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DETERMINATION OF MEANS 

TO SAFEGUARD AIRCRAFT FROM 

POWER PLANT FIRES IN FLIGHT 

PART IV 

THE BOEING B-29 

SUMMARY 

A careful study of the fue acctdent rec- 

ord of the B-29, made before the test pro- 

gram was started, r e ve a 1 e d that the chief 

source of trouble was the exhaust system 

The testmg, therefore. began with a thorough 

mvestqatmnof the temperatures encountered 

near the exhaust system when the power plant 

was I” normal operatmg condltm” and when 

certa~nfaxlures exsted The regm” sur- 

roundmg the turbosuperchargers and the ex- 

haust s t a c k s received particular attent,o”, 

especmllywth respect to thepecul,ar,t,es of 
% destgnwhxh permlttedfhxd leak,“g from the 

accessory sectlon to come I” contact with the 

stacks or prevented proper a,r flow through 

the reglo” The temperatures I” this regm” 

appeared to be dependent to a large extent on 

the amount and c bar ac te r of the a,r flow 

More Important. the ease of qnltm” of flam- 

mable flulds appeared to depend on the air 
flow It was demonstrated that suffxwntly 

high air flow could evenprevent the occurren(~ 

of Ignltlo” 

Flu,dleak,“gw,th~” the accessory szct,o” 

xv111 frequentlydra,” out w,thout harm except 

I” certam locations over the turbosuper- 

chargers Unfortunately. the r e are tanks 

andplpes Installed over these areas whxh. If 

ruptured, mrght release the flammable fluds 

which they conta,” and cause a fire 
In the tests, overheated motors dtd not 

appear to be , g n, t , on sources but blocked 

vacuum systems could be a real hazard 

In con,unctmn w,th the lg”,t,o” source 

Invest~gatmn. gasol,“e, SAE 10 al. and a 

few low volat,l,ty fuels were sprayed on the 

same lgnltlonsources to determme the corn- 

paratxve flammab,l~ty of t h o s e flutds The 

SAE 10 011 was found to be slightly more 

hazardous than gasoline under the same con- 

dxtmns of test,“g on the hot exhaust s t a c k 

The low volatlhty fuels, although not d,fferl”g 

matertally from one another 1” safety. were 

somewhat safer than gasoline on a percentage 

basis of the “umber of f, r e s starting to the 

whole “u m b e r of attempts Actually. they 

appeared to be less predIctable 1” their re- 

actlo” than gasol,“e. and It was felt that the 

degree of nnprovement dlsplayed was msuf- 

flclent to c 0 n s t I t u t e a real ga,n I” safety 

Kerosene under the co”dlt,o”s of the tests 

appeared to be m o r e hazardous than e,ther 

100 octane gasal,ne or low “olatlhty fuels 

Fore detectors and fire detecting 

systems recexved only a moderate amount of 

attentmn I” the t e s t I n g program The I”- 

vestqatmnwas confined to the study of max- 

,mum temperatures and maxunum r ate s of 

temperature rise occurrIng at the cowl flap 

ope”,“gs (where de t e c to r s are frequently 

located) during norm a 1 and severe e”g,“e 

operatmn, and to the study of the flame pat- 

tern I” the accessory sectmn with the ObJeCt 

of determlnlng whether or not detectors, 

located I” general areas, would provtde 

satisfactory coverage for th,s zone The 

maximum rate of r,se I” the cowl flap regm” 

was found to be 450’ F per mmute. wh& the 

maxu”um temperature was 350°F No 

general area ,“s,de Zone 2 was found where 

units could be located to detect all fires 

orqqnatmg L” this zone 

Two types of detectors whtchwere I” the 

expe r~mental stage of development were 
mount e d I” the test l”stallat,o” for study 

Bothoperatedsuccessfully, but both requred 

further development 

A study of detectlo” and ext,“gu,sh,“g 

problems created when f,res start forward 

of the cylinders I” Zone 1 was made on both 

the a29 and ona smxulatedl49 conflguratmn 

In the course of the study, addItIona mfor- 

matlon on the vulnerable parts of the power 

plant and the value of a ilre-resIstant pro- 

peller feathering system were obtaIned 

Stoppmg the flow of flammable fluxds 
to Zone 1 frequently 1s suff,c,e”t to evt,“gu,sh 

a fire which has not spread beyond this zone 



In order to accomplish this, It IS sometlmes 

necessary and usually desirable to stop ro- 

tatmn of the engme by feathermg the propeller 

However. m the event of a large and damagmg 

he. the propeller feathermg process may 

roquxe too long a t,me to complete, with the 

result that the fire may spread beyond the 

power sectmn To preclude this posstbzhty. 

Zone 1 should be protected with an adequate 

and properly des,gned extmgu~shmg system. 

Vulnerable parts of the airplane Include the 

alummum alloysk,“and structural members, 

the seal at the diaphragm. and hoses carrymg 

flammable flu,ds 

Generally speakmg, gasolme and 011 

~111 not lgrnte on the exhaust collector rmg. 

but If these flulds gam entrance to theexhaust 

stackwells on either side of the nacelle. ilres 

usually w-11 result 
In the L-49 conhguratmn, It was found 

that f,res wh,ch or,gmated far enough forward 

to enter the projectmg exhaust stack shroud 

were dtfhcult or ~mposslble to de t e c t with 

the detectors located at the cowl flaps 

Recommendatmns base d on the con- 

clusmns drawn as a result of these mvestt- 

gatmns are Included m the report 

INTRODUCTION 

The Technical Development and Eval- 

uat,o” Center has been active ,n the field of 

fire preventlo” and protectlo” m axrcrait 

since 1939, when testmg began wxth modest 

facllltxs on the grounds of the Natmnal Bureau 

of Standards III Washmgto”, D C The ftrst 

type of a,rcrait power plant lnstallatlo” In- 

vesttgated was the Douglas DC-3l This was 

followed by the Curtxs-Wright CW-20’ and 

later by the Waco YKS-373 

1 A W Dallas and H L Hansberry, 

“Determmat,o”of Means to Safeguard Aircraft 

from Power Plant Fores tn Flight - Part I”, 

CAA Techn,cal Development Report No 33. 

September 1943 
2Ceorge L P~gman, “Determmat~on of 

Means to Safeguard Arcraft from Power Plant 

Fires I” F 1, g h t - Part 11. ” CAA Technical 
Development Report No 37, October 1943 

3H L Hansberry, “Determmatmn of 

M~anstoSafeguardAlrcraftfromPowerPlant 

Fires I” Flight - Part III.” CAA Techmcal 

Development Report No 38, Apr11 1944 

‘I,,,* report covers the f,re mvesttgatmrs 

whxh were completed under simulated flight 

condlt,ons on the B-29 power plant The 
mayor problems of fire detectmn and ilre ex- 

tmgulshment were “at included m the m- 

vesttgatmns be c au s e these problems were 

b e 1” g mvest~gated concurrently by another 

f,re test group under contract to the U S 

AI= Force However , a llmlted amount of 
testtng was done wh,ch mvolved detectors 

Speclflcally. the CAA p r o g r am was 

d~rectedtowardaquostior thesema,or Items 

1 Ignltlo” sources I” the B-29 

2 The Inherent weaknesses I” design of 

the B-29 from the standpomt of ilre 

ellmmatmn and fire control 

3 The answer to the questlo”, “Is a Zone 

1 i~reextmgu~shmgsystemnecessary*’ 

4 A less-flammable hydraulic iluld than 

1s currently used m axcraft 

5 A less-hazardous fuel than regular 

gasohne 

Pnor to startmg the test program. the 

ilre problems which had beset the B-29 were 

dlscussed with personnel of the Boemg AI=- 

craft company, studies were made of the 

records of actual B-29 fxes. and a thorough 

s t u d y was made of the xnstallatmn Itself 

WIththIs background, a generalplanof testmg 

was formulated whxh laid stress on the 

features appearing most promment a5 ilre 

hazards The attempt was made to plan tests 

so they would not only mdlcate the Ignltlon 

sources but suggest, where p o s 5 1 b le , the 

corrective measures to be taken 

Acctdent records revealed that the ex- 

haust system was by far the most serious 

cause of iwe. not only I” ~gntt~ng a fluld 

which had bee” exposed to it due to an mde- 

pendent iallure m the fuel or 011 system, but 

m Itself frequently causing the fluid system 

failure and thenprovldmg the rgnltmn Thus, 
a loose hose fLttmg m the fuel system would, 

I” the absence of the exhaust system, probably 

result III nothmg more serious than loss of 

gas olme A loosened ball-and-socket JOl"t 

mthe exhaust stack. on the other hand, might 

subJect a good fuel lme to exe e s 5 Eve heat 

whzch, over a permd of t,me. m,ght cause 
Its failure and the” provtde lgnltmn for the 

leakmg gasolme 

ElectrIcal equipment failures had caused 

trouble due to arcmg or excessive heatmg, 

but avalable records show failure as havmg 
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occurred only through careless mamtenance 

or by exposure to excess,ve exhaust heat 

In v,e.,, of these f,ndrngs. attentmn was 

concentrated I,, the t e s t I n g of the exhaust 

system as a f,re hazard w,th some Invest,- 

gatmn of ,g”,t,on by overheated electr,cal or 

mechan,cal accessor,es 

Durmg tests, the B-29 eng,ne was op- 

erated generally at2.400rpmand31,” 

manliold pressure E”g,ne temperatures 

were mamtamed at a h,gh level by keepmg the 

,nd,cated cyl,nder head temperature at 350” 

to 450” F. somewhat ,n excess of normal 

operat,ng temperature The w,nd tunnel was 

operated to prowde a maxmum a,r blast of 

112 mph 

For the conven,ence of the reader who 

may not be fam,l,ar w,th the B-29 eng,ne I*- 

stallat,on. F,g 19 has been ,ncluded for 

reference. 

DESCRIPTION OF TEST EQUIPMENT 

. 
The bas,c test fac,l,t,es and equ,pment 

used ,n all tests reported here,,, are descr,bed 

> and ,llustrated ,n a p r e v I o u s 1 y pubhshed 

report4 Br,eily. the chamber ,n wh,ch the 

full-scale tests were conducted ,s a room 

40 by 30 feet, 20 feet h,gh, havmg doors at 

both ends wh,ch open the full wtdth and he,ght 

of the room In the center of th,s chamber IS 

mounted the w,ng sectmn and nacelle wh,ch 

houses the power plant under test See F,g 1 

The 19-foot long w,ng sectmn IS mounted 

at ,ts extrem,t,es so that the center 1,ne of 

the nacelle 1,es atong the long,tud,nal center 

1,ne of t:,e room w,th the propeller dome ap- 

prox,mately two feet from the front doors 

An a,r blast tunnel ,s located ,” front of the 

test chamber w,th ,ts center 1,ne cont,nu,ng 

and co,nctd,ng w, t h the long,tudmal center 

lme of the room A,r furn,shed by the tunnel 

passes through and over the nacelle, the 

doors at both ends of the test chamber be,ng 

opendur,ng tests No abnormal obstructmns 

are present to mteriere w,th the a,r stream 

excepttwoane-half ,nchd,ameter steelcables 

4 H L Hansberry. “Test Fac,l,t,es. 

A, r c r aft F,re Protectmn Program,” CAA 

Techn,cal Development Report No 54. 

