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AIRCRAFT FIRE EXTINGUISHMENT 
PART I 

A STUDY OF FACTORS 
INFLUENCING EXTINGUISHING SY5TEM DESIGN 

SUMMARY 

An m,tlal attempt was made to com- 
pare a number of arcraft fire extmgwshmg 
agents under full-scale test condltmns and 
“smg standard alrcraft fire extmgulshmg 
equipment. It was found, however, that the 
influence of different physlcal propertIes of 
the agents prohlblted an absolute comparison. 
Consequently, a study of factors which in- 
fluence the xi-craft fire extmgulshmg prob- 
lem was made. This consIsted of prehmmary 
studies of requirements, of variables af- 
fectlng requirements, and of extmgux.hmg 
system design factors. 

INTRODUCTION 

One of the prxnary phases of arcraft 
fire protectmn 1s fire extmgulshment Tlus 
phase represents, ,n effect, the last lme of 
defensein the struggle agamst disaster from 
flight fires. In those mstances where f,re 
preventwe measures fall, the ablhty to con- 
trol and extmgulsh arcraft fires spells the 
difference between a probable safe landmg 
on one hand and death and destructmn on the 
other. 

Although conslderable progress has 
been made ,n recent years toward the devel- 
opment of more effective and less tox,c ex- 
tmgulshmg agents for Class B and Class C 
fires, a very defmlte and serlnus gap exists 
in avaIlable mformatmn regardmg the proper 
and effective appllcatmn of these agents to 
arcraft power plant fires. 

The designer of arcraft fire extm- 
gulshmg systems has at his disposal only 
meager mformatmn Much of this 1s obso- 
lete, havmg been obtamed on relatively 
small rec1procatmg-engme power plants In 
pre-World Wa- II days Consequently, In a 
maJOr1ty Of cases he must resort to expen- 
slve and time-consuming cut-and-try 
methods Those who must evaluate and ap- 
prove arcraft extmguxhmg system mstal- 
1atmns are equally handicapped in their 
efforts by the lack of adequate tools and 
practical spec,flcatlons to accompI,sh the,r 
task 

This report, the first of a senes,’ 
describes fire extmgulshmg tests conducted 
on a Ryan Flreball (Navy FR-4) axplane 
power plant conslstlng of a specxal steel 
nacelle and a Westmghouse Model 24C-2 
turboJet engme wh,ch was provided by the 
Bureau of Aeronautics, Department of the 
Navy. At the tm,e of procurement of this 
p,wer plant, the orlgmal Intent was to con- 
u ct a complete and detaIled mvestlgatmn on 
th.; mstallatmn of all phases of fire pro- 
te t1on. However, such rapld strides and 
changes were made u, the field of turboJet 
power plant design that by the txne the ln- 
stall&Ion was ready for testmg It had be- 
come obsolete, and there exlsted l,ttle 
sxmlarlty between the FR-4 power plant 
conflguratlon and those of more recent 
design. As a result the orlgmal plan tomake 
detalled fire protectmnstudles on the xnstal- 
latmn was abandoned, and It was deaded to 
conduct fire extmgulshmg stud,es since the 
steel nxelle prowded unusual resistance to 
damage by fire and could be used repeatedly 
wIthout req”,rmg extensive repa,rs 

STATEMENT OF PROBLEM 

Alrcraft fire extmgulshment IS a com- 
plex problem. It IS made so by the numerous 
variables Invoived, each of which materially 
affects the solutmn. Proper eutmgulshmg 
system design for axcraft power plants re- 
quxres a knowledge of the requirements. of 
the mfluence of variables which affect the 
fulfillment of those reqmrements. and of the 
detalled design factors Involved in meetmg 
the requirements. These varmus phases have 
been hsted below in outlme form which per- 
mlts the referencmg of test data to the 
general problem of fire extmgulshment 

lS mnlar studies of fire extmgulshmg 
systems and their evaluation are under way 
and ~111 be described ln subsequent reports 
under the same general title, “AIrcraft F,re 
Extmgulshment I, 



Fvg. 1 Top Forward View of Test Cell, Blower Connectmn. and FR-4 Installatmn 

I Extrngmshmg requrements 
A. An effective and sutable extmgushmg 

agent. 
B. Adequate concentratmn of agent 
C. Adequate dlstrlbutmn of agent. 
D Adequate duratmn of concentratmn 

and d,strlbut,on 
E. Preventmn of relgmtmn. 

II Varmbles which affect fulfillment of 
requirements 
A. Nacelle or compartment conflguratmn. 

1. Sue. 
2 Aerodynamc characterlstlcs. 
3 Constructmn (sealmg, dramage, 

and fire resistance). 
B. Air flow. 
C. The combustible (materials burmng). 
D. Durat,onoff,re before extmgulshment. 

E. Procedure prmr to extmgusbment. 
III. Extmgulshmg system des,gn factors. 

A. Extmgushmg agent characterlstxs. 
B. Extmgushmg agent contamer and 

discharge mechamsm. 
C. System feed lmes and nozzles. 

1. Effect of lme and nozzle s,zes 
2. Effect of lu,e length. 
3. D,strxbut,on characterlstlcs and 

the effect of extmgulshmg system 
design on efflclency 

Durmg recent years conslderable em- 
phasls has been placed on the development 
of more efflclent extmgmshmg agents and 
has resulted 11, an lndlcatmn that a number 
of halogen compounds, particularly the fluo- 
rlnated hydrocarbons, would be effective and 



Fig. 2 FR-4 Test InstaXatIon Showmg Fire Extmgushmg Cylmder and Feed Lme 

possibly sutable agents for use m alrcraft. 
However, the best manner of apphcatmn and 
the effectiveness of these and of more com- 
monly known agents under various condltlons 
of environment are yet to be determmed, and 
It 1s with these aspects of the problem that 
this report 1s concerned. 

DESCRIPTION OF TEST EQUIPMENT 

The fire extmgushmg tests were con- 
ducted on a Ryan FIreball (Navy FR-4) power 
plant mstallatmn conslstmg of a Westmg- 
house 24C -2 Jet engme and a specially con- 
structed stanless steel nacelle. AIrcraft 
fire extlngushmg agent contamers and 
valves of standard manufacture were used In 
the tests Extmgulshlng systems used were 
fabricated from copper tubmg and standard 
Parker tube fltttngs 

The test faclllty conslsted of a test 
chamber, a control roan, and an air blast 
supply to the test chamber prowded by two 
large De Lava1 centrifugal type blowers. A 
view of the test chamber, test nacelle, and 
the blower outlet connectmn to the nacelle 1s 
shown In Fig 1 AddItIonal views of the test 
chamber arrangement are shown m Figs. 2 
and 3. 

