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FIRE-DETECTION REQUIREMENTS
FOR THE BOEING 707 POWERPLANT

SUMMARY

Many of the {.rc=aetector routings possible in the podded-type
powerplant installation were investigated waith the objective of prowviding
maximum fare detection with the minimum amount of deteckor element  The
investigations included a determination of the direction of airilow and
internal flame paths and an ambient air temperature survey. A practical
rcuting was establiished for an engine-mounted. unit-type system, and a
door-mounted and an engine-mounted continuous-type system,

INTRODUCTION

This is the second of a series of reportsl on fireworthiness
studies of the miltiengine turbojet transport design in which the engines
are mounted in pods on struts underneath the wing. Theé pod-mounted design
1s a new concept for separating the fire zones of the engine from the basic
airfrgme structure and the particular cne under test was characterized by
having a very low ventilation rate. The Unmited States Air Force KC-135
alrplane and 1ts commercial counterpart, the Boeing 707, are similar in de=-
Bign and represent the pod-mounted powerplant installetion having a low
agirfiow through the nacelle.

Little informetion was available for locsting the sensing elements
of various systems for detecting in-flight fires in podded-type powerplants
For this reason, a test program was instituted at the CAA Technical Develop=-
ment Center +o determine the direction of eirflow and flame paths inside the
nacelle, to evaluate the current fire-detector system in the XC=135 airplane,
and to determine effective locations of sensing elements. Particular em-
phasls wes placed on determining the characteristics of fires end the effeect
of airflow on detector requirements and performance in podded-type power-
plants as compared with turbojet i1nstallations tested previously

Actual fire tests were conducted from Jarnmery through May, 1958.
The test program was divided i1nto two phases. The first phase was a study
of the characteristics of flame paths inside the nacelle, and the secomd
phase comprised a study of the detection reguirements and an investigation
te determine the best locations in the nacelle for several types nf detector
sensing elements

DESCRIPTION OF TEST EQUIPMENT

The test article econsisted of the No. 2 engire, pod, strut, and
12 feet of wing section of the KC-135 airplane mounted on a supporting

lAllen V. Young, "A Study of Ignition Hazards and Fire Resistance
of the Boeing TOT Powerplant,"” CAA Technical Development Report No. 357,
August 1958, is the first report of the series
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structure 1n a tesr cell as shown in Fig. 1. Several chapges were made in
the KC-13> cowling *o make it conform waith the production version of the
Boeing 707. These changes consisted of. ({1} adding an 8-inch=-wide titani-
um strip slong the hinge lines of the cowling thus giving a 90° included
angle of fireproof material over the top of the engine; {2} closing the
original louvers located just forward of the firewall and near the hinge
lines, and replacing them with a single 3 5/8winchadiameter flush port at a
point 15 inches below the engine centerline and 6 1/2 inches forward of the
firewsll on the right-hand cowl, (3} adding twelve lfaminchodiameter holes
at the low points of the cowl lateh line to provide additional fiunid drain-
age; {4) reworking the nose cowl %o allow the introduction of air to sim-
late anti-icing airflow conditions; (5) instelling en air seal at a peoint
46.8 inches aft of the firewall, {6) adding a 2-i1nch-dismeter hole in the
right-hand cowl at 2:30 o'clock 3.8 inches aft of the firewsll; and

{7) installing a flame seal at the hinge joints

The test facility was revised by the installation of a new
starter airr supply. To provide dry pressurized sir for the engine fuel-air
starter, a three-stage air compressor, set to pressurize two 1 l/2=eubic=
feet cylinders to 2,000 psil, was installed. These cylinders were connected
through a meisture filter to the starter inlet

In some of the tests, airflow conditions prevalling in the
Boeing 707 nacellie with anti-icing ON were simulated by supplying 1,100 cfm
of air from 2 variable-inlet centrifugal blower. To duplicate test fires
more accurately, a synchronous motor-driven, single-cycle, mlticam timer
was used to schedule, operate, end control the instrumertation, igniticn,
fuel flow, and C-’O2 di scharge

A magnetic tape recorder was connected in the alrcreft-type
intercommunications system to record test conditioms, pertinent test deta,
and vasual observations noted during the course of a test., This information
was stored on the tape and leter transcribed to a permanent record. An
Esterline-Angus operation recorder was used to record the seguence and dura-
tion of each individuel phase of the tests. The response to a test fire
of each i1ndividusl double-=wire, heat-sensitive, unit-type detector was re-
corded on a second Esterline-Angus recorder. Chromel-Alumel thermocouples
using 0.03=inch~diameter wire were connected to i1ndividual Brown self-
balancivg temperature recorders o obtain air temperaturss in the nacelle
during the tests.

NACELLE INTERNAL FLAME STUDY

Purpose

The purpose of the flame study inside the nacelle was to:
(1} cbtain normal embient air temperatures at variocus nacelie locations
under simulated operation to establish detector alarm setiings; (2) obtain
meximin ambient air temperastures at specific nacelle locations during test
fires to a1d in detector locations, {3) locate the flame paths in the nacelle
when fires criginate at given points, and (h) investigate drainage paths of
fluids released at various locaticrs in the nacelle



Procedure.

After an investigaiion of the engine and nacelle configuration Lo
determine the possible source of flammable fluid leakage and ignition, the
volnts shown an Fig 2 were chosen as appropriate locations where in-flignt
firee could originate. An i1ndividually controlled combanation fuel discharge
nozzle and high-voltage i1gnitor were placed at each of these locations.
Pemperature readings at each clock pesiticn for a particular nacelle station
were cbtained simultanecusly by locating 12 thermocouples in the compert-
ment free wvolume Figure 3 shows the various pnacelle stations independently
surveyed during the study

Tests were conducted by 1gniting a 10-second discharge of JP-4
fuel flowing at 0.3 gpm. The discharging fuel impinged on a baffle to break
up the fuel stresm in the immediste vicinity of the nozzle. Table I shows
the engine power conditions, fuel release locations, and thermocouple
locations used in this study.

