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short response time,

INTRODUCTICN
The Pyrotector flame detector is a new design of alrerafi o owo
surveillance~-type fire detector. Tests were conducted by the Federcl wiaison
Agency (formerly Civil Aeronautics Administration), Technical leve.opaent Centor,
Indianapolis, Indiana, during the period from August 1957 to May 1950 for the

purpose of obtaining information and data on this detector system when sob fonhe

to similated in-flight fire conditions.

A single unit was subjected to laboratory testing to determine axdmam
field of viasion of a unit and the effect of ambient light on the detectort!s son-
sitivity to actual fire. Five detector units were installed in a modified ¥C-13%
sirplane nacelle configuration and subjected to test fires burning JP-l fuel to

determine the efficacy and performsnce characteristics of this detector.
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The fli-zcale powex wlant in whirh the systen woo ingstalle

12 7 of wing gernticn of

of the Ho. 2 engino, pod, struv, and
mounted on a cupnoriing structure in & test sell as & oW A0
chanpes were made i e EOe13T cowldng T ohtain conformanis Wi

version of the Boeing 707. ‘mese changes consisted of (i) adding n Gedom iy

titaniw strip along the winge lines of the cowling thus eiTing 2 On° Ane

angle of fireprool mateial over e top of the engine, (2% rlosing gL

louvers located Just forward of the fire wall and near the hingo
placing them with a single 3-/8 inch diameter flush port at & polnt 17 dnencs
below the engine centerline and (-1/2 inches forward of the fire wall on the
right-hand cowl, (3) adding twelve 1/2-inch diameter holes ot the low poinmbts of
the cowl latch line to provide additional fluid drainage, (1)) reworking lhc nose
cowl to allow the introduction of air to gimulate anti-icing air flow condidions,
(%) installing an &ir seal at a point L6.8 inches aft of the fire wall, (£} adding
4 2-inch diameter hole in the right-hand cowl at 2:30 otclock, 3.0 inches alt of

the fire wall, and (7) installing a flame seal at the hinge Joinbs.

To more accurately duplicate tast fires a synchronous motor driven,
single cycle, milticam timer was used to schedule, operate, and contrel the
instrumentation, ignition, fuel flow, and 0O, discharge. A magnetic tape re-

corder was cormected in an aircraft-type intercom system to record test condi-
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tions, pertinent test data, and visual observations during the course ol a bteoi.
Thie information was stored on the tape and later transcribed to a permanent
record. An isterline-Angus operation recorder was used to record the sequence

and duration of each individual phase of the tests.

LABORATORY TEST
Procedure
. Pyrotector surveillance type fire detector system consisiing o2 o
cortrol unit, Part No. 30-21); and two detector sensing units, Nos. 23 &

(manufacturers designation); were used. Information obtained on the o, oon.

from the Pyrotector Inc., General Data sheet includes the following:

The one ounce sensing unit consists of a solid photoconductive cell
potted within a metal housing with a viewing cap fabricated of high teuperatuare
glass. The system produces an alarm when the radiation falling on the cell in-
creases in infrared ratio and intensity thereby increasing the cell output to
the control unit. A diode mixing circuit receives the cell output voltace and
transfers it to the input of a transistor circuit which amplifies the input
current to a magnitude sufficient to close a relay completing a warning laip

circuit. The operating temperature range is from -67° F to 300° F.

A series of tests was conducted to determine the effects of ambient
light on the sensing unit'!s sensitivity, field of vision, and maximum range.
Tn the first test the sensitivity of the dotector system was determined in the
laboratory under daylight conditions in the absence of direct sunlight and without
overhead lighting. A 3-inch diameter pan filled with burning 100 octane aviation
gasoline was used as the flame source with an input voltage to the control unit

of 18 volts d.c. The test was conducted by moving the flame source in arcs of
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different radii around the detector sensing element and noting the maximum dis-
tances and angular positions where detection was obtained. In the second test
this procedure was repeated using a 5-inch diameter pan filled with burning
100 octane gasoline, controlled ambient light conditions, and a 24-volt d.c.

power supply to the control unit.