February 1947 

used for emergency suspensmn of the engme 

at the eng,“e mounts 

The tunne 1 ,s approx,mately 45 feet 

long, w,th ane,ght footd,ameter throat endmg 

twofeet forwardof the front doors of the test 

chamber or approx,mately four feet ahead of 

the propeller dome. The p r I m e mover for 

the tunnel ,s a 2, 300 v electr,c motor rated 

at 1, 500 hp, but capable of develop,ng up to 

2.250hpforshort per,ods It dr,ves a 

standard Curt,ss electr,c three-blade, 

16 l/2-foot-d,ameter propeller S,nce the 

motor IS a constant-speed type, power changes 

and a,r speed changes are effected by vary,ng 

the propeller p,tch 

The w,nd tunnel a,r speed was measured 

by three separate ,nstruments. These were 

(1) stat,c pressure p,ckups, (2) a velometer, 

and (3) an anemometer. The a,r speed 

measurements takenw,th each type were ap- 

prox,mately the same and the highest speed 

obtamable was found to be 112 mph ,n each 

C&Se Th,s top speed ,s somewhat less than 

normal fl ,ght speed of the B-29 and other 

large a,rcraft However, ,t ,s suif,c,ent to 

keep the e”g,ne cool for all power sett,ngs 

except the h,gher horsepowers produced by 

the R-3350 eng,ne 

The pow e r plant use d for all tests 

covered ,nth,s report was the Wr,ght 

R-3350-57, 1%cyl,nder tw,n row Cyclone as 

,nstalled ,n the Boe,ng B-29 a,rcraft See 

F,g 2 AHam,ltonStandardpropeller 

(24 F 60-73) was used w,th the e”g,ne The 

engme accessor,es and nacelle were ,dent,cal 

to those used ,n the B-29 mboard (No 3) 

,nstallatmn ex=pt for the folbwmg d,fiere”ces 

1 The ma,” f 1 e x, b 1 e fuel 1,“es ,ns,de the 

accessory sectmn were lagged w,th asbestos 

for protectmn agamst repeated f,res 

2 The propeller ieather,ng system was 

mod,f,ed to prov,de an o,l supply to the 

feather,ngpump froma spec,al wall-mounted 

011 tank rather than from the regular ieathermg 

supply tank The r e g u 1 a r supply tank was 

r e move d from the nacelle ,n order to g,ve 

access to that regmn for mount,ng thermo- 

couples and detectors. SAE 10 ml was used 

,n the feathermg system, but the d,lut,on of 

the ma,* en g ,“e 011 was negl,g,ble because 

large quantltles of engme o,l were be,ng 

dramed from the eng,“e for use as fuel for 

the i,res 



Fig 1 Wmg Sectmn and Nacelle of B-29 Mo”nted and Ready for Tests 

3 A spec,al f,re ext,ngu,shmg system was 

mstalled ,n the eng,ne for , n c ,d e n t a 1 and 

emergency use Th,s system Included two 

perforatedd~str,b”t,onr,ngs ,n Zone 1 (power 

sectmn), one perforated r,ng ,n Zone 2 

(accessory sectmn), one perforated r,ng ,n 

Zone 3 (wheel well), one p e r io r ate d r,ng 

d,schargmg Into the mam ,nd”ct,on a,r duct, 

one nozzle ,nto each exhaust stack well. and 

two forward ,nto the space aft of the 011 tank 

1” zone 2 I” Zone 1, the two d,str,bLt,on 

rmgs were located Just mstde the cowl,ng, 

one forward and one aft of the cyl,nder banks 

They were perforated to d,scharge rad,ally 

,nward The ext,ngu,sher system was con- 

nected to a supply tank hold,ng four tons of 

carbond,ox,de at 300 ps, pressure As much 

ext,ngu,sh,ng agent as was needed for a f,re 

could be released by open,ng an electrically 

operated valve Other manually operated 

valves controlled the d,str,butlon of the car- 

bon d,ox,de ,nto the proper zone or zones 

4 The wheel well (Zone 3) was of standard 

d I m e n s I on 5 and contours but contamed no 

wheels, land,ng gear. or other equipment 

Large openmgs e x, s t e d between the wheel 

well and the ,ns,de of the w,ngs 

Pressure p,ckups for measur,ng baffle 

pressure drop across the eng,ne had already 

been ,n s t a 11 e d ,n the eng,ne by the ma”“- 

facturer E,ghteen of the s e p,ckups, plus 

two other stat,c pressure p,ckups located ,n 

Zone 2 (accessory se&on), were connected 

to ,ndxv,dual manometers so that the pressure 

at each pant could be read ,n,nches of water 

By notrng the pressures at anypart,cular 

power settmg of the eng,ne. ,t was poss,ble 

to determme whether or not fl,ght cond,t,ons 

were be , n g s,mulated, and what effect was 



RE*R VIEW SIDE VIEW 

Fig 2 Vwws of Wrqht Cyclone Engme Prmr to Installat,on ,n B-29 Nacelle 
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be,ng produced ,n the accessory sectlo,, at deta,l as each phase of the ,nvest,gat,on ,s 

the time presented 

Tests were ru,, at 1,435, 2,000, and 

2, 500 bhp The results are shown ,n Table 1 

W,th the wmd tunnel operatmg at the 
FIRE IGNITION SOURCES 

max,mum capac,ty of 112 mph, the baffle 

pressure drop (BPD) theoret,cally requred 

for coohng at each speed and at the preva,l,ng 

amb,ent temperature of 30” F could be &- 

tamed. or nearly attamed. by o p e n ,n g the 

cowl flaps to full open pos,t,on However, the 

sper,fled max,m~m cylmder head temperature 

could be ma,nta,nedw,th less baffle pressure 

drop than theoret,cally I e 91, I r e d except at 

2, 500 bhp, at wh,ch settmg the engme could 

not be kept below the spec,f,ed max,mum 

This phase of the ,nvest,gat,on was de- 

s,gnedto locate the sources of ,gn,t,on ,,, the 

B-29power plantunder bothnormal operatmn 

of the engme and abnormal operatmn to s,m- 

ulate typ,cal fa,lures and d,sorders. to study 

such sources w,th a v,ew to removmg them 

or ,solat,ng themfrom flammable maternls, 

and to relate the results of these stud,es to 

Improved f,re preventmn ,n general a,rcraft 

des,gn 

It may be noted that at 2, 000 bhp output 

the requred cylmder head temperature could 

be held and a constant baffle pressure drop 

mamtamed w,th varymg tunnel settmgs by 

adJust,ng the cowl flap opemngs Th,s shows 

that ,t v,as poss,ble to ma,nta,n approx,mately 

c 011s t ant a,r flow cond,t,ons mstde Zone 1 

wh,le changmg the external a,r blast 

PROCEDURE 

The h,story of B-29 f,re acc,dents had 

already shown that the exhaust system was 

the most log,cal place to begm a search for 

,gn,t,on sources Therefore, ,t was dec,ded 

to make a temperature survey of the regmn 

adJacent to the exhaust stackand turbosuper- 

Moreover, since Zone 1 fires tend to 

hang ,n low pressure areas created by the 

engme, ,t IS bel,eved that the results do not 

d,ffer s,gn,f,cantlyfrom those to be expected 

at h,gher speeds Therefore, ,t ,s bel,eved 

that the test cond,tmns adequately reproduce 

fl,ght cond,t,ons 

charger 
z 

In the study of f,re problems on th,s 

power plant, the assumptmn was made that 

an mfm,te number of places ex,sted where 

flammable f 1 u, d s nught start leakmg and, 

that regardless of the, r or,gm, ,gmt,on of 

these fluIds m,ght occur To s,mulate leaks 

and f,res or,g,nat,ng at a 1 a r g e number of 

d,fferent pants, with a m,,,,mum expend,ture 

of t,me and labor and a m,n,mummod,f,cat,on 

of equpment. nozzles were employed wh,ch 

could be mounted read,ly at any des,red 

locat,ons Flammable flu,ds we r e pumped 

to these nozzles from remotely located supply 

tanks or. ,n the case of lubr,cat,ng 011s. from 

the engme sump Art,fw,al ,gn,t,on. when 

requred, was effected by generatmg an arc 

n, a spec,al spark plug ,gn,tor wh,chalso could 

be attached at any des,red pomt on the power 

plant 

Preparatmn for the survey began by 

mount,ng 32 thermocouples ,ns,de Zone 2 

(accessory sect,on)as shown,nF,g 3 

Twenty-two of these were brazed to the ,I,- 

s,de surface ofthe two stanless steel shrouds 

wh,ch form the separatmg wall between the 

evhauststackwelland theaccessory sectmn 

The other tenwere f,xed in the a,r Just above 

or bes,de the shrouds Thus, there were 16 

thermocouples arranged almost symmetrxaliy 

on each s,de of the zone, and each group of 

16 was connected to a 16-pant recordmg 

potentmmeter cahbrated from 0 to 2. 000” F 

Later, e,ght thermocouples were brazed 

to the surface of the r,ght exhaust stack as 

shown ,,, F,g. 4 These also were connected 

to a l6-pomt recorder. Three add,tmnal 

thermocouples, c o nn e c t e d to smgle-pant 

recordlngpotent~ometers. were used to 

measure a,r temperatures at three pomts ,n 

the exhaust stack well. 

lnadd,t,on to all th,s ma,or test equ,p- 

mat. numerous 1 terns of m,nor eqmpment 

were employed to ass,st ,,I obtammg data 

dur,ngpart,cular phases of the ,nvest,gat,on 

The use of these Items ~111 be descr,bed ,n 

The survey was conducted byf,rst 

operatmg the engme normally and then w,th 

s,mulated exhaust stackfa,lures The fa,lurs 

were s,mulated by s e p a r at, n g the flanged 

p,nts ,n the stack, thus allowng some of the 

hot exhaust gases to escape. Durmg the 

course of these runs, records were made of 

the temperatures at each pomtwhere a 

thermocouple was located 

I 



TABLE I 

BAFFLE PRESSURE DROP AND ENGINE OPERATING TEMPERATURES 

Summary of Test Data 

Run 

NO. 

BPD Cooling Cyl. Hd. Temp. 
Tunnel Cowl in. HZ0 A1r ‘F 

Engme Settmgs A1r Flaps Theor Temp. Spec’f’d 

M.A P. bhp Speed in. Req’d RISC Max. 

=Pm in. Hg. 4 mph Open Obt’d *** ‘F Obt’d * 
1 

1 2150 34.2 1435 112 2.0 1.6 3.4 185 440 450 

2 2150 34.2 1435 112 5.5** 3.8 3.4 105 380 450 

3 2400 42.0 2000 112 3.5 3.3 4.2 130 482 480 

4 2400 42 0 2000 104 4.0 3.1 4.2 120 478 460 

5 2400 42,0 2000 90 5 5*;* 3.1 4.2 125 482 480 

6 2400 42.0 2000 112 5.5** 4.0 42 130 490 480 

7 2750 52.0 2500 112 5.5** 4.4 4.6 135 520t 500 

* From U.S A.F. Technxal Order No. AN Ol-20EJA-1 
* * Maxnnum Openmg 

* * * From Wright Aeronautical Corporatmn Drawmg No. IS-2000 



l THERMOCOUPLES BRAZED TO SHROUD 

ADOITIONAL THERMOCOUPLES FlXED IN AIR. 

Tt RIGNT SIDE OF ENGINE LEFT SIDE OF ENGINE 

I2 OELOU BEWERATOR BELOW FUEL PUMP 
IS BELOW FEATWERING PUYP BELOW FUEL INJECTOR PUMP 
14 BELOW TURBOSUPERCHARGER BELOW OIL DILUTION VALVE 

OIL ANTI-LEAU VALVE 
IS NEAR WASTE-GATE CONTROL NEAR WASTE GATE CONTROL SNAFT 

MOTOR 
16 ~~;~TWA”TE GATE CONTROL NE4R FUEL FILTER 

MOTE’ NUMBERS CORRESPOND TO THOSE ON CHARTS SHOWN IN FIGURE I 

F,g 3 Locat,on of Thermocouples lnstde Accessory Sect,on 

To study the effect of air flow on tem- 

peratures I,, the stack well, a spec,al a,r ,n- 

take duct was added to the louvered cover of 

the right exhaust shroud at ,ts forward end 

JUSt aft of the a,r seal d,aphragm The duct 

was equpped w,th a valve by wh,ch the amount 

of a,= pass ,ng Into the duct could be con- 

trolled For further control of the a,r through 

the well. a s l,d,ng cover plate was placed 

over the louvers so that the area of the louver 

openmgs could be remotely controlled by a 

pull cable actmg agamst a sprmg return The 

duct and sl,d,ng cover plate are shown ,n 

F,g 5 The special a,r duct controlled the 

quantity or rate of a,r flow, wh,le the cover, 

,n effect, controlled *he turbulence of the a,r 

flow ,ns,de the stack well (the g r e ate r the 

louver openmg. the greater the turbulence) 

Thus, between them, they controlled the rm- 

portant character,st,cs of the a,= flow around 
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Fig 4 Locatmn of Thermocouples on 

R,ght Hand Exhaust Stack Surface 

and 1x1 Stack Well 

. the s tack and turbosupercharger winch af- 

fectedflre qmtmn With the louvers closed, 

all the air passed back over the turbosuper- 

charger and out around the tall pipes 

A pressure pickup was mounted on the 

turbosupercharger was t e gate shroudmg to 

measure the relative air flow through the well 

durmg changes ,n the valve andlouver settmgs 

In Fog 6. ,t appears Just aft of the tall pipe 

Th,s pxkup was a comb,natlon ramand 

suctmn arrangement conslstlng of two open- 

end tubes, one of which pomted upstream and 

the other downstream Both were enclosed 

in a vent”=,-type head Smce a callbratmn 

was never made of tins head durmg the course 

of the tests, the readmgs should be used only 

as relative mdlcatmns of air flow. 