FEach instrument or component used in conducting a test fire was
operated and controlled by the electric timer according to a predetermined
schedule Figure 4 shows the recording of the particular schedule for this
series of test fires

The temperature data recorded by the Brown temperature recorders
during each test were used to determine {1) naecelle ambient air temperature
during normal operation, (2} highest air temperature during a test fire,
and (3} flame paths. The maximum ambient temperature rise at each thermo-
couple was obtained by subtracting the normel operating smbient temperature
from the highest temperature recorded during a test fire.

To cbtain an alarm setting for heat-sensitive detectors in each
cecmpartment, the highest normal operating ambient {temperature recorded for
a compartment was increased 150° Thus, a minimum alarm temperature was
obtainmed which would reduce the probability of false alarms due to higher
operating ambient temperatures.

Results

The tests provided the necessary date to make s thermal plot of
the maximum ambient air temperature rize i1n the nacelle for each engine
power conditlion shown in Table I. Figure 5 shows the thermal plot for the
maximum rated thrust pover conditior a* fuel release locations Nes 1 and b
Similar plots are shown in Appendix A for the other engine power conditions
and fuel release locations used in the study  When fuel was released and
1gnited at locations 6, 7, and 8, Fig 2, the fuel followed the engine case
contour and drained rapidly to the low point in the nacelle. The flame
rapidly followed the draining fuel and burned in the bottom of the nacelle

In the compressor compartment, the heat circulation was toward
the rear and top on both sides of the engine. The flsme path in the com-
pressor compartment was from the point of origin toward the 3 5/8-1nchm
dirameter vent. Very little flame penetrated the nacelle area on the side
opposite the vent
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Prior to the installaticn of the eft air seal in the buraer
compartment, the heat circulaticn apnd flame path 1o this compartment were
almost 1dentical. No wvariation from one side of the engine to the other
s1de was noted in the upward and rearward path in the compartment. The
data obtained during this study apply to the nacelle eonfiguration without
the af't air seal

A study of the thermel plots, heat circulation, flame paths, and
fluid drainage indicated that, regardiess of the location of fuel release,
the Tlame soon reached the bottom of the nacelle and the highest tempera-~
ture rise was ccncentrated in a2 volume extending from the 6 o'clock posi-
tion to the 3 and 9 o'elock positions. The initial placement of detectors
in the nacelle was based on this review and examination of data cobtained
during these tests

Temperature data for normal engine cperation shown in Table IT
indicated that heat-sensitive detector systems in the compressor compart-
ment should have an alarm setting above 500° F. and the same type detector
system installed in the burner section should be set to alarm above 600° F.

FIRE-DETECTOR ROUTE STUDY

Purpose
The purpose of the fire-detector route study was to: (1) obtain

data which would be helpful in the effective placement of sensing elements
or units of various type detection systems in a podded-type turbojet
powerplant installation, {2} establish effective routings and locations
for detector elements in macelle designs simler to those of the KC=135
end Boeing 707 airplanes, and (3) evaluste The performsnce of detector
systems using these locations or routings

Procedure

For thie phase of testing, the detection equipment and systems
of Aviation Products Division, Fenwal Incorporated, Ashlend, Mass., were
used, consisting of required lengths and temperature settings of the
35500 series contimuous=type sensing element, and a Mcdel 35000=X control
unit and the necessary quantity of 17343-16, 173%3=77, and 17343-78
unit=ftype detectors.

In preparation for fire testing to evaluate detector locations
in the nacelle, the following determirations were made: (1) locetion of
fuel release points in the nacelle, (2) amount ¢f fuel discharge and
burning time for the test fire to be used, {3} imitial detector system
locations, and (h) standardization of a schedule and segquence of events
for all test fires

Based oo the results of the fleme study, the four fuel release
locations shown in Fig 6 were chosen ms being representative of the
general mreas where fires could be ignited during flight. At each of these
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locations, combinatior ignitor-nozzle writs were installed. These units had
individual controls for the ignitor ani fuel nozzle. The nozzle was set to
provide a 0.3-gpm flow of JP-L fuel.

As the testing progressed, the need for test fires of several
magnitudes became apparent. This resulted in estgblishing a standard test
fire with a fuel release time of 10 seconds and a burning time of 18 to 22
seconds. Test fire designation (y), as shown in Table IIX, used only at the
No. 4 location, hed a fuel release time of 5 seconds and a burning time of
18 to 22 seconds. Selection of the test fire magnitude was based on (1) the
rate at which JP-4 fuel could be burned successfully in the rather limited
oxygen supply available in the nacelle, {2} the size which would produce
little damage to the test article, and (3) the intensity sufficient to pro=-
duce *‘emperatures above the alarm setting of the heat-sensitive detector to
be tested Burning *ime was controlled by discharging COo in the nacelle
after the prescribed fire time had elapsed.

Initial detector routings and locations, as shown in Figs. 7 to
10, inclusive, were based on the results of the nacelle internal flame study
and observed flame paths or on industry recommendations. As testing pro-
gressed, the roubtings and locations were changed in an attempt to obtain a
higher percentage of detection or improve the detector system performance.

Throughout the testing, the sequence of events as scheduled by
the electric timer was idernticel. Figure 11 shows a record of this sequence
and of detector response in one test T+ al=o shows the duration of events
during & standard test fire and their relation to a common starting point
After selecting one of the fuel release points shown in Fig. 6 and stabi-
lizang the engine at one of the power conditions listed in Table III, the
sequence timer was energized. During the cycle, temperature in the vicinity
of fuel release was reccrded o a Brown temperature recorder. Detector
system response and reset times, total burning time, length of fuel dis=-
charge, and individusl thermal unit detector alarms Were recorded
autometically on ¢peration recorders

Results

When the heat-sensitive, continuous~-element=type detector was
routed as shown in Fag 7T, the percentage of detection for the system was
65. The same type detector routed as shown in Fig. 8 failed to detect
standard-magnitude test fires at the idle and simulated texl power settings.
For this system the over-all percentage detection was 50. Initial locations
of the double-wire, unit-type, heat-sengitive detector were completely 1n-
effective. These routes end lccations were changed to improve the percentage
detection for each of the detector systems

