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At the request of the Department of the ALT Force, tests were 
conducted at the Technical Developnent and Ivaluatlon Center of the Clvll 
kronautxs Admxustratlorl on a continuous fu-e-detectlon system so located 
that It would facllltate uxtallatlon and maintenance. The continuous 
sensur elements were attached longltudually to the au frame in the aft 
compartment of an xB-!,~ au@-ne nacelle and were subJected to test flros. 
FksulL udlcdted that longltudlnal attachment of the continuous sensing 
elwent 1s xnferlor to the previously tested cuxumferent~al installations 
ulsof~r as covcrage and speed of detwt.>on are coxerned. 

Continuous detectors, manufactured by Walter Kldde 8 Company, Inc. 
and lnstalleu In the XB-II~ azplane-nacelle aft corr,artment so that they 
would encucle the Jet-en,-me tall cones and tall pl>es, were evaiuated; 
and the results were published m a previous report. ri R-at type of detector 
mstsllatxon nccessltnted attachment of the detector serism~ elements, by 
ctand-off grommets, elthor to the removable nacelle access doors or to the 
odtsldc surf&e of the t,ll cones and tall pipes. The Department of the 
klr Forcn requested that an evaluation be conducted with the Kldde continuous 
detector serlsuz clemcnts mst.illcd iongltudlnally in the W-L5 auplane- 
nacelle ;rft corvartment and located lr, such a way that It woula preclude 
the necessity of removIne or dlsconnectug any part of the detector system 
dwln; engIno chan&e. Lonyltudmnl mstallatlon of sensmg elements placed 
them generally xirallel to Lhc movement of aa through the aft compartment 
of the nacelie. 7111s rcmrt presents the results of these tests. 

TEST EQUIPII~-%T 

Contuuous detectors occupy a lue In the nacelle space and are 
SI.ITU~~~ WI shane to a +nxe. The contu-uous detectors used m the evaluation 
?-,ere manufactured oy the Wllter Kldc,e & Company, Inc., Dellevzlle, New Jersey. 
The scnsuxg elemenl of these detectors 1s composed of ?O-foot lengths of 
0.062-inch 0.d.. lnconrl tubing contaming two wwcs fused Into and msulat?d 
by prebrolren ceramx spaghetti. Detection 1s based on the prmcx& that 
the resistance of the cwam:c decreases shlrnly zt a predcternme~ elevated 
tcmper,,turs <lnd in so do-n: compktes a c~rc~~lt to an ampllfler xhxh signals 
an alarm 'hen the souxi: of thr elevated iempxature 1s removed, l,he re- 
slstancc lncrfasec and the slgnal clears. Ihe scnslng clement used m the 

lCc. M, Mlddlesworth, "Determlnatxon of Means io Safeguard Aucraft from 
?ower Plant Plres m Flight, Part VI, The North American Tornado" CAA 
TcchnicalDevel0pmen-t Report No. 221 
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tests alarmed at 500° F when heated slowly m a furnace. A photograph 
of a co11 of scnsmg plcment and of the control box are shown m Fly. 1, 

l%o %&foot lengths of sensulg element were attached by two-ulch 
stand-off grormets at the locations s170tim in Fig. 2, One length was attdched 
to thr n;rczllc ;luet abovt the access-door Joints. The second 1cnCth was 
,-.ttached to th; lower portIon of the nacelle structural keel and to the fire 
wall in the forwar*d ;jortlon of the ait colveztmcnt. The aft compartment of 
the .E-l~i; n&rilr contnLncd a net volume of apnroxlmatcly 237 cubic fact 
anG "aas 17.5 feet 1q IcnEth. An Estcrllie Angus opcratlon tune recorder 
was uscc' to record a conpletc cequcncc of cvcnts <mung each test. 

TXST ;SXD~J.XE 

Since the nacelle structure, was csscntlally symmctrlcalabout a 
vcrtlcal longitudinal plane, tests WPX ccndnctrd on one sldc only. Purlal: 
these tests, the 110. 3 tng;ne sxc of the ruccllc was used. D-K f-LE loca- 
tlons user1 111 tcstmg arc lndlcated In Table I and ar? shown 111 LQ. 3, 
Theso locazlons were selected as bcilng rcpresuntatlva of potential fire 
hazar2.s such as flammable-flud leaks and en;lnc fa~lnrcs, 

Test fires burned avlntlon gdsoll?e at a rdte of 0,6 gallon per 
minute. The ;wutlcn gasolue uas 5park-lsuted and was Jllorr?d to flow 
for ten seconds dLlrm5 caLh Tut. Pdt flros wcrc! mflucncod by the air 
flow through the naccllc. Jn the X?-k5 nzccllc, the outlet cn~s of the 
Jut-enelnl till 'zlpcs arc sufiXclcntly rcccsscci to cause r7n eu-qcctor 
nctlon and thus lnducc coolln~ a~ to pass through the compartment fro?l 
the Inlet louver.- at the forward ena of the com7artn-nt. 

