of dxcharge were determmed The 
condltmns under which the tests were conducted are given m Table XXV The test results, 
also hsted III the table, lndlcated that 

1 When the XB-45 perforated-tubing system or a portmn thereof was used, methyl 
bromrde was the most effective agent poundwzse, and dlbromodlfluoromethx,e, 
bromochloromethane. and carbon dloxlde showed decreasmg effectiveness m the 
order named 

2 When the open-end-tubmg system S-1 was used, methyl brormde and dlbromo- 
dlflucromethane were equally effective and were more effective than carbon 
dmxlde and bromochloromethane 

3 Bromochloromethane 1s not a sutable agent for use m open-end-tubmg systems 
such as system S- 1 Thus IS probably due to the low volatlllty of this agent and 
to the failure of the open-end type of system to ad vaporlzatmn mechanxally 

The fact that both the XB-45 and the S-l systems were deslgned expressly for carbon dloude 
1s emphaslaed The comparison IS made merely to obtam mformatmn on agents m the 
different environments 

GPO sol212 - 3 



53 

DESIGN ASPECTS OF FIRE PROTECTION 

The followmg sectmn of thx report descrlbos aspects of the XB-45 alrplane power- 
plant design and constructIon which Influence the preventlo” and control of fues Factors 
which contrlbute toward the presence or absence of fire hazards and those which strengthen 
or weaken fxe control were determmed by mspectmn. by observation during detectmn and 
extmgmshment tests, and by a study of sery1ce reports In some Instances, the characterlstlcs 
of certam hazards were mvestlgated by addztmnal testmg 

FIRE PREVENTION 

Phases of Design Contrlbutmg to Fire Preventlo” 
1 The nacelle compartltlon separates englne-compressor compartments from the 

engme-burner system and from the exhaust system See Fig 7 The prrmary 
lgmtmn source 1s thereby separated from compartments contammg numerous 
high-pressure fuel lmes and other flammable-flud lmes 

2 There 1s lsolatlon of the engine-fuel stramer and of the lrnes passing through the 
aft compartment from the engme exhaust systems The stramer IS covered with 
steel, and the lmes are housed m a steel duct 

3 Generally. a tigh quality of hose and flttmgs for fluds are used 
4 There IS a separatmn of some electrxal-system components from zones con- 

tammg fluId lmes Relays, crrcmt breakers, and termmals are rn a separate 
compartment between and forward of the compressor compartments See Fig 15 

5 There IS lsolatlon of the engme accessories m a separate compartment, and 
measures are taken to separate the accessory-sectmn fluld hnes from the 
starter-generator by use of a generator blast tube 

! 6 ProvIsIons are made for sealmg. to a llmlted extent, between compartments 

Phases of Desxgn Contrlbutmg to FLre Hazard 
The following c ondltmns exlstmg m the XB-45 power plant are contrlbutmg factors that 

mcrease the probablhty of occurrence of fires 

1 Inadequate Confinement of Exhaust System 
The hot surfaces of the engme exhaust systems housed wlthm the nacelle aft 

compartment provxde an lgnltlon source which IS exposed and which 1s present 
under normal engme operatmg condltmns Insulatmg blankets whxh cover the 
tall cones and the tall pipes do not adequately Isolate the hot surfaces Flammable 
fluds, when released m the aft compartment, may contact exposed exhaust sur- 
faces or may get between the blanket and the surfaces where they ~111 readily 
lgmte 

Detalled studies of this hazard were made by conductmg tests m whrch avlatmn 
gasalme and hydraulx fluid (AN-VVO-366B) were released I” tbz aft compartment 
under varmus condltmns of engme operatron The results of these tests are given 
m Table XXVI and show that both fluds lgnxted when the engme exhaust-gas 
temperatures were well wIthIn the range of normal operatmn (500’ to 1328’ F) 