Table IV shows the test conditions and results obtelned when the
final route or locatioms were evaluated. Figures 12 to 1k, inclusive, show
these routes and locaticns Figure 12 chows the final routing of the
engine-mounted, heat-gensitive, contimious-element-type detector system
vhich gave 96 per cent detection. Several intermediate locations were
evalugted and are shown in Appendix B.
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A heat=zensitive, contimrous-elemest=7ype detector system mounted
on the doors as shovm in Fig 13 detected 93 per cent of the 150 test fires.
This final routing was gimilar to the initial routing. Other routings were
evaluated but were mich less effective  Since effectiveness of leeation or
route was the primary test objective, the locgitudinal portions of the door=-
mounted system were not placed in the same horizontal plane as the longitu-
dinal portions of the engine-mounted system. When comparing the response
and reset times for the two continucus-element systems, the differences in
mounting should be recognized The initial Fenwal double=wire unit system
was altered comsiderably by relocating several units. The final locaticns
and positions shown in Fig. 1% provaded the mest effective detection This
system had a lower percentage of detection than the contimucus system when
test flres of standard magnitude were usged. Performance of the initial in-
stallation was extremely poor. The final locations detected 134 of the 141
standard test fires conducted in the compressor compartment. Performence
in the burner compartment with the aft air seal Installed could not be im~
proved due to the nature of the fires in the almost-zero airflow. The am-~
bient air temperatures rarely reached the alarm setting of these detectors
vhen test fires of standard magnitude were conducted at the Ko L4 location.

The locetions of the Fenwal single-wire, heat-sensitive, unit-type
detectors shown in Fig. 12 are those of the KC-135 airplane Prior to the
aft air-seal installation, the system effectiveness was as follows® com-
pressor compartment, 31.6 per cent; burner compartment, 23 per cent, and
complete system, 30.4 per cent No units of this system were relocated
during the testing. This system and the double-wire system are similar in
operating prineciple and differ only in the circuitry used. Single-wire
units placed at the same locations and positions as the double-wire unats
would produce equally effective detection. When the aft air seal was in-
stalled, the single-wire units located 1n the burner section were outside
the newly formed compartment After the seal installetion, no data were
collected on the effectiveness of the single-wire system in the No. 4 fuel
release area. However, all data obteined from the investigetion of the
double-wire, unit-type system can be epplied to the single=-wire system.

As indicated 1in Table IV, test location No. 4 shows the results
obtained when the final locetions or routes of the detector systems were
evaluated before the aft air-seal installaetion. A test fire of standard
magnitude was used for this evaluation. These data indicate the perform-
ance that can be expected when the locations or routes shown in Figs. 12
to 14, inelusive, are used in the KC-135 burner section configuration.

DISCUSSION

The response time of all heai-sensitive detectors installed in
the nacelle was longer than for similar systems tested in other turbojet
nacelle designs or lnstallations 1In low airflow nacelies, the limited
supply of oxygen aveilable to support combustion affects fire intensity.
While this low airflow exists, the rate of increase in fire intensaty and
ambient temperature rise due to a fire 1s retarded. The maximm temperature
of the fire is lower than uvnder i1deal fuel-air ratic conditions.



7

Installation cf the aft air seal during the detection study
affected the results and necessitated a chenge in the testing at the No. L
fuel release location. Most directly affected were the flame paths,
burning charscteristics, and intensity of test fires conducted at that lo=-
cation, which in turn affected the detector system effectiveness in the
compartment

Because of the very limited oxygen supply availlable in the
altered compartment, test fires of the standard magnitude tended to become
overrich. To reduce the effects of this condition, & shorter fuel discharge
test fire was used in this location for the remainder of the tests. Results
cbtained when using test fires with a shorter fuel release time in the
altered compartment are shown in Table IV, loeation L (y).

With the air seal instelled, available information indicated that
the compartment ambient temperature would rise. This necessitated ralsing
the alarm setting for the heat-sensitive detectors above the setting deter-
mined in the flame study. The continucus system in thls compartment was
gset to alarm at 765° F. The double~wire units installed in this compartment
on production 707 alrplanes were set for an alarm temperature of 900° F.

The double~wire, heat=sensitive unit and the single-wire, heat-
sensitive unit both utilize the same theory of operation, but due to 1ts
circuitry, the double-wire system cannot give false alarms when the circuit
is grounded 1In the KC=135 powerplant installation, the double=wire, heat=-
sensitive, unit-type detector syestem should be more reliable For this
necelle configuration, the unit detector locations and alarm settings shown
in Fig 15 are recommended.

In a nacelle configuration which incorporates the aft air seal,
the tested unit-type systems having a 900° F. alarm setting in the burner
section may never be effective. A& 900° F alarm setting to avoid false
alarm from normal. ambient temperature may be too high to detect fires from
external fluid leaks because of the nature of fires in this section. The
low supply of air %o the area iimits the size of the fire to a very low
intensity  However, this is not true for fires resulting from burner can
burn~through.

Further investigations were made to improve the percentage
detection of the heat-sensitive continucus-element system In the letest
nacelle configuration, the percentage detection was reduced noticeably
when compared to the systems performance in the nacelle configuration with=-
out the air seal. Results obtained before the seal was installed showed
the continuous heat-sensitive system detection decreased almost 40 per cent
at the No. 4 fuel release location after the air seal was installed In
this compartment the fire intensity and tempersture were low due to the
nearly stagnant condition. To detect these fires, other heat-sensitive
detector alarm settings were studied. The alarm setting for the door-
mounted route was lowered to a2 setting of 575° F. No overheat false alarms
occurred ait any of the power conditions used in the testing. Percentage de-
tection of the system in the burner section increased to 90, as shown in
test location L4 (y) of Table IV.
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The many equally effective locations of the continucus-type
detector in the burner section to detect burner can burn-through precludes
a recommendation of a routing to detect this type of fire  The routings
and locations shown in Figs. 12 end 14 should be supplemented to provide
the additionel detector coverage 1f detection of such fires is desared.
This possibly could be accomplished by adding a detector leop around the
aft portion of the outer front case of the combustion chamber.

