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FIRE-DETECTION STUDIES OF THE NORTHROP F-89 POWER PLANT* 

SUMMARY 

Thu report presents the results of an mvestlgatmn of the fire- and overheat-warnmg 
,ystems m the F-89 power plant The exlstmg systems were evaluated by full-scale tests 
or their over-all effectiveness The changes considered necessary were Incorporated in 
mproved conflguratmns to gave greater coverage and vastly unproved fire detectmn 

In general, systems utllmmg contmuous-type detector elements were more rapId and 
more reliable m detectmg the presence of fme m the F-89 power plant than were umt-type 
systems The same coverage could be obtamed only by mcreasmg the number of detector 
elements of the unit-type system to a prohibltlve number. By adding additional unit detectors 
n locatmns of greater effectrveness, however, the abihty of the system to detect fires aras 
greatly unproved 

The fire-warning system incorporated in the production models of the F-89 was found 
o be meffectlve By mcreasmg the number of detector elements and locatmg them m more 

strategic areas mslde the engme bay, detectmn of approximately 90 per cent of all test fires 
was achieved m the engine-burner section and 100 per cent detection was achieved m the 
-0mpressor section 

The overheat-warning system functmned satlsfactorlly throughout the series of tests, 
md no changes are recommended for that system 

LNTRODUCTION 

Some work has been done m the past on the fire-detection and fire-extmgulshmg 
.haracteristics and requirements of turboJet-engine mstallatmns. but little 1s known regardmg 
he mfluence of the afterburner on the concepts established by earlier testing At the request 
,f the Departments of the Air Force and Navy, an F-89 airplane powered by two J35-A-21A 
urbo,et engmes equipped with afterburners was obtamed and Installed m the test chamber at 
ihe Techmcal Development Center of the Civil Aeronautics Admmistratmn, Indlanapohs, 
Lndlana 

The test program was dlvlded mto two parts. the first of which dealt with the fire- 
letectmn capabllxtles of the productmn system and with the changes m detector design or 
Locatmn necessary for optimum detectmn of m-flight engme fires Tne second phase conslsted 
of an evaluatmn of the fire-extmgmshmg system and determmatmn of a means for correctmg 
madequacles where they exist This report concerns only the detectron phase of the program 

The speclfx obJectIves of the fire- and overheat-detectmn study were (1) to evaluate the 
ime-warnmg system m the F-89 power plant and to develop nnprovements as necessary, (2) to 
evaluate other types of detection devxes which lend themselves to thx particular apphcatmn, 
and (3) to evaluate the existing overheat-warnmg system 

DESCRIPTION OF TEST EQUIPMENT 

F aclllty 
The test faclllty consIsted essentially of a test chamber, a control room adJacent to the 

chamber, and two 1750-hp blowers which supplled air to the test article The control room 
contamed the engme-control panel, temperature recorder, a multiple manometer, and other 
equipment used xn conductmg the tests 

Ram au from the blowers was ducted to a plenum chamber Just forward of the amcraft 
;and was mtroduced mto the ar Intake of the left engrne by means of an exit duct from the 

*Manuscript received for publlcatmn April 1956 



plenum The Intake air was controlled by the blower operator to simulate the varmus con- 
dltlons of fhght under which the fire-detecting and -extmgmshmg systems were to be evaluated 
Engme operation was controlled from a panel III the control room The velocity of the ram air 
to the engme was measured wulth pickups mounted m the air intake of the engine 

Test Article 
The test artxle was the YF-89A alrplane, Serw.1 No 46-679. manufactured by Northrop 

Aircraft, Inc It had undergone acceptance and evaluation tests by the Department of the Air 
Force at Edwards Air Force Base. Callforma, prior to being transferred to the Center for 
fire-detection and fire-extmgmshment studies 

The arcraft was equipped with two J35-A-21A turboJet engmes complete with after- 
burners For purposes of this study. only the left engine was mstrurnented and operated 
These engmes are rated at 6800 pounds thrust at 7900 rpm at sea level for takeoff power with 
afterburner 