In addltmn to the temperature and pres- 

sure data gathered on the exhaust system of 

the B-29. temperatures and pressures also 

were taken of the a I r c r aft vacuum system 

under normal operatmn and under condltmns 

of s y s t e m blockage These measurements 

were takento assist ,n settmgup a bench test 

for mvestlgatmg fire ha z a r d s in malfunc- 

tmmng vacuum systems The results of tins 

test work have been publ,shed5 

Followmg the temperature survey. the 

search for Igmtmn sources was contmued by 

cixectmg lOO-octane gasolme onto the poten- 

tlally hazardous areas tn the accessory 

section. The gasolme was sprayed through 

a 3/32 u, diameter nozzle at a rate of 0 5 

gpm by a 400 gph AN 4101 TF aircraft fuel 

P”mP Later the nozzle was moved to the 

exhaust stackwell for convenience in studymg 

the effects of air flow on Igmtmn A total of 

168 tests were made ,n th,s general study of 

sources and causes of Igmtmn 

In a typxal test, the nozzle was first 

s e c u r e d ,n the desired locatIon Then the 

engme and the wmd tunnel were started and 

brought up to normal operatmg condltmns or 

to the condltxx,s to be Imposed by the tests 

The fuel then was d I s c ha r g e d through the 

nozzle and If ~gmtmn occurred. the fuel was 

lmmedlately shut off If necessary. carbon 

dmxlde was released Into the accessory 

s e c tl o n until the fire was extmguxhed It 

usually was possible to run through a series 

of tests without shuttmg down the engme, by 

varymg the fuel, tne remotely controllable 

test parts, and occasmnally the e nglne or 

tunnel settmgs. 

The nozzle was located at a number of 

different points InsIde Zone 2 Durmg each 

test, the occurrence or nonoccurrence of 

qmtmn under the test cond~tmns was noted. 

If no Ignltmn occurred. the path of fuel flow 

after electIon from the nozzle was roughly 

traced The path was revealed visually by 

leakage of fluid to the outsIde of the nacelle 

or Into the exhaust stack well through gaps III 

the shroud as well as by the thermocouple 

records whxhlndlcated exposure to unburned 

fuel by a rapid drop in temperature. 

A group of sxumt type Edison detectors 

was a s s e m b 1 e d on a panel wh,ch could be 

placedznanyregmnof the accessory section 

This was used ,n some of the tests to prov,de 

an mdlcat,on of lgmtmn when visual obser- 

vatmn mqht not be reliable 

DISCUSSION 

The ma*lmum temperature recorded 

on the ,nner surface of the exhaust stack 

shroud durmg normal oreratmn was 460” F 

at thermocouple No. 7. left side, Fq 3 

5J J. Gassmann. “Investlgatlon of 

Fres Orlglnatlng mAlrcraft Vacuum 

Systems.” CAA Techmcal Development Report 

No 67. June 1947 



Fig 5 AU Scoop and Louver Cover on Exhaust Stack Well 

This 1s near the place where one layer of 

steel shroudmg IS d IS c on t 1 nu e d for about 

2 m Just above the Junctmn between the ex- 

haust stack and turbosupercharger. Fig 6 

This spot consistently was about 100°F 

hotter thanthe rest ofthe shroud The 

temperature wasnot duphcatedatNo 7 

thermocouple on the right side because this 

thermocouple could not be located at an ex- 

actly comparable spot on the shroudmg 

As previously mentmned, breaks In the 

exhaust stack were simulated by separatmg 

the flanged Jomts In the stack When the 

f 1 an g e d Jomt mldway between the air seal 

diaphragm and the turbosupercharger was 

separated 1 l/4 m , the temperature at 

thermocouple No 7. right side, reached 

1, 140” F, butwhenseparatedone-eIghthinch, 

the maxlmum temperature (after 12 mmutes 

of operatmn) was only 350’ F. 

Next, the flanged Jomt farther forward 

lust aft of the air seal dtaphragm was opened 

three-etghths Inch for a test at 2,400 rpm 

The vlbratmn at thx speed caused the openmg 

to enlarge and wIthIn three mmutes the max- 

lmum temperatures were near 1, 200°F at 

thermocouples Nos 3 and 5 High temper- 

aturesweremorewldespread thanmthe 

previous test This was attributed to the fact 

thatescapmg exhaust gases were able to gam 

entrance to the space between the two layers 

of shroud Durmg the s e runs, the wmd 

tunnel air speed was kept low When It was 

Increased to maximum, the temperatures 

dropped as much as 400” to 500” Repre- 

sentatlve curves lllustratmg the above con- 

dltmns are shown In Fig 7 

Temperatures on the surface of the ex- 

haust stack m the regmn of the stack well 

were 1. 050’ to 1. 150’ F durmg normal oper- 



Fig 6 Vleur lnstde Exhaust Stack Well Showmg Double Shroud Wall 
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TUNNEL SETTING - 
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Y 
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O 2 4 6 8 10 12 14 16 18 20 

TIME IN MINUTES 

Cal ENGINE NORMAL (TEMPERATURES OF ALL THERMOCOUPLES 

NOT SHOWN RUN BETWEEN THOSE OF NUMBERS II AND 15) 

k- TUNNEL SETTING - SOMPH 

WARM UP-& 

0 
0 2 4 6 e IO 12 14 16 1.9 20 

TIME IN MINUTES 

Cb) SIMULATED EXHAUST STACK FAILURE (BREAK 

JUST AFT OF AIR SEAL DIAPHRAGM1 

Fig 7 Internal Zone 2 Temperatures, on Sh-oud Surface and m Air Durmg 

Normal and Abnormal Engme Operatmn (See Fig 3 for Thermocouple 

Locations ) 
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Fog 8 Varmtmn of AL= Flow Through 

Exhaust Stack Well urlth Change m 

Settmg of Valve m Added AL= Scoop 

(Air Flow Measured AdJacent to 

Waste Gate Tall Pipe ) 

atmn However, these temperatures could 

be changedby changmg the amount and char- 
acter of the air flow through the well by means 

of the added air duct and the louver cover 

Pressure readmgs m Inches of water, 

taken near the waste gate, gave an md~catlon 

of the relative amount of ax passmg through 

the well as the air valve and the louver 

openings were varxd Fig 8 shows the 

pressures recorded The normal cond~tmn 

of the well 1s represented by havmg the louvers 

open and the air scoop closed Pressures for 

this condltmnaveragedabout 1 1 m ofwater 

The hlghe s t pressure was noted when the 

louvers were fully closed and the air scoop 

fully open The p r e s s u r e under ttus con- 

dltmn was 3 1 m of water 

F.g 9 shows graphlcally the relatmn- 

shop between the rate or quantity of ar flow 

through the well, the turbulence of the air 

flow, and the temperature of the heated sur- 

face over wluch the air 1s flow,ng The 

curves are based on data obtamed by ther- 

mocouple No 7 (Fig 4) m 32 tests wherem 

the character of the air flow In the exhaust 

stack well was varied by changmg the open- 

mg of the valve of the special a,r Intake duct 

and the openmg of the louvers In the first 

case. rate of flow xxx-eased with mcreased 

opening of the valve. as shown In Fig 8 

In the second case, turbulence Increased 

with Increased openmg of the louvers 

By assummg a proportmnal extensmn 

of the data Into certam regions not covered 

by actual tests, a system of constant tem- 

perature hnes has been drawn to show m 

Fog 9 that 

1 as air flow Increases, temperature 

decreases. 

2 above a certam rate of flow, as tJr- 

bulence mcreases, at a constant rate of 

flow. temperature Increases, 

3 below a certam rate of flow. as tur- 

bulence Increases, at a constant rate of 

flow, temperature decreases, 

4 at certam low rates of flow, mcreased 

turbulence has no cons,stent effect on 

temperature 

Although the term “turbulence” 1s used 

here to descr,be the effect of lncr eased 

louver openmg, it 1s realized that at low 

lmear rates of flow the Increased openmg has 

the effect of mcreasmg the quantity of air 

reachmg the hot surface Therefore, the 

condltlon described m Ltem 3 would be ex- 

petted to exist 

The slgnlfxant regmn of this plot 1s the 

regmn of hqher flow rates where mcreasmg 

turbulence In the vlcmlty of a hot surface 1s 

shown to have an adverse effect on safety by 

causmghlgher surface temperatures 

Furthermore. the blgher the lmear flow rate 

the greater this adverse effect becomes as 

revealed by the mcreasmg slope of the con- 

stant temperature hnes The apparent effect 

of tins on fore xgmt,on was revealed m the 

tests 

Followmg are the results of the tem- 

perature andpressure stuclles made onthe air- 

craft vacuumsystem under normal operatmn 

when the engme was runnmg at 2,400 rpm and 

the wmd tunnel was producmg an a,r blast of 

112 mph At the vacuum side of the pump, a 

dlfferent,al of 8 m of mercury was mdlcated. 

while on the pressure side, a dlfferentlal of 

18 ~rx was mdlcated The temperature of 

the vacuumstde was 150’ F. and of the pres- 

sure side, 250” F These temperatures are 

less than have been reported m flymg air- 

craft When the vacuum side was blocked. 

the temperature on the vacuum stde was 300’ 

F. while at the pressure bide It was 550” F 

Theworst condltlon occurred when the pres- 

sure side was completely blocked Tlus con- 

dltmn p r o d u c e d temperatures In excess of 

800” F, at which pomt fire could result If the 
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J GONOlTlONS OF STANDARD N&CELLE 

CLOSED 

INES 

n e c D E 

AIR SCOOP VALVE SETTING (SEE NOTES BELOW) 

F 

INCREASING LINER AIR FLOW- 

NOTES I NUMBERS ON CHART ARE TEMPERATURES IN DEGREES F OF 

EXH&“ST STACK SURFACE (THERMOCOUPLE NO 7, FIG 4, 

(EACH IS AVERAGE OF SEVERAL READINGS1 

2 NOTATION OF AIR INT&KE OPENINGS 

A-ADDED AIR SCOOP CLOSED, 

OPENING FROM ZONE I 

EXHAUST SHROUD STOPPED UP 

E-ADDED AIR SCOOP CLOSED 

c- II ,. , l/4 OPEN OPENING FROM ZONE I 

D- - ” Ia v2 I8 EXHAUST SHROUD 
E- . . , II 3/4 a* 

1 

OPENED (NORMAL1 

F- ,I II II FULLY OPEN 

F,g 9 Effect of Character of A,r Flow Through Exhaust Stack Well on 

Temperature of Stack Surface 

proper rat10 of an to o,lw.por were present As noted prevmusly, ,t was possible to 

Pressures exceeded 100 PSI trace roughly the paths followed by a sunulated 
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fluld leak wlthm the accessory sectmn by two 

methods. VLZ , vzsual mspectron durmg the 

flow and study of recorded temperatures of 

thermocouples 1 o c ate d ,n the regmn of the 

leak C e r t a 1 n obse rvatmns thus made are 

noteworthy 

It appeared that the r e ,s msuff,clent 

flow of air wlthm Zone 2 to carry a falhng 

fluld very far from ,ts n a t u r a 1 course and 

that It ~111 therefore flow to the bottom of the 

zone unless It reaches another exit to the 

outslde Thus, allfluld wh,ch,s not released 

very close to the outer c owlxng or ,n the 

nelghborhood of certam portmns of the ex- 

haust s tack shrouds fmds Its way to the bottom 

of the nacelle and ap p a r e n t 1 y drams out 

throughthe gap Just forward of the 011 cooler 

a,r extt flap No f 1 u L d which followed this 

path was lgmted ,n these tests. 

In some tests, gas ol,ne was ejected 

just above the forward end of the exhaust 

stack shroud, f o r w a r d and outboard of the 

feathermg pump. near the smgle louver 11, 

the cowlmg at this pomt The gasolme thus 

releasedwas seen to flow out through cracks 

ln the cowlmg. especially between the cowlmg 

and air seal diaphragm and between the 

cowlmg and stack shroud A httle came out 

the louver It flowed downover the stack 

well cover and apparently Into the well, but 

no lgmtmnoccurred in these tests even when 

the stack was separated at a nearby ,omt and 

temperatures were excessive 

In two tests, fuel was released above 

the turbosupercharger shroudandcompressor 

casmg mthe left side of Zone 2 In this case, 

fuel was seen flowmg down over the turbo- 

supercharger and the coolmg bell, but agam 

no ,gmtmn occurred 

Fuel r e 1 e a s e d above the ,o,nt ,n the 

stack shroud J"5t forward of the turbosuper- 

charger (Fig 6). flowed profusely through 
the J o,nt down onto the stack and shroud, 

where 1 g n 1 tl o n frequently occurred It 1.5 
possible that the excess,ve temperature to 

which the shroud had been subJected due to 

exhaust gas leakage below ,t had warped the 

shroud and opened the Jomt wider than 

nCJrnl.31 Although this 1s a contmgency to 

be reckoned with ,n practice, for these tests 

the JOl"t was restored to normalcy as nearly 

as possible. with addItIona bolts to draw the 

overlapped parts together Fire which was 

Igmted in this manner nearly always spread 

Into the lnt e r 1or of the accessory sectmn 

This occurred mstantanewsly and with near- 

explos,ve violence In some Instances. the 

accessory door was blown out 

Unfortunately, the propeller feathermg 

011 tank the turbosupercharger lubrlcatmg 

011 tank, and the gasolme and or1 lmes along 

the sides of the a c c e s so r y sectmn are so 

located that If a failure should occur in any 

of them, the f 1 am m a. bl e flulds which they 

contam rmght conceivably seep through the 

hazardous lap Jon-it and become lgnlted A 

general r e 1 o c at 1 on and reroutmg of these 

items m the a c c e s 5 or y sectmn would be a 

desirable modlfxatmn. 