An investigation of detector system location for the strut
compartment was excluded from the study to avold intolerable structural
damage  However, placement of detector elements or units in the strut
compartment i1s desirable and depends primarily on available mounting points
adjacent to the fluid or electrieal lines. The routes and loecations recom-
mended are shown for the engine compartment only. Due to the stagnent air
conditions in the compartmented strut, locetion or routing of heat-sensitive
detectors 1s not considered to be eritical.

OBSERVATTCNS
During testing, the following observations were made

1. Initial heat circulation in the nacelle 1s upward and around the
engine case rather than outward toward the doors

2. Flames tend to follow the engine profile rather than the dcors
In smell-megnitude fires the flames do not spreed outwaerd.

3. Fluld released in the upper porticon of the nacelle dreined
rapidly arcund the engine case and carried the fire to the lower nacelle
area.

4. The continuous-eclement detector systems can be mounted on the
engine without using insulated wire or flexable leads in the fire zone.

5 The engine-mounted, continucus-element system does not require
quick=-disconnect-type components which can be a source of detector
malfunction.

6. Possibilities of door-mounted detector element being recessed
and sheltered behind door ribs are avoided by the engine-mounted system.

7. The longer response time of the unit detectors tested can be
attributed to the retarded rate of increase in fire intensity and
temperature rise due to a fire when & low airflow exists in a nacelle.

8. When the unit-type detectors failed to detect & test fire at the
Fo. 4 location, the ambient air temperature recorded during = fire did not
exceed the 900° F. alarm setting.
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CONCLUSIONS

Based on the results and data obtained during the tests, it is
concluded that:

1 Heat-sensitive-type detectors routed or located as shown in
Figs. 12, 13, and 14 are recommended as practical, effective detector
gystems for the KC=135 =~ Boeing 707 nacelle.

2 In the KC=135 = Boeing 707 nacelle, the heat-sensitive, contimuous-
element detector routed as shown in Fig. 13 was the most effective door-
mounted route ftested.

3 The engine=-mounted, heat-sensitive, continucus-element-type
detector eystem had a slightly higher percentage of detection than did
the deor-mounted system.

ly. The continuous-heat-sensitive detector routed as showm in Fig. 12
was the most effective routing tested in the KC=135 - Boeing 707 nacelle.

5. Rapid fluid drainege carried the flames to the lower portion of the
nacelle and made the generally longitudinal routing of the continuous=-type
detector in the lower portions of the nacelle effective regardiess of the
source of fire.

6 Due to the fire characteristics in a low ai1rflow nacelle, the heat~
sensitive~type detectors tested had a long response time when compared to
the response times of the same type detectors tested previously in higher
airflow nacelles

7. The unit-type detector with an mlarm setting of 900° F. wes not
effective when exposed to small, low-intensity fires.

8 With the aft air seal installed, test fires at the No. 4 location
did not cause the ambient temperature to rise above the 900° F. alarm set-
ting This alarm setting is considered necessary to avold false alarms
caused by a higher normal operating ambient temperature in the burner
compartment

9. The highest normal ambient temperature for the compartment exists
near the engine case. As heat-sensitive detector units or elements are
placed nearer the engine, the alarm setting must be raised to a higher
temperature to avoid false alarms.

10. When powerplant fires of the megnitude used in the tests are to be
detected, the longer detection time required by the heat-sensitive detectors
is not critical in low airflow nacelles since structural damege would not
occur rapidly except with larger fires
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TABLE I

TEST CONDITIONS AND POINTS OF
AMBIENT TEMPERATURE MEASUREMENTS DURING FLAME PATH
SURVEY IN NACELLE WITH MODIFIED DOORS

Engine Power and Tunnel Speed Settings Fuel Release Locations Thermocouple
Locations

No Clock Nacelle Clock Nacelle
Position Station Position Station

1 6 125 1 105, 121,
through 137, 153,
12 169
2 6 148 1 105, 121,
through 137, 153,
12 169
3 6 165 1 105, 121,
through 137, 153,
*I, II, III, IV 12 169
4 6 181 1 191, 211
through
12
5 6 206 1 191, 211
through
12
6 2 120 1 137
through
12
T 2 30 125 1 137
through
12
8 12 130 2, 4, 126, 130,134

8, 10 124, 130,138

* ] Engine Power Setting - Idle, Tunnel Speed - 0 mph
II Engine Power Seiting = 90 Per Cent Normal Rated Thrust,
Tunnel Speed - 165 mph
IIT Engine Power Setting - Maximum Rated Thrust,
Tunnel Speed - 165 mph
IV Enpine Power Setling - Maximum Rated Thrust with Anti-Icing
Airrflow, Tunnel Speed - 165 mph
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TABLE II

AVERAGE NORMAL OPERATING AMBIENT
AIR TEMPERATURE WITHIN THE NACELLE

MNote All temperatures are i1n degrees F

Nacelle Station 105 121 137 153 169 191 211
Cutside Air Temperature 45 39 20 34 34 8 13
Thermocouple