The engmes I” the F-89 aircraft are arranged so that they may be lowered hydraulically 
from the bays to facllltate mspectmn and mamtenance See Fig 1 Access to the engme 1s 
accomplished by removmg doors from the bay. completely exposmg the engme and afterburner 
Each bay IS dlvlded Into two compartments by a fonuard stanless-steel flrewall. An aft 
hrewall. located where the afterburner IS attached to the engme, serves to direct all of the 
coolmg au between the afterburner and the afterburner shield See Fig 1. In thw report, 
the forward compartment IS designated the compressor compartment It encloses the 
compressor section of the engine, together with the fuel. oil, and hydraulic lines. the al tank, 
and the engme controls The accessorws are housed m a small dome mounted on the aas 
of the engine at rhe air Intake The aft compartment contams the combustmn chambers and 
the afterburner It IS designated the burner sectmn 

The nose sectmn of the airframe back to StatIon 125, the tall section aft of Statlou 490, 
and a maJo= portmn of the wmgs were removed from the airplane before It was mstalled m 
the test cell The test article was supported at the wing stubs by wall-mounted I-beam 
structures 

Before the test program was mltlated, the power plant was modlfled to make It conform 
as closely as possible to the F-89D models which were then in productmn These modLflcatmns, 
made I” accordance with the airframe manufacturer’s drawmgs. consisted of the following 

1 A rectangular openmg, 2 by 4 mches, was cut on the keel side of the transitmu duct 
Jnst forward of the engine-air Intake to provide ground cooling for the compressor sectron 
This revision was made according to Northrop drawmg No 69-5105951, Sheet 1 

2 Turning vanes were added mslde the burner-compartment air-inlet scoop to dlstrlbute 
the coohng air m the burner compartment more evenly. m accordance with Northrop drawmg 
No 69-5105951. Sheet 2 

. L.I 
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Frg. 1 J35-A-21A Engme in Lowered Posltlon 
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3 The overheat-warning system which was not present m the prototype model was added 
accordmg to Northrop drawing No 587823 

GENERALTEST PROCEDURE 

Tests were conducted under engme-power condltmns smnulatlng tam, takeoff, normal 
cruse. and maxmnum power m flight The engine rpm and the use of the afterburner for each 
condltmn are shown m Table I An appropriate amount of ram am to the engme-air inlet was 
supplied m each case 

TABLE I 

ENGINE POWER CONDITIONS 

Sxnulated Fhght Condltmn Maxmxun Engine rpm 
(per cent) 

Afterburner 

TFZXl 80 NO 

Takeoff 100 Yes 

Cruise 82 NO 

Maxmnum Power 100 Yes 

The locatmn of the test fires was determined from F-89 accident reports and by a survey 
of the engine to mdlcate the areas where the greatest fire hazard exlsted SIxteen locatmns 
were chosen as potential areas of ignltmn, and throughout the series of tests.frres were 
ignited at these points to evaluate the detectors These locations are mdicated and numbered 
m Fig 2 The sue of the test fires was standardized at one-third gpm of JP-4 fuel under 

Fig 2 Test-Fire Locatmns m Left Engine Bay, F-89 Alrcraft 
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20-ps1 nozzle pressure The detectors were exposed to these test fires for a maxxnum of 10 
seconds Ignltmn was started by means of an arcraft spark plug in the fuel spray and it was 
mdlcated on an Esterlme-Angus operation recorder The alarm time was recorded as the 
tx-ne Interval between the release of the fuel and the alarm mdlcatmn by the detector bemg 
tested The clearmg txne for each detector was recorded as the Interval from the tune the 
fuel flow ceased until the detector reset Each detector also was connected to a pen on the 
operatmn recorder so that the alarm and clearmg tunes could be determmed for each sensmg 
element As many as 20 separate operatmns could be recorded smwltaneously by the 
Esterllne-Angus recorder, and the txnes could be measured to one-tenth second 

