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ZVALUATTCH OF KIDDE CONTINUOUS FIRE DETECTOR
I AN XB-L5 NACELLE

SUMMARY

At the request of the Denartment of the A.r Force, tests were
conducted at the Technical Developrment and Ivaluation Center of the Civil
acronautics Admnistration on a continucus fire-detection system so located
that at would facilatate installation and mainlenance. The continuocus
sensins elements wore attached longitudinally to the air frame in the aft
comartment of an ¥B-L5 arrplane nacelle and were subjected to test fires,
fesults indicated thal longitudinal attachment of the continucus sensing
elerment 15 1nferior to the prev:ously tested circumferential anstallations
1nsofar as coverage and speed of deteacticn are coacerned.

INTRCDUCTION

Continuecus detectors, manufactured by Walter Kidde & Company, Inc.
and installea 1n the ¥B-L5 a.rplane-nacelle aft compartment so that they
would encircle the jet-enraine tail cones and tail pipes, were evaluated;
and the resvlts were rublished an a previous report, Trat type of detector
installation neccessitated attachment of the detector sensing elements, by
ctand-off grommets, eithor to the removable nacelle access doors or to the
outside surfece of the toal cones and tail pipes, The Department of the
kir Force requesitod that an evaluation be conducted with the #fidde cont.onuous
detector sensiug elemeonts installed longitudinally in the XB-L5 airplane-
nacelle aft compartment and located 1in such a way that 1t weulc preclude
the necessity ol removing or disconnectiug any part of the detector system
dvrin~ engine change. Longitudinal installataion of sensing elements placed
them generally marallel to Lhe movement of air through the aft compartment
of the nacelle, This reori presents the resulis of these tests.

TEST EQUIPLICNT

Continuous detectors occupy a line in the nacelle space and are
similar an shane to a wire. The conlinuous detectors used in the evaluation
were manufactured oy the Walter Kidce & Company, Inc., Belleville, New Jersey.
The sensing elemenl of these detectors 1s composed of ?0-foot lengths of
0.062-1nch o0.é. inconel tubing contain.ng two wircs fused into end insulated
by prebroken ceramic spaghelti, Dstection 15 based on the principle that
the resistance of the ceramc decreases shurnly at a predetermined elevated
tomperature and in so do_n< complctes a ¢ircuit te an amplifier which signals
an alarm  “hen the source of the elevatcd lemperature 1s removed, the re-
sistance increases and the signal clears. Ihe sensing clement used in the

10. M, Middlesworth, "Determination of Means Lo Safeguard Azrcraft from
Power Plant Fires in Flight, Part VI, The North American Tornado" CAA
Technacal Development Report No. 221
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tests alarmed at 500° F when heated slowly in a furnace. A photograph
of a eco1]l of sensing olement and of the centrel box are shown in Fig. 1,

Tvo 20-Toot lengths of scnsing element were attached by two-ainch
stand-off grormets at the locatiens stown in Fig, 2. One length was attuched
to thr nac2lle just above the access-deoor joints, The second length was
attached to th? lower portion of the nacelle structural keel and to the fire
wall 1n the forwarsd portion of the aft comartment, The aft compartment of
the ¥2=hY nacelle eontained a net volume of approxamately 237 cubic fect
anc vas 17,5 feet 1m lencthe 4n Esterliie Anpus opcration time recorder
was uscl to rceerd a conplete cequence of cvents during cach test.

I55T SRCCIDURE

Since the nacelle structurs was esscntially symmetracal about a
vertical lengituwdonal plane, tests werc cenducted on one side only, During
thesc tests, the T'o. 3 engine sice of the nacclle was used. The fire loca-
tions uvsed 1n testing are indicated in Table T and are shown in Fage. 3.
These locations were sclected as being reprascntative of potential fire
hazards such as flammable-fluid lecaks and enzine failures.,

Test fires burncd aviation gesoline at a rate of 0,8 gallon per
minute., The avictaon gasoline was spark-icnited and was allowed to flow
for ten seconds dvring cach toest, Test fyres were influenced by the air
flow through the nacclle. Tn the X3-U5 nacelle, the outlet cnus of the
Jet-engin: tiil wipes aro sufficicntly recessea to cause an sir-gjector
action and thus 1ndvce cocling air to pass through the compartment from
the 1niet louvers at the forward ena of thc commartnant,

The tost scquence uscd was:
1, Tfurn on test-fire ignitor switch.
2y Turn on fuel supply for test Tire,

3. Roeord time rcquired tor the detector system Lo alarm from taime
fuel was supnlied as showm on the operation recorder.

