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A program of fire testing WBB undertaken at the Technical De- 
velopment and Evaluation Center using a power plant and nacelle of the 
~~60-1 Constitution. Because of the similarity between this power plant 
installation and that of the B-50 airplane, euch conclusions and recommenda- 
tions a~ are applicable are made available for consideration end uee in the 
B 50 mstallation. 

In order to make this report concise, no attempt has been made to 
describe the facilities and equipment used during the test program or to ex- 
plain precisely the test procedure, Reportal, have been publi!xhed previously 
which give a detailed picture of the test facilities and outline the pro- 
cedure usually followed in conducting an Investigation. The final report 
covering all the studies made on the Constitution power plant will include 
sections pertaining to theea subgects. 

FIRE DETECTION 

Power Zone 
A large part of the investigation was devoted to the study of fire 

detectors and fire-detector systems in the power section The BtUdy centered 
particularly around the cowl-flap region through which power-section fires 
tend to pass. Fig. 1 shows the comparable views of this region in the two 
installations. The conclusions baaed on this study indicate that the present 
practice of locating the fire-detector system on the air-seal diaphragm of the 
B-50 has merit. Other locations were found which were a8 good or better for 
a wider range of conditions, but, considering the problems of installation 
and maintenance, as well a8 the efficiency during the most critical period of 
aircraft operation, i.e , in flight, a detector syetem located on the dia- 
phragm constitutes a practical solution to the detector problem in the power 
zone for this airplane. 

To assist in the determination of the type of detectors which could 

1H. L. Hansberry, "Test Facility Aircraft Fire Protection Program," 
Technical Development Report No 54, February 1947. 

2Lyle E, Tarbell and H. R. Keeler, "Determination of Mean? to 
Safeguard Aircraft from Power Plant Fires in Flight," Part IV, The Boeing 

I(. : B-29, Technical Development Report No. 107, April 1950. 



be considered for UN, and the setting of such detectors, records were made 
of the temperatures and rates of temperature r18e encountered during the 
teats. The maximum rate of temperature r-188 of the an, observed during the 
teate, wae 1,080 degrees F per minute at the top and sides of the nacelle in 
the region of the cowl flaps. This occurred during a simulated ground ma- 
neuver in which the propeller w&8 reversed. A high temperature of 275 degrees 
F W&B achieved during this maneuver. During simulated forward movement on 
the ground, the maximum rate of temperature rise of the air in the 8ame region 
W&B 48C degrees F per minute, and the highest temperature of the air during 
this period wan 290 degrees F Metal temperatures in the same region reached 
a man'l&um of 360 degrees F from engine heat only. 

Certain types of detectors which are of particular interest to the 
Department of the Air Force, because they were designed in accordance with 
US;3 npecifications or because their development has been encouraged by that 
bra?& of the Military Establishment, were subjected to tests. For instance, 
to ncat the need for an overheat detector, Fenwrit Inc. developed the Model 
No 17jh3-16 which complies with USAF Specification 41379. When installed 
as a cvdtcm in the test installation and observed under simulated flight 
EL?.: -;'e conditions, this overheat detector performed well, giving warning 
tul+CI~r a reasonable time and displaying comparative freedom from false alarms. 

Another detector system which was of perticular interest to the 
DcpPar:ment of the Air Force was the visual type developed by Photoswitch Inc. 
in accordance with AMC Exhibit MCRExE53-28. Commercially, it 18 known a8 
Fireye Model FD-2. One of the objectives of the tests was to determine 
whether the sensitivity of the system had been suitably specified. It was 
considered axiomatic that the minimum sensitivity which would give the neces- 
sary protection was all that was required for any specific type of airplane. 
With this aa a baa16 for the determination, the test.8 in the power section 
indicated that a degree of sensitivity on the order of one-seventh to one- 
tenth of the original maximum specified in tha exhibit WBB sufficient and 
desirable Greater sensitivity needl&sly tended to make the syetem more 
susceptible to false alarms from extraneous laght. 