Clock Position Engine Power - Idle, Tunnel Speed - 0

1 95 100 140 180 185 105 120

2 70 95 120 195 195 110 210

3 80 100 g0 155 135 125 175

4 75 75 170 160 145 180

5 75 75 70 85 110 105 175

6 135 85 100 75 110 110 230

7 B5 75 105 105 110 120 210

8 135 155 200 160 150 110 210

9 115 135 135 155 140 90 205

10 160 175 215 225 190 250 290

11 100 85 125 155 165 110 200

12 155 75 75 235 210 160 205

Engine Power - 90 Per Cent Normal Rated Thrust Tunnel Speed - 165 MPH

1 120 165 190 265 275 195 195

FA 120 150 145 255 265 365 280

3 105 150 135 225 295 390 370

4 100 105 205 305 395 300

5 75 80 95 165 235 265 340

6 145 100 165 145 215 305 370

7 90 140 130 115 140 2490 340

3 145 190 195 210 190 320 360

9 120 140 165 320 240 310 405

10 155 175 245 325 306 590 310

11 110 75 160 260 240 230 180

12 155 75 190 306 220 435 165

Engine Power - Maximum Rated Thrust, Tunnel Speed - 165 MPH

1 140 210 205 300 360 230 240

FA 135 195 195 315 325 420 345

3 115 160 145 280 345 460 435

4 110 130 290 340 430 365

5 15 70 115 210 320 315 390

6 165 105 175 175 275 3B5 455

7 95 150 145 165 195 360 430

8 140 205 240 315 285 365 460

9 115 160 185 345 330 375 455

10 155 200 270 350 335 650 345

11 115 100 165 285 310 425 265

12 165 95 235 3458 265 475 190

Engine Power - Maximum Rated Thrust with Anti-TIcing, Tunnel Speed - I65MPH

1 75 145 205 295 355 245 280

2 75 155 145 305 315 440 385

3 55 70 115 255 335 475 480

4 70 90 285 360 555 435

5 75 T 60 75 205 365 395 470

6 155 a0 135 165 280 390 490

7 105 105 145 145 240 370 475

8 95 175 230 260 230 380 460

9 80 165 165 360 295 370 500

10 125 165 295 365 345 650 355

11 70 125 185 305 315 300 300

12 105 140 240 375 355 495 225



13

TABLE III

TEST CONDITIONS USED DURING
THE DETECTOR ROUTE EVALUATION

Location* Test Fire Conditions Engine Power Setiings
No Nacelle Cleck JP-4 Fuel Release Burning and Tunnel Speeds
Station  Position Rate Time Twume
(gpm) (sec) (sec)
1 148 6
2 130 12
3 117 8 03 10 18-22 *®*I, II, III, IV
4 131 6
Ay) 181 6 03 5 18-22 L II, 111, IV

* Refer to Fig 6 of this report

#% | - Engine power setting - i1dle, tunnel speed, 0 mph
Il = Engine power setting - 1dle, tunnel speed, 25 mph
II1 - Engine power setting - 90 per cent normal rated thrust, tunnel speed, 165 mph
IV - Engine power setting - 90 per cent normal rated thrust with nacelle

anti-1cing arrflow, tunnel speed, 165 mph
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TABLE IV

TEST CONDITIONS AND RESULTS OBTAINED USING FINAL
CONFIGURATION OF CONTIINUOUS- AND UNIT-TYPE DETECTORS

Engine
and Continuous -Type Douvble-Wire
Test Tunnel Door-Monnted Engine-M ounted Umit-Type
location  Settings® Exposures Alarms Average Time{sec ) Exposures Alarms  Average Time(sec ) Exposures Alarms  Averapge Time(sec )
Response Reset Response Reset Response Reset
1 12 12 15 5 111 18 18 Z19 133 16 16 119 180
II 14 13 15 3 13 & 18 17 19 3 13 2 17 16 17 2 69
\ m 9 9 92 2113 13 13 B9 20 9 13 13 6z 215
v 9 9 93 24 7 10 10 98 21 9 10 10 115 93
Totals 44 43 59 58 56 55
Percentage of Detection 977 98 4 98 2
1 9 2 12 B 58 14 14 14 0 146 12 12 12 4 iz
2 I 10 9 15 6 107 15 15 12 6 35 12 12 102 43
111 8 8 101 17 6 12 12 11 4 138 10 9 161 z3
v 7 7 -] 26 5 9 9 9 9 107 57
Totals 34 26 50 50 43 42
Percentage of Detection 76 4 100 977
I 2 9 12 2 16 6 15 15 18 4 76 12 12 118 16 1
3 11 9 9 116 14 7 15 15 19 7 T3 12 11 137 131
111 a 8 103 15 1 12 12 161 135 10 7 16 5 53
v 7 K 108 15 5 B B 13 6 12 8 8 6 122 68
Totals 33 33 50 50 42 36
Percentage of Detection 100 100 g5 8
I 10 10 17 2 66 10 a 182 31 10 0 - -
4 1 11 10 13 7 76 11 9 18 3 43 11 0 - -
(¥) et 10 10 103 13 0 10 7 19 4 2z 10 0 - -
v 8 8 110 239 1] 7 16 5 91 B 2 225 as
Totals 39 kY] a9 31 39 2
Percentage of Detection 97 4 79 5 51
" I 4 1 230 10 B 5 17 5 22 & 0 - -
4 II 3 1 150 10 9 9 14 6 56 5 a - -
III 4 4 11 6 13 6 ] B 108 110 6 4 14 1 67
v 2 2 139 140 - - 4 3 18 8 25
Tatals 13 8 25 22 21 T
Percentage of Detection 61 5 88 ¢ 333

¥] = Engine power setting - 1dle tunnel speed - 0 mph
Il = Engine power setting = 1dle tunnel speed - 25 mph
III - Engine power sctting - 90 per cent normal rated thrust, turnel speed - 165 mph
1V = Enginc power setting - 90 per cent normal rated thrust with nacelle anti-icing airflow, tunnel speed - 165 mph

*% Data taken prior to aft air-seal installation
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APPENDIX A

During the course of the test program, considerable data not
directly related to the program objective were easily and readily obtained
These data have been compiled and are presented for informational purposes

only.

The 12 therma] plots shown in Figs 16 through 27 are a complete
graphical presentation of the effect of the test fires on the ambient tem-
peratures within the nacelle during the intermal flame study. The locations
of fuel releage and temperature measurements showvn in the figures may be
visualized by rolling the figure to form a cylinder on the outer surface.



16
APPENDIX B

The door- and engine-mounted, heat-sensitive, contipucus-element-
type detector routings, shown in Figs 12 and 13, were established by a
process of evolutiorn Durimg the development of these routings, a series
of changes or relocations were made irn the initial routings. Each detector
configuration was evaluated in the same manner as described in this report.
After obteining data indicating that the percentage of detection was low,
a new routing was used

During the heat-sensitive, continuous=-element-type detector route
evolution, three individual detector systems were used Each of the
following organizations provided a complete detector system:

1 Aviation Products Division, Fenwal Incorporated, Ashland, Mass.
2. Thomas A. Edison Industries, Instrument Division, West Orange, N. J.
3. Walter Kidde & Company, Incorpeorated, Belleville, N. J

Each detector system was monitored independently and performance
date cbtained with the element routed in a perticular intermediate route
used during the study Response apd reset times obtained with each system
routed as shown are presented with the associated route evaluation results.
The percentage-detection results shown represent the effectiveness of the
specific route and detector system.