The fare tests were conducted under sumulatcd operation conditions,
V1%, 3

1. farcraft onerating at craising (both Jet enzines operzting at
90 per cent of maxaimum raled rom, ram air surplied to cngane inlcts.)

2, Ground taxa (both jct enmincs operating ot 60 per cert of maximum
rated rpm, and air drawn by the ¢neine from the atmosphere.)

3. Engine starting (Jct cngines inoporative, thercfore no air
Tlow through the aft compartment,)
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RESULTS AND DISCUCLICN

The tcst rosults are shown in Table I, The time for detection is
the tame required for the detectors to give an alarm from the time the fuel
15 supplicd for the test fire. Mo attempt was made to determine the clearing
time for the delector system because of the dafficulty of determinang the
pr.ocase duratien of the test fires, The firc-delector systom det.cted the
test fires under the cenditions of simulatcd operation cxcept during threc
tests. It was arvarcnt that during those tests the flame was stratifiod
by the air flow in the rogien of the nacelle ait of the firc nozzle to the
extent that ncather flame nor hcated air cont.cted the detector sensang
element, The deicctor system dad not falsc-alorm or malfunclion during
the tests and s not damaged by the test farcs or vibration; however, the
X3-L5 nacelle as mounted for tost-cell operaticn wis relatavely free of
vibr-oticn,.

Results of toests conducted and reported provaicusly with the
scnsing element installicd to encarcle the engine tail cones and tail pipes
arc shown in Tible IT for comparison. The twe sensing clumonts vsed were
mounted transverscly at nacelle Stations £ 23 and £ 100. Each sensing
element was connccted to a separatc control box, and a scparate rccord was
mide for each clemcnt., All tost fircs wvere detected by the two clements
in combination,

Results of bonch tosts of a Hadde continuous detoctor, coanctod
1n accordance with SiE Cpecification AS-LOl4, are shown an Takle III.

COI'CLUES1CHS

1. The cdetector sensiag clument as anstalled duraing these teosts wos
not. as vulncrable to damage during cngine change and maintcnance as o de-
tector sensing clement cneireling the wnganes and attoched c.lher to ihe
angines or to the nacclle and sccess doors,

2. Better fire detection, from the standpoints of speed and coverage,
was provided by the previovsly testea itransverse system than by the longa-
tudinal system descrabed in this report,

2J. J. Gassmann, "A Rurncr and Test Bench for Tvaluating sircraft Fire and
Heat Dctectors," CAA Tcchnical Development deport No. 217, October 1953
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TABLE T
TIME RiQUIRED FCOR FIRE DZTECTION

(Dctector elements installed longitudinolly;
aft compartment, XB-U5 nocolle)

Fare Alarm®
Test Location Tiro
_No. Test Conditions (Seo Figs 3) (Scconds)
1 Engine Startang G 9
2 Ground Taxa G 3
3 Normal Cruising G 3
b " Normal Cruising g 2
5 Engane Starting S 11
6 Engine Starting S 11-1/2
7 Ground Taxa S I-1/2
§ lyjormal Cruasang S L
9 Nermal Cruising 5 3
10 Enginc Starting J L-1/2 .
11 Ground Taxa J No Detection®™
12 Tormal Cruising J No Dutection™™
13 Enmine Starting X 8-1/4
i Ground Tax1 X L1/l
15 Normnl Cruis.ng X No Detection
16 Normal Cruising X 10
17 Ground Taxi Q 6
18 Normal Cruising Q 6-1/2
19 Normal Cruasing Q 5-3/4
20 Enoine Starting v 5-1/2
21 Engine Starting v 6
22 Normal Cruising v 4
23 Ground Taxi W 5
2l Normal Cruising W 3
25 Normal Cruising W i
26 EnTinc Startang W 5
27 Engone Starting U 2
28 Ground Taxi U 9
29 Normal Cruising U N
30 Normal Cruising U L
31 Engine Starting T 10
32 Ground Tax1 T 6
33 Normol Cruising T 5-3/L