The maximum range of the sensing unit was determined by placing unit
No. 3L in a darkened room where the ambient light level was below 4.C-Toot candles.
The 3-inch diameter pan of burning 100 octane aviation gasoline was placed on the
longitudinal centerline of the metal housing of the detector and in its field of
vision. The flame source was moved aiong this line away from the detector and
the maximum distance between the detector and the flame source at which detection

occurred represented the ranre of the sensing unit.

A third test was conducted to determine the effect of a hot surface on
the operation of the detector. In this test a section of 2-inch o.d. stainless
steel tubing, l; inches long was located transversely in a 10-foot length of
transite duct having a diameter of approximately 12 inches. To simulate a hot
exhaust stack the stainless steel tubing was heated electrically. The dotector
sensing unit was directed toward the hecated tube. The unit was moved along the
axial centerline of the transite duct and away from the heated tubing in increments
of 3 inches, and the tubing temperature increased until an alarm was obtained.
Using this procedure, data were obtained with the ends of the duct open to allow
ambient 1ight to enter the duct, and also with the end opposite the detector

closed to exclude ambient light from that portion of the duct.




desnlts and Discussion

Figure 3 shows the resultant ficid of visio: nliots obtained by cxposingy

the two sensing units te the J-inch diamete:r pan f9v when the centrol unit input
& I
voltage was 18-volt d.c. and the ambient light conditions were not controllcd.

Figure |, is a similar plot for a unit exposed to a “-inch diameter pan fire when
ambient light was controlled at 6.5 and 30-foot candles and the control init input
voltaze was 2h-velit d.e. These plots alsc stow the maximun range of the detoctor
under each of the test conditions. 4 study of Fig, || shows the affrct of ambient
light on the detector's range. Taising the ambient light level from .7 to 30-foot
candles reduced the maximun range from %0 inches to 12 inches. The adverss aslect
of ambient light on detector range also was denonstrated by the results obtained
when unit No. 3} was placed in a darkened room. The ambient tight level was helow

£,0-foet candles and the detector exposed to a J-inch pan of burning gasoline,

Under these conditions the maximum range was 57,7 inches.

The open and closed duct conditions were investigated to determine the
possible effect of ambient light on detector sensitivity when a glowing metal
rather than flame was the source of radiation. The resulis of the hot surface
detection test are shown in Table I.

TABLE T
RESULTS OF PYROTECTOR HOT SURFACE DETECTION TESTS

Distance from Detector Hot Surface Temperature
to Hot Surface Duct Open Duct Closed
(Inches) (°F) (&4

1 1280 1280
3 1360 1360
6 1LE ALY
9 1518 1515
12 1565 1555
15 1615 1600
18 1650 1640

21 1690 1675
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tained from previone tests showed that the

the compressor section during engine operation was -
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forward zreas and a maximum of 370° F near the fire wall. .« ije sensing

are nmoved Loward the fire wall, the maximum asbient temperaiirc e
the detector can be exceeded., 7The detector in the comprassor covpertuent at

nacelle ststion 171 which observed the burmer section through a Vycar window
in the fire wall was heavily insulated to protect the wnit from the high wbient

temperatures in that area.

Based on the results of a previous study the four frel release Location:
shown in Fig., 5 were chosen as being representative of the general arcas where
fires could be ignited during flight. At each of these locations combination
ignitor-nozzle units were installed., These units had individual controis for

the ignitor and fuel nozzle, The nozzle was set to provide a 0.3 gpm {low of

JP-i fuel,

Tests were conducted by igniting a 10-second discharge of JP-l; fuel
flowing at 0.3 gpm. The discharging fuel impinged on a baffle to break up the
fuel stream in the immediate vicinity of the nozzle. Table II shows the engine

power conditions, fuel release locations, and rates used in this study.
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locations shown in Fig. 5 gave a higher ror cent detection
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locations for the five units, ALL deta fov the nacelle test portion of tho-
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port were obtained using fhe locations shown in Iig. &,

Throughout the testing the sequence of evonis as soue
electric timer was identical, Figure & shows a record of this secuence awd of
detect~ rcsponse in cne test. It also shows the duration of eventls during

standard test fire and their relation to a common starting point.