Tests were also conducted to determme whether relgrntion from the exhaust sur- 
faces would occur durmg the extmgulshlng procedure m flight-fire emergencxes 
When the engmes were shut down and the extmgulshmg system was dxscharged five 
seconds later, eustmg aft-sectmn fires were extmgushed and did not relgmte 
However. as mdlcated m Figs 33 and 34, the engine-exhaust-surface temperatires 
contmued to be dangerously high for several seconds after engme shutoff The 
relatively long permd of time that high carbon droxlde concentratmns exlsted m 
the aft compartment upon discharge of the XB-45 extmgushmg system, Fig 25, 
was apparently suffxxnt to prevent rergmtlon 

2 Umsolated Hydraulic-System Lme I” Aft Compartment 
The presence of a hydrauhc lme m the aft compartment represents a potential 

supply of flammable flurd wlthm a zone havmg an exposed Igmtmn source Failure 
of this lme has resulted m a fue dunng flight 



3 Inadequate DraInage Provlsmns 
The large dish-pan areas of the lower portlon of the XB-45 nacelle and the 

negative static pressures exlstmg I* nacelle compartments resultmg from the 
use of eJector coolmg sermusly complicate the dramage problem The use of 
shallow-cup receivers mounted on the lower nacelle doors to catch engme 
dramage, Fig 20. allows flammable fluIds and vapors to be present wIthIn the 
nacelle This 1s partxularly hazardous I* the aft compartment where an lgmtmn 
source 1s normally present Gravity dramage holes In the lower doors are of 
madequate sxze and number to provide good dramage In compartments where 
negative static pressures exist. the use of such dramage holes 1s of questmnable 
value because of the tendency for ar to flow Inward and to Interrupt dramage 
flow I” flight 

In the nacelle aft compartment, Inadequate provIsIons for engme draznage 
permit fuel which collects m the tall pipe durmg false starts to dram Into the 
aft end of the nacelle This condltmn has resulted m nacelle fires durmg 
ground operatmn 

The termlnatmn of oil-tank and englne-gear-case vent lmes and of al-tank 
scupper drains wwlthm the compressor compartments represents a hazard, 
because It results n the release of flammable flulds and vapors msxde the 
nacelle 

4 Indirect Routmg of Fuel Lmes 
The engme-fuel supply system IS such that It requires the routing of lmes 

the entlre length of the nacelle from the aft end to the extreme forward end of 
the engme where the engxne high-pressure fuel pump 1s mounted From thx 
pomt. hxgh-pressure fuel 1s returnedto the burner cans Such IndIrect 
back-and-forth routmg E conducive to hazardous condltrons 
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Fig 33 Tall-Cone Surface Temperatures Measured During a Test Fore 
and Engme Shutdown From 90 Per Cent Rated RPM 

Inadequate Isolatmn of Potential Igrutmn Sources and Flammable-FluId Lmes 
1” Engme-Accessory Compartments 

The proxrmzty of flar,,mable-ilud hnes, starter-generator, and alternator drive 
shaft with” the engme-accessory compartments represents a highly hazardous 
condltm” MechanIcal failures of the drive-shaft bearings have, I” service. 
resulted I” the rupture of flammable-fluId hnes and have caused fires Fluld 
from minor fluId leaks has also been lgmted by the starter-generator Inadequate 
lsolatmn of potential sources of flammable flulds from pctentml lgmtmn sources 
1s mdlcated by Inspectlo” and by serv,ce experience 
Inadequate Isolatmn of Accessory Compartment From Engme Air Inlet 

The locatm” of flammable-fluld pumps and attached fluzd-carrying lrnes 1” the 
engme air-mlet area, Fig 6. constitutes a serious hazard Flmd-system failure 
1” the accessory compartment may cause overheatmg I” the engine or may cause 
a” evplosm” as a result of flammable fluds entering the engine at the air Inlet 
Inadequate Sealmg 

The compartment seals used I” the XB-45 nacelle were neither flutdtlght “or 
vaportlght, as ewdenced during tests L” which some fluld leakage past compartment 
bulkheads occurred The e”g,“e air-gutde seal also falled to prevent e”g,“e-,nlet 
axr from entermg the compressor compartments Sealmg of the generator air blast 
from the flud lmes L” the accessory compartment 1s Inadequate, as evidenced by 
ground hres that have occurred 1” service as a result of the lgn,tmn of flu,d leaks 
by the generator 
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Fig 34 Tall-Cone Surface Temperatures Measured Durmg a Test Fire 
and Engme Shutdown From 45 Per Cent Rated RPM 