In later tests, the fuel nozzle was 

moved to var,o”s poslt,ons around the stack 

Itself, and the mvestlgatmn was confmed to 

the Influence of air flow through this regmn 

on f,re lgnltlon 

As prevmuslypomted out, the recorded 

pressure of the air passmg through the nor- 

mal conflguratmn of the exhaust stack well 

was 1 1 In of water. Thas was msufflclent 

toprevent fires from readily bemg lgmted in 

the stack well when gasolme was Introduced 

n-do this regmn Even when the a,= flow was 

Increased to produce a pressure of 1 b HI., 
fire would start The highest pressure ob- 

served was 3.1 ,n At that rate of flow, fuel 

was never lgnlted ,n the stack well m any of 

the tests. 

A detaIled study of these relatmns was 

not attempted on the full-scale power plant, 

but such a study 1s bemg made under con- 

trolled condltlons on the bench 

The results of bench tests conducted to 

date are not d,rectlyappllcable to the problem 

ofalr flow ,n the B-29 exhaust stack well be- 

cause the wellwas not duplicated on the bench 

However, they appear to lend support to the 

observatmns made in c on n e c t 1 on mth the 

B-29 tests that, at a given temperature of 

the hot stack, If the air speed 1s above a cer- 

tam value. 1gmtmn WI11 not occur. 

Inthe bench tests, the stack 1s a smooth 

cylmdrxal tube and the duct 1s smooth-sur- 

faced and of square cross sectmn With this 

comparat~velyunrestrlcted arrangement, the 

air speeds required to prevent vgmtmn are 

muchlower than those required in the well of 

the engme mstallatmn. 

The results of 89 engme exhaust stack 

well tests, usmg gasolme for fuel. are shown 

graphIcally m F,g 10, “smg the same co- 

ordmates as for the temperature plots of 
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Fxg. 10 Effect of Character of Air Flow 

Through Exhaust Stack Well on 

Igmtmn of Gasolme by Exhaust 

Stack 

Fig. 9 In Fig 10. a circle represents a 

test m which lgmtmn occurred and an x rep- 

resents a test m which no lgmtmn occurred. 

The locatmn of the mark shows the relattve 

condltmns of air flow exlstmg m the stack 

well durmg the test as de t e r ml n e d by the 

posltmn of the valve m the added air Intake 

scoop and of the louver cover All other 

condttmns are unchanged except the locatmn 

of the fuel nozzle and the rate of fuel flow. 

Two posllmns were used for the nozzle. one 

mstde the accessory sectmn secured about 

5 m above the shroud at the overlapplng 

Jomt prevmusly referred to (Just forward of 

the flangedconnectmn between stack and tur- 

bosupercharger). and the other posltmn with- 

mthe stackwell, 7 m forward of the forward 

edge of the turbosupercharger coolmg bell, 

1 m below the upper surface of the stack 

well, and 4 m inward from the well cover 

In the first posItion, the rate of gasolme flow 

was about 0 5 gpm, m the second about 0 2 

gpm (through a nozzle havmg a. No 60 drill 

hole). 
The regions of the plot m which agnltmn 

occurs and m which no lgmtmn occurs are 

quite well defmed by the lme drawn to rep- 

resent the borderlme condltmns In general. 

low lmear air flow and high turbulence are 

conducive to lgmtmn. and the opposite char- 

acterlstlcs. to greater safety 

A comparison between this plot and that 

of Fig 9 shows that the boundary lme of 

lgmtmn deviates from the constant tempera- 

ture lmes most sharply m the range of mm,- 

mum turbulence and m the dlrectmn of greater 

safety (less ltkellhood of lgnltmn) This de- 

vlatmn substantiates what might be theoret- 

sally reasoned, VIZ., that turbulent ax m a 

regmn of potential lgmtmn does double duty 

m facllltatmg Ignltmn by mcreasmg surface 

temperature and by more thoroughly dls- 

trlbutmg the fuel around the surface and en- 

couragmgthe existence of localized explosive 

mxtures. 

As a fur the r commentary regardmg 

shrouded and unshrouded exhaust stacks, rt 

1s well to note that not a smgle case of ‘g- 

mtmn occurred m 28 tests where fuels were 

dlrected upon the rmg m Zone 1 although the 

rmg was heated to a bright cherry red The 

opensmoothalr blast past It apparently made 

Igmtmn ampossIble. 

A brief series of tests was conducted to 

mvestlgate the poss,b,l,ty of ,gmtmn by an 

overloaded motor or pump 1 n s Ed e Zone 2 

The propeller feathermg pump was used for 

the tests and a manual shutoff valve was 

placed m the outlet lme of the pump so that 

by closmg the valve and operatmg the pump a 

condltmn of overload on the pump and motor 

could be obtamed Gasolme was allowed to 

flow onto the motor and pump d u r I ng each 

test from a one-fourth Inch tube located dl- 

rectly above the motor Durmg this over- 

load condltmn. a thermocouple on the motor 

mdlcated a maximum temperature of 350” F 

and a thermocouple on the pump mdxated a 

max,mum of 160’ F After four tests with a 

total runnmg time of 16 mmutes. the motor 

was moperable, the pant on the motor casmg 

was badly blIstered and two 200 amp fuses 

were blown A 325 amp fuse was used for 

the fmal test However. the gasolme runnmg 

over the motor and pump was not Igmted ln 

any of the tests Work of thus nature 1s 

planned In the bench tests where more accurate 

and controlled condltmns can be obtamed. 

CONCLUSIONS 

1 The double layer of metal separated by an 

axr space. whxh forms the shroud between 
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the exhaust stack well and the a c c e s s or y 

sectmn. 1s effective m shuzldmg the accessory 

sectmn from the heat of the exhaust stack 

2 For maxImum benefit, the double layer of 

metal should be contmuous and should be so 

deslgned that the space betweenthe two layers 

can be dramed 

3 Fatlure of the exhaust stack can cause a 

dangerously high temperature mslde the ac- 

cessory sect 10” near the regmn where the 

failure occurs 

4 Increased axr flow through the stack well 

IS effective m reducmg the temperature m that 

regmn and m preventmg lgnltmn. 

5 Complete blockage of the pressure stde of 

a vacuumpump wh& m operatmn can produce 

a suffxlentlyhlghoperatmg temperature with- 

m the pump to create an lgmtmn source 

b Gasolme leakage mslde the a c c e s s or y 

sectmn ~111 dram away harmlessly m most 

1”s tanc e s except when the leakage gams 

access to the turbosupercharger through the 

shroudmg Fire then can occur and spread 

back Into the accessory sectmn 

7. 0 ve r 1 o a d e d pumps and motors dtd not 

generate suffxlent heat to be c o me Ignttmn 

sources ln the tests 

THE IGNITABILITY OF AIRCRAFT FLUIDS 

The purpose of thx mvestlgatmn was 

to de t e r m I n e the relative ,gnttablllty of a 

number of alrcraft flutds m an effort to fmd 

new fluids which would be less ha e a r do u s 

than those currently used. Hydraulx flulds, 

lubrxatmg 011s. and gasolmes are all highly 

flammable, but, with the except ion of the 

latter, do not need to be It IS conceivable 

that even gasolme might be made more safe 

Hence, a numbe r of tests have been con- 

ducted usmg all the avaIlable flu,ds 

One series of tests was completed m 

which comparisons were made of seven 

hydraulic flutds All were exposed to varmus 

types of lgnltmn sources to determme thetr 

relative flammabtllty under flrght condltlons 

In the B-29 mstallatmn, under s emulated 

flight condltmns, four types of Ignltmn sources 

were provtded hot stack, hot gases, spark. 

and a prevmus fire (presumed to have orlgl- 

nated e 1 s e w h e r e m the mstallatmn) One 

fluId tested was the standard hydrauhc fluld 

currently used m alrcraft The remammg 

flulds were developed by varmus compames 

m an effort to fmd a flutd which 1s less flam- 

mable than the standard The results of 

these tests have been reported. 6 

Another series of tests were conducted 

using SAE 10 011. loo-octane gasollne. 

kerosene, and a few low volatlllty fuels The 

latter are special fuels whxh have a sharply 

defined bollmg range In laboratory tests 

conducted by a few 011 companxs , these fuels 

appeared to be less hazardous than loo-octane 

gasolme However, the t e s t s consIsted of 

splllmg or splashmg the fuels nea= lgmtlon 

sources such as an open flame, a hot stack. 

or an electric arc No tests had been con- 

ducted m whxh the fuels were released in 

the presence of lgnttmn sources m atrcraft 

power plants op e rat 1 n g under fhght con- 

dltmns Tests of this nature, therefore, 

were undertaken m connectmn with the lg- 

mtmn source mvestlgatmn conducted on the 

test power plant mstallatmn. 

PROCEDURE 

The test equipment used m this m- 

vestlgatmnalreadyhas beenlargelydescrlbed 

under the previous sectmn of this report 

titled ‘Fire Igmtmn Sources ‘I However, m- 

stead of a smgle nozzle bemg employed, as 

many as four nozzle s were used - one for 

eachof the fuels bemg compared at the time 

The nozzles were mounted together m such 

a manner thatone fuel after another could be 

s p r a ye d and tested wtth the same lgnltmn 

source Each nozzle was connected by one- 

fourth mch OD copper tubmg to Its own air- 

craft fuel pump, which. m turn, was con- 

nected to Its own supply drum 

Durmg the course of this series of 

tests, the engme was operated usually at 

2. 400 rpmand 31 m mantfold absolute pres- 

sure The cylmder head temperatures were 

mtentlonally kept high at 350 to 450’ F The 

wmd tunnel produced a 112 mph air blast 

through and over the nacelle 

Once the nozzles had been mounted in a 

particular posItIon m the nacelle, It was pos- 

stble to proceed through a serxs of mdl- 

b Power Plant Sectmn. ‘Determmatmn 

of Ignltmn Characterlstlcs of Hydrauhc FluIds 

Under SlmulatedFllghtandCrashCondltmns.” 

CAA TechnIcal Development Report No 64. 

April 1947 
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vldual tests of the several flulds under a 

number of different e n g I n e operatmg con- 

dLtmns. After compl&ng one cycle of tests 

the nozzles were moved as desued and the 

testrngresumed The sequence and operation 

tune of varzous units in the test system such 

as the fuel pumps, the fxe detectors, and the 

extmgushers were recorded 

In an mdlvldual test of a particular fuel, 

the proper pump was o p e rated for a one 

mmute permd unless fire o c c u r r e d The 

pump produced a flow of 0 5 gpm at the noz- 

7,le If fire occurred, the pump was stopped 

and the flow to the nozzle termmated. Usually 

the cessatmn of the flow was suffwlent to ex- 

tmgulsh the f I r e , but occas,onally the fire 

p e r s 1 s t e d necessltatmg the use of carbon 

dmxlde from the stand-by system 

DISCUSSION 

A series of 35 tests was conducted ,n 

whxh SAE 10 011 was the flammable flutd 

used The tests were conducted m a sxmlar 

manner to the tests mvolvmg gasolme and the 

results are plotted x,Flg 11 usmg co- 

ordinates snnllar to those of Fig. 10 for 

gasolme. Comparlsonof the two plots shows 

a larger area of potential lgnltmn for 011 be- 

y1 
4 

Fig 11 Effect of Character of Air Flow 

Through Exhaust Stack Well on 

Igmtmn of 011 by Exhaust Stack 

cause two f,res were ,gn,ted with the air 

scoop one-half open and the louvers closed. 