A suitable arrangement of Fireye units in the power section in- 
volved the u8e of only five units mounted on the cowl-support ring 80 that 
each eye w&8 offset slightly from a direct radial line through an exhaust 
manifold by moving it around the ring toward the next manifold (approximately 
one fourth to one third of the distance). The scheme followed was for each 
eye to be slightly removed from the proximity of an exhaust stack to minimize 
radiant heating effects and at the 8ame time to maintain a considerable dis- 
tance between the eye and the next stack to minimize the strength of the infra- 
red radiation. The eyes were directed to view 45 degrees away from the radial 
line directly into the engine. 

No units were used between the exhaust stack8 connected to the 
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lower cylinders. The reason for this was that fn-es origlnatlng near the 
bottom of the engine tend to emerge through the lower cowl-flap openings on 
either side of the nacelle and, ln doing so, come under the surveillance of 
other units. Five uuts located in the general region encompassed by the 
cowl flaps were considered suffxlent. Naturally, no harm 18 done by the 
addition of units under the eng-e if the added protectlon 1s felt to be 
desirable. Fig.!2 illustrates the arrsagement m the power section and also 
suggests other possible locations for the remalnlng units to complete a sys- 
tem for one nacelle. 

Power supply variation considerably XI excess of the Flreye desvgn 
specifications (110 to 120 volts) caused false lndicatlons. Rapid and re- 
peated dips to 80 volts, or lower, were traced to speclflc Items of test 
equipment, but this source of trouble was ellmlnated m the tests by use 
of a separate power supply for the detector system only. Actually, the srs- 
tern was able to operate with variations of ir.put voltage from 100 to 130 
volts, and, If the B-50 or other flying axcraft voltages are malntalned 
wlthln this range, little dlfflculty should emanate from this source. 

According to design speclfxations, the equipment was sutable for 
operating XL amblent temperatures up to 220 degrees F. Temperatures in ex- 
cess of this resulted in reduced sensitlvlty, which was manifest whenever 
an attempt was made to test units which happened to be located in regions of 
high temperature. Such units occasionally falled to respond to the test ligh: 
until the temperature was reduced. This did not mean that the system became 
lnoperatlve, It simply meant that more energy in the form of light or fire 
was required to produce an .?quivalent effect. 

In addition to the fire tests which were conducted m connection 
with the Flreye system, a study was made of the effect produced by water 
passln< through the engine, a condition experienced whenever rainstorms are 
encounte?rea In fl@lht With certain arrangements of the detector units, 
false alarms were produced during the simulated rain tests. It was believed 
that the rain droplets passed between the unshrouded exhaust manifolds and 
the eyes producing the effect of modulated light of the critlcal frequency. 
With the configuration described In this report, however, the false alsrms 
from this source ceased to be a problem. 

Accessory Zone 
The accessory section in the test installation dlffered considerably 

from that in the B-50. ,In the 1attSr uxztallatioa, the space aft of the au- 
seal diaphragm 1s filled to a large extent with dvcss. the engine lubricating 
011 tank and other equipment Cq lhe te.qt lnstail.i:xo?, however, considerable 
open space has been provided, as ln the flying covn%er$art; into which a 
mechanic can crawl via the wing during flight if necessary. This space is 
dlvlded Into two parts by an auxiliary fire wall through which passage is 
afforded by a folding door. The space forward of this fire wall would cor- 
respond roughly to the accessory sectlon of the B-50 in purpose, but there 18 

.nO space in the B-50 comparable to the space aft of the auxll1ary fire wall 
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For a clearer understanding of the regions involved, Fig. 3 has been in- 
cluded. 

It is evident from the sketch that the accessory sectlon 1s much 
more congested m the B-50 than ln the Constitution. The results of the 
tests conducted in this region, therefore, may not be directly applicable, 
but may be used as a general guide to detector installation where specific 
lnformatlon is lacking. 