Unhke later designs, the FR-4 Jet 

power plant mstallatlon Included no fire wall 
between the compressor and burner sectmns 
of the engme and no separatmn of engme In- 
let and nacelle coolmg air. This perrmtted 
reverse flow wlthm the nacelle durmg ground 
operation of the alrplane and provided gen- 
erally Inadequate protectmn from fires. The 
conflguratlon of the test article 1s Illustrated 
In Fig 4 Ram air was provided to the na- 
celle air Inlet durmg the tests m order to 
simulate air flow condltlons of flight. Na- 
celle coolmg air 1s noted to be the ram-ar 
splllage at the engme air Inlet 

Fig 5 1s a view of the front portion of 
the nacelle sectlon lookmg forward toward 
the nacelle air mlet opemng. The three 
mountmg brackets for the Westmghouse 
24C-2 (J-34) type engme wlthm this sectmn 
are vlslble In the figure. The fire extm- 
gusher rmg shown was thatused for handlmg 
fires not otherwIse extInguIshed by expert- 
mental systems bemg tested and was con- 
nected directly to the test-chamber Cardov 
carbon dloxlde system. The engme that was 
mstalled In the nacelle IS shown In Fig 6. 

A view of one type of extmgushmg 
agent cylmder and valve used In the tests 
and the mountmg locatlon and feed lme used 
m some cases may be seen m Fig. 2 



Fig. 3 Rear View of FR-4 Test Nacelle Showmg Aft Sectmn Fare Test 

Fig 4 Se&canal View of FR-4 (Ryan FIreball) Nacelle Indlcatmg DIrectIon of Air Flow 
Through the Nacelle and Relatmg Locations of Fire and Extmgushmg System Nozzles 
Used for Most Tests 

PROCEDURE 

Although certam condltmns varied for 
different tests, dependmg on the parameter 
bemg studled, a standard procedure was 
followed In order to ehmmate undesirable 
variables. An automatic sequence panel was 
utlhzed to standardlae the procedure for 
each test after desired engme-operatmg and 

ram-air condltmns were attamed. This panel 
caused the sequence of events shown In 
Table I. It ~111 be noted that the extmglush- 
mg agent was discharged ten seconds after 
the start of the man fire and that the release 
of fuel contmued for ten seconds after the 
discharge of the extuxgulshuxg agent 

The fuel used for most tests was 
avlatlon gasoline (grade 100/130) although 
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Fig. 5 Internal View of FR-4 Forward 
Nacelle Sectlon 

some tests were conducted usmg Jet engme 
011 (Umvls 54, AAF 3606) preheated to a 
temperature of 250 to 300” F. Both fuels 
were discharged through spray nozzles 
mounted m the nacelle. and lgnltlon was pro- 
vlded by a spark Igmtor and primer gasolme 
v==y The avlatmn gasolme was released 
at a z-ate varymg from 80 to 100 gallons per 
hour (gph). 1 3 to 1 7 gallons per mmute 
(gpm), and the ml was released at a rate 
of 10 gph, 0 17 gpm. It was consIdered pos- 
sable that such rates could occur from fuel 
and 011 line failures In Jet mstallatlons. 
These rates resulted In severe fires whxh 
would have rapldly damaged an alummum 
nacelle. For anypartlcular set afcondltlons, 
agent requrements were found by conducting 

Event No 

a series of test runs and by determmmg 
(wlthm one pound) the munmurn amount of 
agent requred for extlngulshment. 

PRESENTATION OF DATA 

The tests conducted were of a prelxm- 
nary nature and were designed to provide 
mdxcatmns of the mfluence of some variables 
In the problem of alrcraft fire extlngush- 
ment. The results obtamed are hereby 
presented. 

I. Extlngushlng Requlrements. 

Tests were conducted and evaluatvans 
made nnder sxnulated arcraft flight condo- 
tlons wvlth reference to determlnatmn of 
effecttve fue extmgushlng agents Detalled 
studies of the requrements for (B) adequate 
concentratmn of agent. (C) adequate dlstrl- 
butlo= of agent, (D) adequate duration of con- 
centtratlon and dlstrlbutlon, and (E) preventlon 
of relgmtmn were not wlthm the scope of this 
mvestlgatmn 

A. An Effective and Suitable Extmgushmg 
Agent. 

A number of well-known fire extln- 
gulshmg agents and a few agents recently 
consldered for use In aIrcraft were evalu- 
ated under sxnulated full-scale condxtlons. 
Evaluations were made by deterrmmng the 
quantity of each agent requred to ertmgulsh 
a fire which was caused to occurm the upper 
forward portmn of the FR-4 nacelle ad,acent 
to the engine compressor sectmn Avlatlon 
gasolme was released through a spray noz- 
zle at a rate of 90 gph and spark-lgnlted. 

TABLE I 

FIRE TEST SEQUENCE OF EVENTS 

Event Trne of Occurrence 
as Txned from Event No 1 

(seconds) 

Panel switch ON 0 

Igmtor and primer fuel ON 5 

Mam fuel to fire ON 10 

Ignltor and prmner fuel OFF 15 

Extmgulshmg agent discharge switch ON 20 

Mam fuel to fire OFF 30 



Fig. 6 Westmghouse X24C-2 Jet Engme Installed III FR-4 Nacelle for Fire Tests 

Durmg the tests, the engme was operated at 
7,000 revolutions per mmute (rpm), and air 
was provided In sufhclent quantity to pro- 
duce 1.0 pound per square Inch (PSI) of total 
pressure at the nacelle air entrance duct. 
Air flow measurements mdlcated thatthe air 
velocity at the fire locatmn was approul- 
mately 45 feet per second (fps) and that the 
rate of ar flow was 415 cubic fps. The 
conditmns were such that fuel did not collect 
In the fire zone but was either burned or 
carried out by the air. This wa.s desirable 
smce It rmrnm~zed the Influences of nacelle 
co nf I g u r at I on and extmgulshlng system 
design. 

The extmgulshmg system used (desig- 
nated System C) IS shown In Flp. 7. The 
eight discharge nozzles were equally spaced 
around the perlpheryof the nacelle. as shown 
In Fig 4. 

With the exceptmn of carbon dloalde and 
dachlaurm (65 per cent bromochloromethane 
+ 35 per cent carbon dloxlde by weight), all 
agents were discharged from 205-cubic-Inch 
contamers equpped with one-Inch solenmd- 
operated flood valves These valves were 
manufactured by American-LaFrance- 
Foamte Corp , for use with methyl brormde 
The cyhnders were charged to 400 PSI with 
nitrogen Carbon dioxide and dachlaurln 
were discharged from standard arcraft 
carbon dmxlde 514-cubic-Inch containers 
equpped with one-Inch solenoid-operated 
flood valves manufactured by Walter Kidde 

& Company. Inc. The cylmder pressure for 
dachlaurln was 400 to 420 psi, and for carbon 
dloxlde It was 700 to 800 psi. The agent 
cylinders were equipped with rigId siphon 
tubes and were discharged from an uprlght 
posltlon 

Results of the tests conducted are 
given In Table II. The values llsted as the 
quantltles required for extmgulslunent are 
the mmlmurn amounts (wlthm * one pound) 
which would repeatedly extmguish the fire. 