The test procedure conslsted of placmg the various detectors in the desired locatmns 
and operatmg the engme at each of the four basic smmlated flight-power settmgs while test 
fires were lgnlted at each of the designated fxe locatmns The duratmn of the test fire and 
the response of the various detectors were recorded on the operation-recorder chart to form 
a permanent record 

EVALUATION OF EXISTING FIRE-WARNING SYSTEM 

The purpose of the evaluatmn of the enstmg fire-warnmg system was to determme. as 
closely as possible by laboratory methods, the degree of fire detectmn which exIsted on the 
F -89D models 

The arcraft was equipped with Edison Type-A umt-type detectors for the fire-warnmg 
system This 1s a four-clrcult system cons&mg of detector units, a relay panel, fire-warnmg 
lights, and a momentary contact-clrcmt test switch The four-arcmt system 1s dlvlded Into 
two parts, each part conslstrrg of two clrcults for each engme bay The two clrcuts in each 
engme bay are further dlstrlbuted throughout the entlre bay to provide at least partial pro- 
tectlon in case one of the clrcults should malfunctmn Each 1s a permanently closed clrcult 
through whxh no battery current flows When the rise m temperature 1s abnormally rapld 
(as II-, the case of fire), sufficient current 1s generated ,n the detectors to actuate the sensltlve 
relay This relay xn turn actuates a slave relay which closes the battery clrcult to the 
respectwe fire-warnmg light The detector-unit elements are not destroyed when they 
operate, and the warmng mdlcatmn dlsappeara when the fire 1s extmgushed and reappears If 
fire recurs 

.L 

>_ 

In the compressor sectmn the fire-warnmg system consisted of three urots afflxed to 
the engine and two umts mounted on the keel as shown II-, Fig 3 The accessory sectron was 
protected by two units mslde the dome-shaped houslng For purposes of these tests, tht 
compressor and accessory sectmns were consldered as one sectIon. with the umts in the 
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accessory sectmn on the same clrcult as those m the compressor sectmn Owmg to the very 
llmlted space m the accessory sectmn, no fires were lgmted there because It was evident 
that any fire m that sectmn would be so concentrated that a detector placed m this area would 
give an mdlcation lmmedlately In the burner section, five units were mounted on the engme 
to provide the fire warmng 

These systems were connected to fire-warning lights on a panel m the test-cell control 
room and to a pen of an Esterlme-Angus operatmn recorder, in order that a permanent record 
might be obtamed of the alarm and clearmg times for each test Durmg the maJOrlty of the 
tests, comparison of the effectiveness of the alrcraft system with other detector configuratmns 
was obtamed through simultaneous testmg In some cases the aircraft system was compared 
wulth one other system In other cases, three systems were tested simultaneously For test 
purposes, the fire-detector circuit m the compressor sectmn was Independent of the circmt 
in the burner section. and each circuit was connected to a separate pen of the operatmn 
recorder so that Its response to test fires could be studled mdependently 

Table II shows the alarm times for the aircraft system for a number of test fires m the 
compressor sectron, together with the detectlou efflclency under the various test condltmns 
As can be noted from the table, the over-all percentage of alarm to the test fires was only 
48 per cent. Similar data from the test fires m the burner sectmn mdlcated that the exlstmg 
fire-warning system m the burner sectmn was only 23 b per cent effective 

Table III gives the average alarm and clearmg times for the alrcraft-detector systems 
from data accumulated durmg s number of tests 

TABLE III 

AVERAGE ALARM AND CLEARING TIMES 
FOR EXISTING UNIT FIRE-DETECTOR SYSTEM* 

Alarm Clearmg Detectmn 
Time** Time** Efficiency*** 

(seconds) (seconds) (per cent) 