The compartment contammg relays and electrIca components carrymg heavy 
current, Fig 15, 1s separated but not sealed from the compressor compartments 

8 Lack of Posztlve Flammable-Fluid Confmement 
The use of hose clamps on the low-pressure, engme-fuel supply lmes and the 

omission of safety wue or locked flttmgs on other fluld-lme fittmgs contrIbutes 
to the presence of hazardous condltmns 

FIRE CONTROL 

Features of the XB-45 Power-Plant Deslen and Construction Winch Ald the Control of Fires 
The utllleatmn of a f rre-detectmniystem 
The use of flammable-fluzd hose whxch. from numerous fire tests, appeared to 
have good resistance to damage by fues of short duratmn 
The use of steel fire walls, shields. and structure as shown zn Fig 7 Steel was 
also used for the keel structure, engme mounts, ml tanks, and fuel-lme duct 
This Increased fire resrstance 
The use of hte-reslstant slkcon-rubber seals at the fue walls 
The compartltmn of the nacelle to confme fires to local areas 
The separatmn of the engine au Inlet from the nacelle compartment This 
reduces air flow and thus decreases the extmgushrng requrements 
The use of shutoff valves I” the engme-fuel supply hnes 
The utllleatzon of a fire-etingushmg system 
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Phases of Deslg” and Gonstructmn Wblch Result I” Weakness 1” Fxre Control 
1 InadequacIes m the fire-detectmn system used 

These were mdlcated under the sectvan of this report entltled “Fire Detection ” 
2 Poor fire resistance Of the skm structure of the nacelle 

An exceptmn was the lower forward doors, whrch were covered by l/4-mch 
aluminum flak plate and which proved to have high fire resistance m the tests 
Both aft-sectmn illght ilres and forward-section test fires resulted I” rapld 
failure of the nacelle skm Such iallures mcrease the extmgulshlng reqmre- 
ments greatly and were not considered m the extmgulshmg-system design 

3 Poor fire resxtance of a small alumrnum lme from the fuel-pressure transmitter 
Thxs lme ccntams statx fuel under high pressure, and Its rapld farlure durmg 

a ten-second fire test resulted m the release of large quantltles of fuel wlthm 
the nacelle 

4 Poor fire-resistance and poor confmement ablllty of the alunnnum cowlmg of the 
engine-accessory compartment See F,g 8 

5 Inadequate sealmg 
Faxlure of the engme air-guide seal, Fig 6. to prevent the engme ran al= 

from entermg the compressor compartments caused the XB-45 extmgmshmg 
system to be madequate 1” this area 

6 The absence of a shutoff valve m the oil-tank gravity feed line. thus makmg or1 
shutoff lmposslble I” the event of lme failure 

7 The mablllty to shut off hydraulic-system pressure during the ilre emergency 
procedure 

Ths was nut practical because of the need for ths system m operatmg 
flight-control surfaces 

8 The discharge of antr-lcmg ax Into the compressor compar+xnents 
The azr flow from thv, source was not accounted for m the extlngmslYng-system 

design and 1s not elmxnated by present emergency procedures 
9 The nonseparahon of the two engme-exhaust systems 

This represents a weakness m fire control m the sense that both engznes must 
be shut down I” the event of fire Ii they were properly Isolated. thts would not be 
necessary 

10 The mternal rlbbed construction of the nacelle 
Tbs type of constructlo” was found to Increase turbulence and to provide pockets 
where flammable flulds ~111 collect These pockets also provzde areas m which 
the fire 1s protected from the axr stream and from the extmguzshmg agent The 
use of a smooth Inner constructm” was 

9 
und to reduce extmgmshmg requxrements 

greatly for the aft nacelle compartment 

‘Charles A Hughes, “AIrcraft Fire Extmgulshment. Part II. Effect of Air Flow on 
Extxngulshlng Requxements of a Jet Power Plant Fire Zone,” CAA TechnIcal Development 
Report No 205. May 1953 


