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I EVALUATION OF THE FIRE-DETECTION AND 
-EXTINGUISHING SYSTEMS OF THE NAVY XP&f-1 AIRPLANE* 

I SUMMARY 

. Tl$s ewluatk of tie fire-detection and -cxtinguishtng system. of the Nary xP6M-1 
iurplane w.a made ,tising a~ steel mockup of the XP6M-1 nacelle and a d-my engine. The 

befrflowa for flight end~kukface-operating condttions were simulated during the tests. 
The fire-dete&oti ~ystw~w~d~ evaluated by tgnitIng small teat fires within the nacelle. 

~The fire-extlnguiahing system was ev&uted by conducting quantity and rete-measurement 
!teit+, by measuring extinguishing-agent concentrrtions durihg discharge of the system, aul 
iby full-scale firs-extlngntshing test*. 

The briginal contlin~ua detector system, with elements mounted fircmnferentially, 
;waas found @ be ineffective in detecting teat fires in the lower hali of the nacelle; however. a 
~co~tinwus syitcm. wi+ iti elementa mounted longitudi~Il9 in the lower portioh of the nacelle. 
!proved to b+ effective in ala+ming these sem&‘temt firem. 

Results of the evaluation test& of tbe fire-extlnguiehing system Indlcnted that tha 
~syatem provided rapid discharge of agent. abut its effec$iveness in extlnguiahing fires was 
! found to be nrarginal. 

INTRODUCTION 

Incorporated in the design and construction of the Navy XPfM-1 airplane by 
-the Glenn L. Martin Company were a number of mmsti tire-protection design fe~ta~ss. These 
~included the use of bromotrifluoromsthmc erUnguishing agoat. uac of a high-rate-discharge 
!(HRD) aatngufshing system with open-and tubIn@ outlets, and use of a coattnuolls oi wire-type 
~ fire-detection system. The nurella design incorporated closely spaced transverse farmers 
,@b deeply recessed .p&e. betaesll tbaml thts aggravated. the problem of extk@shing- 
i agent distrfbutlon. A rotary type of cooling airflow rrormd the engine wu used, creating 
! conditicma quite different from t?aoae used in any prwlou fire-detectton and -&tinguishlng 
bldies. 

Because of the unusual fire-protectton faturea involved in the daslgu of the XP&K-1 
i powerplant. the Daparbnent of the Navy Bureau of Acroneutics desired that apalrufkm stndtem 
be made of the fire-detection and txtlngufsbiag systems prior to flight testa of the alrpl8ne. 

1 The CM Technical Developnat Center (TDC) ttudertook this project under spCm~or,bip Of 
~BuAer. The ,&dies coverad by,this report were cmnpleted in July 1955. 

EQUIPMENT AND GENERAL PROCEDUBE 

The test article waas a steel mochrp~of the No. 1 nacelle oi tha XI’&-1 airplans. with 
the onhr casing of a J-7~1 engine in+lled. The W-1 flre-detectlon system and the flra- 
axtlngui,hing system were Installed in the test article. Opsratibel conditions of the XP6M-1 
airplane were simulated within the nakelle by drvcting air frcrm two 1.790~hp blowers Into the ’ 
front of the nacelle and by extracting air from the rear of the nacelle wltb two lUO-hp blowers 
arranged in tandem. This arrangement simulated tbe r& air entering the front of the nacelle 
in flight and the aspirator action of the jet exhaust on the rbar cckpartient. An observation 
room adjacent to the test cell contained th& control panel. time recorder, temperature gages. 
manometers. and other eauirrment used in the teats. A schematic layout of the facility ie _ - 

i shown In Fig. 1. 
For the detector teats, ftre noW,les Lnchwling rmpark fgnitor’were fnstalled in locations 

A through L in Zones 1 and 2 of the na+le. See Fig&,. 2, 3, and 4. For exttngaishing teats, 
! fire nozzles were installed at locz,tio?u 1 through 6, U ahown’in Fig. 5. Tbesa asre chosen 

eRaprinted for general distribution from a limited distribption report dated 
~ September 1956. 