When small fires were started at vsrlous points within the accessory 
section, It was observed that 

1. Temperatures were higher with partly closed cowl flaps than with 
flaps 100 per cent open. 

2. Temperatures near the top of the zone decreased as the engine speed 
mcreased. 

3. Temperatures near the sides of the zone tended to Increase slightly 
as engine speed Increased. 

4. Lowest temperatures were near the sides of the zone. 
5. Highest temperatures were near the top of the zone. 

FIRE EXTINGUISSMENT 

Power Zone 
A number of tests were conducted in the study of power-zone, fire 

extlnguishlng systems, One system consisted of nozzles located behInd each 
cylinder, an arrangement which has proved most successful on conventional 
twin-row engines. Such a system was very difficult to install on this engine 
and was no better, apparently, than a much sxnpler system conaistlng of seven 
nozzles located at the front hood, symmetrically spaced so as to discharge 
fluld 1n a fan shape toward the crankcase between cylinder banks. Neither of 
thesg s;-ltems were satisfactory, however. Various quantities of extinguishing 
fluld, up to 50 pounds per charge were used and at pressures from 300 to 500 
PSl. This study 18 continuing, and ~111 be reported ln connection with the 
~~60-1, rather than with the B-50. 

In view of the fact that no fire-extlngulshlng system LS used III 

I the power zone of the B-50 on the theory that power-zone fires can be blown 
Out, It was felt that a study of the "blow-out" theory would be much more to 
the point ln this partlculnr report. 

\ 

Therefore, tests wer- conducted to determIne the feaslblllty of 
controllIng power-secGlon fires wi:hout the use of an erf~ngu~shlng fluld. 
The pro-e&we was to start a fire at some point wlthln the section. When tha 
fire aPpeared to have reached Its maximum Intensity, the engine was shut down, 
the fl<ammable-fluid valves were closed and the propeller was brought to the 
feather posltlon. In some of the tests, the cowl flaps were allowed to open, 
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and in others they were allowed to close. In any event, all of the actions, 
after engine shutdown was inrtlated, were controlled by a single switch on 
the emergency psnel. As the propeller began to feather, the 011 flow to the 
fire was gradually reduced and was completely shut off when full feather was 
achieved. The wind turnel was continued In operation to simulate conttlnued 
forward flight. 

Control of Zone 1 fires without the use of extingulshrng fluld has 
been known UI the past as control by "blow-out," but the term IR a misnomer. 
The results of the tests lndlcated that 011 fires are not blown out by the 
ax blast due to forward flight after the engine and propeller have stopped 
turning. If the lack of rotation by the engine has effectively reduced the 
quantity of flammable fluid available for burning, the fire "111 dlmlnlsh m 
srze and intensity until the supply of fluid has been consumed or drarned 
away, whereupon the fire will go out. A more appropriate term for this type 
of control would be "burn-out." Opening the cowl flaps during this procedure 
appears to reduce the intensity of the fire and to shorten the time required 
for the fire to burn out. Closing the cowl flaps, besides holding the fire 
within the power section and, thus, Increasing the possible damage to the 
engine, has the added disadvantage of tending to force the burning fuel into 
the accessory section and spreading the fire. As sn example of the time in- 
volved, an initial k-gallons-per-minute 011 fire burned out in approximately 
one minute in the power sectlon, hut not before fire had entered the accessory 
section. 

Adequate dralnage in the power zone is essential to the control of 
fires by this method, Several damaging fires occurred during the tests be- 
cause of the lack of drainage until this undesirable feature was corrected 
in the test mstallatlon. 

The skm of the test lnstallatlon aft of the cowl flaps is stainless 
steel, which has remalned intact through thousands of fires. The only means, 
therefore, by whzch fire could have gained entrance to the accessory section 
was through tiny cracks or holes II the air-seal dlapbragm. A close examlna- 
tlon of the diaphragm revealed openamgs of this nature. 