Compressor Sectmn 37 48 48 3 

Burner Sectmn 58 54 23 6 

*Thomas A Edison, Inc , Type-A. 
**These times were computed by averaging the alarm and clearing times for the fires for 

which detection occurred durmg exposure to the lo-second test fires only 
***The detectmn efficiency is the ratm between the fires detected and the total number of 

fires Ignited 

These results mdlcate that the F-89 fire-warnmg system is madequate They do not 
reflect deflclencles of the mdrvldual detector umts, but they mdxate that the number of umts 
was msufficlent and locatmns of the umts were mcorrect 

DEVELOPMENT OF AN EFFECTIVE FIRE-WARNING SYSTEM 

The first step m developmg an effective configuration for a umt-type detector system m 
the compressor section was to determme the areas of greatest heat concentratmn dtirmg test 
fires This was accomplished by usmg a number of overheat detectors m a survey of the 
entlre compressor compartment, mounting them clrcumferentlally on the engme at the forward 
end and *ovmg the rmg progressively toward the rear after each series of test fires. Each 
overheat umt was connected to a separate mdlcator light and to a pen of the operatmn recorder 
so that the sequence and number of detectors which alarmed could be noted From the data 
obtamed m this manner, the areas affected by each of the test fires were determmed and an 
improved umttype detector system wss developed 

The first configuratmn developed consisted of rune umts in the compressor sectmn 
located as shown in Fig 4 and represented as Nos. 1 through 9 This design Increased the 
over-all average detectmn to 59 4 per cent Two addltmnal umts, Nos 10 and 11, were added 
to the compressor section as shown m Fig 5 This mcreased the alarm efficiency to 



_ Fig 4 First Revlsmn of Unrt Detector Locatmns 

87 5 per cent In an effort to increase the effective alarm rate further m the compressor 
sectmn, the two unts at the SIX o’clock posltmn on the engme were relocated on the top of the 
engme and the two umts already m that vlcnuty were reposltmned as shown 1~ Fig 6 W lth 

thx fmal change m detector locatmns, 100 per cent detectmn of the test fires u, the 
compressor sectron was accmompllshed Detector No 9 was elmnnated after tests proved It 
was lneffectlve 

Of the five umts of the arcraft system m the burner se&on, four are located on the 
bottom part of the engme, two at Statmn 290, and trro at Statmn 348 The fifth unit 1s located 
at the 12 o’clock posltmn at Statmn 348 These locatmns are shown m Fig 3 

I 

Fig. 5 Installatmn of Four Addltmnal Umt Detectors 
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Because of higher velocltles of coolmg au m the burner sectmn, Intense stratlflcatlon of 
fze was noted in this compartment In many mstances this caused the flames to pass between 
ad]acent unats of the detector system without alarmmg either one Consequently, a destructive 
fire could eust for a considerable length of tune without being detected This Intense 
stratlflcatmn, and the accompanying coolmg of ad]acent areas due to the high velocity of the 

s_ - :ay through thl+ compartment, requxed the flames to unplnge directly on a sensing element 
before an a&m would be given 
this arflow 

Thus, the best detector ConfIguratIon would be normal to 

The orlgmal par of detectors at Statmn 290 ( see Nos 3 and 8, Fig 3) were relocated at 
Station 296, and four were added at this statmn at the 1, 3. 9. and 11 o’clock posrtmns This 
new conflguratmn at Statlon 298 1s shown by detectors Nos 12 through 17 m Fig 4 The three 
at Statmn 348 (Nos 4, 9, and 10. Fig 3) were replaced by a rmg of six detectors at Statron 344 
located at the 1, 3. 5, 7, 9, and 11 o’clock positions These are Nos 18 through 23, Fig 4 
These changes 1x1 detector locatmn mcreased the efflaency of the system, and 69 2 per cent 
of the test fues were detected Two additional units were placed m the rmg at Station 344 at 
the 8 and 10 o’clock posltmns (mdxated by Nos 24 and 25, Fig 5). mcreaslng the total 
number of umts m this rmg to 8 wth a correspondmg mcrease m detectmn efflclency to 
aa 3 per cent 