2 

CDOLlNG TOWER 
BLOWER CONTROL SPACE 
r CONTROL PANEL 

1750HP 

42”DIA AIR DUCT 

OBSERVATION 

24”D,A A,R DUCT 

PLENUM CHAMBER 

TEST ARTICLE 

L TEST CELL 

Fig. 1 Schematic Layout of Test Facility 

UNITS 

Fig. 2 Locations of Fire Nozzles and Detector Elements in Zone 1 



because they r are locations where fire hazards exist. Plexiglas window 
all test- fire locations to permit observation of the fires and study of ai 

Fig. 3 LI in Zone 2 

‘s were installe 
.rflow patterns I 

,d near 

Fig. 4 Locations of Detector Elements and Fire Nozzles in Top Doors 



Fig. 5 Fire Nonla I.outlom 

EYALUATION~OF TFfE ORIGINA& FIEE-DETECTION SYSTEM 

Description of System. 

The foilovlng procedure w., aaed for cesdi@iq~ the flrs-dskction ksk: 

1. The raka of mlrflow tbropgh the arccllc raqul~-+ k rimukk the kst c0aditic.n van? 
emkblkbed. 

2. The kst- fire tgnlkr XI” turned on and ful flew v.. skrkd from the firs aosmls. 
3. The test flrc was allowed k burn for 10 l aconda or 0nti1 dekctioa ecclrrred. Afkr 

,cveral krk were made rt’r @ven location and ma dekction occumd. L test fire vu allowed 
k blnm for 25.•conds. 

A,I Eskrline-Aqu. time recorder w.‘ wed k record the mquencs of sreuk .during 
sad, dekckr k.t. The test fires burned gasoline et rmks of 0.238 Ur 0.37 ~#m-p~ 
minuk (gp). The recorded time for dskction w” the inkrvrl between the skrt of tha firs 
ad the inaknt a response wan obkincd from the dekctfon rystsm. 



Fig. 6 Location of Longitudinal Detector System and Fire Nozzle 

Results. 
The data obtained from the evaluation tests are given in Table I. It may be noted that 

the system generally was ineffective in detecting the test fires. 
From observations of the direction of flame travel at various locations in the lower 

half of the nacelle, the primary direction of airflow was noted to be circumferential rather 
than axial in both the compressor and rear zones. Test fires tended to parallel the circum- 
ferentially mounted detector elements, and it appeared that longitudinal mounting of the 
elements should be much more effective. 

EVALUATION OF LONGITUDINALLY MOUNTED DETECTOR ELEMENTS 

Description of System. 
In view of the results obtained during the evaluation tests of the original XP6M-1 

detector system, an additional system was installed in the test nacelle along with the original 
circumferential system. 

In the new system, a continuous loop containing a total length of 44 feet of detector 
element was mounted in the lower part of the nacelle, principally in a longitudinal direction. 
See Fig. 6. It was routed to provide coverage of the forward air outlets and lower forward 
area of the nacelle. The direction of mounting was normal to the observed direction of air- 
flow and fire. The control box was set to produce an alarm at an element resistance of 
19,048 ohms. This represented an alarm setting at a minimum temperature of 500” F., with 
the entire length of element exposed. 

Procedure. 
The test procedure was similar to that used in the evaluation of the original fire- 

detection system. Test-fire locations were the same as for the previous evaluation tests in 
the lower nacelle regions. See Fig. 6. Additional locations in the upper nacelle areas also 
were used. They are shown in Fig. 4. 



TABLE I 

RESULTS OF TESTS OJ’ THE ORIGINAL XP6M-1 FIRE-DETECTION SYSTEM 
WITH CIRCvMFElWldTUL LY MOUNTED ELP.fENTS 

Opsr*tfnp Maanwed Ala181 Time for Firem at Yariolu LocatIons (Seconds) 
Condition Aibflaw Tut Rim Zmlel ZODW2 
Simulated zone 1, ZOM 2 ?‘wl Rak A B C F G Ii 1~ P E 

(PP4 l (pp.) l LrF-)++ 

FUglit 3.5 7.8 0.24 X 4~.0 x x x 4.0 x 7.0 x 

Flight 3.3 7.5 0.37 9.75 2.5 24.5 x 6.0 2.5 X 3.5 5.0 

Surfacs 3.3 9.6 0.24 X 6.0 X X 7.0 8.5 x X 5.5 

Surface 3.2 9.3 0.37 X 3.0 x x 2.5 ~5.25 X X 6.5 

Flight operation: Zone 1 - 3.5 poJm& pr ac0nd~ zom 2 - 16.0 poundm per mcond. 
~surfsce opesatlon: zone 1 - 3.3 pouIl& per ~econdj zone 2 - 10.7 pounds per second. 