Average time for alarm was 5.9 scconds.
Alarm taime 15 based on the time betwecn relceasc of fuel and indicatzon
from the detection system. Spark igniter 1in operation beforc and during
rolease of fuel,

Test fires at this Joertion were anfluenced by high-vclocity air flow.
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TABLE IT
TIME REQUIRTD IFOF FIRE DETICTICN
(Detcetor elements inotelled arcund tail conc and
tail pape at Stations £ 23 and £ 100; aft conpertment, XB-US nacclle)

Fare Alerm Tine™
Tost Locntion Elcment ot Elcment at
yo, Test Conditions {Sce Fig. 3) Station # 23 Steilicn £ 100
{ ceconds) (Geconds)

1 Norual Cruisang T 2

? Normal Cruisang T 2

3 Nermal Cruising W 6 8

L Mormal Cruising W L 5

5 Normal Cruising v 5

6 Normzl Cruising v L

7 JTormal Cruising [{] h

8 Yormal Cruising U L

9 Nornel Cruising U 6

10 Ground Taxa U 5-1/2

11 Wormal Crvisang U 3-1/2

12 Vormal Cruising 1] 6
13 Normal Cruising U 3
il Normal Cruising U 5 6
15 Normal Cruisang X 3 L
16 Normzl Cruising X 2 2
17 Normel Cruisiang Q 7 7
18 Normil Crrvasing Q 2 8
19 Normel Cruis ng Q 1 6

20 Nerral Cruising Q 5
2 Normz] Cruising Q 3

22 Fiornal Cruising t] a
23 Normal Cruising G 3

2l Normal Cruising S 2 2

25 Normal Cruasing S 2 2

26 Normal Cruiszng S 2

2 Normal Cruising 5 2

28 Normal Crursing J 3

2G Normal Cruising J 2
30 Ground Taxa dJd b
3l Normal Cruising J 3
32 Normal Cruisaing J 2‘1/2
33 Hormel Cruising J 2
3L Normal Cruising J 3
35 Normal Cruising J 2

Average time for alerm wes 3.5 sccends,

2L

" Alerm time is basced on the tine boetwecn releasc of fucl and indication
from the delection system, Sperk ignmitor an operation before and during
releasc of fuel,
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TABLE III

RESULLS OF BENMCE TECTS 0 KINDD COUIINUCTS
ATRCHAFT FIRE DETZCTOR
(Tests conducted in accordanc. with S4% Spceificaticn
AS-h0ls Paragravhs 7.1, 7.1.1, and 7,1L)

1500° F ¥leme 2000° ¥ Flcme, 65,000 BTU Per dour
30,000 BTU Pe. Hour 1st Exposure  2nd Axposurc 3Jrd Exposure
Response Roneat Responsc Clcaring HResponse Clearing Resnona
Time Aesponse Time Time T1ae Trane Time
Tame
G {Sce,) (Sec.) (Sce.) {Sec.)  (Sce.) (Sec, )

4.0 1.5 2.4 20.5 2,2 20.5 2.3



e

S
-

D
e

%“\k\(’\." 3
=

e .
‘é&:\?@&%ﬁ%&
o SE T
-
. %\&\\\\%\} .

= :
-




|

! ETA

SQT; 1 ‘
‘{ r -‘h——’AFT COMPARTMENT —‘——ﬂﬂg
‘ S

PLAN VIEW ‘

I
|
- - 1 .
sTa sTA TyTa sy sTa 8T8 sTa ¥
20 a z0 | 0 €0 ) a0
N ~

Y

NACELLF KEEL

LEGEND

SIDE ViEW FIRE SENSING ELEMENT

wawaeas £|REZONE WIRE

FIG 2 LOCATION OF CONTINUOUS-FIRE-DETECTOR SENSING
ELEMENT IN XB-45 NACELLE,KIDDE SYSTEM



=il i
JSIE i ===
== [ BAE e

I-\\l - |"
1 =
“l\l\lul‘P\ G y

EEEEEE

OCATION OF FUEL'DISCHARGE NOZZLES
MPARTMENT FUEL 13 RELEASED

N QF EXPANDED END OF SILHOUETTE

FiG 3 FIRE NOZZLE LOCATIONS FOR DETECTOR TESTS, XB-45 NACELLE