With a total of 14 detector umts in the burner sectmn. any attempt to mcrease the 
detector efficiency would have resulted m the addition of such a large number of uruts as to 
be consldered nnpractlcal Table IV is a compllatmn of the average alarm and clearmg txnes 
on the fmal detector confzguratmn 

TABLE IV 

AVERAGE ALARM AND CLEARING TIMES 
FOR THE PROPOSED UNIT-DETECTOR SYSTEM* 

Alarm Clearmg 
Txne Time 

(seconds) (seconds) 

Compressor Sectmn 36 58 

Burner Sectmn 39 56 

*Thomas A Edison, Inc , Type-A 

From this mformation it was concluded that the detector conflguratlon as shown m Fig 6 1s 
the most practical system 

Another phase of study m the development of an effective fire-warning system was that 
1nvolvmg contmuous-type systems The locatmns m the engme bay whzch would give optmnm 
coverage and warnmg m event of fire were determmed A contrnuous fire detector differs 
from the umt type in that It 1s smnlar m appearance to a heavy wire, occupxes a lme m the 
engme bay, and IS sensitive along Its entlre length, the unrt type momtore only a pant Several 
examples of the contmuous type of detector elements are shown m Fig 7 The contmuous 
detectors shown include the thermal type (Edison Type-B) and the flame-sensltlve type (made 
by American Machine and Foundry Company) 

The thermal type of contmuous detector comprises a temperature-sensltlve element 
routed through the volume m which fire detection IS desired, a control unit. a slgnal lamp, 
and a test switch The sensmg element itself consists of an Inconel or stamless-steel tube 
contammg a coaxial conductor Insulated from the tube by a thermistor material. When the 
thermistor material reaches a predetermmed temperature, the resistance of the thermzstor 
decreases sufficiently to pernnt an electric current to flow and operate a relay in the control I 
box The relay, m turn, operates the fire-warnmg light When the source of excessive heat 
IS removed and the thermistor materml cools below the preset temperature, the warmng light 
goes out The sensmg element forms one leg of a Wheatstone bridge, and the alarm temperature 
can be changed by replacing one of the reslstors m the control box 

The first contmuous thermal-detector system used was the Edison Type-B, ut~lnmg 
Part No 234-54G sensmg element In the compressor sectmn, two loops of sensmg element 
were mounted arcumferentlally around the engme. extending two inches from the engme to 
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Fig 6 Fmal Conflguratmn of Unit-Detector System 

enclose the engme hoses, wires, and accessorres The forward loop of the pair was 20 feet 
Long. posltmned at Station 235 with an extensmn leadmg down through engme island No 4 Into 
and around the accessory sectron, then back out of the engme island to the control box The 
second loop was located at StatIon 261. It consisted of 10 feet of detector element with leads 
of hrgh-temperature, heat-resIstant wme to the control box These two loops are shown ln 
Fig 8 Each loop was connected mdependently of the other to mdlcatmg lights and to 

II . 

Fig 7 Arrangement of Detectors in Burner Sectmn 
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Fig 8 Explormg Detector Loops m Fmst Locatlon Tested 

mdlvldual pens of the Esterlme-Angus operation recorder In this manner the number and 
locatmn of fires detected by each loop could be determined, together with the alarm and 
clearing trnes for each loop. 

Table V shows the tabulated data for each test condltmn and for the various posltmns in 
which the loops were evaluated The resistance of each detector clrcult was adlusted so that 
an alarm would be given when the detector element reached a temperature of 500’ F The 
alarm tunes and detectmn efficiencies of combmatmns of the loops m pars are given m 
Table VI Tests were conducted with the loops mstalled in pars, hrst, a loop at Statmn 235 
and one at Station 261, Fig 8, second, a loop at Statmn 220 and one at Station 252, Fig 9. and 
thrrd, a loop at Statmn 225 and one at Statmn 245. Fig 10 As can be seen from the data 
recorded, no single loop provided 100 per cent detectmn of the test fires, however. a combma- 
tmn of loops at Stations 235 and 252 did gwe complete detectmn These were mcluded m the 
final conflguratmn of contmuous detectors Two other combmatmns of loops missed only one 
fire between them, the remainder resulted m St111 lower detectmn efflclencles 