The t>cst scqucnce used w-15: 

1, Turn on test-fue qyltor srutch. 

2. Turn on fuel supply for test 11~. 

3. ;iecord tlmc rcqured kor the detector system to alarm from time 
fuel was supn~~d as sho:m on the opcratlon recorder. 

I’h’hc flrt tests mr’c contiuctcd under sunulatcd oppratlon condltlcns, 
vn.; 

1. i!lrCrai-t OTeratmg at crdusmc (both J~C en,jlncs o$eratX;: at 
90 p~'r cent of maxumzn rated mm, r?m au suyphcd to cnguz inlets.) 

2. Ground taxI (both Jet cuc:incs opcr.rklng ct 60 per celit of maxmum 
rated rpm, and air drawn by the ,sn:lnc from the atmosphL,re.) 

3. Engine starting (Jet cng?ncs mopcratlve, therefore no illr 
flop through the aft compartment.) 
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RESULTS 4Wl DISCUSXCN 

The test results are shown u Table I. Ihe tlmc for dctectlon 1s 
the time rcqu~rcd for the dc tcctors to svc an alarm from the time thL fuel 
1s sug.llcd for the test fir?. '10 attcmLd was made to deterrrJne the clearing 
tlmc for the detector sgstcm bLcausc of the dlfflculty of detormlnlng the 
pr2r1oe duration of the test flrcs. The flrc-detector system dct,ct?d the 
test flrcs under the ccndltlons of suruldtLd opcratlon except dorm,: three 
tests. It was ay>nrcnt that dJrmg those tests the flame was btratlfud 
by the au flow m the riglcn of the naccllc a:t of the flrc nozzle to the 
extent th;t nLlthcr flame nor hedtcd au cont,ctcd the detector sensing 
element. Ihc dei,?ctor systun did not false-alarm or nalfunctlon during 
thL tests and uas not damaged by the test flr:s or vlbrntlon; howv~.r, the 
W-l45 nacelle 2s mounted for tost-cell opcratlcn wis rclstlvcly free of 
vlbrltlon. 

Results of tssts conducted and reported prsvlously wth the 
s‘nslng clemtnt mstallcd to encircle the cnglnc tall cows and tall pipes 
arc shown m Tiblc II for comparuon. The two sensug cl~mnnts used wcrc 
mourt~d transvcrszly at nacelle St-Itlons i 23 and 4 100. Each sensuq 
element was connzctcd to a separate control box, and a SC-puatc record was 
nude for wch Glemcnt. nil tc,st flrcs uere detected by the two Llemcnts 
m comblnntlon. 

Results of bznch tests of a &d2e continuous det-rtor, conaytcd 
m accordance with SI:E Lpcclflcatlon AS-hOlA, arc shown lil Table III. 

COi'CLiiSICSS 

1. The detector sensulr: clcmcnt as installed durmg these tests KS 
not as vulncrablc to dalagc during cnglnc change an< malntcnancc as z dc- 
tector sensing zlcment cnc?.rcllng the chines and stkchcd e,thcr to the 
cngmcs or to the n~cllc and access doors. 

2. Better fire dcttictlon, from the standpoints of specl and coverage, 
was provldcd by the previously tcstca transv:rso system than by the longs- 
tudmal system d%crlbbcd III thu rLport. 

2 J. J. Gassmann, 'I.4 3rncr and Test Bench for Zvaluatmg aircraft Fire and 
Heat Dctectors,l' CAA ~cchn~c~~lI)cvclopmcnt Report No. 217, October 1953 
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2 

i 
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10 
11 
12 

2 
15 
16 
17 
18 
13 
20 
21 
22 
23 
24 
2s 
26 
27 
28 
29 

;"1 

z: 
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TABLE I 

TIME R3QUiR~ FOR FIRE DZTSCTION 
(Detector elements xnstalled longltudln-lly; 

aft compartment, XE45 nxcllc) 

Test Condltlans - --- 

Englnc Stutlng 
Ground Tax1 

\ Normal Crulsmg 
Norm51 Crus~ng 
En~ne Start3ng 
Engine Stnrtlng 
Ground Tax1 
hormal Crulslng 
Normal Crusmg 
Englnc Stxrtlng 
Ground 7;r.x~ 
IIormnl Crus~ng 
En~ne Starting 
Ground Tax1 
Normal Cruslng 
Normal Cruuxng 
Ground Tax1 

Fire Alarm'" 
Locatlon ibw 

(SW Fig. 3) (Seconds) 