,%nce an advantage is gained by ummedlate shutdown of the engine in 
case of fire, a snort series of runs was made to determine which action or 
combination of actions would be most effective in stopplng the engine, For 
each run in the series, the engine was operated at 1,450 rpm, and the co"1 
flaps were held at 25 per cent opening. Shutdow measures were initiated in 
each case at the Instant when the cylinder-head temperature reached 350 de- 
grees F, and all actlons xnrolved XI any one test were simultaneous. The 
V@X~OUS measures mcluded putting the mixture control ln idle cutoff, closing 
the throttle and closing the solenoid-operated fuel shut-off valve. The re- 
SL’l’cs oP the runs RPB given in Table I. 
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TABLE I 

Idle Throttle 
Test Cutoff ClOSCi 

71 1 X 
2 X X 

‘P X 
z ‘x X 

6’ X 
7 x 
a X X 

I 
9 

Shut-Off 
Valve 

TlUE 
Feather @CR 1 

15 
14 

X 
X 8' 

41 l/2 
14 112 

X a 
X a 

41 342 

5, The table shows that sunply putting the mixture control in idle 
cutoff, or thx actlon plus closing the throttle, ~111 cause the engine to 
stop turning ID 14 or 15 seconds under the condltlons mentloned. When the 
propeller 1s feathered in addltlon, the engine stops in 8 or 9 seconds. 

c_ 
Claslng the fuel shut-off valve, only, stops the engine III 41 I/2 seconds, 
whxh 1s a relatively long period. Moreover, dunng this period, the engine 
operates very unevenly and backflres frequently The tune Involved when 
both the valve 1s closed and the mixture 1s placed m idle cutoff shows no 
improvement over the latter action alone. Feathering the propeller, in 
addltlon to these two actions, stops the engine lnmelght seconds, which 1s 
the shortest time recorded in any of the tests, lncludlng Test No. 8, in 
whxh all a&Ions, plus feathering, were leltlated together. When the mix- 
ture co&-o1 1s adJusted to Idle cut-off posltlon, the engine responds em- 
mediately In contrast to this, when the fuel sliut-off valve 18 closed, very 
11tt1e effect, If any, 1s noticeable lmmedlately in the functlonlng of the 

v engine . After a few seconds, the engine slows down abruptly, backfires and 
then surges back to approximately the orlglnal power. This proce6s 1s repeated 

4 at lncreaslngly frequent Interval.8 until the engine 1s flnally starved corn- 
p1ete1y Because of this erratic surging of power, It was consldered Inad- 
vlsable to attempt feathenng of the propeller, which could have resulted 1n 

li Irreparable damage to the engine As far as the tune element 1s concerned, 

the assumption cszi be made that closing the valve, plus featherxg, ~111 re- 
quli-e somethldg more than 8 seconds and somethxig less than 41 l/2 seconds 
If no untoward compllcatlons result from this procedure, The most pasltlve 
and most rapld procedure still involves the manlpulatlon of the mixture control. 

c 

The wind tunnel was not used in these tests because the ax blast 
furnIshed by the tunnel would have caused the engne to "windmill," except 
III those tests where the propeller was feathered, maklng It impossible to 
compare the various methods. 



7 

CONCLUSIONS 

The conclusions based on this study are as follows 

1. In an installation using the Pratt and Whitney ~-4360 engme, the 
path followed by crankcase fires differs from the path followed by cylinder- 
head fires. 

2. When the cowl flaps are open only moderately, as in flight, crank- 
case end cylinder-head fires are constrained to pass through a common region 
prior to emerging to the outside. 

3. Heat-actuated fire detectors located on the outer periphery of the 
air-seal diapbragzu, concentric with the exhaust-collector ring, will detect 
both crankcase and cylinder-head fires occurring in flight, provided the cowl 
flaps exe open no wider than the reconnnended amount for flight. 

4. The maximum rate of temperature rise recorded for air passing through 
the engine section in simulated ground operation with no fire involved was 
1,080 degrees F per minute, and the maxunum temperature attained was 290 
degrees F. The maximum metal temperature under the same conditions was 360 
degrees F, which was the temperature of the shell of a detector located in the . 
lower cowl-flap opening. \ 

5. The Fenwal Model 17343-16 detector which complies with USAF Specifl- 
cation 41379, operated satisfactorily in detecting fires, although it was in- 
tended for use as an overheat detector, rather than a fire detector. 