As an alternative configuratmn of the contmuous detector system, elements were placed 
axlally along the engme m the coinpressor compartment In the first semes of tests, four 
lengths were posltmned at the 2. 5, 7, and 10 o’clock posltmns, and a complete semes of test 
fmes was run This conflguratmn 1s shown m Fig. 11 The alarm tmnes for the anally located 

TABLE VI 

EFFECTIVE FIRE DETECTION OF PAIRS OF 
CONTINUOUS LOOPS IN COMPRESSOR SECTION* 

Amframe Statmn Numbers 

220 and 245 
220 and 252 
220 and 261 

225 and 245 
225 and 252 
225 and 261 

235 and 245 
235 and 252 
235 and 261 

*Thomas A Edison. Inc , Type-B 

Fires Detected 

(per cent) 

84 4 

z; ,” 

75 0 
96 8 
84 5 

a4 5 
100 0 

96 8 

Average Alarm 
Tmne 

(seconds) 

3 64 
3 76 
4 07 

4 22 
4 32 
4 77 

3 48 
3 57 
3 72 



Fig 9 Explormg Detector Loops in Second Location Tested I -> 

contmuous elements in the compressor sectmn are llsted m Table VII As can be seen from 
Column 1, this gave a total detection effraency of 96 9 per cent In an attempt to mcrease the 
efficiency of the system, the four elements were rotated to the 3. 6. 9. and 12 o’clock posItlonG 
along the engme axlally and the series of test fires was repeated From this arrangement of 
detector elements, 100 per cent detectmn of the test fires was obtamed as shown m Column 2 
In order to conserve on length of detector element required to give satisfactory detectron, the 
element posltmned at the 12 o’clock posltmn was elmmnated and the effectiveness of the three 

Fig 10 Explormg Detector Loops m Thmd Locatmn Tested 

Fig. 11 Continuous Detectors Placed Axlally at 2. 5, 7, and 10 O’clock Positrons 
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TABLE VII 

ALARM TIMES FOR AXIALLY LOCATED 
CONTINUOUS ELEMENTS IN COMPRESSOR SECTION* 

Test Condltmns Axial-Element Location 
O’clock Posltmns 

3, 6, 9, and 12 
(seconds) 

2. 5, 7, and 10 
(seconds) 

3. 6, and 9 
(seconds) 

F,re Locatmn 1 
Tax, 4.6 34 3.5 
Takeoff 50 2.8 3.2 
Crll1se 38 23 2.5 
Maxnnum 68 2.6 28 

Fire Locatmn 2 
Tax, 
Takeoff 
Cruise 

Maxmnum 

Fire Locatmn 3 
TZLXl 
Takeoff 
cruise 

Maxrnum 

Fxe Locatmn 4 
Tar, 
Takeoff 
Cruise 
Max~mun 

Fire Location 5 
T ax1 
Takeoff 
Cruise 
Ma%lIllWll 

Fire Location 6 
Taxi 
Takeoff 
Cruise 
Maximum 

Fire Locatmn 7 
Taxx 
Takeoff 
Cruise 
Maximum 

Fire Location 8 
Ta%l 
Takeoff 
Cruise 
Marnnum 

28 
27 
3.3 

2.7 
20 
2.5 
2.4 

27 
2.0 
3.1 
24 

4.5 4.5 
3.0 4.2 
2.5 2.5 
3.9 4.4 

2.8 

3.8 
2.8 
50 
3.7 

5.2 3.2 5.8 
4.8 3.8 6.0 
35 2.9 48 
43 3.0 50 

33 
36 
3.2 
2.6 

2.3 
3.7 
25 
7.4 

38 
45 

z’, 

1.8 2.3 23 
1.5 2.0 2.0 
3.0 1.2 1.2 
lb 1.9 1.9 

73 
5.3 
3.2 
3.8 

3.3 3.0 
1.8 20 
1.8 2.7 
14 92 

46 46 
5.6 3.0 
6.0 2.6 
** 36 

48 
3.2 
2.8 
38 

Average 
Alarm Tune 3 92 2.90 36 

(per cent) (per cent) (per cent) 