Figure 28 shows one of the intermediate routings of the door-
mounted, continuous-element-type detector systems evaluated in the detector
route study This routing had a low percentage of detection when fires
were conducted at the Nos 1, 2, snd 4 fuel release locations and lower
engine power settings Table V shows the results cobtained using the routing
and standard-magnitude test fires.

When routed in the configuration of Fig 28, a Kidde heat-
sensitive, continuous-element system, using Series 704 and 706 sensing ele-
ments and Model No 871115 control unit, had response and reset times as
shown In the table The alarm times are typical for the low airflow nacelle
when small-magnitude fires are to be detected Changes in system sensitivity
were made at the control unit to determine whether the percentage of detec-
tion could be increased. After several changes produced no noticeable
improvement in detection, the routing was changed.

Figure 29 shows an intermediste englne-mounted route of the heat-
sensitive, continuous-element-type detector. For this configuration, a
575° F. Fenwal element was installed between the engine case and the acces-
sories in the forward compartment and a 765° F. Fenwal continucus-type ele=-
ment was installed in the burner compsrtment  These elements were connected
to a Model 35000-X conbtrol unit. The effectiveness of the routing when
exposed to standard test fires is shown in Table VI along with response and
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reset times for the Penwal system. The data for the No. 4 fuel release
locaticn were obtained pricr to the aft sir-seal installation.

Hesponse time 13 nearly the same as for 'other comtinuous-element-
type heat-sensgitive systems. This Fenwal system contained no adjustable
components The alarm signal occurs when the critical temperature of the
inorgenic salt filler in the elemsnt 1s reached or exceeded. These response
times were typical in the low airflow condition which existed in the nacelle.

The percentage of detection et the Wo 1 fuel release location
could be 1mproved slightly by instaliing a lower alarm setting element
(375° Fq) in the forward portion of the route in the compressor compartment
The effects of this change were not investigated since the evaluation of the
route wae discontinued The difficulties 1n installing, maintaining, or
replacing elements routed in this mammer far outweigh the advantages

An intermedimte engine-mounted route using an Edison 54G
continuous-type sensing element and a control unit, P/N 227-28-2, was in-
stalled as shown in Fig 30. A L0-ohm resistor was installed at the control
unit to obtain an alarm temperature of 570° F.

The basic principle of operation for this system is similar to
that used by the Kidde system Both deperd on a decrease in element resist-
ance when the sensing element 1s subjected to a temperature rise  This par-
ticular Edison system d1d not incorporate a rate-of-rise feature. Table VII
gives the conditions uesed in the tests and the performance obtained with the
Edison continuous-type element routed as shown in the figure. Response times
of this detector were typical for heat=sensitive detector elements installed
in nacelles which have (l) g low airflow, (2} e low fire intensity, and (3) a
slow rate of rise in ambient temperature due to a fire.

The low percentage of detection of test fires at the Nos. 1 and 2
locations indicated the routing was not satisfactory. The evaluation was
discontinued end the detector element located in another configuration.
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TABLE V¥

TEST CONDITIONS AND RESULTS FOR INTEAMEDIATE ROUTING
OF KIDD™ CONTINUOUS-TYPE DELEC10R ELEMENT
MOUNTED ON THE DOOR
B71115 Conlrol Unit Setting

Engine
Fuel and 800 Ohms 860 Ohmms 950 Ohms 1 200 Ohms
Releaae Tunncl
Location  Setling® Exposures  Alarms  Average Twme(sec ) Exposures Alarms  Average Time{sec } Exposures Alarms  Average Tun={sec ) Expoasures Alarms Average Time(sec )
Response Nesel Hesponse Nasst Response Resel Respanse Reset
1 1 o 2 a 3 o 3 0
l Ir 1 0 k] 0 3 1} 3 o
I 1 1 14 ] A 2 167 37 3 3 16 47 1 1 17 40
I 1 1 16 5 4 2 z 185 30 2 2 185 3] 1 1 175 io
Totals 4 2 9 4 11 5 8 2
Percemayr of Effechiveness RD 44 5 45 5 25
I 1 0 2 aQ 2 o 3 1 29 5 30
2 I 1 0 2 a 2 [¥) 3 1 Z5 5 15
II1 1 1 13 § & 2 2 13 2 2 2 2 14 3 1 1 13 0 20
v 1 1 12 5 & PA 2 13 17 2 2 13 2 1 1 120 40
Iotals 4 2 ] 4 ] 4 8 4
Perceatage of Elfectiveness 50 5D 50 50
I 1 1 17 3 2 2 157 17 2 Zz 16 27 4 4 14 8 28
3 It 1 1 14 65 2 2 15 2 22 2 2 16 5 25 4 4 16 0 45
I 1 1 14 A 25 2 2 15 2 Fr 2 2 16 2 20 1 1 17 0 20
v 1 1 15 4 1 1 20 Z 0 2 2 18 2 z0o 1 1 19§ 20
Totals 4 4 7 7 ] 8 10 10
Perrentage of Effectiveness 100 100 100 100
I 1 0 2 0 3 0 3 o - -
4 i 1 0 1 0 3 0 3 0 - -
jons 1 1 15 ] ) 0 3 1 155 55 3 0 - -
v - - - - 1 1 2z 0 1 1 175 2 1 - -
Totals 3 1 [ 1 10 2 11 1
Perceniage of Ellectlveness 333 16 7 20 91

*] - Engine power selting - 1dle tunmel speed - 0 mpl

Il - Enpine power sctting - idle tunnel speed - 25 mph

1l - Engine power sething - 90 per cent normal rated thrust tumnel speed - 165 mph

1V - Engine power nelling - 90 per cent normal rated thrust with anti-icing airflow iunnel! speed - 165 mph