One of the relatlonshlps on which m- 
formatmn IS needed 1s that between agent 
evaluatmn tests made under controlled labo- 
ratory condltxons and those made under full- 
scale condltlons In Table III, the results 
obtamed at the Purdue Research Fouddatlon2 
are compared with test results on the FR-4 
nacelle. The Purdue tests were essentially 
an evaluation of various agents m gaseous 
form by a method whereby the volume per- 
centage quantity of the agents In combustible 
mixtures of n-heptane and air needed to pre- 
vent spark lgmtion were determmed An 
mdxatlon of the relatmnshlp of results ob- 
tamed by the two methods 1s provided by the 
table Relative values of the effectiveness of 

2R. C Dowmng, B J. Elseman. Jr , 
and J E. Malcolm. “Halogenated Extln- 
gushing Agents, I’ NatIonal Fire ProtectIon 
Assoclatmn Quarterly, October 1951 



Fig. 7 Extmgulshmg System C 

TABLE II 

AGENT REQUIRED TO EXTINGUISH FR-4 NACELLE FIRE 
WITH FULL-SCALE EXrINGUISHING EQUIPMENT 

Agent Chemical Formula Bollmg Pomt Quantity Requred 
(degrees F) For Extmgulshment 

bud*) 

Methyl bronude CH3Br 40 3 

Bromochloromethane CH2BrCl 156 3 

Dachlaurln CH2BrCl + CO2* 3 

Bromoform (trlbromomethane) CHBr3 304 3 

1,2-dlbromotetrafluoroethane CBrF2CBrF 
2 

117.5 4 

Carbon tetrachlorlde ccl4 170 7 

Carbon dloxlde CO2 -112 10 

*Dachlaunn = 65 per cent bromochloromethane + 35 per cent carbon dmxlde by weight. 

the agent are listed and were determIned by 
arbltrarlly asslgnmg avalue of 100 to methyl 
bromide and by then calculatmg the relative 
effect,vencss of each agent from the test 
results. 

conducted by the German Luftwaffe3 rn a 
mlnlature wmd tunnel. The third column 
lists the concentrations requued to prevent 
lgnltmn of a flammable mixture of n-heptane 

Another comparlsonof results obtuned 3TR 276-45 of U S Naval Technical 
by different test methods 1s provided by Mlssmn ,n Europe, “Use of Monochloro- 
Table IV The second column of this table bramomethane by the German Navy and Air 
hsts the agent concentratmns that were Force as a Fire Extlngulshlng Agent,” 
found necessary to extmgush fire in tests September 1945 



TABLE III 

COMPARISON OF FR-4 POWER PLANT FIRE EXTINGUISHING TEST RESULTS 
WITH THE PURDUE RESEARCH FOUNDATION TESTS 

Agent Weight Effectiveness (Methyl Dromlde = 100) 

Methyl Bromide 

Bromochloromethane 

1,2-dlbromotetrafluoroethane 

Carbon tetrachlorlde 

Carbon dmxlde 

and ax-. The values lxted are results of the 
Purdue tests. 

The Luftwaffe tests were conducted in 
a 600-millimeter (mm) wmd tunnel with an 
a,r velocity of 46 fps. or 31 miles per hour 
(mph) Agent discharge rate ranged from 
2.2 to 4 4 pounds per second, and the 
combustible was gasolme 

The FR-4 power plant test results 
given In Table 11 show that methyl bromzde, 
bromochloromethane, bromoform, and dach- 
laurln were equallyeffectlve m extlngulshlng 
the gasolme fires and superior to the other 
agents tested Carbon dloxlde and carbon 
tetrachlorlde were defmltely less effective 
than the aforementmned agents. It 1s be- 
lleved that the extmgulshmg system used 
may have been farther from the optimum for 
carbon dloxxde than for the other agents 
tested, which fact may partially account for 
the relative meffectlveness of this agent. 

It may be noted m Table II that the 
halogenated agents having the lowest and the 
highest balmg pants were among those 
found most effective This IS an mdlcatlon 
that the extmgulshmg system used In the 
tests provided mechanical atomlzatlon to a 
sufflclent degree that test results on these 
agents were not crItIcally affected by the 
bmlmg pomt 

The results of the tests on halogenated 
agents, shown m Table III. mdlcate that a 
dlrcct relatxonshlp exists between the two 
test m&hods used Such a relatIonshIp 1s an 
mdlcatlon that both methods measure essen- 
tlally the same property and that the Purdue 
method of evaluation produces results wh,ch 
correspond to those obtamed under actual 
full-scale condltlons exlstmg m aircraft 

The comparison that 1s provided by 

FR-4 Power Plant 
Tests 

(per cent) 

Purdue Tests 
(per cent) 

100 100 

100 94 

75 72 

43 52 

30 71 

Table IV mdlcates the existence of a direct 
relatlonshlp between results obtamed by the 
Purdue test method and the GermanLuftwaffe 
wmd tunnel test method The consistently 
higher agent concentrations required m the 
case of the wind tunnel extmgulshlng tests 
may possibly be attributed to expected lower 
dlstrlbutlon and atomxatmn efflclencles 

The agreement noted between the rel- 
atlve effectiveness of different halogenated 
agents was obtamed by three different 
methods and condltmns This agreement 
substantiates the FR-4 power plant test re- 
sults and also mdxates that such results may 
not be pecuhar to the partxular condltmns 
of testmg 

II Variables Whxch Affect 
Fulfillment of Reqmrements 

AS I olrn previously under “Statement 
of Problem,” the variables which affect the 
fulfillment of fire extmgulshmg requrements 
Include (A) the nacelle or compartment con- 
figuration, (B) the air flow through the com- 
partment, (C) the combustible or materials 
that are burmng, (D) the duratxon of the fire 
before extmgulshment 1s attempted, and 
(E) the procedure prior to extmgulshment 
Tests on the FR-4 nacelle Included a llmlted 
study of the variables (A), (B), and (C) only 

A Nacelle or Compartment ConfIguratIon 

Tests conducted on the FR-4 power 
plant did not Include detalled studies of the 
effect of nacelle aeslgn on etimgushmg 
requrements However, the Influence and 
Importance of certam nacelle design factors 
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TABLE IV 

COMPARISON OF WIND TUNNEL FIRE EXTINGUISHING TEST RESULTS 
WITH THE PURDUE RESEARCH FOUNDATION TESTS 

Agent 

Methyl bromide 

Bromochloromethane 

Dachlaurm (CH~B~C~ + C02) 

Carbon tetrachlorlde 

Dlchlorodlfluoromethane 

Carbon dloxlde 

Luftwaffe Tests 

Agent Concentratmn 
Requred to Extmgulsh 

Gasolme Fire 
m Wmd Tunnel 

(per cent by volume) 

15 

15 

12 - 15 

30 

35 

45 

Purdue Tests 

Agent Concentration 
Required to Prevent 

Ignltmn at Flammabll~ty Peak 
of n-Heptane and Air 

(per cent by volume) 

9.7 

76 

11.5 

14.9 

29.5 

on requrements were mdlcated and are 
stated below. 