96.9 100.0 100.0 
Detection 
Efficiency 

*Thomas A. Edlson. Inc., Type-B. 
**No alarm. 
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Fig 12 Final Configuration of Contmuous Detectors Usrng Elements m Loops 

elements at the 3. 6. and 9 o’clock locatmns was evaluated Agaln the response to the series 
of test fires was 100 per cent See Column 3. Table VII The length of detector required for 
the four axial elements, wulth an extension mto the accessory se&on and return, was 30 feet, 
a length of only 25 feet was required after elnnmatmn of the 12 o’clock element This length 
could be reduced further by using a longer lead of tigh-temperature. heat-resistant vame and 
a special shorter length of detector for the forward element. 

Fzre detection m the burner sectmn was obtamed by mounting one contmuous element 
loop at Station 310 and a second loop at Station 345 See Fig 12 The results of a series of 
test fires ignited in the burner sectmn showed that 100 per cent detectmn was attarned with thm 
conflguratmn Because of the high velocity of the am m the burner sectmn and the lmearlty of 
the test fires, It was decided that elements placed axlally m all llkellhood would be meffectlve, 
therefore, this particular arrangement of detector element ylas not tested Each loop m the 
burner se&on required 10 feet of detector element. or a total of 20 feet for both loops 

Table VII: ~urmnarlzes the average alarm and clearmg times obtamed m the foregomg 
tests 

TABLE VIII 

AVERAGE ALARM AND CLEARING TIMES 
FOR PROPOSED CONTINUOUS DETECTOR SYSTEM* 

Alarm Clearing 
-Time Time 

(seconds) (seconds) 

Compressor Sectmn 
Axml 
Loop 

Burner Section 
Loop 

*Thomas A Edwon. Inc , Type-B. 

31 10 7 
32 12 1 

25 90 

From these data It can be seen that a very posltlve and effective fire-warnmg system can 
be deslgned utlllelng the contmuous-type detector element. A total of 45 feet of element 1s all 
that 1s required to provide optunum protectmn under all ground and flight operations 

Another type of contmuous fire-warmng system evaluated was a flame-sensltlve type 
manufactured by the American Machme and Foundry ~ompany.1 This detector senses flame 

1 
The patents coverlng this detector are owned by Petcar Research Corporation. 

361 Man Street, Medfield, Massachusetts 
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. -,- -’ 
Fig 13 Flame-Sensitive Detectors Placed Axmlly at 3, 6, and 9 O’clock Posltmns 

and m Loops at Statmns 315 and 347 

mly and does not operate on the heat prmclple The system consists of the sensing element 
> md a transmitter and receiver housed m a single control umt The sensing element consists 

af a conductor (arcraft-control cable or stainless-steel tubing) routed through but insulated 
ram the nacelle and enene A 3-volt ac slgnal generated by the transmitter 1s rnpressed 
mpon the sensing element This sagnal has a very low harmomc content The sensing element, 
ormmg a loop In the fire zone, returns to the receiver which has been tuned to the second 
armomc of the transmltted slgnal When a flame bridges the sensing element and ground, 

he waveform of the transmitted slgnal 1s altered, producing a second harmomc This slgnal 
s detected and arnpllfled by the receiver and used to turn on a warmng light to indicate the 
jresence of flame The system has almost instantaneous alarm and clearing reactmns to the 
lresence of flame 

,1 --- 

In the burner sectlon, arcuts of arcraft-control cable were Installed at Stations 315 
nd 347 circumferentlally around the engme In the compressor sectmn, elements of staidess- 
tee1 tubing were mounted axially at the 3, 6, and 9 o’clock positmns These are shown in 