In general. th,s substantiates the results of 

other nwestlgatmns, mcludmg Zone 1 tests 

described later in this report 

In comparmg the relative ,gmtabllltles 

of low volatlllty fuels with g a s o 1 in e 1x1 any 

groupof tests, no conslstentd,fferences were 

found An apparently supermr performance 

of gas ol,ne m one group of tests would be 

nulllfwd by an opposite performance in an- 

other group It was generally observed, 

however, that the lower volatlllty fuels were 

less predlctable in their reactmns to a given 

set of cond,t,ons than was gasolne and thus, 

III th,s somewhat negat,ve sense, were more 

hazardous 

In a separate series of 359 tests In 

which the “armus fuels were more dxectly 

compared under different condxtmns, the re- 

sults agam md,cated that no adequate grounds 

ex1s.t for r a tlng one type of engule fuel as 

safer thananother w,th respect to engme fires 

m flight Table II summarizes the results, 
showmg the number of tests resultmg ,n f,res 

and the number resultmg in no fires as well 

as the percentage of f,res to tests for each 

fueland for eachtype of tgmtmnsource tried 

Each test cons,sted of the electIon of a fuel 

Into the speclfled lgmtmn s our c e for from 

30 seconds to one mznute unless fire broke 

out xl less tmle 

For the collector rmngtests, the nozzles 

were mounted,ust forward of the rear collect= 

r,ng approxnnately aft of cylmder No 5 (right 

center of engn-,e), dlrected rearward so that 

the fuel nnpmged duectly on the rmg surface 

For the stack and turbosupercharger tests, 

the nozzles were msxde the exhaust stack 

well and they eJected the fuels directly onto 

the stack XI some tests and onto the turbo- 

supercharger casmgmothers. For the spark 

tests, a shlelded spark plug was placed m the 

air streamoutstde the nacelle and the nozzles 

dIrected the fuel toward ,t IndIfferent tests, 

the engme speed ranged from 800 to 2,400 

rpm and tunnel settmgs ranged from low to 

maximum 

A shghtly lower percentage of fires to 

total attempts ,s shown for the low volatlhty 

fuels than for gasolme and kerosene, but the 

difference cannot be consldered to constitute 

apos,t,ve safetyfactor It also was observed 

that the low volatility fuels and kerosene 

burned w,th consistently less v,olence than 



did gasolme m the brief fires of these tests, 

but this too 1s of s 11 g h t slgmfmmce smce 

ample experxnce has shown that even heavy 

engme 011 can burn with great violence and 

heat whenstarted, especmlly m the presence 

of an a,r blast. There appears to be no slg- 

nlflcant difference between the performances 

of the three types of low volatlllty fuels tested 

CONCLUSIONS 

In the event of engme failure in fl,ght, 

whxh releases quantltles of flammable flulds 

amid the lgnltlon sources about the engme, 

(a) Low volatlhty fuels would be nearly 

as hazardous as lOO-octane gasolme, 

(b) SAE 10 011 would be more hazardous 

than loo-octane gasolme 

(c) Kerosene would be more hazardous 

than loo-octane gasolme or low volatlllty 

fuels 

FIRE DETECTION 

A fire detectmg program for the B-29 

airplane was conducted concurrently by another 

fire test group under contract to the U S 

Am Force7 Therefore, detectlon problems 

7C-O-Two F 1 r e Equipment Company 

“AlrcraftPower Plant Fire Protectlonl’ Fmal 

Report on A A F Contract No W-33-038- 

ac-8489. February 1946 

were not included m these mvestlgatxons 

However, some mformatlon whzh would be 

helpful m deslgnmg a fire detectmg system 

for this airplane was sought Also, two 

types of detectors were g Eve n prelmnnary 

tests 

DETECTING SYSTEM DESIGN DATA 

Tests were conducted m the B-29 

engme mstallattonto determme the maxxnum 

temperatures and the maximum rates of tem- 

perature rise ofthe air atthe cowlflap 

opemngs durmg nor ma1 and severe engme 

operatmgcondltlons Inthe accessorysectlon, 

an attempt was made to dxz.cover some par- 

tlcular r e g 1 on or regions w h 1 c h would be 

conslstentlyexposedto theheat of fxes or,g- 

matmg anywhere m the zone so that a de- 

tector system could be s,mpl,f,ed by the lo- 

catton of a m1nwnurn number of detectors ,n 

the most advantageous places 

Seven thermocouples were mstalled m 

the cowl flap o p e n 1 n g s , spaced umformly 

around the engme to record the temperature 

changes durmg operations whxh would sup- 

posedly produce the highest temperature or 

the greatest change m temperature 

These operations Included landmg and 

cuttmg the engine, and propeller pitch re- 

versal Both operations were s I mu 1 ate d 

Smce the pro pe 11 e r on this partxular test 

mstallat1on could not be reversed, this pro- 

cedure was sxnulated by releasmg a current 

of air from a compressed-air lme through an 

expandmg horn placed JUS t aft of the top cowl 
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flaps d,rected forward 

For each test, the eng,“e was run for 

from 10 to 25 mmutes w,th the cyhnder head 

temperature at about 450” F To make the 

cond,t,ons more severe ,n some tests, the 

cowl flaps were closed to about three-fourths 

Inch opemng ,mmedx&elyupon shutt,ng down 

The results obtamed from the cowl flap 

thermocouples ,n three representat,ve tests 

are reproduced as curves ,n F,g 12 The 

max,mum rate of temperature r,se obtamed 

,n any test was about 450’ F per m,nute, but 

th,s rate lasted only four seconds, and the 

average change of temperature was approx,- 

mate1y 100” I” all tests The max,mum tem- 

peratures and max,mum rates of r,se occurred 

m the top sector of the engine and ,n the 

reg,ons adJacent to the two exhaust stacks 

A ser,es of 6,x Ed,son type detectors mounted 

,n the top of the cowl flap open, n g d,d not 

operate dur,ng any of the tests 

In the accessory sect,on, four groups 

of detectors were mounted at selected reg,ons, 

one group ,n each reg,on Each group con- 

slsted of four Ed,son type detector un,ts con- 

nected ,n ser,es The four locat,ons were 

1 At the top of the zone, above the a,r 

mtake ducts to the carburetors 

2 At the s,des of the zone Just below the 

access doors (two detector un,ts on each 

stde, hut all connected together) 

3. At the bottom of the zone, two or three 

Inches above the upper surface of the man 

air duct 

4. At the approx,mate center of the zone, 

Just aft of the starter 

The extreme rear end of the .mne. ,t 

was thought, would undoubtedly requ,re lo- 

cal,zed coverage and was not Included ,n th,s 

study 

W,th the wnd tunnel operatmg at full 

power (112 mph), but w,thout the eng,ne run- 

mng (p r op e 1 le r feathered). small runn,ng 

gasohne fires were ,gn,ted m var,ous parts 

of the zone. Records were made of the de- 

tector groups wh,ch o p e r ate d and the t,me 

requ,red to signal an alarm 

In tests w,th f,re or,g,nat,ng at seven 

d,fferent locat,ons ,n Zone 2, no one group of 

un,tdetectors operatedcons,stently React,ng 

t,mes ,n general were poor, rangmg from 7 

to 34 seconds However, none of the f,res 

was located very close to any group F,res 

located far forward at the bottom of the zone 

were not detected at all, and most of the f,re 

appeared to be e me r g, n g to the outs,de of 

the nacelle through cracks between the a,r 

seald,aphragm and the cowlmg In 20 tests, 

group one operated most frequently, 13 

t,mes, group two operated 9 t,mes. group 

four operated 7 t,mes. and group three not 

at all 

PRELIMINARY TESTS OF 

TWO TYPES OF DETECTORS 

Tests of a prel,m,na,y nature were 

conducted w,th two types of detectors to de- 

term,ne the,= rel,ab,l,tyand l,m,tat,ons The 

f,rst was a flame detector des,gned by Mm- 

neapol,s-Honeywell Regulator Company. and 

the second was a 1,ght detector des,gned by 

Photosw,tch, lnc 

The M,nneapol,s-Honeywell de t e c t o r 

cons,sted of a standard l/16 ,n sta,nless 

steel stranded control cable wh,ch was 

mountedon the stde of the nacelle and under- 

stde of the w,ng by means of standard com- 

merc,al standoff porcela,” msulators. The 

pr,nc,ple of operat,on requ,red that flames be 

carr,ed backward along the outsIde surface 

of the n a c e 11 e or under the surface of the 

wmg by the a,r stream ,n such a way as to 

,mp,nge on both the a,rcraft skin and the de- 

tector w,re s,multaneously The flames. 

be,ng ,on,zed. completed an electr,c c,rcult 

wh,ch caused a warn,ng hght to operate and 

thus ,nd,cate the presence of f,re Gasol,ne 

f,res were used ,n some tests and hydraul,c 

flutd f,res ,” others. Both the w,nd tunnel 

and the eng,“e were ,n operat,on dur,ng these 

tests. 

The Photosw,tch detector (trade-mark 

“F,reye”) ws e d a photocell One photocell 

unit was placed ,n the power sect,on near the 

cowhngat about StatIon -30 (see F,g 19) and 

rad,ally at about Cylmder No 4 (see F,g. 13) 

It was po,nted to observe the area downward 

and rearward of that po,nt F,res were orlg- 

,natedat a number of d,fferent pomts. both ,n 

front and ,n back of the eng,ne. s,mulat,ng 

fa,lure at cyl,“ders on the r,ght s,de of the 

engme The other photocell was located Just 

below the accessory door at about Statlon 15 

on the r,ght s,de of the accessory sect,on and 

po,nted to o b s e r v e the oppos,te stde of the 

nacelle F,res were or,g,nated at a number 

of po,nts on the r,ght stde of the accessory 
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sectlon al* 0, thus rncreasmg the dtiflculty The untts were connected to a warrung 

of detectIon light and to a s e q u e nc e recorder. Am at 
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Fq 13 PhotoswItch Detector Mounted on B-29 Engme for Tests 

maxunum speed provided by the wmd tunnel 

was used to smulate flight condltmns The 

engme was not operated durmg these tests 

The Mm,eapol~s -Honeywell d e t e c to r 

was successful m detectmg all fires v/Inch 

were large enough to xnpmge snnultaneously 

on both the de t e c t o r v,lre and the adJacent 

arplane surface However , an unusual re- 

actmnoccurred when sllxone hydra&c flutd 

was burned Thw fluid left a heavy white 

coahg (S,02) on all exposed surfaces and, 

be~nga good ,nsulator, made the detector ,n- 

operative ,n the regmn affected Other hy- 

draullc fluids which were tested left no de- 

posit wlnle burnmg and these fires were de- 

tected Dur,ngprolongedf,res, the reswtance 

of the detector wire to ground reduced con- 

slderably, probably due to a coatmg of carbon 

on the Insulators 

The range of vlsmnof the “Fwzye” de- 

tector umts u/as such that a smgle photocell 

was capable of detectmg any fire or,gmatmg 

on the right side of the engme from Cylmder 

No 18 to Cylmder No 7 or an a,-ea equal to 

nearly half of the engme Thm bang the 

case. ,t wouldseem that two units would suf- 

face as a de t e c t, n g system for thx power 

plant However, ,t ,s desirable to arrange 

for more thana smgle unit to survey a regmn 

of possible flame egress, so. the ,nr,~mum 

numberwhxhshould beconslderedfor use ,n 

the power sectmn ,s four. In the accessory 

sectmn. a smgleumt was capable of detectmg 

nearly every fire orqmatmg I,, thus zone On 



25 

the same theory that overlappmg coverage 1s 

deswable. two units should be considered as 

mmlmum mthe accessory sectmn AddItIonal 

units should be used ,f speaal areas do not 

appear to be adequately attended 

CONCLUSIONS 

1 The maximum rate of temperature r,se at 

the cowl flaps during normal ground operatmrs 

was 450” F per mmute. This was not enough 

to cause the Edison type detector system to 

sound an alarm. 

2 The average change of tempel ature durmg 

I ground operatmns was approximately 100” 

3 Maximum temperatures and maximum 

rates of ruse occurred at the top of the engme 

and near the two exhaust stacks. 