After selecting one of the fuel release points shown in Fig. 7 and
stabilizing the engine at one of the powér conditions listed in Table I the
ae§uence timer was energized. During the cycle, temperature in the visinity of
fuel release was recorded on a Brown temperature recorder, Detector system re-
sponse and reset times, total burning time, and length of fMel discharge were

automatically recorded on an operation recorder.

e
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W(y) 181

x Refer to Fig. & of this report.
#% T - Ingine power setting, idle; tunnel speed, 0 mph.
1T - Engine power setting, idle; tunnel speed, 25 mph. .
TII - Engine power setting, 917 normal rated thrust; tunnel speed, 1A% mph.
IV - Engine power getting, 430% normal rated thrust with nacelle anti-icing
air flow; tunnel speed, 165 mph.

Regults

Tahle ITT shows the per cent detection of the system when test fires
were conducted at each location. Response and clearing times for the system
were between one and three seconds throughout the testing and were not notice-
ably changed by the accumulation of a film of acot, dust or oil on the sensing

unit viewing cap, viewing windows or engine cowling.

Installation of the aft air seal during the detection study affected
the results obtained with heat-sensitive type detectors and necessitated a change
in the testing procedure at the No. ; fuel release location. lost directly af-

fected were the flame paths, burning characteristics, and intensity of test fires
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1 7 27

17 17
1% 1<

P
Per cent detection
i3 i3
il il

A4
1 )‘ L
A a

Per cent it

10 10
11 11
10 Ll

g ¢

Per cent detection

DATA TAKEN PRIOR TO AIR SEAL INETAL ATION
(KC-13% Nacelle Configuration)

I
II
I1I
iv

11 11
11 11
12 11
3

Per cent detection

- Engine power setting - Idle; tunnel speed, O wmph.

air flow; tunne

1 Speed, l('f; mpho

3

Engine power setting - Idle; tunnel speed, 2% mph.
Engine power setting - 90% normal rated thrust; tunnel speed, 165 mph.
Engine power setting - 907 normal rate

e

100

d thrust with nacelle anti-icing
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is recommended because it is slightly forward of the higher temperature zone,

OBSIRVATIONS

Durins the lzbhoratory tests the following observations were made:

oL

1. The detectorts masirur range and sensitivity are noticeably reduced

as ambient light levels are raised.

2. The detcctorls most effective range and field of vision is approxi-

mately defined hy a spherical sector having an included angle of 120°,

3. Detector system alarms can occur when the sensing unit views z

siowing metal surface.

li. The detector's maximum field of vision is a modified hemisphere

having a plan view as shown in Fig. L.

ouring the nacelle tests the following cobservations were madco:

sverage response time to nacelle fires of the test magnitude wag 2.0

1
g

G ap-
S

gseconds after ignition. Clearing time was slightly less than 0.9

s The detector was not noticeably affected by &

e

ot o on the sensing unit view cap, viewing windows, ana

False alarms caused by overheat did not cceur during the tes

3. *
i, Ability to nlace sensing units in nacelle areas of hizher awbient

termeratire would improve the system's per ceat detection for iive

©, The field of vigion of a unit can he regtricted by eugine arcoss

~y ~ther obsiructions and permit a small fire to be hi a1,

wlig
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Juring a study of the Teneral data sheet of the Pyrotector siyy.

Cor hhe Lol owing observations were noted:

o dhe control unit and individual sensing unit

ing wnits should not be located in areas where the normal

s s S ey e TOGYE T
wratare oucends 2T 7,

Su The relatively low impedance hish output signal leads do not requir

t« teflection within an enclosed area will increase the effectivenc

)
|

o
[

the detector,’

T.  Shoek mounting of control or Sensing units is not required,

CONCLUSIONS
The following conclusions are based on the test data and results ob-
tained:
1. The Pyrotector system is a flame surveillance—type detector having
quick

response and clearing times,

2. The six unit locations shown in Fig. 8 is considered & minimum Pyro-

tector system for detecting power plant fires in the Boeing

707/KC-135 nacelle.

3. Ambient light appreciably affects the range and sensiti

Vity of the
detector units,

An increase in ambient light decreases the range and sensitivity,
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