1. Size. 
Although this mvestlgatlon did not 

Include studuzs of the effect of comuartment 
volume, the unusually long compartment pro- 
vlded by the FR-4 nacelle permltted a 
study of the Influence Of the longltudmal dl- 
menslon of the compartment on extmgulshmg 
reqmrements. Ut~hemg an eatmgushmg 
system which discharged the agent Into the 
air stream between the engine and the na- 
celle, as shown In Fig. 4, It was found that 
downstream locatIons of 011 fires mcreased 
the extmgushmg requirements The tests 
utlltzed extlngulshmg System C and were 
conducted with fires located at Locatlon 1. 

approxtmately three feet downstream of the 
agent discharge locatmn (see Fig 4), and 
Locatlon 3, approximately ten feet down- 
stream of the agent dlscharge locatlon 
Results of the tests are shown m Table V 

This data shows that agent require- 
ments were not mcreaeed poundwIse by the 
remote LocatIon 3 for gasolme fires but 
were appreciably Increased In the case of 
gasolme and 011 fires The data also shows 
that methyl bromide was superlor to bromo- 
chloromethane for extlngushmg 011 fires at 
LocatIon 3 The tendency of 011 to settle and 
dram away from the air stream and to 
collect at turbulent areas outsIde the air 
stream probably was the reason why 
agent requrements at fire LocatIon 3 were 
greater for ml fires than for gasolme fires 

TABLE V 

EFFECT OF LENGTHWISE FIRE LOCATION 
ON EXTINGUISHING AGENT REQUIREMENTS 

Fire Locatlon Gasoline Fires Gasoline and 011 Fires 

Methyl Bromochloro- Methyl Bromochloro- 
Bromxde methane Bromide methane 
(pounds) (pounds) (pounds) (pounds) 

1* 3 3 3 3 

3** 3 3 4 5 

* LocatIon 1 - 3 feet downstream of agent dlsrharge nozzles 
** LocatIon 3 - 10 feet downstream of agent dlsrharge nozzles 
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TABLE VI 

EFFECT OF AIR FLOW ON AGENT REQUIREMENTS 
FOR EXTINGUISHMENT OF FR-4 POWER PLANT FIRES 

Total Pressure Calculated Calculated Agent Requred 
Nacelle Entrance Velocity of Air Volume Air Flow for Ext~ngulshment 

(P4 at Fire LocatIon Through Nacelle Methyl Bromochloro- 
(fPS) (cubic fps) Bromide methane 

(pound*) (pounds) 

0.6 31 298 2 2 

10 44 415 3 3 

The increase 1” agent requxrements at the 
more remote locatIon 1” the case of 011 fires 
was probably due to less efflclent dlstrlbutlo” 
downstream and loss of the agent dunng 
downstream travel These effects apparently 
were greater for bramochloromethane than 
for methyl bromide, as might be expected 
from the h,gher bolllng pomt and lower 
volatlllty of the former. 

and may Increase design reqlurements 
consIderably 

. 
B. AI= Flow. 

2. Aerodynamic Charactenstlcs 

A detalled study of the effect of axr 
flow on fire extl”gulsh,“g requrements was 
not wlthln the scope of this mvestlgatlon. 
However, the few tests conducted on this 
phase of theproblem md,cated that mcreased 
a,= flow appreciably ~“creases requrements 

F,re ext,“gu,shmg tests on the FR-4 
nacelle mdxcated that the use of transverse 
structural r,bs I” the lower parts of the “a- 
celle may greatly increase extlngushmg 
requrements Such r,bs provtde areas of 
turbulence which are protected from the al= 
stream and 1” which fuel and 011 can collect 
and burn Agents discharged mto the mal” 
al* stream. even I” excess,ve qua”t1t,es, can 
frequently fall to reach such areas, and the 
remammg small f,re becomes the lgnltio” 
source for reflash as soon as the extmgulsh- 
,“g agent 1s carried out of the compartment. 
The dtstrlbutlon of the agent to these areas 
1s a dlfflcult problem and seriously 
complicates extlngulshlng system des,gn. 

Agent requrements for ext,“gu,sh,“g 
gasolme fires 1” the FR-4 power plant were 
determmed under condltlons slm,lar to those 
previously described I” Item I. Two al= flow 
condltlons represented by total pressures 
of 0 6 and 1 0 psi at the nacelle entrance 
yIelded the data shown I” Table VI. The test 
results mdlcate that agent reqwrementswere 
appreciably greater for the higher al= flow 
condltlon The sensltlvlty of the test method 
was Insufhclent to permit other than a gen- 
eral mdlcatlon of the effect of Increased air 
flow. 

C. The Combustible (Materials Burmng) 

3 Constructlo” (Seahng, DraInage, and 
Fire Resistance). 

With regard to nacelle sealing, ,t was 
observed that the presence I” the nacelle 
skm of open ,ol”ts, cracks, or holes that 
allow fuel or 011 to escape to the outstde “a- 
celle surface or to a” area outslde the com- 
partment may cause reflash or evploslo” It 
was noted that burrung fuel may leak out of 
such opemngs and not be extu,gulshed eve” 
though all f,re Inside the compartment may 
have been put out If there exists a combus- 
tlble mixture after the compartment clears 
of the extmgulshlng agent, the smallexternal 
fires provide Igmtlon through the opemngs 
This condltlo” can nulhfy the results of a” 
otherwlse effect,“= extmgulshmg system 

The effect of the combustible on fire 
extlngushmg requirements was lnvestlgated 
brwfly by conducting tests I” wh,ch avlatv,” 
gasol,“e and a hght Jet e”g,“e lubrxat,“g 011 
(Unw~s 54, AAF 3606) were used as fuel for 
the fire to be extInguIshed Tests Included a 
determmatlo” of the quantity of the agent re- 
qulred to extmgulsh both gasoline and o,l 
fires at three nacelle locatIons that were 
Location 1, above the engine compressor 
sectlo”. LocatIon 2, below the engine com- 
pressor sectlon, and Locatmn 3, above the 
tall p’pe and approxmately seven feet aft of 
the two other locatIons 

The amount of agent requred agreed 
wlthm * one pound for the two combustibles 
at Locatlo” 1 under co”d,tlo”s I” which the 
combustibles were sprayed from nozzles, 
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and there was httle or no dramage or col- 
lectlon of excess combustible ,n the fwe 
zone. 