19
TABLE VI

TEST CONDITIONS AND PERFORM ANCE OF INTERMEDIATE ROUTING
OF FENWAL CONTINUOUS-TYPE DETECTOR MOUNTED ON THE ENGINE

Test Conditions Performance
Location  Engine and Tunnel Setting® Exposures Alarms Average Time (sec )
Response Reset
I 11 10 13 3 13 8
l II 10 8 10 9 16 3
I1I 7 1 15 0 =35
Totals 27 19
Percentage of Detection 75.0
I 8 8 117 96
0 I 8 8 10 3 14 6
II1 7 7 101 16 0
Totals 23 23
Percentage of Detection 100
I 7 7 14 7 121
3 o 7 7 13 9 10 6
111 7 7 100 151
Totals 21 21
Percentage of Detection 100
I 9 7 16 6 38
4 11 8 7 14 8 39
111 8 8 10 9 113
Totals 25 22
Percentage of Detection 88 0

*Engine and Tunnel Setting

1 - Engine power setting - 1dle, tunnel speed - 0 mph
II -~ Engine power setting - idle, tunnel speed - 25 mph

III = Engine poweT setting - 90 per cent normal rated thrust,
tunnel speed - 165 mph
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TABLE VII

TEST CONDITIONS AND PERFORMANCE OF AN INTERMEDIATE RCUTING
OF EDISON CONTINUQUS-TYPE DETECTCOR ELEMENT
MOUNTED ON THE ENGINE

Test Conditions * Performance
Location  Engine and Tunnel Setting® Exposures Alarms Average Time {sec )
Response Reset
I 14 8 18 6 20
II 13 o
IIT 12 12 131 4.5
v 10 92 15 1 35
Totals 49 29
Fercentage of Detection 59 2
I 11 0
2 II 11 0
I11 11 11 13 5 17
Iv 9 9 12 4 19
Totals 42 20
Percentage of Detection 47 6
I 12 11 17 0 39
3 I 12 11 18 5 35
111 10 10 157 T0
Iv 8 8 13 7 62
Totals 42 40
Percentage of Detection 95 3

*Engine and Tunnel Setiing

I - Engine power setting - idle, tunnel speed - 0 mph
II - Engine power setting - 1dle, tunnel speed - 25 mph
III - Engine power setting - 90 per cent normal rated thrust, tunnel speed-~165 mph
IV - Enpine power setting - 90 per cent normal rated thrust with nacelle
anti-1cing airflow, tunnel speed - 165 mph



FIG 1| PODDED TURBOJET FIRE-TEST FACILITY
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FIG. 2 FUEL REELEASE LOCATIONS FOR NACELLE INTERNAL FLAME STUDIES



STRUT VERTICAL FIREWALL
NACELLE STATION 136

105
121

191

211

NOSE COWL TRAILING EDGE
NACELLE STATION 89
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NACELLE STATION 171 2

211 cas ecumen
DEvELOPRENT CONTIM
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FIG 3 NACELLE STATIONS USED FOR TEMPERATURE SURVEY
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FUEL DISCHARGE

FIRE-DETECTOR

SYSTEM NO, 1

FIRE-DETECTOR
COZ DISCHARGE

SYSTEM NO, 2

20 30 40 50 60
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FI1G. 4 SCHEDULE OF EVENTS FOR STANDARD TEST DURING
NACELLE INTERNAL FLAME STUDY



NACELLE CLOCK POSITION

ENGINE POWER - MRT (MAX RATED THRUST)

[e—————— COMPRESSOR COMPARTMENT
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2o 2o 4] 2 30 ( 5] 50
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CE i o

I (
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4 £y %
3 e
2 —3 & ﬁ
I 35 2 }
(2 2 zlo ‘
89 105 121 125 137 153 169 172 181 191 21 236

TEST CONDITIONS

TUNNEL SPEED - 165 MPH

TEST FIRE - JP-4 FUEL, 0 3 GPM
RELEASED FOR 10 SEC

LONGITUDINAL NACELLE STATION

NOMENCLATURE

PLUS SIGN INDICATES I.OCATION OF FUEL
RELEASE FPLOTTED VALUES INDICATE
MAXIMUM TEMPERATURE RISE (°F } ABOVE
AMBIENT READINGS PRIOR TO THE FIRE

FIG, 5 EFFECT OF NACELLE FIRE ON AMBIENT TEMPERATURES WITHIN
THE NACELLE (MODIFIED DOORS)
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BOX
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FIG. ¢ FUEL RELEASE LOCATIONS RELATIVE TO FUEL AND IGNITION SQURCE
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NACELLE STATION 100 = DETECTOR ROUTE
8 30 O'CLOCK @ FUEL RELEASE LOCATIONS

NACELLE STATION 215
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.

AR

FIG. 7 ORIGINAL ROUTING OF ENGINE-MOUNTED CONTINUCUS-TYPE DETECTOR
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FIG, 8 ORIGINAL ROUTING OF DOOR-MOUNTED CONTINUOUS-TYPE DETECTOR
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FIG 9 ORIGINAL LOCATIONS OF DOUBLE-WIRE UNIT-TYPE DETECTORS



DETECTOR NO 2 (675°)

DETECTOR NO 12 {4507

DETECTOR NO 11 (450°)
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DETECTOR NO 9 (6757

DETECTOR NO 6 (7507

%» USED ON ENGINES NO 1, 2, AND 3 ONLY

DETECTOR NO 1 (450°) -

> AT
® DETECTOR NO 3 (675°)
, AN \>\ETE0T0R NO 7 (750°)

DETECTOR NO 4 (675°)

DETECTOR NO 8 (7509

DETECTOR NO 5 {750°)

FIG 10 SINGLE-WIRE UNIT-TYPE DETECTOR LOCATIONS AS INSTALLED IN
KC-135 NACELLE
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FIG 13 FINAL ROUTING OF CONTINUOQUS-TYPE SENSING ELEMENT ON DOORS
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FIG, 14 FINAL LOCATIONS OF DCUBLE-WIRE UNIT DETECTORS IN BOEING 707
NACELLE CONFIGURATION
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FIG, 15 RECOMMENDED UNIT-TYPE DETECTOR LOCATIONS AND ALARM SETTING
FOR THE KC-135 NACELLE CONFIGURATION
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FIG 16 EFFECT OF NACELLE FIRE ON AMBIENT TEMPERATURES WITHIN
THE NACELLE
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FIG 17 EFFECT OF NACELLE FIRE ON AMBIENT TEMPERATURES WITHIN
THE NACELLE
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FIG 19 EFFECT OF NACELLE FIRE ON AMBIENT TEMPERATURES WITHIN
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FIG. 20 EFFECT OF NACELLE FIRE ON AMBIENT TEMPERATURES WITHIN
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TEST CONDITICNS NOMENCLATURE