“g 13 All elements were Insulated from the engme and nacelle, and a complete fire survey 
ias conducted Table IX gives the average alarm and clearing times for this conflguratmn 
“he alarm and clearing tunes llsted are those required for the fuel to lgmte and for the flame 
o reach the element As can be seen from Table IX, the alarm and clearing times are very 
,hort 

-,- 

TABLE IX 

AVERAGE ALARM AND CLEARING TIMES 
FOR PROPOSED CONTINUOUS DETECTOR SYSTEM* 

, Compressor Section 
Axial 

Alarm 
Tune 

(seconds) 

Clearing 
Time 

(seconds) 

Burner Section 
Loop 12 24 

:American Machme and Foundry Company, flame-SenSltlVe type. 



F,g 14 Amblent Temperatures InsIde Engme Bays of F-69 AIrcraft 

EVALUATION OF OVERHEAT SYSTEM 

The overheat-warnmg system consists of 23 Fenwal overheat-warnmg detectors preset to 
actuate at 350’ F , waznmg lrghts. and a clrcult-test switch The clrcult 1s wrred III parallel and 
normally 1s open Actmn by any one detector closes the clrcult and activates the warnmg lights 
on the fire-e*tlngulsher-control panel Each overheat detector 1s cylmdrlcal m shape and con- 
slsts of an outer shell and two ,nner struts separated by a slight gap A r,se ,n temperature 
causes the outer shell of the detector nearest the heat source to expand and the two inner struts 
to establish contact This closes the system clrcult and grounds the warnmg light When the 
temperature cools below the crItIca pant. the clrcult opens and the warnmg light goes out 

Each umt of the overheat-warmng system was connected to a pen of the Esterlme-Angus 
operatmn recorder Because of the heatmg effect of the blowers on the air ducted to the engme, 
the amblent-air temperature mslde the engme bays did not reproduce the amblent temperature 
which would be experienced durmg flight A temperature survey mslde the engme bays durmg 
these sunulated flight power settmgs. however. did not mdlcate the/ presence of any abnormally 
high temperatures which would cause the overheat system to alarm 

Durmg the actual conduct of the test fires, the overheat-warmng umts ,n the vlcunty of the 
fires. as a rule, would md,cate the presence of a heat source This was lxnlted somewhat by the 
remoteness of the umts from the areas where the fires were qnlted The overheat-warnmg units 
were placed on the alrframe structure mslde the bays ,n locatmns wh,ch would give a wuammg If 
any structural members became unduly overheated For this purpose they were well located 

Figure 14 shows the amblent temperatures measured at locatmns where test fires were to 
be lgmted Measurements were made under four condltmns of engine operatmn The tempera- 
ture of rnlet a,r supplled to the power plant while measurements were made was 125’ F Des,red 
engme and ran-azr condltmns were establshed. and the temperatures were allowed to stAb,llze 

,before bemg recorded At no tune durmg the performance of these runs d,d the overheat system 
ZJX-l-II 

.- 
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CONCLUSIONS 

The following conclusions are drawn from the data accumulated durmg the conduct of 
the fire tests 

1 The fire-warnmg system. which 1s bemg mstalled m the F-89D models currently m 
productlou. IS radequate 

2 The fire-wammg system m operatmnal models of the F-89. as well as m future 
productmn models, can be nnproved greatly by relocatmg exmtmg detector uuts and by 
addltmn of more units 

3 The contmuous-type detector systems provided better detectmn of power-plant fires 
than did the unit type, and they are preferred over the unit-type detectors 

4 The overheat-warnmg system fun&zoned satzsfactorlly throughout all of the fire tests 

RECOMMENDATIONS 

, ’ 

On the basis of tests conducted, It IS recommended that the eastmg hre-warnmg system 
of the F-89 arcraft be modlfled to mcorporate the changes mdlcated by this study to be 
necessary for greater effectiveness or be replaced by a contmuous-type system as described 
m this report It 1.s recommended further that the overheat-warnmg system be retamed I” 
Its present form 