Agent requrements were greater for 
011 ftres than for gasolme fxres at LocatIons 
2 and 3. From observations of numerous 
tests, this was partly attributed to the 
greater tendency of 011 to settle out of the 
ma~n a,r stream and remain ,n the nacelle 
compartment. This tendency promoted the 
occurrence of small localleed fires tn pro- 
tected areas and resulted in reflash. Sprayed 
gasolme even when released III relatively 
large quantltles would burn rapidly, and Its 
high volat,hty resulted ,n rapld evaporation 
and dlsslpatlon by the air stream. The ten- 
dency for It to collect m the nacelle was ap- 
preclably less. thus greatly reducmg the 
reflash problem. In general, extmgushmg 
requirements were mdlcated to be more 
severe for 011 fires than for gasolme fires 
because of the much greater tendency of 011 
to remain ,n the nacelle and cause reflash 

IKI. Extmgulshmg System Design Factors. 

Fore extmgushmg tests conducted on 
the FR-4 nacelle Included lmnted studies of 
(A) extmgulshmg agent characterlstlcs, (B) 
agent contamer and discharge mechamsms. 
and (C) system feed lmes and nozzles. The 
results of these srud,es follow. 

A. Extmgulshmg Agent Characterlstlcs. 

The effectiveness of methyl bromide 
and bromochloromethane as fire extmgush- 
mg agents. when they v,ere at sub-zero 
temperatures, was determmed by full-scale 
tests. Fore extmgulshmg tests were con- 
ducted under condltlons sun~lar to those 
described in Item IA, except that cylmders 
charged with the agent were submerged in 
dry ice overmght before each test Under 
the testmg condlt,ons It was observed that 
(a) the cylmder pressure was somewhat re- 
duced by the lower temperatures, and (b) the 
effectiveness of the two agents \vas not ap- 
preclably reduced by the lower temperatures 
when usmg the same discharge pressure 

B Extmguxhmg Agent Contamer and 
Dlscharge Mechanism. 

Siphon Tubes. 
A brief series of tests was conducted 

under condltlons smnlar to those of the agent 
evaluation tests III which the effectiveness of 
bromochloromethane was determmed when 
discharged from cylmders 205 cubic Inches 
I* volume, with and wIthout siphon tubes 

The cylmders not equpped with tubes were 
mounted III the Inverted posItIon. 

As a result of usmg cylmders mverted 
and wIthout siphon tubes. the quantity of 
agent required for extmgulshment was re- 
duced from three to two pounds III these 
part1cul.V tests The percentage of agent 
lost III this Instance was probably greater 
than III cases where a conventIona cylmder 
fill ratlo 1s used However, the deslrabihty 
of usmg Inverted cylmders rather than SI- 
phon tubes for max,mum effectiveness \vas 
mdlcated 

tylmder Swe, F111 Ratlo, and Chargmg 
Pressure. 

The size. fill ratlo, and chargmg 
pressure of the cylmder or contamer used 
with a fire extn-,gushmg system determme 
the propulsive force apphed to an agent other 
than carbon dtoxlde durmg dlscharge. Smce 
an adequate rate of dxscharge depends upon 
this force, contamer pressuruatlon of agents 
such as methyl bromide and bromochloro- 
methane IS of prnne unportance. 

In numerous Instances. results of fire 
extmgmshmg tests conducted on the FR-4 
power plant emphasized the necessity for 
cons,derat,on of propuls,ve requirements as 
well as agent quantity requirements In extnl- 
gulshmg system design Whether from a 
reduced untlal chargmg pressure, lowered 
cylmder temperatures, or greater system 
volume, It was found that a reduction in noz- 
zle discharge pressure below the m~nunurn 
value required to give adequate rate of 
dlscharge caused the system to become 
meffectwe. Increased quanttltles of agent 
11, these Instances d,d not ,mprove the 
extmgushmg effectiveness. 

With the use of llqud agents, present 
practxe IS to provide propulsive force by 
usmg a volume of mtrogen pressuwzed to 
400 PSI at 70” F and equal to the volume of 
agent used. Such practxe may result ,n 
madequate propulsion and Inadequate rate of 
agent dlscharge III cases where the volume 
of the ext,ngushmgsystem IS large or where 
the cyhnder temperature at the tnne of dls- 
charge 15 lo.,,. It does not consider the fact 
that propulsive requrements are a function 
of extmgulshmg system volume. 

An alternative and more loglcal basis 
for design 1s the selectIon of contamer size 
by usmg the sum of agent volume requ:re- 
ments and nltrogen volume reqwrements. It 
1s reasoned that rate of discharge from a 
system IS duectly related to nnt,al and fmal 
llqud discharge nozzle pressures, whereas 
no direct relat.onshlp exists between agent 
and pressurlzatlon requirements Assummg 
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a constant temperature expansion of gas, the 
pressurleed gas volume needed may be 
calculated from the relatIonshIp 

PIVl = P2V2 

where 

Pl = Mmlmun cylmder pressure to be 
avallable at the mmlmum operating 
temperature, psi 

P2 = Mmlmum nozzle static pressure re- 
qulred at the Instant of fmal agent 
discharge, PSI 

VI = Reqmred uut~al volume of gas m the 
cylmder, cubw Inches 

V2 = Fmal volume at pressure P2 

Then by lettmg 

Va = Volume of agent required, cubxc Inches 

Vc = Volume of cylmder, cubic Inches 

Vs = Volume of system exclusive of cylmder, 
cubic Inches 

the followmg relatlonshlps may be wrItten 

Vc = VI + Va, cubic mches 

v2=vccvs=v1+va+v =, cubic Inches 

Then by substltutlon 

v1 2gL= P2(Vl + va + Vs) 
Pl 

VIP1 = P2Vl + P2(V, t Vs) 

VICPl - P2) = p2w, + Vs) 

and therefore 

v1 = pgva y,, 
1 2 

Also 

Vc =vl+va= P2Vs + PIVa 

PI - P2 

Cylinder charging pressure at room temper- 
ature may be determmed from the value of 

Pl and from the pressure-temperature rela- 
tlonshlp of the mtrogen or other pressurlmng 
gas used 

Such a method assumes a knowledge of 
the nozzle pressure requrements whach 
depend on the extmgmshmg agent and the 
system used and on the rate of discharge 
requred. However, by estlmatlng a satrs- 
factory value of PI which ~111 produce a 
sufficxent rate of discharge (for the tests 
conducted, a value of 250 PSI was ample), the 
calculated values of cylmder size and gas 
volume required ~111 take Into account the 
volume of the system and the temperature 
effect on pressure. Thus 1s therefore con- 
sldered a more loglcal method than the 

V 
arbitrary use of a 50 per cent fill ratlo,$. 

c 
This method 1s by no means a fmal answer 
to the problem and provides at best an 
approxlmatlon It does recognux the need 
for propulsive requrements as well as for 
agent quantity reqmrements m the design of 
an extmgushlng system. 