4 Adequate coverageof the accessory 

sectmn could not be secured with any locall- 

L zatmn of units m partvzular regrons, but re- 

qulred a fairly umform dlspersmn of units 

throughout the volume However, some con- 

centratmn of units tow a r d the forward and 

upper sectors seems warranted 
5 The sensltlvtty of the Mmneapolls-Honey- 

well detector varied, dependmg on the thxk- 

ness and type of coatmg deposlted on the wire, 

Insulators, and aIrplane surface 

6 The mmlmum number of “Flreye” umts 

which can be used In the B-29 power sectmn 

to give complete coverage 1s four However , 

a larger number would be desirable 

7 The mm~mum number of “F~reye” un1t.s 

whxh can be used ,n the B-29 a c c e s s or y 

sectmnto give adequate coverage 1s two. un- 

less special regions are to he monItored 

THE B-29 POWER 

SECTION INVESTIGATION 

Tests were undertaken todetermme the 

character of the fire. the possible sources of 

Ignltmn, and the problems of detectmn and 

eatmgulshment when lgmtmn occurs forward 

of the cylmders m Zone 1 of the B-29 power 

plant Followmg many fire tests. studies 

of the nacelle were made to learn what parts 

were mostvulnerable and what improvements 

could be made to prevent the spread of fire 

from Zone 1 to other zones, thus allowmg 

mnre time for extmgulshment 

PROCEDURE 

Most of the experlmentatmn m thx par- 

ttcular part of the mvestlgatmn took place on 

the left side of the power plant, where the 

fxres could be carefully observed Three 

Fenwal fire detector units were mstalled on 

the air seal diaphragm m the regmn of the 

left-handexhaust stackshroud One umt was 

mounted below the shroud adJacent to the cowl 

flap control arm m that sector. one Just above 

the shroud, 18 m. above the fxst unit, and a 

third, 7 In. above the second umt All three 

umts were connected to ge the r to the same 

sIgna light 

One of the extmgulsher rmgs prevmusly 

mentmned under Descrlptmn of Test Equip- 

mentwas connected to a 12 6-lb bottle of 

carbon dloxlde such as 1s normally used m 

alrcraft extmgulsher systems The rmg was 

located Just mslde the cowlrng at a statmn 

approximately adJaCent to the forward side of 

the front row cylmder heads. It was fabrl- 

cated of one-mch c o p p e r tubmg perforated 

with nme slots, each l/l6 by 15/16 m lo- 

cated so that d I s char ge would be radially 

Inward The rmg was supplwd at one pomt 

with one-mch OD tu blng 27 feet long In 

these tests. the carbon dmxlde was released 

from the contamer under high p r e s s u r e at 

approximately 70’ F through a Kldde one- 

Inch flood valve 

While the discharge of carbon dmxlde 

at high pressure IS supermr m effectiveness 

to Its dxcharge at low pressure, It 1s gen- 

erally consldered that a rmg arrangement 1s 

mfermr to a nozzle arrangement HOX!Je”er, 

smce the design of extmgulshmg systems was 

not Included m thus program, no attempt was 

made to design a system In accordance with 

best-known p r act I c e , but rather to use a 

system typxal of those m general service 

In one or two tests, this high pressure 

systemwas trxd for the purpose of comparmg 

It with the low p r e s s u r e stand-by system 

ordmarllyusedm the testwork when needed 

In order to use 011 directly from the 

engme for the fires and the r e by simulate 

actual fire condltmns as closely as posstble, 

a special double outlet flttmg was attached to 

the f r on t 011 pump sump out 1 e t (return to 

tank) and a lme Installed from that pomt to 
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the 011 nozzle A remotely controlled valve 

was placed ,n th,s 1,ne wh,ch, be,ng normally 

closed, allowed all the 011 to follow ,ts usual 

route Dur,ng a test f,re, howue ve r, when 

the valve was opened, the 011 was dlv,ded be- 

tween the f,re and the return to the tank, but, 

smce the mlet to the tank was at the top of 

the nacelle, most of the 011 went to the f,re 

In the last test of th,s serres, a sprmg-loaded 

check valve was placed ,n the return 1,ne to 

the tank to cause all 011 to go to the fire, even 

w,th the nozzle 1 o c a te d near the top of the 

engme 

Dur,ng each test. the spec,al o,l valve 

was opened to start the 011 flow, and kept 

we*, so that the 011 flow conttlnued unt,l the 

eng,ne was stopped The 011 nozzle was 

s,mply the open end of a seven-e,ghth ,nch 

tube, the same s,ze as the outlet of the sump 

The gasol,ne no azle was a one-e,ghth Inch 

d,ameter hole ,n a f,tt,ng wh,ch perm,tted a 

flow of 0 75 gpm 

In all tests, the eng,ne was operated at 

2,300 rpm and 38 5 ,n man,fold pressure 

(1,760 bhp), w,th approx,mately 3 7 ,n cowl 

flap open,ng and 470” F cyl,nder head tem- 

perature The tunne 1 was operated at full 

a,r speed of 112 mph. 

DISCUSSION 

G as o 11 n e alone d,d not lgn,te on the 

engme m any of the tests 011 alone would 

lgnlte cons ,stently. when released ,n the 

lower left regmn of the engme. ,n from 2 to 

20 seconds after the start of 011 flow Ign,t,on 

undoubtedly tookplace on the hot exhaust stack 

m the stack well and worked forward When 

released h,gher ,n the eng,ne, forward of 

Cylmder No 16, however, the o,l dldnot 

,gn,te ,n s,xd,fferent tests ,n wh,ch flow con- 

tmued for from 15 to 45 seconds 

In three tests, the gasolme nozzle was 

placedforward of Cyl,nder No 12 (lower left 

sector of eng,ne) so that the stream of gasol,ne 

d,v,ded andwent partly back through the eng,ne 

to the cowl flaps and partly ,nto the space 

around the forward collector rmg. then 

through the exhaust stackshroud to the turbo- 

supercharger well The f,res wh,ch resulted 

werenotdetected,nany of these tests About 

75 to 90 per cent of the f,re was ,ns,de the 

stackshroud. the rema,nder of the f,re ,ssued 

through the cowl flap open,ng ,n the regmn of 

the detectors The f 1 am e s were strat,f,ed 

and, although they appeared to pass w,th,n 

twoor three ,nches of thedetector un,ts. they 

did not set them off. In all tests. f,re could 

be seen through small cracks ,n the Zone 1 

cowl,ng,n the reg,onof the exhaust stack be- 

tween the front and rear collector r,ngs The 

cowl,ng was burned out m two of the f,res ,n 

th,s regmn 

Detectmn of three 011 f,res occurred ,n 

from two to f,ve seconds after ,gn,t,on, when 

the 011 nozzle was placed so that all the ml 

went back through the cowl flaps 

lns,x tests, ,nwh,ch the fuel to the hre 

was shut off e,ther by clos,ng valves or 

feathering the propeller, the f,res went out 
w,thout use of extlngursher In two of these, 

however, ,n wvt,ch gasolrne was elected ,nto 

the space around the front collector r,ng. the 

fire, though small. hung on ,n the regmn around 

the exhaust stack shroud between the front 

and rear collector r,ngs for about a m,nute 

after the gasol,ne was shut off Other f,res 

went out ,n from 15 to 30 seconds after fuel 

flows were stopped 

lnf,ve tests, the propeller was not 

featheredafter the eng,ne was cut m order to 

s,mulate fa,lure of the feathering system and 

the propeller cont,nued to wmdm,ll and pump 

011 to the f,res These f,res were sharply 

reduced by shut t ,n g off the eng,ne and one 

f,re went out completely wh,le the propeller 

was St,11 turn,ng In two other cases, the 

f,res were ,gmted ,n the stackwell and spread 

only ,nto the cowl flaps ,n th,s , m m e d I ate 

regmn These f,res perslsted as long as the 

propeller turned even though, ,n one ,nstance, 

carbon d,ox,de was released ,n Zone 1 

In a fourth test m wh,ch the propeller 

was perm,tted to w,ndm,ll, a f,re wh,ch was 

or,g,nally very large ,n Zone 1 was knocked 

down by the d,scharge of 12 6-lb of carbon 

d,ox,de forward of the cylmders ,n Zone 1, 

but very small flames perslsted around the 

cowl flap control arms until the or1 flow was 

stopped In th,s test. the eng,ne was cut 45 

seconds after ,gn,t,on and the ext,ngu,sher 

was released f,ve seconds later The pro- 

peller was f,nally feathered about three 

m,nutes later, but small flames cont,nued 

for another three m,nutes 

In the final test of th,s ser,es, a very 

large and dam a g , n g f,re was exper,enced 

(See F,g 14) Both gasohne, at 0 75 gpm, 

and eng,ne 011 at the full flow from the front 

pump, were used The fuel nozzles were 
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located f o r w a r d of Cylmder No 16 (upper 
left sector of the engme) and the fuel flowed 

far 40 seconds before bemg lgnlted by a spark 

from an lgnlter From the begmnmg. the 

fire was very large and hot. reachmg well 

back of the wmg trallmg edge and covenng 

the entlre left side of the engme After 20 

seconds of unabated burnmg. the engme was 

cut, but the propeller feathering was not 

begun for another 40 seconds Twelve and 

six-tenths pounds of carbondmxlde were re- 

leased m Zone 1, 15 seconds after the engme 

was cut, but smce the discharge was through 

the rmg located forward of the cylmders. no 

. 
appreciable effect on the fire was n&Iced 

andthe fire contmued to reachabout half-way 

over the wmg as long as the propeller wmd- 

mIlled The propeller was stopped completely 

1 l/2 mmutes after the start of fire Durmg 
the 30 seconds r e q u I r e d to accomplish the 

feathermg the f 1 r e steadily dlmmlshed and 
. 10 seconds after the propeller stopped the 

fire In Zone 1 was completely out 

In this brxf p e r 1 o d , practically the 
entxe alummum skm area on the left side 

and top of Zone 2 was burned away and fuel 

lmes around the car bu r e t o r and mlectar 

Y pumps were opened so that flames hung an m 

these regmns and were unaffected by a con- 

tmuous d 1 s c h a r ge of low-pressure carbon 

dloxlde Into the zone When all gasolme was 

turned off, both to the nozzle and to the 

engme. the fire burned Itself out 

SometIme durrng the first 20 seconds 

of fire. a mayor structural member of the 

nacelle, an alummum longeron r u nn 1 n g 
through the upper left part of Zone 2, was 

severely burned and weakened so that It 

fa&d m tensmn and shear at a pomt about 

one foot aft of the air seal diaphragm The 

member pulled apart at this pomt about 1 m 

After the test, 
a 

It was found that the engme 

apparently hadstarted to drop, for excessive 

weight was bemg held by the emergency 

suspensmn cable on the left stde F,g 15 
shows the extent of damage to the structural 

member 

The facts revealed ln this smgle test 

should be noted carefully Th,s fwz. wh,ch 

was fed by fuel from the engme Itself. was 

capable of destroymg the power plant sup- 

portmg structure In less txme than was re- 

qulred to feather the propeller But the pro- 

peller had to be feathered m order to prevent 

engme rotatmn and the attendant pumpmg of 

011 to the fire 

Obviously. a feathermg operatmn re- 

quxmg 30 seconds 1s undesxable and shouH be 

avotded In alrcraft However, many exlstmg 

B-29 alrcraft and other types of alrcraft are 

eqwpped w,th propellers which require ex- 

cess~ve time to effect complete feathenng 

As long as such a condltmn exists there ~111 

be aneed for adequate Zone 1 fxe protectmn 

The Zone 2 fire extmgulshmg system, 

with which the test mstallatmn was equipped 

when It arrived In the laboratory for tests, 

was wholly Inadequate It conslsted of a 

smgle nngperforatedwlth a number of small 

holes Such a system provides no protectmn 

agamst power sectmn fires, and very little 

protectlon agamst accessory sectmn fires 
It 1s r e a 11 z e d that many fires can be 

ehmmated by the simple process of shutting 

down the affected engme, stoppmg the flow 

of flammable flulds, and feathermg the pro- 

peller In fact, this procedure has been 

recommended in combatlng an engme fire m 

flight S However, a power zone extmgulshmg 

system should be capable of extmgulshmg a 

fire even If the engine has not stopped. 