** Aviation fuel. !00/130 ockaa . 
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TABLE II 

RESULTS OF TESTS ON CRtCUMFElUNTlAL MD 
LONGITUDINAL FIRE-DETECTION STSTEMS 

Mownred 
Airflow 

zone 1 zonr 2 
(PP.) bP4 

3.04 9.04 

3.54 1.72 

Aluhr Time for Fires.at~Variors LocationH (Sscondn) 
D8bCtlX zcm. 1 zons 2 
sP* A B C F. G H I J K D E &. 

Ctrcrmrfar~ntial x 2.1 x x 4.0 5.8 x 8.5 4.7 X x 9.0 

Longttudl~ 2.2 1354.5 2.8 2.8 2.1555 +* *+ 1.752.8 - 

Circmnfer*atirl x 2.1 .x H 6.7 2.3 X 7.4 X 4.0 x 5.0 

LollgitudiMl 4.5 2.0 9.5 8.9 15 2.4 5.7 *+ W 1.5 6.8 ti 



Airn0w 
(m P=r,,+) 

2-1 2.10 

zoxe 2 6.6 

Node Compuhati 0.3 

Lti-loss factor = 0.0083 

VOlanC. 
(cubic f&t) 

82.0 

,274 

2,4 

Nose Com~snt: 
Q = (0.56) (0.30) + (0.16) (2.40) = 0.552 pomd. 

zone 1: 
a = (0.56) (2.10) + (0.16) (82) = 14.275 p~ti. 

zone 2: 
Cl Q (0.56) (6.6) + (0.16) (27.0) = 8.01 pounds. 

Q = lina length timem cross-aectioorl ar.. of tube tkaes 0~.0083 
* 525 times OA51 times ,0.0083 = 3.71 ms. 

Total = Lb.547 pounda. 

Tha .retised estlmr~d airflw data received from the Qlcnn L. Martin Company for 
coditioam of engIns shutdown during enuiment of flight fire-emergency procedure are u 
followm: 

Nose Corn-eat: 
Q = (0.56) (0.30) + (0.16) (2.40) = 0.552 pound. 

zone 1: 
Q = (0.56) (6.08) t,(O.lb) (82) = 16.52 pou+. 

zone 2: 
Q = (0.56) (9.86) + (0.16) (27.0) = 9.84 pounda. 

Line Losses: 
Q = line length times croas-•ect@naJ area of tube times 0.0083 

= 525 times 0.851 times 0.0083,& 3.71 pounds. 

Total = 30.07 pounds. 

All full-scale evaluation studies of the ertinguishing~s~ms were conductid using the 
same quantity of agent (27 paunds) md preasurisation (560 pal) to be uaad in the XPfM-1 air- 
plane. The airflow. used for the tsats are shown in the tables. The agent container was a 
Walter Kidde 945-cubic-inch sphere equipped with P valve outlet for 1 l/2-inch-OD tubing. 
Calculated fill ratio w.~ 50 per cent.. 

ScopC of Tests. 
Tbn evaluation of the XP&t-1 fire-extinguishing syitem was accomplished by: 



TABLE III 

KZSULTS OF DISTRlBUT ION TESTS 
ON THE XP6M-I EXTfNQUlSKINQ SYSTKM 

Wiratcr 16.9 48.6 41.6 DA 9.2 

Br~OCblDrCUYe~ 27.44 44.0 47.9 0.7 7.4 

Bromotrtfluoromstbmte+ 38.6 55.0 32.0 1.8 11.2 

+ These nre nnt teat valwa. but they indicatr the calculated dsdted dirtrlhrtion. 