6. No false alarms resulted from simulated rain tests or as a result 
of accumulations of oil or dirt on the Fenwal units during the test program. 

7. The sensitivity of the Fireye FL-2 detector system can safely be 
reduced by a factor of ten from the original specification when used in the 
power section of an installation such as the B-50. 

8. Variations of input voltage must be maintained within the range of 
100 to 130 volts to prevent false alarm of the FD-2 detector. 

9. Ambient temperatures in excess of the design-operating maxr.mu!n of 
220 degrees F result in reduced sensitivity of the Fireye system. 

10. One possible condition which might induce false alarms in the Fireye 
system is the presence of rain in combination with hot exhaust stacks. Flight 
tests may reveal other possible sources of modulated light. 

11. The best general location for detectors requiring flame contact to 
operate is at the top of the accessory section 

12. The best general location for detectors which do not require flame 
contact to operate is at the sides of the accessory section. 

13. Power-zone fires are not blown out by the air blast due to forward 
flight after the engine end propeller have stopped turning. Such fires may 
burn out if the lack of rotation of the engine has effectively reduced the 
quantity of flsmmable fluid available for burning. 

14. Good drainage underneath the engine will reduce the fire hazard in 
the power zone, and will aid consIderably in the extinguulsbment or control of 
power-zone fires. 

15. A tight seal must be maintained between the power and accessory 
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sections to prevent the spread of fme between zones. 
16. Stainless-steel skm mmedlately behind the cowl flaps will prevent 

fire from entering the accessory sectmn through the skm. 
17. To consummate rapid shutdown of an engme, two actions are necessary 

(a) adjust the mxture to the idle cut-off posltion, and (b) feather the pro- 
peller. Closmg the throttle or solenoid shut-off valve In the fuel lme will 
not materially reduce the shut-down time. 

la. Closing the solmold fuel shut-off valve is a desirable part of the 
shut-down procedure, because it will reduce the fuel avallable for burnmg m 
the accessory section. 

EX!OM3lEXDATIONS 

It is recommended that 

1. The present practice of mountmg heat-actuated fire detectors on 
the air-seal diaphragm be continued for practical reasons. Spacmg of unit 
detectors should not exceed eight inches, center to center. 

2. The preset temperature of heat-actuated fire detectors be between 
450 degrees F and 550 degrees F. 

3. Flreye flame detectors, if contemplated for Use In the power section 
of the B-50, be located on the cowl-support ring and spaced clrcumferentlally 
between banks of cyllrders. The units should be twlsted to view approximately 
45 degrees away from a llre toward the engine and to avold a direct view of 
the hot exhaust stacks. See Fig 2. 

4. Flreye units, If contemplated for use 1~ Zone 2 or Zone 3 of the B-50, 
be installed to observe as much open space as possible wlthln the zones and, 
also, the areas where flames may tend to enter or leave the zones. See Fig. 
2. 

5. The sensltlvity of the Fireye FD-2 system, as determined In this 
test lnstallatlon, be compared with the sensitlvlty in other test installa- 
tions for the purpose of standardizing at some reasonable value. 

6. Heat-actuated fxre detectors be mounted near the top of the accessory 
sectlon for general coverage and near louvers or other openings to the out- 
side. 

7. -Visual-type flame detectors be located near the sides of the acces- 
sory section in such a manner as to view as much of the open space within the 
zone as poaslble. A sufflclent number of un1t.e should be used to provide 
supplemental coverage and to monitor adequately all openings to the outslde. 

8. The top and side panel assemblies be fabricated of staxiless steel. 
9. The emergency shut-down procedure conslat of two steps (a) set the 

mixture In idle cut-off posltlon, close flammable-fluid valves, open cooling 
flaps, feather propeller, adJust extlnguishlng fluld ValVes to proper engine, 
all In one operation, and (b) discharge extlnguulshing fluld at the discretion 
of the operator after the propeller has stopped tunmg. 
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FIG 3 SKETCH SHOWING ARRANGEMENT OF DUCTS AND 
OIL TANKS IN THE ACCESSORY SECTIONS 