C System Feed Lmes and Nozzles. 

An extmgulshmg system must provide 
dellvery of an effective agent m sufflctent 
quantity. It should also provide an optimum 
rate of dlscharge and an optimum dlstrlbu- 
tlon of the agent. The use of proper feed 
lme and nozzle sizes 1s essential to success- 
ful extmgushmg system design m these 
respects. Little mformatlon 1s available to 
aId In the proper design of extmgulshlng 
systems. 

F’lre extmgulshmg tests conducted on 
the FR-4 power plant Included prellmmary 
studies of the mfluence both of line and noz- 
zle sizes and of lme length on system effec- 
ttveness The dlstnbutlon characterlstlcs 
of different types of systems were also 
determmed 

1. Effect of Lme and Nozzle Sizes. 
Fire extmgushmg tests usmg extm- 

gushmg systems of the same general con- 
flguratlon but havmg different lme and 
dtscharge nozzle slees were conducted on 
the FR-4 power plant The Influence of lme 
and nozzle smes on system effectiveness was 
measured by determlnmg the quantity of 
agent required for extmgulshment In each 
case The test procedure was the same as 
previously described, usmg avlatlongasolme 
as fuel. Tests were conductedon the systems 
shown schematlcally In Figs. 7 and 8 and 
designated Systems B-l, B-Z, B-3, and C 
Standard 205-cubic-mch carbon dloxlde cyl- 
mders that were equipped with one-Inch 
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Fig. 8 Extmgulshmg Systems B-l. B-Z, B-3 

methyl bromide type flood valves were used affect the rate of flow and consequently would 
where the quantity of the agent was five affect agent requirements If the rate of flow 
pounds or less. OtherwIse, 646-cubic-Inch 1s excessively restrlcted. the system be- 
cylmders were used In every case the agent comes meffectlve even when usmg large 
was pressurized to 400 ps~ with mtrogen quantltles of an agent. It ~111 be noted from 
Results were obtamed on methyl bromide and the data of Table VII that the effxlency of 
bromochloromethane, as given m Table VII System B-l was Improved by mcreasmg the 
They mdlcate that the lme and nozzle sizes nozzle area (shown under System B-2), by 
used In the constructIon of methyl bromide changmg the locatlonof nozzles (shown under 
and bromochloromethane systems are of System B-3). and by mcreasmg lme areas 
crltlcal Importance Lme and nozzle s~ees (shown under System C). 
dlffermg from the optimum may seriously The test results also mdlcate that 

TABLE VII 

EFFECT OF LINE AND NOZZLE SIZES 
ON EXTINGUISHING SYSTEM EFFICIENCY 

System Discharge Rate NOZZk Nozzle Slot Width Agent Requirements 
Lme Size Locations**?‘ of Nozzles 

(pounds per second) (Inches, ID) 
for Eatmgulshment 

(Inches) (pounds) 

CH2BrCl CH3Br 

B-l 2.5 (CH2BrC1) 0.180 A 0.009 >12* - 

B-l 0 8 (CH~B~)** 0.180 A 0 009 - > 12* 

B-2 - 0 180 A 0 020 12 - 

B-3 - 0.180 B 0 020 5 > ll- 

C 90 0.305 B 0.070 2 - 

c 9.0 0.305 B 0.070 - 2 

* Extmgulshment apparently not possible 
$-L Methyl bromide vaporleed wlthm the system and resulted III a much lower rate of 

discharge than was the case with bromochloromethane. 
*** Nozzle LocatIon A -Nozzle dlrected radially away from the engme and across the air 

stream 
*f* Nozzle Locatlon B -Nozzle dlrected radially toward the engine and across the air 

stream 
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excessive system restrIctIon has a more 
crltlc?l effect on methyl bromide than on 
bromochloromethane. Durmg measurements 
of the discharge rate, methyl bromide was 
observed to discharge as a vapor or gas and 
to have a strong tendency to vaporize wlthln 
an ercess~vely restricted system This re- 
duced the discharge rate considerably and 
accounts for Its relatively poor effectLve*ess 
with System B-3. 

2. Effect of Lme Length. 
The study of the effect of lme length 

on extmgulshmg system efflclency was made 
by conductmg tests slmllar to those de- 
scribed previously except that m this m- 
stance System C, Fig. 7, was the basic 
system used. The effect of lme length was 
studled by varymg the length of the feed lme 
between the agent contamer and the dlstrlb- 
utor and by determlmng, for various lme 
lengths, the mmxmum agent requirements 
for extmgmshment of slmllar gasolme fires 
In the FR-4 nacelle. The effect of lme length 
on pressurlzatIo* requirements was also 
noted Results were obtamedon three agents 
carbon dlomde, methyl bromtde. and bromo- 
chloromethane. In the tests usmg carbon 
dloxlde, copper tubmg was used between the 
agent conta.ner and dlstrlbutor This tubmg 
had an outer diameter (OD) of one Inch and a 
wall thickness of 0.062 Inch. In tests usmg 
methyl bromide and bromochloromethane, 
the copper tubrng of the feed lme used was 
of 3/4-mch OD and of 0 058-Inch wall thick- 
ness Because of an error In calculation this 
latter lme area was believed, at the time of 
testmg, to be larger than the total of lme 
areas downstream of the dtstrlbutor. How- 
ever, It actually was less (the area of the 
feed lme was 0 316 square Inch. and the total 
area of eight dlstrlbutlon lines was 0.584 
square Inch), so that the testmg condlttons 
were not representatxve of serwce condltlons 
m this respect and were conducive to 
expansion of the agent wlthm the system. 