G 
G ; 
G 3 
G 2 
S 
S ::-1,2 
S 
s Y2 
S 
J z-1,2 
J IsJo Dctcctlon'-' 
LJ mo Dt:tccticn“" 
X 
X ;::it: 
X No DetectIon 

i 
10 

Normal Crulsmg 
Normal Crulslng : 
En.:ux Stutmg v 
EngIno StartJng V 
Norm31 Crulslng V 
Ground T<ixl W 
Kormel Crulslng w 
Norm31 Cruslng W 
En~ux Startmg w 
Englnc Stzrtlng u 
Ground Tax1 u 
Normal Crusing u 
Normal Crulsu~g u 
Engu~ Starting T 
Ground Tax1 r 
Normal Crulsmg T 

Average txx for alarm was 5.9 seconds. 

Alarm tlmo IS based on the tune between relcasc of fuel and u&cat:on 
from the detectlon system. Spark lgnltor u1 opcr‘ltlon beforc and during 
rclcasr: of fuel. 

"' Tc\t flrcs at this loc,?tion WZIP Influenced by high-vcloclty air flow. 



Test 
NO, 

1 
2 
2 
,’ 
i 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
10 
20 
21 
22 
23 
24 
25 
26 
27 
20 
29 

:: 
32 
33 
3b 
35 
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TABLE II 
TIME REQUIFZI FOP FIXE DETXTKX 

lDetuztar elements mst?llcd around tax1 cone and 
f 23 and + 100; aft co,l~xrtnorlt, m-45 nacelle) 

Test Condltlons - 

Norm.1 Cru1 sing 
Norin cruising 
Gormzl Crusmg 
P:ormal Crw sing 
Normal Cruslng 
Normal Cru-i.5 mg 
i-ormal cruslng 
Xormal Cru-ismg 
IJOlTd 1 Cl-Ill s 1ng 
Ground Tax1 
~~ormal Crvlsmg 
ITormal Cruumg 
Normal Crulslng 
Normal Crulslng 
Normal Crulsu3g 
Norm;,1 Crulslng 
Norn;Ll Cruslng 
Norm31 Cruls!ng 
Worm,-1 Cru1s ng 
IJorr~nl Cruls:ng 
Norm23 Cru1sLng 
I';orrml Cru~rmg 
Nor ma1 cruising 
Normal Cruslng 
Norva.1 Crulslng 
Norm11 Cru3smg 
Normal Crulslng 
Normal Cm3 sng 
Normal Crulslng 
Ground Tax1 
Normal Crulsmg 
Normal Crusxng 
Normel cruising 
Normal Crulsmg 
Normal Crulsw,;r 

(See Fig. 3) 

U 
u 
U 
U 
U 

G 
s 
S 
S 
s 
J 
J 
J 
J 
J 
J 
J 
J 

Average tune for alarm ws 3.5 seconds, 

Alzrm Tmc" 
Elcmcnt z't Elomcnt at 

station 1( 23 Ststlon + 100 
(seconds) 5cconds 

4 5 

i 
4 

z-1,: 
3-l/2 
6 

3 
2 2 
2 2 

2 
2 

2 

"Al?rm tune is based on the tur bztrrccn release of fuel and uxilcatlon 
from the dctcctlon system. 5prk lgnltor m operation before and during 
r&xx of fuel, 
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TABLE III 

FZSULCS OF EEW! TEZX OZi KIX'? CO:;TINiTGS , 
AJRCIUFT FIR3 DETXi'OR 

(Tests conducted m accordmcL mth 5~3 Spmifxatlon 
AS-LOLq P?ragra:;hs 7.1, 7.1.1, and 7.a) 

1500" 
30,000 : 
Rd spans c 

o ? Flaw, 
2nd 3q~osum 

Is Rcsponsc C&rmg 

- F I"l,mc 2000- 1 
BTU PC= aour 

TLT5szx 
1st Expom-a 

Response Clxru 
rime ?csponse Tliw &me ride r1,nc rmo 

T~rnc- 
(3cc,) (See.) (Sec.) (Sec.) (SCC.) (Sec.) 

4.0 1.5 2.4 20.5 2.2 20.5 2.3 
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FIG 2 LOCATION OF CONTINUOUS-FIRE-DETECTOR SENSING 
ELEMENT IN X8-45 NACELLE,KIDDE SYSTEM 
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SIDE WEW 

L~~oCA~,~~ o,= FUEL-DISCWARCE NOZZLES 
,,, A~~ COMPARTMENT FUEL IS w%.-=O 
,N o,RECT,ON of EXPANOEO END OF ~wJETTE 

FIG 3 FIRE NOZZLE LOCATIONS FOR 
DETECTOR TESTS, X8-45 NACELLE 