A ceasecvtlve sampler “a. wd OD debrmtarr tbe dischuge tlms af L nmsle. ThLs 
srmpler caml#ted of L track 16 feet lon 
each 1 l/2 inches by 3 inches in ai.cs a.2 

and S~inchas wide. aad. cut cant&dng 48 cans. 
47 inchem deep. The cart “as drawn by I hydralic 

utnrtir along the full length of the trrck at. coaalat spaad of 15 c- per second. Tba 
.ampler w&s locrted sb that the nosale ‘una ,abore the cans md the liquid dtechargsd into them 
u they pused. A mlcroawttch locatad on the track c@npleted the circuit to the datonator of 
the cxtingnishing bottle containing the agent, thereby sffscttng the dtscbarge of the agent at 
the moment the flrmt can mtarted to ps~nnder the discbarge n~olcsle. 

Tests waere conducted an neazle Z id Zoti 1 by discharging natsr, and on nosAc W in 
zone 2 by dlsch.srgIng water in the first test and bromochlormmetbane in the second teat. 
Figures 6 rard 9 show the dtschargc rate of agent for each buaket plotted against time for out- 
let nozslea Z and a. It m.y be notid in Mg. 8~ that the discharge of rgent from -ls W of 
Zoos. 2 began later thm t+e dlacbarge of agent from norale Z In Zone 1. rad it wa4 d longer 
durnticm. The duntim of effsctivediKhrrgs “aa approldmrt!ly 1.7 secti for bromacblozo- 
methans at aossle w in zone 2. 



Fig. 9 Rate of Dlwbarge from Zstingulshrr Outlet W 

lJamcs D. Noi and Charles PA. biiddleswortb. “Aircraft Firs Zrtlnprrimhment. Part m. 
An Instrvnent for Evaluating Erting~tsldng Symtema.” CM Technical Development Report 
No. 206, June 1953. 
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Fig. 10 Location of Sampling Tubes in Zone 1 

Fig. 11 Location of Sampling Tubes in Zone 2 
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Fig. 12 Location of Sampling Tubes in Top Doors 

Agent concentration measurements were conducted under simulated flight and surface 
conditions using bromotrifluoromethane agent pressurized with nitrogen to 580 psi. The 
results of the agent concentration tests are shown in Table IV. It will be noted that some of 
the concentrations in the upper areas of the nacelle are below the minimum of I5 per cent 
desired for assuring extinguishment. 

Fire-Extinguishing Tests. 
A series of nine fire-extinguishing tests was conducted under simulated flight conditions 

existing after enactment of flight fire-emergency procedures. A series of six test runs was 
made under simulated surface-operating conditions existing with engine power on. The test 
fires used for extinguishing tests burned JP-4 fuel at the rate of 4.92 gpm. Methyl bromide, 
pressurized to 580 psi with nitrogen, was used as the extinguishing agent in all of the tests 
except the two final tests. These were conducted under simulated flight conditions using 
bromotrifluoromethane as the extinguishing agent. 

After establishing approximate rates of airflow through the nacelle required to 
simulate the test condition, the procedure for conducting the fire-extinguishing tests was as 
follows: 

Elapsed Time 
from Start 
(seconds) 

1. Ignitor and primer fuel were turned on, 0 

2. Main fuel (JP-4) to fire was Lurned on. 5 

3. Ignitor and primer fuel were turned off. 10 

4. Extinguishing agent was discharged. 15 

5. ?\lain fuel to fire was turned off. 25 

Phe results of the fire tests are shown in Table V. The one failure which occurred 

under simulated surface conditions was in the upper region of Zone 2 and in an area of 10~ 
agent concentration. See Table IV, pickup location NO. 18. 



TABLE N 

ZXTINGUISHING-AGENT CGNCENTRATION MEASUREMZNTS 

Teat Airflow Amount Mrdmrm Par cent concentr+tlon at pickup Locatloru+ 
Condition zone 1 ZOM 2 Z-1 

(PPS) W) *(%y 
z-2 

1 2 3 4 5 11 12 13 14 15 16 17 b 7 8 9 10 18 

Flight++ 6.26 11.18 27.7 15 36 39 bF~ 16 15 30 17 35 25 32 3~2 30 25 12 10 : 67 7 
+o Knoti 

SUl-hCe- 3.39 9.39 a-t.6 51 51 54 43 30 17 42 62 67 46 51 25 23 19 22 14 46 2 

(foci= 

+ See FIga 10, 11, and 12 for pi&q locationm. 