The test results are shown graphIcally 
m Fig 9. In explanation of the data plotted 
for carbon dloxlde, two cylmders were used 
m all tests except when the feed lme length 
was 1 l/3 feet One-mch flood valves were 
used m all cases, and two cylmders were 
used for long line lengths because tixs was 
noted to Increase system efflclency In the 
cases of methyl bromide and bromochloro- 
methane, pressurlzatlon requirements with 
a 25-foot or longer lme required the use of 
a cylmder larger than 205 cubic Inches A 
646-cubic-mch cyhnder was used In these 
instances From the data plotted, It ~111 be 
seen that 

a The required quantity of bromochloro- 

methane mcreased slxghtly with mcreasmg 
line length. The mcrease was attributed 
prlmarlly to the addItIona amount of the 
agent lost m wettmg and traversmg the 
longer lmes. 

b The required quantity of CarbondIoxIde 
Increased appreciably with mcreasmg lme 
length and In direct proportIon to the length 
of the lme. 

c. The required quantity of methyl bro- 
nude mcreased very rapldly with mcreasmg 
lme length, and test results were erratic. 
Fires could not be extmgutshed when usmg a 
75-foot lme. even with relatively large quan- 
titles of this agent. Unfortunately, the extent 
to which the use of an underslzed feed hne 
m the system contributed to the poor depend- 
ab&ty and effectiveness of methyl bromide 
IS unknown, but It may have been conslder- 
able. AddItIonal testmg ~111 be necessary to 
determme this. 

d. In all mstances, pressurlzatlon re- 
qulrements Increased apprecmbly. In the 
cases of methyl bromide and bromochloro- 
methane, fxres could not be extmgulshed 
when usmg a lme 25 feet or longer unless a 
volume of pressurlzmg gas larger than that 
provided by 205-cubic-mch cylmders was 
used. This was true even though the require- 
ments for bromochloromethane were such 
that a fill ratlo of less than 50 per cent was 
avallable with a 205-cubx-Inch cylmder. 

In summation, the results :ndlcate that 
long feed-lxx lengths mcrease both agent 
quanttlty and pressurzatlon requirements, 
thus reducmg system efflclency conslderably. 
In the case of methyl bromide, long feed 
lmes may promote vaporlzatlon wlthm the 
system and thereby senously reduce the 
rate of dxcharge and render the system 
IneffectIve. 

3. Dlstrlbutlon Characterlstlcs and the 
Effect of Extmgulshmg System Design on 
Efflclency 

The dlstrlbutlon characterlstlcs and 
effectxveness of loop, rmg, and dlstrlbutor- 
nozzle type extmgulshmg systems were 
lnvestlgated These were determmed by dls- 
chargmg \vater through each system and by 
collectmg and measurmg the quantity dls- 
charged from each discharge hole or nozzle 
The effectiveness of these systems was 
measured m terms of the amount of an agent 
required to extmgutsh gasoline fires In the 
upper and lower portlons of the FR-4 
nacelle. 

In dlstrlbutlon measurements, large 
serology balloons of sufflclent size to pre- 
vent any tautness from discharge of the 
systems were used to collect the water from 
each outlet These balloons were secured 
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over the outlets and were carefully weighed 
before and after each test. Measurements 
were made on tubular loop-type systems 
(clockwse flow, System G, counterclockwise 
now, system J), On rmg system L. and on 
dlstrlbutor-nozzle System C used tn prevmus 
tests. Design data and schematIc drawmgs 
of the systems tested are shown UI Fvg 10. 
As mdlcated ,n th,s f,gure, 11.7 pounds of 
water charged to 400 ps, with mtrogen were 
discharged from 646-cub,=-Inch cylmders in 
each case except for System C where eight 
pounds of water were used The cylmders 
were equipped with one-Inch methyl bromide 
type flood valves 

Results of the tests are shown graphl- 
tally ,n F,g 10 and are summartzed III 

Table VIII From this table ,t xv111 be seen 
that the loss of agent wzthm each system was 
apprcwmately the same and varxd from 4.1 
to 9.4 per cent of the charguvg quantity 

The values tabulated ,n the fourth and 
fifth columns show that a far greater varla- 
t,on ,n the quant,t,es discharged from differ- 
ent outlets occurred with the tubular systems 
than with the dlstrlbutor-nozzle system 
They also show that a considerably greater 
varlatmn occurred w,th the rmg-type two- 
way flow system than with the loop systems. 
These varlat,ons ,nd,cate that local effects, 
such as lrregularltles or burrs around the 
outlets, had a consxierably greater effect on 
flow in the perforated tubmg designs than 1x1 
the dlstrlbutor-nozzle system 
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Fig 10 Dlstrlbutlon Characterlstlcs of Etimgushmg Systems 



17 

TABLE VIII 

COMPARISON OF DISTRIBUTION 
OBTAINED FROM VARIOUS EXTINGUISHING SYSTEMS 

system Approxmate Agent Loss Over -All MaxImUm Total Discharged From 
Rate (per cent) VarIationa Varlatmn Halves of the System 

of Dxcharge m Dlscharge From Qav Weakest Strongest 
(pounds per second) (per cent) (per cent) (per cent) (per cent) 

G 53 68 40 0 42.0 58.0 

J 70 41 48 29.0 45 0 55.0 

L 64 9.4 104 68.0 43 0 57 0 

c 90 5.5 12 7.5 49 9 50 1 

Q -Q 
“Over-all varlatmn = max ml* 

Q a” 

Where 

Q *ax = Maximum quantity discharged by a smgle hole or nozzle. 

Q mm = Mmlmum quantity discharged by a smgle hole or nozzle. 

Q av = Average quantity discharged from each hole or nozzle 

General dlstrlbutlon charactertstlcs of 
the systems tested are shown graphlcally In 
Fig 10 The perforated rmg system and the 
loop systems produced unequal dxtrlbuhon 
of the agent and a greater discharge at the 
pomts of greater distance from the feed-lme 
connectmn. The dlstrlbutor-nozzle arrange- 
ment, System C, produced a relatively equal 
discharge of the agent at all nozzles. The 
mformatlon tabulated m the last two columns 
of Table VIII provides an mdlcatmn of the 
extent of InequalIty of dtstrlbutlon by the 
dzfferent systems. These figures show that 
the perforated tubmg systems produced ap- 
proxunately 40 to 60 per cent dlstrlbutlon 
between the weakest and the strongest halves 
and that the dlstrlbutor-nozzle design gave 
equal dxtnbutlon throughout 

Upon completmn of dlstrlbutlon meas- 
urements, the systems were Installed m the 
FR-4 nacelle and evaluated by determmmg 
agent requrements for evtmgulshment of 
gasolme fires in the upper and lower regions 
of the nacelle The feed-hne connectIon m 
each case was located approximately 30” be- 
low the horizontal center lme of the nacelle 
See F,g 2 This locatzon was expected to 
result m the discharge of greater quantltles 
of the agent m the upper region than In the 
lower one by Systems J and L and m the dls- 
charge of smaller quantltles by System G. 

Equal dlstrlbutlon at all pants was to be 
expected from System C, eight nozzles of 
which were equally spaced around the nacelle 
periphery and dlrected radially toward the 
engme Results of the fire extmgushmg 
tests are shownm Table IX. As would be ex- 
pected from the dlstrlbutlon pattern, System 
G proved more effective m extmgushmg 
lower region fires than upper region ones. 
Systems J and L were Inadequate, but the test 
results did not completely show the effect of 
unequal dlstnbutlon. System C was equally 
effective at both f1r.e locations 

The efflclency of Sysrem C was con- 
slderably better than that of the perforated 
rmg and loop systems The reasons for this 
are not fully understood. however, this lm- 
proved efflclency may be partially explamed 
by the slightly higher discharge rate and the 
more uniform and effective spray pattern of 
system c. The blow-off or blast effect from 
System C would be expected to be greater 
than for the tubing systems and may have 
contributed materially to the effectiveness 
of system c. 