Hundreds of past tests have proven that this 

can be done93 10. 11 Some benefit ~111 be 

achieved by mltlatmg the shutdown procedure 

prmr to releasmg the extmgulshmg fluId 

A further observation to be made from 

this fire test IS the amount of damage re- 

sultmg to the cowhng, skm, structure. and 

accessory sectIon equxpment from relatively 

long exposure to fire The damage which 

occurred sermusly affected the air flow con- 

dltmns and in c r e as e d the dlfflculty of ex- 

tmgulshment w 1 th reasonable quantltws of 

agent Moreover, a study of the record of 

flight fires mdlcates that the damage to ac- 

cessorysectmn structure can lower the nose 

of the power plant to the extent that sermus 

dlfflcultles are encountered In controlllng the 

awcraft be cause of aerodynamic changes 

Such fires occur ring on an mboard power 

plant frequently damage the landmg gear as 

well 

‘H L Hansberry. “Des lgn Recom- 

mendatmns for Fire ProtectIon of Alrcraft 

Powerplant Installatmns” , CAA T e c h n 1 c a 1 

Development Note No 31. September 1943 

9See footnote 1 

lOSee footnote 2 

IlSee footnote 3 



Fig 15 Vxw Showmg Fatlure of Structural Member as a Result of Fire 

As anaddedsafetymeasure, therefore, 

stamless steel should replace the alummum 

alloy skm on the accessory sectmn, the na- 

celle aft of the fire wall, and the wmg for 

approxxnately one foot to each side of the na- 

celle Fig lbwas prepared to show the area 

which should receive thx addltlonal pro- 

tectmn Stamless steel also should replace, 

or at least protect, the aluminum alloy 

s t r UC tur al members wlthm the accessory 

sectmn and the nacelle aft of the fxe wall 

Durmg aserles of runs to measure the 

baffle pressure drop through the engme. an 

a c c Ed e n t a 1 fxre occurred which revealed 

several slgnlflcant facts relative to Zone 1 

fire protectlo* The fire was occasmned by 

the loss of the magnetic sump plug m the 

front 011 pump 011 poured back t’xough the 

lower portmn of the cowl flap openmgs and 

lgnlted, presumably on the exhaust system, 

wlthm about ten seconds after 011 was fxst 

seen Although the engme was shut down as 

soon as the fire was dIscovered. the propeller 

could not be feathered because the valve m 

the 011 lme supplymg the feathermg pump had ‘ 

beenclosedwhlle work was bemg done on the 

en glne prlar to the tests and had not been 

reopened It could not be opened remotely 

and the air blast from the wmd tunnel con- 

tmued to wmdmlll the propeller Far from 

blowmg out the fire, the air blast spread the 

fire until practically the whole nacelle was 

enveloped m flames Low pressure carbon 

dmxlde was r e 1 e as e d through r xn g s (see 

DescrLptmn of T e s t Equipment) m Zones 1 

and 2 wlthout apprecmble effect on the fire 

The fire was fmally extmgulshed by totally 

floodmg the test cellw~th carbon dmxlde after 
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Fig 16 Sketch of B-29 Nacelle with Portmn Dotted to lndxate Where 

Alummum Alloy Skm and Structural Members Should be Replaced 

or Protected by Stamless Steel 

the wmd tunnel was shut down and the test 

chamber doors closed 

The pertment observations made m thus 

Instance were that 

1 the s our c e of f ue 1 feedmg the fire 

(the front sump) could not be stopped 

by valves, but only by feathermg the 

propeller, and 

2 the propeller could not be feathered 

Ordmarlly, either fuel and 0~1 valves 

must be closed or the pr ape lie r must be 

feathered, or both, m order to effect extm- 

gulshment wIthout an adequate Zone 1 extm- 

gulshmg system If thts acctdent had oc- 

curred m flight. It undoubtedly w o u 1 d have 

proved dlsas trous 

In thw particular Instance, the mablhty 

of the propeller to be feathered did not result 

from any damage to the propeller feathermg 

system However, It Illustrates what might 

be expected to happen m a flymg aircraft If 

the feathermg mechamsm should fall Smce 

so much de p e n d s on proper functlonmg of 

this accessory. It follows that every effort 

should be made to assure that the feathermg 

system 1s mamtamed m good workmg order 

and that It IS well protected agamst possible 

damage by fire. at least until It has had an 

opportumty to do Its all-Important work 

The fire spread into Zone 2 by burnmg 

out a p le c e of the ma in rmg cowl air duct 

near the air s e a 1 diaphragm In not mole 

than two minutes after the start of the fire, 

It had burned out a rubber hose at the fuel 

stramer dram outlet, releasmg a large flow 

of gasolme m Zone 2 A number of other 

hoses, wres. and blast tubes were severely 

burned mslde the ac c e s s or y sectmn Air 

valves InsIde the maln air duct were burned 

and the 011 cooler was s eve rely damaged 

Both of the fuel mJect,onpumps leaked at the 

gaskets. the left one leakmg severely enough 
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to require extens,ve repa,* The 0~1 cooler, 

as well as a numbe r of hoses and one cowl 

flap adJustmg arm, requwed replacement 

The canvas flexible jomt in the mtercooler 
air Intake duct was completely burned out 

The outer skm of the nacelle suffered prac- 

txally no damage 

In the regmn of contact between the a,r 

seal diaphragm and the rmg cowl air duct, 

the p r o v I s eon for a,= and fire sealmg was 

very Inadequate The fire and unburned 011 

apparently were able to get past th,s seal in 

great quant,txs and enter dwectly mto Zone 

2 By the addltmn.4 b u r n L n g of some thm 

alummum and rubber strips. entrance was 

gamed Into the 011 cooler and the air mductmn 

system 

The connectmn between the rmg cowl 

al= duct and the air seal dnphragm ,s closed 

with a str,p of asbestos, but th,s 1s only a 

loose flap which can be easily dwturbed by 

vlbratlon and air blast Also, a hot flame 

plus vtbratmn ~111 dlsmtegrate the asbestos 

quite rapldly Normally, an openmg of about 

one square Inch ex,sts at one pomt along th,s 

Jomt, and thw, plus burned out asbestos. was 

all the passage that could be dmctly seen 

after the fire The damage done behmd this, 

however, proved that a long and hot, though 

not very wdespread flame Issued past this 

region. mdlcatmg that a larger openmg must 

have ensted durmg the fire 

It s ho ul d be noted that this fire was 

situated too low mthenacelle to burn out any 

of the alummum cowlmg over the upper part 

of the accessory sectmn, and the stanless 

steel over the lower part of the nacelle re- 

mamed entzrely Intact, so that the only pos- 

slble access Into Zone 2 was through the a,= 

seal dnphragm A g e n e r a 1 tlghtenmg and 

true sealmg of th,s dnphragm obvmusly 1s 

required and 1s very Important 

It also IS pertment, ,n connectIon wulth 

this fire. that the dxtrlbutmn of steel and 

alummum around the na c e lie apparently 1s 

determmed by the proxlmlty of the part to 

normal engme heat, and that, with few ex- 

ceptmns, no constderatmn IS g I v e n to the 

posstblllty of a part formmg a barrier to the 

spread of f,re by hanng ,t made of f,re-re- 

sL5tant matern 

Hoses, especrally those carrymg flam- 

mable flulds, should receive then full share 

of attention As the ftrst step toward em- 

provement. all clamped hose connections 

should be r e p 1 a c e d with f,xed-end-flttmg 

hoses, and. as a further step, all rubber 

hoses should be replaced with flexible stam- 

less steel hoses as soon as any suchhoses 

have proved satisfactory ,n all respects 

Tests of stamless steel hoses are re- 

portedelsewhere 12 In these tests. the con- 

dltvns resultmg from a malfunctmnmg vacuum 

system were simulated for the purpose of 

SubJeCtlng hoses and tubmg to mternal f,res 

The commonly used flxed-end-flttmg hoses 

wIthstood mternal f,res up to f,ve mmutes, 

but several types of flextble stamless steel 

hoses w,th fxed-end httmgs were st,ll un- 

damaged after undergong ten hours of ,n- 

terna fires 

ObJect,ons have been made to the use 

of flexible stamless steelhoses onthe grounds 

of excess,ve weight and poor performance 

records 1x1 v,brat,on and torsmn However, 

the weight has been found to compare qu,te 

favorably wtth most of the conventmnal type 

hoses. With no particular constderat~on bemg 

g,ven to reduced weight, a one-foot length of 

flextble stamless steel hose vnth fxed-end 

fittmgs we I g he d one pound, v,h,le a com- 

parable conventmnal hose of the same length 

wexghed 0 9-lb, and one which was supposed 
c 

to be partLcularly i,re-resistant (,t burned 

through III ilve mmutes) wetghed 2 5-lb As 

forpoorvlbratmnand torsloncharacterlstlcs. 

there 1s every reason to belleve that these 

~111 soon be overcome by contmued develop- 

ment Smce this IS the one truly fIreproof 

component ITI arcraft. Its development should 

be encouraged 

CONCLUSIONS 

1 Gasolme and 011 readily lgmte on the hot 

exhaust stack mstde the louvered well at 

eather side of the nacelle. 

2 Gasohne and ml are dlffxult or rmposslble 

to Igmte on the unshrouded exhaust collector 

rmg m Zone I 

3 Fires whxch ongmate far forward ,n the 

engme and enter the exhaust stack shroud may 

escape detectmnbydetectors located near the 

cowl flaps 

4. Fires ,n Zone 1 burn out If the flow of 

fluid feedmg the iire can be stopped, even 

12See footnote 5 
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thoughconsiderable damage has been done to 

the cowhng 1” the meantime. 

5 The proper functmnmg of the propeller 

feathermgsystem 1s of utmost importance m 

the control of power sectmn ilres 

6 Power sectlo” fxes can severely damage 

downstream structure of alummum alloy I” 

very few seconds 

7 While small fires can be extmgulshed by 

feathermg the propeller and stopplng the flow 

of combusttble flulds ieedlng the fires. the 

only sure means of provldmg complete pro- 

tectlon 1s by the use of a” adequate and pro- 

perly deslgned extmgulshmg system. 

8 The seal between the axr seal diaphragm 

and ring cowl ax duct 1s not suffxlently hre- 

proof to prevent the spread of fire from Zone 

I to zone 2 

9 The alummum alloy skm coverIng the ac- 

cessory sectlon does not provtde suffxlent 

protectmn to the structural members I” this 

compartment 

10 Rubber hoses fastened with hose clamps 

are very vulnerable to ilre and should not be 

used to carry flammable fluids 

THE SIMULATED L-49 INVESTIGATION 
6 

The power plant orlgmally scheduled 

for study 1” the fxe test laboratory was the 

Co”stellat,o” L-49 However, by the txne 

the laboratory was ready to begm operations. 

It was agreed that this aIrplane should yield 

to the B-29 Both the L-49 and the B-29 use 

the Wrtght R-3350e”gl”e. andltwas felt that. 

m the course of the tests, modlflcatmns could 

be made to the B-29 power plant such that It 

w o u 1 d adequately simulate the L-49 This 

course of actmn was des lr able I” that It 

obviated the necessity of mstallmg an entlre 

L-49 nacelle I” the testchamber for the pur- 

pose of conductmg a relatively brlei series of 

tests 

This portlonof the reportdeals with the 

test programconductedo” the slmulatedL-49 

conf1guratmn to determme the character of 

fire. the possible source5 of Ignltxx”. and the 

problems of de t e c t 1 on and extlngulshment 

when lgnltmn occurs forward of the cylinders 

I” Zone 1 

PROCEDURE 

The B-29 power plant was mod,fled by 

removmg the connecting stack on rhe right 

side of the engine between the forward and 

rear collector rings In Its place, a short 

stackwas connected to the forward ring 

This stack proJected nut through the Zone 1 

ring cowl. bent r e a r war d , and ended just 

forward of the cowl flaps. The opened con- 

nectvant” the rear collector rxng was sealed 

A faxrmg of aluminum was added “ver the 

proJectl”gstackas on theL-49 nacelle. (See 

Fig 17) 

Four Fenwal detector units were 

mounted on the air seal d 1 a p h r a g m 1” the 

regmnaft of this revtsed exhaust stack One 

umt was mounted lust below the exhaust stack 

shroud, another just above the shroud (12 I” 

above the first one), and the other two. 10 

and 20 III , respectively. above the second 

unit They were placed on the air seal dla- 

phragm as far outboard as possible. still 

allowmg full closrng of the cowl flaps All 

four units were wired together to the same 

signal light 

Two thermocouples wereplaced 1” 

Zone 1. one forward of Cylmder No 8 “ear 

the source of fire. and one back at the cowl 

flap opening ad J a c e n t to the detector unit 

located Just above the exhaust shroud 

Fuel nozzles for the fire were placed 

forward of the cylmders near Cylinder No 8. 