.* Following snadment of flight fire-emergency procedure (engine #hut down). Eatlmabd airflow for 
XP&-1 atrplma:. zone 1 - 6.08 pounds per l canal; Zone 2 - 9.86 pounds per second. 

*d* Engine on full per. Estimated airflow for XP6M-1 airplane: Zone 1 - 3.3 pounda per l Ocond, 
l-ev2r.a flow: zone 2 T 10.7 pounds per second. 



Test Test 
NO. condition 

1 

: 
4 
5 

6 
7' 

9" 
10 

11 
12 
13 
14 
15 

Flight*** 
Flight 
Flight 
Flight 
Flight 

Flight 
Flight 
Surface++** 
Surface 
Surface 

Surface 
Surface 
Surface 
Flight 
Flight 

TABLE V 

RESULTS OF FIRE-EXTINGUISHING TESTS 

Measured Airflow 
zone 1 zone 2 

bP4 (PP.) 

5.53 7.70 
5.80 8.20 
5.46 7.40 
5.42 7.48 
5.40 7.40 

5.28 7.23 
5.54 7.b4 
3.06***** a.62 
3.07***** a.65 
3.72***** a.92 

3.57***** 9.01 
3.53w*** 8.90 
3.50***+* 9.12 
5.90 a.15 
5.95 a.20 

Extinguiahtng Weight 
Agent* of Agent 

(lb.) 

CH3Br 31.0 
27.5 CH3Br 

CH3Br 28.0 
27.5 

CH3Br CH3B* 27.5 

CH Br 27.5 
CH3Br 
CH3Br 

27.0 
26.5 
27.0. CH;Br 

CH3Br 27.0 

27.25 CH3Br 
CH3Br 27.0 
CH3Br 27.0 
CF3Br 27.5 
CF3Br 27.0 

Fire 
Location** 

(see Fig. 5) 

1 
1 
2 
3 

*Extinguishing agent in 945~cubic-inch spherical container was preseurfccd with nitrogen t0 580 pal. 
**Test-fire fuel (JP-4) rate was 4.9 gallons per minute. 

***Flight conditions: Following enactment of flight fire-emergency procedure (engine shut down). 
Eetimated airflows for XP&f-1 airplane: Zone 1 - 6.08 pounds pr second; zone 2 - 9.86 pounds per 
second. 

***+Surface conditions: With engine at full power. Estimated airflows: Zone 1 - 3.3 pounds per eecond, 
reverse flow;zone 2 - 10.7 pounds per second. 

*****Reverse flow. 
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CONCLUSIONS 

As a result of the evaluation testing of the XP6M-1 fire-d&k&on w+d fire-extinguishing 
systems. it is concluded that: 

1. The original circumferential fire-detection syat& is in+&ate. T,he:d&xtor elements 
installed to encircle the engine are not in the most advantageous positions because the airflow 
primarily is circular. 

2. The additional longitudinal fire-detection system was effective in ala’kning fires 
occurring in the lower +lf of the nacelle. 

3. The valnes listed in Table III for water and bromochloromethane indicate that less 
agent is diecharged into Zone.1 and somewhat more agent is discharged into Zone 2 than is 
specified by the design calculations for CF3Br. 

4. The duration of extinguishing-agent discharge from. any outlet of the system is less than 
+-- __-^_>_ 
IW” O.zC”YuB. 

5. The extinguishing-agent concentration measurements indicate that the extinguishing 
evetern will oroduce adeouate concentrations of agent for extinguishing fires in most areas 
of the nacelle. Low concktrzkiorie were recorded in the upper-areas bf the nacelle, however. 

6. The results of the full-scale fire-extinguishing tests indicate that fires can be 
extinguished in all are* except e upper area of Zone 2 where a failure to extinguish a fire 
occured under simulated sqrface’conditions. 