CONCLUSIONS 

AIrcraft fire extmgushment 1s a highly 
complex problem and Involves a very large 
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System 

G (loop, clockwise 
flow) 

TABLE IX 

COMPARISON OF EFFICIENCY 
OF VARIOUS EXTINGUISHING SYSTEMS 

Approximate Amount of Agent Required for Extmgulshment 
Rate of Discharge 

of CH2BrCl Fxre Locatmn Fire Locatmn 
and CH3Br Upper Nacelle Regmn 

(lbs. per sec.) 
Lower Nacelle Regmn 

CH2BrCl CH3Br CO2 CH2BrCl CH3Br CO2 

(lbs.) (lbs.) (lb*.) (lb* 1 (lbs ) (lbs ) 

7.3 15 15 20 5 5 16 

J (loop, counter- 
clockwIse flow) 

7.3 9 5 - 7 

L (rmg, Z-way flow) 7.3 10 10 - No Tests 

C (dlstrtbutor-nozzle 
system) 

9.0 2 2 10 2 2 10 

number of crItIca variables Basic mfor- 
matIon regardmg the mfluence of these varl- 
ables must be obtamed before solution of the 
problem can be achieved by sound engmeer- 
mg design. Present design methods are 
Inadequate and too frequently are the result 
of cut-and-try procedures. 

and thereby greatly mcrease the agent 
dlstrtbutmn problem 

Thus mvestlgatlon was, m many re- 
spects, of a prellmmary nature and resulted 
In denotrng the mfluence of varxous factors 
on the problem and m dlrectmg attention 
toward cntlcal factors Further work ~111 
be necessary to provide detalled design data 
of direct use to the designer. 

4. Successfulextmgu~shment maydepend, 
m many mstances, upon the proper sealmg 
of Jomts and holes m the nacelle skm or 
fire walls. Open Jomts or holes. through 
which gasolme or 011 can pass, can cause 
reflash of fires and mcrease extmgulshmg 
requirements conslderably 

Test results and observatmns made 
durmg the mvestlgatmn mdlcated that 

1. The evaluation of extmgulshmg agents 
by the Purdue Research Foundatmn’s labora- 
tory method compares favorably with evalu- 
atmn by full-scale tests such as were con- 
ducted on the FR-4 power plant However, 
the physIca charactenstlcs and the require- 
ments for the optxnum method of dxscharge 
must always be considered In the complete 
evaluation of an agent 

5. The higher volatlllty of methyl bro- 
mlde over bromochloromethane 1s advanta- 
geous with respect to ease of dlstrlbutlon of 
the agent wlthm a fire zone. However. this 
same property makes the methyl bromide 
more sensltlve to system restrIctIons and 
lme length and causes It to have a tendency 
to change to a vapor or gaseous state wlthm 
the system Such achange seriously reduces 
the rate of discharge and must be avolded by 
proper system design. 

6. The use of siphon tubes m cylmdncal 
cantalners for agents 1s not so efflclent as 
the use of Inverted cylmders wlthout siphon 
tubes 

2 Under condltlons of full-scale testmg 
and of optimum discharge and dlstrlbutlon, 
methyl bromide and bromachloromethane are 
of approvlmately equal extmgulshmg ablllty 

7. Conslderatlon of pressurlzatlon me- 
qulrements 15 Just as important as conslder- 
atIon of agent requlrements m the designs 
of extlngulshlng systems Cylmder or 
contamer size should be based on both. 

3. The structural design of a nacelle or 8. Properly deslgned extmgulshmg sys- 
fire compartment can have a conslderable tems must provide sufflclent quanttlty of an 
effect on extmgulshmg requirements Struc- agent, suffxlent rate cf discharge, and ade- 
tural ribs and Irregularttles m a compart- quate dtstrlbutlon Inadequate performance 
ment through which air flows may greatlv with respect to any one of these primary 
mcrease requirements by creatmg traps requirements may cause a system to be 
or pockets protected from the air stream meffectlve 
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9. The use of long feed lmes and of lme 
sizes below the optunum materially reduces 
system effxxncy. Long feed hnes increase 
agent and pressurlzatlon requIreme& and 
promote vaponzatmn wlthm the system of 
agents havmg low balmg pants. The use of 
lme and nozzle sizes d,ffer,ng from the 
optmlum seriously affects the rate of 
dlscharge. 

10. The conventmnal perforated loop or 
ring type systems have poor dlstrlbutlon 
characterlstlcs comparedwlththedlstrlbutor- 
nozzle type and are much less effective when 
used III a region of relatively h,gh a,r flow 

RECOMMENDATIONS 

The followmg recommendatmns are 
based on the results of the tests conducted 
and the study made of the fire extmgulshlng 
problem. 

1 Further study of the fundamental fac- 
tors Involved in the extmgushment of a,r- 
craft fires. III extmgulshmg system desqn, 
and in system evaluation IS strongly recom- 
mended. Informatmn on optimum methods 
of appllcatuxn of methyl brormde. bromo- 
chloromethane, and other halogenated agents 
recently consldered for use XI a,rcraft ,s 
particularly needed. 

L. Utlllzatlon of the halogen&d extm- 
gushmg agents which have been found to be 
appreciably better than carbon dloxlde 1s 
recommended in arcraft as soon as opt,mum 

methods of apphcatmn have been determmed 
and physlcal characterlst,cs have proved 
sutable. 

3. It 1s recommended that structural 
lrregularltles be elxmnated from the ,nner 
surfaces of nacelles. 

4 The elmnnat,on of holes or open Jomts 
XI the nacelle and bulkheads IS recommended 
as a means of reducmg the reflash hazard 

5. The use of the shortest possible feed 
hnes in extmgushmg systems 1s recom- 
mended as a means of ,mprov,ng extmgush- 
mg system eff1aency and reducmg the 
tendency of some agents to vaporize wIthIn 
the system 

6. The use of Inverted extmguxhmg 
agent contamers, and thereby the elmnnatv,n 
of the need for siphon tubes, 1s recommended 
a.* a means of lmprovlng system efflclency 
and of reducing material and weight 
requirements. 

7. Conslderatmn of pressurlzatlon 
requlreme*ts as well as of agent require- 
ments IS recommended as necessary to 
proper extqeulshmy system speclficatlons 
ind-design. - - 

8. For aaents other than carbon dloxlde, 
the use of perforated tubmg evtmgushmg 
systems e,ther of the loop or of the rmg 
variety 1s not recommended where dlstrlbu- 
t,on 1s of crltlcal mlportance Dlstrlbutor- 
nozzle type systems are recommended for 
use in compartments of relatively high air 
flow 