which 1s ad J a c e n t to the modlfted exhaust 

stack SAE 10 011 and lOO-octane gasolme 

were used The flow of gasolme was at ilfst 

1 3 gpmand later reduced to 0 75 gpm The 

flow of 011 was approxtmately 3 5 gpm 

In all tests. the engine was operated at 

2, 300 rpm and 38 5 1” manifold pressure 

(1. 760 bhp). wxth approximately 3 7 I” cowl 

flap openmg and 470- F cylmder head tem- 

perature The tunnel was run at full speed 

DISCUSSION 

In the fxst ten tests, the fuel nozzles 

were so placed “ear the forward side of 

Cylmder No 8 that all of the fuelwas carried 

back past the cylmders and out through the 

cowl flaps, “one getting forward far enough 

to be carrved out past the special projecting 

exhaust stack 

In the second group of tests numbered 

11 to 23. both nozzles were placed farther 

forward so that the fuel dlvlded. gotng partly 

back through the englne and cowl flaps and 

partly Into the reglo” around the front collector 

ring, whence Itwas carried back and out 
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Fig 17 Modlitcatm” of B-29 Front Exhaust 
to Simulate the L-49 

around the special L-49 stack 

Gasolme alone was not ,gmted by the 

engme under any condltmns 011 alone was 

not ,gmted 1x1 Zone 1 many of the tests In 

Test 4. a mixture of gas o 1 I” e and 011 was 

Ignited m Zone 1 after the 011 alone had flowed 

for 60 seconds and the 011 and gasolme both 

had flowed for another ten seconds The 

source of the lgnltlon was not determmed 

Inseveraltests. however. o~lalone was 

,gnlted mslde the exhaust stack well aft of 

the air seal diaphragm The 011 flowmg back 

over this regmn went through the louvered 

shroud onto the stack and turbosupercharger 

The lgnltmn always started as small flames 

around the stack. gradually growmg larger 

andusuallyworkmg forward to the cowl flaps 

But fire did not spread any farther Into Zone 1 

In sever al of the tests I” the second 

group, g as o 1 in e and 011 m large quantltles 

poured out around the proJectmg exhaust stack 

apparently mlxmg wzth the exhaust gases 

IssuIng iromthe stack, yet no Ignltmn 

occurred 

In Tests 1 to IO, with ilre ,gn,ted ior- 

ward of the cylmders but passmg back through 

the engme to the cowl flaps, detectm” occurred 

consistently m from one to three seconds 

after Igmtmn, with gasolme alone and with 

gasolme and 011 together 

Detectvan m the second group of tests 

was more delayed In four tests m which de- 

tectmn was checked, the detector operatmg 

times were 5, 5. 6. and 8 5 seconds after 

ignition Only a small fractmn of the ilre m 

these tests was carried throughthe cowl flaps 

where the detectors were located The greater 

portIonwas etther emltted around the pro,ectlrg 

stackor was carried back through the exhaust 

shroud to the turbosupercharger well 

The gaeolme was shut off lmmedlately 

upon detector operatmn and. m the last three 

of these tests, the detector warnmg light 

went out wlthm one second after the gasolme 

was shut off In the ixst test, however. the 

detector stayed on for 20 seconds for no ap- 

parent reason In the earlier group of tests. 

the ilres were somewhat larger and longer 

and the detector recovery times were from 

10 to 20 seconds 
I” all tests, the fires went out com- 

pletely when the fuel was shut off, without 

use of any extmguxsher Smce both the 011 

and g a s o 1 I” e were obtamed from sources 

outslde the engme, It was not necessary to 

stop the engme to cut off the fire fuel There- 

fore, the engme was kept running durmg all 

tests unttl the ilre was out 

In Test 10, a large gasoltne and 011 

fire was lgnlted forward of the c y 11 n d e r s 

which burned some cylmder baffles and cowl 

flaps The temperature at the cowl flap 

openmg reached 1, 780” F The fIrewas per- 

mltted to burn for 15 seconds and, when the 

fuel was then shut off. It went out almost 

lmmedlately 

In Test 24, the 011 nozzle was placed 

forward of Cylmder No 4 (upper right part 

of engine) W,th the gasolme nozzle and ,g- 

nlter still down m the lower rtght sector, the 

fire was concentrated around the specml pro- 

jectmg exhaust stack and falrmg Two ring 

cowl panels were s eve r e 1 y burned m this 

regmn as were the cylmder baffles and cowl 

flaps The engme was stopped and the pro- 

peller feathered at about the same time that 

the 011 and gasohne were shut off The i,re 

went out completely about one mmute after It 
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No i~res I” any of the s e tests spread 

Ftg 18 Damage to Engme InstalIatmn 

Resultmg from Gasolme and 011 

Fire Forward of the Cylmders 

was started (about 45 seconds after 011 was 

shut off and engme s top p e d ) It hung on 

longest around the proJectmg stack Aite r 

the external ilre was out, flames were seen 

well mslde the pro,ectmg stack The engme 

was restarted and these flames were blown 

out F ‘g 1.3 shows the condltmn of the engme 

after this test 

The thermocouple located i o r ward of 

the cylmders. thoughwlthm 3 m of the gaso- 

lme and 011 nozzles and spark, dtd not show 

any temperature rxe durmg any of the fires 

Also, observatmn of the regmn forward of 

the cylmders. bothdurmg andafter the tests, 

showed that no ilres exlsted ,n th,s regmn 

although It was here that the fuel leakage and 

tgnltmn occurred Obvmusly. no ilre reached 

over the front of the rmg cowl 

Fire dtd exist. however, around or at 

least behmd the cylmder heads, as attested 

by the burned cylmder head baffles and rmg 

cowl panels The severity of the fire ap- 

parently Increased iarthe r aft, smce cowl 

flaps were generally damaged ilrst and most 

severely 

IntO Zone 2 

CONCLUSIONS 

Several of the conclusmns which have 

already been enumerated as a result of the 

B-29 power sectmn mvestlgatmns also are 

apphcable to these mvestlgatmns In addttmn, 

the followmg conclusions were reached. 

1 Gasolme and 011 leakmg from a source 

far forward m the power sectmn are not 

readily Igntted 

2 Fires orlgmatmg so far forward as to 

enter the prolectmg exhaust stack shrouds 

may escape detectmn by detectors located 

near the cowl flaps 

SUMMARY OF CONCLUSIONS 

1 The double layer of metal separated by 

anal* space. which forms the shroud between 

the exhaust stack well and the a c c e s s or y 

sectmn, 1s effective mshteldmgthe accessory 

sectvan from the heat of the exhaust stack 

2 For maxmum benefit, the double layer 

of metal should be contmuous and should be 

so destgned that the space between the two 

layers can be dramed 

3 Failure of the exhaust stack can cause a 

dangerously high temperature mstde the ac- 

cessory s e c t 1 on near the regmn where the 

failure occurs 

4 Increased air flow through the stack well 

1s eiiectxve I” reducmg the temperature I” 

that regmn and m preventmg lgnltmn 

5 Complete blockage of the pressure stde 

of avacuumpump while m operatmn can pro- 

duce a suiflclently high operatmg temperature 

wIthIn the pump to create an lgnltmn source 

b Gasolme leakage 1”s lde the accessory 

sectmn ~111 dram away harmlessly 1” most 

Instances, except when the 1 e a k a g e gams 

access to the turbosupercharger through the 

shroudmg Fire then can occur and spread 

back mto the accessory sectmn 
7 Overloaded pumps and motors dxd not 

generate suiilclent heat to be c o m e lgnltmn 

sources m the tests 

8 In the event of engme iallure 1x1 fltght, 

whxh releases quantltles of flammable flutds 

amtd the tgnltlon sources about the engme. 

(a) low volatlllty fuels would be nearly as 

hazardous as loo-octane gasolme. 
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(b) SAE 10 011 would be more hazardous 

than 100-octane gasolme. 
(c) k e r o s en e would be more hazardous 

than LOO-octane gasolme or low volatlllty 

fuels 

9 The maxlmum rate of temperature rise 

at the cowl flaps durtng normal ground 

operations was 450’ F per mmute This was 

not enough to cause the Edtson type detector 

system to sound an alarm 

10 The average change of t e m p e r a t u r e 

durmg ground operatmn was approxunately 

100” 

11 MaxImum temperatures and maximum 

rates of rise occurred at the top of the engme 

and near the two exhaust stacks 

12 Adequate coverage of the a c c es s 0 r y 

sectmn could not be secured with any locall- 

zatlon of units m particular regmns, but re- 

qulred a fairly urnform dispersmn of units 

throughout the volume However, some con- 

centratIon of units tow a r d the forward and 

upper sectors seems warranted 

13 The sens,t,v,ty of the Mmneapolls-Honey- 

well detector “arted, dependmg on the thick- 

ness and type of coatmgdeposlted on the wire, 

msulators, and airplane surface 

14 The mmlmum number of “FIreye” units 

which can be used m the B-29 power sectton 

to give complete coverage 15 four However , 

a larger number would be desxrable 
15 The mmlmum number of “FIreye” umts 

which can be used I” the B-29 a c c e s s or y 

sectmn to give adequate coverage 1s two. un- 

less special regmns are to be monItored 

lb Gasolme and 011 readily lgnlte on the hot 

exhaust stack mslde the louvered well at 

either side of the nacelle 

17 Gasolme and 011 are dlfflcult or Lm- 

possible to lgnlte on the unshrouded exhaust 

collector rmg m Zone 1 

18 Fires wh,ch orzgmate far forward I” the 

engme and enter the exhaust stack shroud may 

escape detectmn by detectors lo c ate d near 

the cowl flaps 
19 FLres m Zone 1 burn cut tithe flow of 

flutd feedmg the ilre can be stopped even 

though considerable damage has been done to 

the cowlmg m the meantlme 

20 The proper functmnmg of the propeller 

feathermgsystem 15 of utmost Importance m 

the control of power sectmn ilres 

21 Power sectIonfIres canseverely damage 

downstream structure of alummum alloy in 

very few seconds 

22 While small fires can be extInguIshed by 

ieathermg the propeller and stoppmg the flow 

of combustible flulds feedmg the ftres. the 

only sure means of provldmg complete pro- 

tectmn 1s by use of an adequate and properly 

desIgned extmgu,shmg system 

23 The seal between the atr seal diaphragm 

and rmg cowl atr duct 1s not suiixxntly ilre- 

proof toprevent the spread of fire from Zone 

1 to Zone 2 

24 The alummum a 11 o y skm covermg the 

accessory sectIon does not provtde suffxlent 

protectmn to the structural members xn this 

compartment 
25 Rubber hoses fastened with hose clamps 

are very vulnerable to fire and should not be 

used to carry flammable flulds 

26 Gasalme and 011 leakmg from a source 

far forward m the power sectIon are not 

readily Lgnzted 

27 Fires orlgmatmg so far forward as to 

enter the projectmg exhaust stack shrouds on 

the L-49 confxguratmn may escape detectmn 

by detectors located near the cowl flaps 

RECOMMENDATIONS 

As a result of this testmg It 1s recgm- 

mended that t 

1 The exhaust stack well of the B-29 

atrcraft be modlfted to 

(a) Remove traps and pockets UL the 

lower stde of the well where flulds can 

accumulate be tw e e n the two exlstmg 

heat shrouds 

(b) Make the double heat shrouds on 

the upper and lower sides of the well 

contmuous sheets of metal or, li that 

1s lmposstble, at leaststagger and seal 

the metal Jomts to prevent extstlng ac- 

cess from the accessory se&Ion to the 

well. 
(c) Double the air flow through the well, 

usmg only air ducted from the leadmg 

edge of the rmg cowl 

(d) Attam the smoothest possible air 

flow through the well 

(e) Replace the louveredexhaust stack 

well cover plate with an unperforated 

cover plate 

2 Various components m the accessory 

sectIon of B-29 alrcraft be relocated to re- 

duce the fire hazard Specd1cally 
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(a) Reroute ma,or gasoltne and 011 

In~es so that they do not pass over the 

exhaust stack shrouds and turbosuper- 

chargers atthe stdes of the lnstallatlon 

(b) Relocate the propeller feathermg 

011 tank and the turbosupercharger 

lubrratmg o,l tank so that flutds leakmg 

fromthese tanks cannot ,mplnge on the 

stack uxner shroud 

(c) Locate tanks. lmes and flttmgs con- 

tammg flammable flulds as low as pos- 

s,bLe ,n the accessory sectton to ,nsure 

that leakages dram overboard with no 

access to lgnltlon sources Locate 

electrLca1 equpment and lmes as well 

as components of the exhaust system as 

high as possible m the mstallatmn. 

3 The ftre resistance of the entue B-29 

nacelle be Increased by the use of 

(a) StaInless steel to replace the alum- 

,num alloy skin on the accessory 

sectmn, thenacelleaft of the fire wall, 

and the Wang in the v,c,n,ty of the 

nacelle 

(b) Stamless steel to replace , or at 

least protect, the aluminum alloy 

structuralmembers wlthmthe accesso~ 

sectmn and the nacelle aft of the fire 

wall 

(c) Statnless steel to replace thtn 

alummum alloy, asbestos, and rubber 

sealmg strips at the contact between the 

air seal diaphragm and the mam rmg 

cowl a,r duct and at JOIds ,n the a,= II-,- 

ductmnsystem. a,r seald~aphragm and 

the 011 cooler duct 

(d) Fire-res,stantmater,als to replace 

the canvas flexible JOU-.t I,, the mter- 

cooler a,r Intake duct 

(e) FIxed-end-flttmg hoses m place of 

clamped hose connectvans 

(f) Stamless steel flexible hose on the 

pressure s,de of the vacuum pump 

4 If possible, a fue detector be located 

in each exhaust stack shroud or well 

5 The propeller feathermg s y s t e m be 

made as flreproof as posstble m every respect 

and ma in t a 1 n e d to functmn properly at all 

tmnes 

6 Zone I (power se&on) ext,ngu,shmg 

systems be mcorporated In ~-29 a,rcraft ,n 

accordance with CAA Technical Development 

Note No 31 or Aircraft Engmeermg D~v,s~on 

Report No 34 
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data alded materLally III dwectmg the course 

of this u-avestlgatmn 
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