ENGINE POWER - IDLE

TUNNEL SPEED - 0

TEST FIRE - JTP-4 FUEL, 0 3 GPM
RELEASED FOR 10 SEC

PLUS SIGN INDICATES LOCATION

OF FUEL RELEASE PLOTTED VALUES
INDICATE MAXIMUM TEMPERATURE
RISE (°F ) ABOVE AMBIENT READINGS

PRIOR TO THE FIRE

FIG, 21 EFFECT OF NACELLE FIRE ON AMBIENT TEMPERATURES WITHIN

THE NACELLE
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LONGITUDINAL NACELLE STATION
TEST CONDITIONS NOMENG LATURE
ENGINE POWER - MRT (MAX RATED THRUST) PLUS SIGN INDICATES LOCATION OF FUEL
TUNNEL SPEED - 165 MPH RELEASE PLOTTED VALUES INDICATE
TEST FIRE - JP-4 FUEL, 0 3 GPM MAXIMUM TEMPERATURE RISE (°F ) ABOVE
RELEASED FOR 10 SEC AMBIENT READINGS PRIOR TO THE FIRE

FIG, 22 EFFECT OF NACELLE FIRE ON AMBIENT TEMPERATURES WITHIN
THE NACELL"™
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LONGITUDINAL NACELLE STATION

TEST CONDITIONS

EINGINE POWER - MRT (MAX RATED THRUST)

TUNNEL SPEED - 165 MPH
TEST FIRE - JP-4 FUEL, 0 3 GPM
RELEASED FOR 10 SEC

NOMENCLATURE

PLUS SIGN INDICATES LOCATION OF FUEL
RELEASE PLOTTED VALUES INDICATE
MAXIMUM TEMPERATURE RISE (°F ) ABOVE
AMBIENT READINGS PRIOR TO THE FIRE

FIG. 23 EFFECT OF NACELLE FIRE ON AMBIENT TEMPERATURES WITHIN
THE NACELLE
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LONGITJDINAL NACELLE STATION
TEST CONDITIONS NOMENCLATURE
ENGINE POWER - MRT (MAX RATED THRUST) PLUS SIGN INDICATES LOCATION OF FUEL
TUNNEL SPEED - 165 MPH RELEASE PLOTTED VALUES INDICATE
TEST FIRE - JP-4 FUEL, 0 3 GPM MAXIMUM TEMPERATURE RISE {F ) ABOVE
RELEASED FOR 10 5EC AMBIENT READINGS PRIOR TO THE FIRE

FIG. 24 EFFECT OF NACELLE FIRE ON AMBIENT TEMPERATURES WITHIN
THE NACFTTE



NACELLE CLOCK POSITION
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TEST CONDITIONS

ENGINE POWER - MRT WITH ANTI-ICING

AIRFLOW

TUNNEL SPEED - 165 MPH
TEST FIRE - JFP-4 FUEL, 0 3 GPM

RELEASED FOR 10 SEC

LONGITUDINAL NACELLE STATION

NOMENCLATURE

PLUS SIGN INDICATES LOCATION OF FUEL
RELEASE PLOTTED VALUES INDICATE
MAXIMUM TEMPERATURE RISE (“F ) ABOVE
AMEBIENT READINGS PRIOR TO THE FIRE

FIG 25 EFFECT OF NACELLE FIRE ON AMBIENT TEMPERATURES WITHIN
THE NACELLE
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LONGITUDINAL NACELLE STATION

TEST CONDITIONS NOMENCLATURE
ENGINE POWER - MRT WITH ANTI-ICING PLUS SIGN INDICATES L.OCATION OF FUEL
AIRFLOW RELEASE PLOTTED VALUES INDICATE
TUNNEL SPEED - 165 MFH MAXIMUM TEMPERATURE RISE ("F ) ABOVE
TEST FIRE - JP-4 FUEL, ¢ 3 GPM AMBIENT READINGS PRIOR TO THE FIRE

RELEASED FOR 10 SEC

FIG 26 EFFECT OF NACELLE FIRE ON AMBIENT TEMPERATURES WITHIN
THE NACELLE
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LONGITUDINAL NACELLE STATION

TEST CONDITIONS NOMENCLATURE
ENGINE POWER - MRT WITH ANTI-ICING
AIRFLOW
TUNNEL SPEED - 165 MPH
TEST FIRE - JP-4 FUEL, 0 3 GPM
RELEASED FOR 10 SEC

PLUS 5IGN INDICATES LOCATION OF FUEL
RELEASE PLOTTED VALUES INDICATE
MAXIMUM TEMPERATURE RISE {°F ) ABOVE
AMBIENT READINGS PRIOR TO THE FIRE

FIG, 27 EFFECT OF NACELLE FIRE ON AMBIENT TEMPERATURES WITHIN
THE NACELLE
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28 INTERMEDIATE ROUTING OF KIDDE CONTINUOUS-TYRE DETECTOR ELEMEN"

FIG
MOUNTED ON THE DOOR



NACELLE STATION 100
12 00 O'CLOCK

NACELLE STATION 117

NACELLE STATION 134
5-00 O'CLOCK

NACELLE STATION 171.2
4 30 O'CLOCK

NACELLE STATION 215
5 00 O'CLOCK

DETECTOR ROUTE
smmee DETECTOR ROUTED BETWEEN
AGCESSORIES AND ENGINE CASE
@ FUEL RELEASE LOCATIONS
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~ ~ ” I\ 7 00 O'CLOCK
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FIG, 29 FIRST INTERMEDIATE ROUTING OF CONTINUCUS-TYPE DETECTOR
MOUNTED ON THE ENGINE USING FENWAL DETECTOR
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FIG 30 SECOND INTERMEDIATE RCOUTING OF CONTINUCUS-TYPE DETECTOR
MOUNTED ON THE ENGINE USING EDISON DETECTOR



